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CHAPTER I
INTRODUCTION

The research reported in this dissertation is divided into seven
chapters. Each one is a manuscript prepared for publication in the
Agronomy Journals after minor modifications. The second chaptér deals
with analysis of variance. The third chapter deals with regression“
analysis, while the fourth and the fifth deal with the canonical cor-
relation. The sixth and seventh deal with fac£or analysis, while the
eighth deals with numerical taxonomy. Appendix A includes simple
statistics for both areas.

Soil is a three dimensional body that results from the integrated
 effect of many external and internal factors. Any change in one or
more of these factors causes changes in the make up of the soil body.

The systematic examination of soil is necessary for better agricul-
tural and non-agricultural uses. This is usually done in the field by
delineating similar soil together on soil maps. These delineations are
called the mapping units. Dissimilar soil within the mapping units are
called soil inclusions. The percentage of the soil inclusions vary
depending on the precision of the mapping. The quantitative charac-
terization of these units gives some insight on how soil properties
vary within the soil mapping units. This helps to provide a better

definition of the soil mapping units for better mapping.



The objective of this research is to study the variation of soil
properties within the mapping unit. A total of 18 and 23 soil pedons
from two areas were described and sampled for this study. This objec-
tive is approached through different statistical analysis on the 41
soil pedons as follows: 1) variation of the soil properties within
the different mapping units (analysis variance); 2) the relationships
between chemical properties, chemical and morphological properties,
and morphological and morphological properties (regression and canoni-
cal correlation); 3) the study of the magnitude of the variation of each
soil property within the different soil horizons (principal component,

factor analysis); 4) mathematical classification (numerical taxonomy).



' CHAPTER II
'SIMPLE STATISTICS
Abstract

The objective of this study was to investigate the variability of
different soil properties within the soil mapping unit. Two areas were
selected in which the variation of soil-forming factors were minimized.
A_total of 18 and 23 profiles were sampled from the first and second
areas, respectively. Laboratory data were obtained using the Slipped-
Block design to adjust for the  variation ariéing from conducting the
analyses at different times. The experiment was executed two times and
the adjusted mean values were used in the statistical analysis. The
means, standard deviation, maximum and minimum values of the mean (a=.9),
and the coefficient of variation (C.V.%) were calculated from the adjus-
ted data. The number of samples required to estimate the true mean
where the STD of the estimate’is 10% of the mean is also reported.

Most of the soil properties showed high C.V.% values within the
area as a unit and for the individual series within each area. There
was a strong tendency for the C.V.% values of the chemical properties
to decrease when both areas were delineated to different soil mapping
units. This tendency was not observed among the C.V.% values for the
morphological properties. High C.V.% values were indicative of the

high variability among different soil properties even for areas where



variation of the soil-forming factors were kept constant or minimum
over a short distance. Also, based on this study, it is concluded that
a more accurate characterization of the soil mapping units will require

more samples than usually taken by the soil surveyor.

Field Work Investigations

Soil is a heterogenous system. The heterogeneity arises from the
many factors that affect the soil body. These factors are parent mate-
rial, climate, topography, organisms, and time. In the selected areas
of this study, these factors were reasonably constant. The land use
in area one was pasture. The second area was part of the 0.S.U.
Agronomy Experiment Station. The topography of Area One was mainly the
summit position, and was flat linear in Area Two. The slope ranged
from .3 to 3.5% and from .5 to 1% in Area One and Two, respectively.

A total of 18 profiles were described and sampled in the first
area and 23 profiles in the second area.‘ To ensure ﬁnbiased random
site selection, the outside boundary of each area was drawn on a trans-
parent paper (Figure 2.1); then the center of each area was marked and
several radial lines, branching from the center toward the boundary,
were drawn. Starting from the central point, the sites were located on
each line. The distance between each location was approximately 60
feet. More than one mapping unit occurred inside each area. The sites
were located without any reference to the boundaries of the different
mapping units. This provided different numbers of sites in each mapping
unit.
| The depth of the>samé1ing was to the bedrock in Area One and to

92 inches in Area Two. Complete morphological description was attempted
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Figure 2.1. Locations of the Sampling Sites
and the Field Design.



according to a coded system designed by the author. Horizons that
occurred below the line of lithological discontinuity were designated
as buried horizons.

Two types of parent material were recognized: Permian Formation

in the first area, and 0ld Alluvium in the second area.

Laboratory Statistical Design

The Slipped-Block design was used to ensure removing the variations
arising from conducting the chemical tests at different times (Timon,
67). Figure 2.2 shows the design layout. The samples of each area were
given serial numbers and, by random process, the 12 samples were éssig-
ned to each block with one sample repeated in the next block as an
overlap as required by the design. All the tests were conducted using
12 samples at the same time. Each area was randomized and blocked se-

parately. The experiment was repeated two times for each area.

Chemical Analysis

Particle size fractionation was determined as described by
Grossman (29) and as suggested by Baktar (4). Calcium carbonate was
removed by soaking the soil in sodium acetate for two weeks. Organic
matter was removed by heating the soil with 31% hydrogen peroxide.
Sodium acetate and overnight shaking were employed to ensure maximum
dispersion. Clay was measured by the hydrometer method (Day, 221).

The very fine sand was separated and measured and the rest of the sand
fractions were reported as fine sand. Silt was obtained by subtraction
after adjusting for CaC03. Organic carbon was determined by the potas-

sium dicromate procedure of Schollenberger (62). Cation exchange
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capacity was determined by saturating the soil with sodium acetaté pH
8.2 (Bower, 19). Exchangeable hydrogen determination was according to
Peech (50). Base saturation was calculated by dividing the sum of the
NHAOAC extractable bases by the CEC. The pH was measured with a

Beckman pH meter on a 1l:1 soil to water suspension. Calcium carbonate

was determined by acid neutralization (Richards, 55).

Statistical Analysis

The adjusted means values for all the measurements were obtained
by removing the effect of time-to-time from the row data according to
the statistical design. The following statistics were computed for
each variable using the adjusted data: mean, standard deviation, mini-
mum and maximum values, coefficient of variation, and the ﬁumber of
samples required to estimate the true mean with standard deviation equal
to 10% of the mean. The following formula was used to compute the num-
bers of samples required to estimate the means for each variable using

the adjusted data:

sz/n=PX2 (2.1)

100 Vg2 /92 = 100pvn (2.2)
v n = C.V./100P (2.3)
n= (C.V./100 - P)2 (2.4)

C.V. = Coefficient of Variation
P=.1
n = number of samples required to estimate the true mean where the

standard deviation is equal to 10% of the mean.



The above analysis was conducted on Ap horizon (designated as Ap
zbne), B horizons (designated as subsurface zone), and Cr horizonms
(designated as parent material zome). Also, the above analysis was
conducted on a layer equivalent to the zone occupied by 90% of the
plant roots.

The depth of the root zone was defined as follows:

Depth of root zome = A,Ap + C,;B, + DB, (2.5)

where Al’ C,, and D, are the thicknesses of each horizon (Ap or B

1’ 1 ot

1

|
B2) contained in the root zone. Either C1 or Dl-could be zero. The
weighted averages were calculated depending on the depth. Furthermore,

the analysis was reported for each area as an independent unit and for

different series within each area.
Results and Discussion

Area One, Ap Zone

Area One included four series designated as series A, B, C, and D.
The number of profiles was described randomly for each series as indi-
cated on AOV Table 2.1.. The results are discussed for each zone within
the area as an independent unit and within each series. A complete
list of the computation is found in Appendix A.

C.V. is a measurement of the relative variability. The number of
the samples required to estimate the mean is a function of the C.V.Z.
Thus the C.V.%Z and the required number of samples were used to indicate
the extent of variability among different soil properties throughout

the discussion.
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Among the chemical properties for the whole area, K(C.V.% 74.5),
Na(289.2), and CaC03(59.7) showed maximum variation. The number of
samples required to estimate the mean were 56, 836, and 36 samples,
regpectively, C.V.% for the rest of the chemical properties ranged
from 8 for pH to 37.7 for calcium (Table 2.1). Comparing the same
variables within each series, the C.V. dropped sharply for all proper-
‘ties except for Na in series C (219.6) and series D (190). The C.V.
for K decreased only in series A, The rest of the measurements showed
moderately low to low C.V.Z%, but varied widely above 10%. However, a
strong tendency in the reduction of the C.V. was observed for some pro-
. .perties like the CEC, OM, and clay. These properties afe considered

very important for management practices and soil classification.

TABLE 2.1

COEFFICIENT OF VARIATION FOR THE
SURFACE ZONE, AREA ONE

Series

Property Overall
A B C D Area
K 18.6 66.6 66.4 20.6 74.5
Na 57.2 2.5 219.6 190.0 289.,2
CaCo 94.0 39.0 39.4 53.2 59.7
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Area One, Subsurface Zone

Among the measured chemical properties for the whole area, C.V.%
for Mg (25.9) and H (95) were the highest, followed by calciuﬁ (74),
potassium (65), and CEC (57). The C.V.%Z for Caco, (10.9) and base sa-
turation (29.9) were the lowest. Comparing with different series, C.V.%
for H, pH, Ca, Mg, VFS, and CEC decreased significantl& by series
mapping. TheC.V.Z for clay remained relatively low, but increased
dramatically in series D (41.7). The C.V.% for Na increased sharply
for all series (Table 2.2). It was noticeable that the C.V.% for the
sodium in the subsurface was higher than in the Ap zone when computed
for different series, but the result was reverged when the C.V.% was

computed for the whole area.

TABLE 2.2

COEFFICIENT OF VARIATION FOR THE
SUBSURFACE ZONE, AREA ONE

Property N B Series C 5 Overall
Area
Mg 39.6 9.0 30.1 25.5 125.9
H 25.9 20.0 68.5 46.0 95.0
Ca 59.1 34.0 90.0 56.0 74.9
CEC 39.7 5.0 16.5 13.9 57.4
BST 47.5 30.8 69.7 41.7 29.9
Na 156.5 70.3 250.0 79.8 63.9
CaCO3 63.2 56.2 51.7 67.4 10.6
R - 83.3 106.0 110.2 35.2 65.0
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Area One, Parent Material

The C.V.%Z for potassium (262.8), CaCo, (189.8), sodium (95.2), and
calcium (84.5), followed by hydrogen (79.6), OM (64), base saturation
(59), and very fine sand (58.7) were the highest among the chemical

properties. The C.V.%Z for pH (10.3) was the lowest (Table 2.3).

TABLE 2.3

COEFFICIENT OF VARIATION FOR THE
PARENT MATERIAL, AREA ONE

Series Overall

Property A 5 . 5 Area
K 177.6 60.0 107.5 405.7 262.8
CaCO3 61.3 0.0 68.2 159.6 189.8.
Na 159.1 6.6 54.4 86.3 95.2
Ca 74.8 89.3 72.3 73.7 84.5
H 56.1 125.7 67.2 85.4 79.5
oM 54.1 58.4 76.0 69.3 64.1
BST 24,0 55.8 41.5 47.1 59.0
VFS 18.3 102.6 61.9 40.0 58.7

Based on series analysis, C.V.% for potassium decreased sharply
in all series except in series D where it increased to 405.7. CaCO3
also decreased for all series. Sodium did not show any significant

change except in series C (54.4). The C.V.%Z for calcium did not show

any noticeable improvement in any of the four series. Also, the C.V.Z
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for clay, fine sand, very fine sand, and silt did not show any signifi-
cant changes in all series in comparison with the analysis for the

whole area.

Area One, Root Zone

Analysis of the data for the root zone of the entire area was not
much different from its Ap counterpart. However, the C.V.% for various
variables in the root zone were lower than those for the subsoil except

for sodium which was high in the surface.

Area One, Morphological Data

The morphological data for the entire arela (Table 2.4) exhibited
high C.V.% values. Some very important criteria like depth of clay
film (81%), depth of mottling (126%), and slickensides (134%) were
high. The high C.V.% for the depth of the buried layer (175.4) might
indicate the type of the truncated horizon. Except for the drainage,
all the morphological properties exceeded the value of 10% which is
accepted by many workers. Furthermore, based on the individual series
énalysis, there was no decisive declination or inclination trend in
€.V.%Z for various properties. Generally, delineation of series based
on chemical properties, especially those propertie§ useful in soil
classification, though the C.V.Z was still high, was better than if the
delineation would have been based on morphological properties, The sam-
ples required to estimate the true mean of the morphological properties
were high and impractical to undertake in the field. High proportion
of soil inclusions in some series might have contributed to the big

increase in the C.V.Z for some of these morphological properties.
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TABLE 2.4

COEFFICIENT OF VARIATION FOR THE MORPHOLOGICAL
PROPERTIES, AREA ONE

P . Series Overall
roperty A B C D Area
D. clay film 73.6 9.4 72.1 110.7 81.2
D. mottling 58.8 141.4 155.0 161.7 126.5
D. slickensides 200.00 - 161.0 62.3 134.4
D. pressure
faces 200.0 - 161.4 65.3 130.0

Area Two, Ap Zone

Area two included four series designated as series E, F, G, and H.
The computed statistics were reported in the same way as for Area One.'

Among the chemical properties (for the entire area), the C.V.% was
highest for CaCO, (98.3), followed by‘Na (47.1), clay (44.6), and cal-
cium (30.7). The C.V.%Z for the rest of the chemical properties ranged
from 9.8% for pH to 26% for Mg (Table 2.5). ' Based on individual series,
the C.V.% for CaCO3 did not decrease (in comparison with the entire
area) dramatically except in series E (50.7). It rem;ined the same or
increased dramatically for other series. C.V.%Z for clay decreased
sharpiy only in series H (14.3). C.V.% for Na increased to 21.5% in
series G, 297% in series H and to 58.3% and 54.5% in series F and E

respectively. However, it decreased significantly for calcium in series
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H (9.9) and for series E (11.,2)., Also it increased to 46.3 for Mg in-
series F. The rest of the properties exhibited slight changed from one

series to another.

TABLE 2.5

COEFFICIENT OF VARIATION FOR THE
SURFACE ZONE, AREA TWO

Property E F Reries G H °X§Z§11
caco, 75.8 150.9 89.4 | 215.3 98.3
Na 58.3 54.5 21.5 29.6 47,1
Clay 42.0 38.5 42.2 14.3 44 .6
Ca 11.2 35.1 38.4 9.9 30.7
H ' 16.9 26.2 28.9 15.0 23.6
Mg 14.4 46.3 16.1 14.2 26.1

Area Two, Subsurface Zone

Based on the entire area, the C.V.% for sodium was the highest,
followed by CaCO3 (36.9), OM (24.5), and fine sand (29). The C.V.% forii
the rest of the data was below 20%. Based on individual series, the
C.V.%Z for all the chemical properties remained the same or decreased

significantly, except for Na in series E (100.6) (Table 2.6). It was
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observed that the C.V.%Z values were noticeably lower for the subsur-

face zone than the Ap zone.

the individual series.

TABLE 2.6

COEFFICIENT OF VARIATION FOR THE
SUBSURFACE, AREA TWO

This was true for the entire area and for

Property E F G H °X$Z§11
Na 100.6 16.5 21.5 5.6 51.2
CaCo, 50.3 26.2 89.4 19.5 36.9
oM 29.3 14.4 11.4 14.2 24.5
FS 18.4 12.8 22.5 8.6 29.0

Area Two, Root Zone

Except for the sodium (80.7), which was higher than its counter=-

part in the Ap or subsurface zones, the C.V.%Z for the rest of the data

were either averages or slightly different from Ap or subsurface values

(see Appendix A).

Area Two, Morphological Properties

The soil properties (using the area as a unit) associated with

amount and type of clay, such as depth of slickensides (155.9), depth
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of pressure faces (253.8), and depth of maximum streaking (50.4) showed
highest C.V.% values (Table 2.7). The C.V.% for the depth of mottling
(56.5), depth of white and black bodies (49.4), and depth of krotovina
(52.1) were next highest in C.V. values to the depth of slickensides

and pressure faces.

TABLE 2.7

COEFFICIENT OF VARIATION FOR THE MORPHOLOGICAL
PROPERTIES, AREA TWO

Series ‘ Overall
Property _ Area
E T G H T
D. Slickensides 0.0 223.6 69.6 173.2 155.9
D. Pressure Face 0.0 46,9 232.6 134,2 253.8
D. Streaking 28.5 2.0 44,1 0.0 50.1
D. Mottling 33.5 34.4 87.5 65.5 56.5
D. Black/White
Bodies 51.6 0.0 0.0 24.0 49 .4
D. Krotovina 48.1 28.3 69.4 15.0 52.1

All these properties are related directly or indirectly to the
soil-water relationships. This might suggest that soil moisture distri-
bution may be the reason for this pattern. Noticeably, the slope of |
this area averaged .SZ, and the general inclination of the topography

o
£

was from north to south, Based on individual series analysis, the C.V.%
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for the depth of pressure face decreased sharply in series F (46.9),
and to (<.01) in series E, but remained very high in series G and H,
Streaking decreased sharply in all series of the second area. C.V;%
for the black and white bodies decreased sharply in all series except
for series E (51.6). The C.V.%Z for the depth of mottling did not
change except in series F (< .01). The absence of the sharp decline in
the C.V.%Z for the mprphblogical properties within each individual
series in comparison with the C.V.% for the entire area was very obvi-

ous .
Conclusions

1. The C.V.'s% for the chemical and morphological properties were
found to be very high whether computed for the entire area or for each
individual series within that area.

2. 1In both studied areas, the chemical properties of the subsur-
face (subsoil) showed less variation than the Ap zone (surface zome).
The variation of chemical properties were lowest in the parent material
of Area One.

3. The C.V.'s% for the chemical properties showed a substantial
decrease when the area was delineated by the different mapping units.
This trend was not noticeable among the morphological properties.

4. Based on the computer number of samples required to estimate
the true mean (P = .9), it would be impractical, or uneconomical, to
fully characterize the variability in the mapping units. This would be
difficult to achieve, especially for the morphological‘characterizatiqn

which showed higher variations.
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.5. Both areas where this investigation was conducted occupied
small areas. In both areas, the variations of the soil-forming factors
were reasonably constant., However, morphological properties showed
~high C.V.% values within the different series. This indicated that

4

"¢ soil morphological properties can be highly variable even within a

v

' very short distance.



CHAPTER III
REGRESSION ANALYSIS
Abstract

The objective of this study was to investigate the relationships
between 14 soil properties. The properties examined were fine sand,
véry fine sand, silt, clay, pH, hydrbgen, organiec matter, sodium, cal-
cium, magnesium, potassium, cation exchange capacity, calcium carbonate,
and base saturation. Two areas were selected. The first area was on
Permian Formation, and the second was on 0ld Alluvium. Conditions
minimizing the diversity of factors that enhances wide differences in
soil genesis were maintained. A total of 18 and 23 profiles were dés-
cribed and sampled from the first and second area respectively and
using a random transect. Chemical measurements were obtained utilizing
the Slipped-Block design to remove the variation arising frbm conducting
the analyses at different times. The whole experiment was repeated
twice. Adjusted means were used in the statistical analysis. Multiple
regression analyses were conducted. A stepwise regression procedure was
used to select the appropriate regression equations. Standardized par-
tial regression coefficients were also estimated. Pairwise correlations
between the 14 soil properties were also computed. Regression analysis

indicated the existence of multiple relationships between soil

20
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properties rather than a simple one. Correlation coefficients did not
seem to provide information on the true relationships between different
goil properties, especially when relative impdrtance of different pro-

perties in relation to each other are considered.
Introduction

Quantitative relationships between soil properties have not been
investigated in great detail, Correlatiéns and simple or multiple
regression have been used in some cases. Few researchers reported such
work. Protz (52) used regression analysis in studying relationships
between landform parameters and soil properties. He also used it in
studying the soil variability across selected landscapes in Iowa.
Wilding (70) used regression to study the relationship between cation
exchange capacity, organic matter, and various clay fractions;
Hallsworth (31), Helling (33), Williams (32), Makeague (43), and.
Karmanov (38) also reported similar work.

In studying the relationships between soil properties, two factors
have not been fully considered. The first factor is that soils develop
under a diverse number of factors. These factors may include geology;
climate, vegetation, topography, time, and organisms, including human
activity. Thus if specific generalizations about the relationship
between different soil properties using multiple regression have to be
made, the diversity of the conditions or the factors that contribute
to, or give rise to a wide range of soil genesis, should be minimized.
The second factor is that, in most cases, multiple correlation governs
the relations between soil properties. Thus if building models for

prediction purposes is the researcher's main interest, a wide range of
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conditions and huge amount of data are necessary, even if the model is
intended for a small area. On the.other hand, if the investigator is

interested in studying the relative contributions of certain variables
in explaining the variations of a particular soil property, the tradi-
tional multiple regression may not provide the answer.

The objective of this study was to evaluate the relationships
between 14 different soil properties. Namely, fine sand (fs), very fine
sand (vfs), silt, clay, pH, hydrogen (H), cation exchange capacity (CEC),,
sodium (Na), potassium (K), organic matter (OM), calcium (Ca), magnesium
(Mg), calcium carbonate (CaCO3), and base saturation (BST). Emphasis
was given to the relative contribution of individual soil properties in
explaining the variation of a particular property using the selected

regression equation which resulted from the stepwise procedure.
Results and Discussion

Regression analysis was conducted for each genetical horizon sepa-
rately (Ap zone, subsurface zone, Cr or parent material zone), and for
all horizons treated together (this will be referred to as all samplg
analysis). The above analysis was done for each area. Thirteen
variables were used as independent variables and one as a dependent
variable at each step. A stepwise regression was conducted to select
the appropriate regression equations. The criterion used for choosing
the number of variables in the regression equations was by maximization
of the R-square (R). When the maximum R? was reached, the variable
contributed to an increase of 2 to 3 percent or less in R2 and the
variable was deleted from the equation. Then the regular regression

analysis was conducted on the selected equations and the standardized
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partial regression coefficients were estimated (Draper, 23). The usual
statistics were computed.

Tables 3.3, 3.4, 3.5, 3.6, and 3.7 show the pairwise correlation
between the 14 soil properties and Tables 3.1 and 3.2 show the regres-
sion equations for each dependent variable, multiple correlation, RZ, F
for the regression equation, and the significance of the F test. The
‘regression equations were reported at the two significant levels. The
odd number indicated the equation was significant at probability of .57
and the even number was .significant at probability of 1%. Equations 1
and 2 represent all samples, equations 3 and 4 represent the surface
zone, equations 5 and 6 represent the subsurface zone and equations 7
and 8 represent the Cr zone. If no equation was given for the even
number, then it was the same for the odd number. The partial regres-
sion coefficient was interpreted as the reiative contribution of that
variable in explaining the variation of the dependent variable. For
the purpose of clarity, some equations were discussed. The rest of the
equations would be interpreted in the same manner. The number that
appears between two brackets following the measurements represents the
standardized partial regression coefficient as reported in the diffe-
rent regression equations.

All samples regression equation for CEC in Area One indicated that
87% of the variation of CEC could be explained by Ca, Mg, clay, and BST.
BST (-.69) was slightly higher than Ca (.55), Mg (.55), and clay con-
tent (.23) seemed to be tﬁe least significant.

However, for Area Two, (all samples) regression equations indica-
ted that BST (.6), Ca (.68), and Mg (.68) explained the largest portion,

95% of the CEC variation. Clay contribution appeared to be negligible.



TABLE 3.1

REGRESSION ANALYSIS FOR AREA ONE

T R F prob > P
1 CEC = .55 Ca + .55 Mg + .23 clay - .69 bst .93 .87 123.4 0.0001
3 CEC = .83 Ca + .60 Mg + .31 K - 1.39 bst .98 .97 90.1 . 0.0001
5 CEC = .49 ¥g + .34 H - .23 K + .11 silt + .54 clay .50 .93 - 31.9 ~0.0001
6 CEC = - .32 K + .18 silt + .80 clay .94 -.88 34.8 0.0001
7 CEC = .01 clay + .10 Mg - 1.6 bst + 1.34 Ca + .56 Na .88 .78 8.35 0.0017
8 CEC = .33 Mg + .39 clay ’ .54 .29 3.1 0.0741
1 Na = 1.02 bst + .51 CEC + .32 clay - .73 Ca - .31 K ) .84 .70 23.3 0.0001
3 Na = .38 H+ .51 pH + .43 Ca - .18k .94 .89 26.7 0.0001
4 Na = ,49 H+ .59 pH + .42 Ca .93 .87 -30.6 0.0001
5 Na = .29 H - 1.10 Ca + .75 clay + 1.81 bst - .95 .90 28.8 0.0001
7 Na= .59 H - .62K + .73 pH + .64 silt + .38 CEC .86 .74 6.7 Q.0038
1 oM = .62 H+ .48 silt - .21 clay .85 .72 . 64.6 0.0001
3 OM = - .35 pH - .26 vis .50 .25 2.45 0.1187
5 OM = .41 H + .39 Na - .49 Mg + .30 silt - .52 bst .96 .93 34.5 0.0001
6 OM = ,80 H+ .52 pH ~ .91 Mg + .42 silt + .31 clay .98 .95 41.7 0.0001
7 OM = ,36 Ca ~ .40 silt + .39 vfs - .90 pH .84 R 5 7.8 0.0023
8 OM = - .20 silt + .52 vfs - .86 pH _ .80 .64 8.2 0.0024
1 pi = ,31 Mg - .21 Ca ~ .67 H - .32 K .86 .72 55.. 0.0001
-3 pH = .32 clay + .20 vfs + .70 Na - .70 H .91 .83 16.3 0.0001
4 pH = .22 clay. + .82 Na - .75 H .90 .81 20. 0.0001
5 pH = .67 CEC + 1.31 bst -~ .34 vfs -~ .33 ailt -~ .6 K- .51H .97 .94 20.2 0.0001
6. pHi=-.73 H- .30K - .89 .80 37.1 0.0001
7 pi = - .84 H - .37 OM - .34 Ca -~ .51 silt + .47 bst .95 .91 25.0 0.0001
8 pH = - .73 H -~ .46 OM ~ .55 silt ~ .27 bst ’ .94 .89 26.5 0.0001
1 K= ,06 OM - .15 pH ~ .32 Na + .44 silt + .08 clay .70 .49 14.1 0.0001
2 K= .54 silt - .39 Na ) . .68 .46 33.7 0.0001
3 K = .20 silt -~ .25 CaCO3 - .30 H - .62 vfs .88 .77 10.9 0.0007
5 K= .87 clay - 1.01 CEC - .23 silt - .47 pH .79 .63 5.7 0.0075
6 K= ~,59 pH - .22 vfs : 64 - 41 5.3 0.0184
7 K = -.62 Na + .74 silt - .30 CaCOy + .22 CEC i .85 .73 8.7 0.0015
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Fs
Fs
Fs
Fs
Fs

vfs
vfs

vis
vfs
vis

silt
Silt
Silt
Silt

Clay
Clay
Clay
Clay

TABLE 3.1 (Continued)

.74 bst + .51 CEC

.99 bst -~ .56 CEC - .23 Mg - .19 pH - .13 K
.88 bst + .41 CEC ~ .22 pH

1.04 bst + .48 CEC - .34

.18 pH + .37 bst + .72 CEC

1.92 bst + 1.43 CEC - .86 Na - 1.09 Ca - .37 K
.67 CEC + .20 silt - .19 Ca - .70 OM

.66 CEC - .54 OM

.46 Ca + .54 Na + .31 K + .23 vfs

.63 Ca + .38 Na

-.40 vfs - .63 silt - .71 clay
-.20 vfs - .72 silt - .73 clay
- .63 silt ~ .67 clay )

- .52 silt - .90 clay ~ .38 vfs
- .58 silt - .38 clay + .66 vfs

- 2.5 fs ~ 1.58 silt - 1.77 clay - .002 bst
.49 pH - .64 K - .54 clay -~ .20 bst

- 1.39 silt - 2.66 fs - 2.39 clay
- .70 silt + .23 bst
- .88 silt -~ 1.52 fs - .58 clay

vfs = .40 pH - .60 K - .50 clay

= 0,001 OM - 1.58 f8 - .63 vfs - 1.12 clay
==1.39 fs - .28 vfs - 1.02 clay

= ,72 vfs - 1,91 £fs - 1.73 clay

- 1.14 vfs - 1.73 £8 - .66 clay

0.001 CEC - 1.4 fs - .56 vfs - .89 silt
1.41 fs - .88 silt

- 1.11 fs8 - .58 silt - .42 vfs

- 2,64 f8 - 1,52 silt - 1.73 vfs

.93
.99

.96

.91

.97
.98
.96
.83
.78
.99
.99
.99

.99

.99
.89

.99
.71
.99

.99
.99

.99

.99
.97

«99

.97
.96
.92

T .94
.95
.93
.69
.61

.99
.99
.97
1.0
.99

.99
.80

.77

.99
.51
.99

.99

.99
1.0

.99

.99
.94

-1.0

- <99

999999.9
958642.3
275.3
999999.9
94964.7

269376
13.3
15.8

999999.9

7.9
58906.2

652132.5
496832.1
999999.9

45300.9

822799.9
125.3
999999.9
19593.0

0.0001
0.0001
0.0001
0.0001

0.0001
0.0001
0.0001
0.0001
0.0029
0.0011

0.0001
0.0001
0.0001
0.0001
0.0001

0.0001
0.0003
0.0002
0.0001
0.0047
0.0001

0.0001
0.0001
0.0001
0.0001

0.0001
0.0001
0.0001
0.0001
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TABLE 3.1 (Continued )

= .19 pH + .88 Ca + .22 Na - .51 CEC

= .22 K+ .62 Ca + .46 Na + .39 Mg - .67 CEC
Bst = .25 pH + 1.02 Ca + .17 vfs - .30 CEC

= .88 Ca + .34 Na - .45 CEC

.42 bst - .36 vfs - .40 fs - .32 H =~ .35 Mg
.33 Mz + .33 clay - .38 K

.28 bst.+ .53 clay - .30 K

.42 Mg + .42 Ca

.60 Ca - .64 vfs - .41 K - .51 fs

.77 Ca -~ .34 vfs :

51 pH - .20 bst - .26 K .

.85 pi - .03 Ca

.86 pH

.70 pH + .43 Mg - .36 8ilt - .20 K

oM
Na
Na
oM

Hw =23 0M - .68 pH - .44 Ca = .47 silt.+ .38 bet
H = ~.5 pH - .31 Ca - .30 silt

.69

.88
.87
.87
.58

.93

.78

<75
95

.91
.87

0.0001
0.0001
0.0001
0.0001

0.0001
0.3840
Q.0349
0.0008
0.0093

.0071

0.0001
0.0003
0.0001

0.0001
0.0001
0.0001
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TABLE 3.2

REGRESSION ANALYSIS FOR AREA TWO

Regression Equations X R F Prob > F
1 CEC = .68 Ca-+ .68 Mg + .07 clay ~ 0.6 bst .98 .95 511.4 .0001
3 CEC = 0.001 CaCO, + .93 Ca + .48 Mg - .79 bst .99 .99 796.3 .0001
4 CEC = .98 Ca - .23 CaC03 .94 .88 72.45 .0001
5 CEC =1.02 Ca + .03 K~ .13 H+ .29 Na + .49 Mg - .03 fs - .98 bst .99 .99 222.6 .0001
6 CEC = .31 K+ .43 pH - .69 fs .88 .78 22.7 .0001
1 Na = .08 pH - .23 K - .05 Ca - .63 Mg - .07 clay + 1.87 bst +
’ 2.03 CEC .88 .78 52.7 .0001
2 Na = .48 pH + .42 Mg - .15 clay .74 .55 45. .0001
3 Na == 87 Mg — .28 K + .40 silt - .19 Om .85 .73 12.27 .0001
5 Na = - 1.13 Mg + .04 silc + .02 pH + .19 CaCO3 - 2.44 Ca +
2.15 bst + 2.37 CEC .97 .94 32.7 .0001
6 Na = 0.32 silt + .28 CaCO3 + .62 pH : .84 .70 115.0 .0001
1 K= .45 fs - .02 vfs + .5 OM + 2,77 CEC + 2.35 bst - 2.53 Ca
- 64 Na ~ 1311 Mg 74 .54 15.0 0001
3 K= .32 H+ 1.35 pH + .19 f8 - .74 bst . .73 .53 5.2 .0058
4 K= 40H+ .32 0M+ 1,25 pH ~ .52 bst .78 .60 6.62 .0022
5 K= 1.23 H+ .75 pH - .43 clay .76 .57 8.3 .0013
6 K= ,67H o .82 .67 17.2 .0007
1 H= ,22 OM - 0.99 pH + .27 clay + .28 CEC .93 .86 - 169.6 .0001
3 H= .74 pH + .15 CaCO3 ~ .46 Ca - .16 vfs - .29 silt + .5 CEC -+93 .87 17.7 .0001
4 H=~ 1,0 pH + .36 CEC ~ .21 Silt .91 .83 30.5 -~ .0001
5 H= - .55 pH + .28 OM + .44 Ca + .19K - .55 bst .96 .93 54.4 .0001
1 M= 28K+ .55 H+ .,17-Ca - .27 fs - .51 CEC .78 .61 33.7 .0001
3 OM = ,52 K~ .39 Na - .35 fs ~ .20 clay .65 42 3.3 .0353
4 OM = ,42 K - .27 Na .53 28 4.0 .0341
5 OM = - .25 K + .28 Na + .34 bst -~ .61 CaCO3 - .66 silt + .74 B .85 .72 6.7 .0014
6 oM = .36 H - .32 CaCO3 - .50 silt .80 .64 11.3 .0003
1 pH = .28 CEC + .25 clay - .74 H .9 .89 299.5 .0001
3 “pH = .20 bst - .22 K - .40 H + .36 Ca .96 .92 53.8 © .0001
4 pH = .13 CaCO3 + .30 K - .52 H + .41 Ca .96 .93 56.2 0001
5 pH = - .72 H - .48 silt - .15 clay + .51 CEC .95 .90 39.0 .0001
6 pH = = .71 H - .36 silt + .43 CEC .94 .89 53.0 .0001
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TABLE 3.2 (Continued)

Clay = - .95 silt - .42 fs - .22 vfs
Clay = - 1.02 silt - .26 fs
Clay = - .90 silt - .68 fs

Bst = 1.07 Ca +
Bst = 1.10 Ca +

Fs i

Fs
Fs
Fs
Fs
Fs

Vfs = - .008 CEC -

.30 Na + .54 Mg - 1.11 CEC
+ .56 Mg - 1.19 CEC + .10 pH + .03 H + .01 CaCO
Bst = 1.18 Ca + .57 Mg - 1.23 CEC

3

.02 K - .48 vfs - 2.19 silt - 2.29 clay

49 vfs - 2.2 silt -

.65 vis - 4.51 silt - 4.10 clay + .08 Na - .10 Ca + .11 OM

2.31 clay

.27 OM + .41 Ca - .60 Na
0.001 K - .45 vfs - 1.88 silt - 1.92 clay + .0001 CEC
- .45 vfs - 1.88 silt - 1.92 clay

377 silt - 1.60 fs - 3.9 clay

Vfs = 0.11 OM - 6.67 silt - 1.54 fs - 6.12 clay
Vs = -~ 4,22 silt - 2.24 fs - 4.31 clay

Silt
silt
silt
Silt

CaCO3 =

CaCO3
CaCO3
CaCo3
CaCO3

- 44 fs - .23 vis -
- .26 fs - .96 clay

1.04 clay -

-.53 f8 - 1.02 clay - .24 vfs

- .75 fs - 1.09 clay

.32 Ca + .40 clay +
1.30 bst + .71 H +
l.1 bst ++ .74 H +
- .46 H- .22 OM -
- .51 H~- .26 OM -

.34 bst
24 vfs + .26 Na - .30 Ca

.20 vfs
.39 pH + .23 Ca + .25 Na + .71 clay
.26 pH + .22 Ca + .71 clay

Ca = .99 CEC + .87 bst - .44 Mg - .26 Na
Ca = 1.01 CEC + .86 bst ~ .49 Mg - .02 pH
Ca = 1.03 CEC + .84 bst - .47 Mg

Ca = .98 CEC + .91 bst - .48 Mg - .33 Na

.99
.99
.99

.98
.99

.99

.99

.88
.99
.58
.99
099

.96
.98
.99

.99
.99
.99
.99

.82
.78
.76
.92
91

.98
.99
.99
.99

.99
.98
.98

.95
.99
.99

.97
.78
.99
.34
.99
.99

.92
.95
.99

.99
.98
.99
.98

.68
.83
.57
.85
.83

.96
.99
.99
.99

7937.3
491.9
629.2

546.0
359.5
713.3

1057.1
1410.2
177.2
3.2
999999.9
999999.9

304.7
85.9
478603.5

7247.8
525.0
999999.9
520.9

.0001
.0001
.0001

.0001
.0001
.0001

8¢
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TABLE 3.2 (Continued)

Mg = 1.18 CEC + .71 bst - .69 Ca

Mg = 1.79 CEC + 1.32 bst - 1.49 Ca - .08 fs + .03 CaC04
Mg = 1.82 CEC + 1.38 bst - 1.54 Ca - 0.08 fs

Mg = 1.75 CEC + 1.62 bst - 1.82 Ca - .00l fs - .12 vfs

Mg = .59 CEC - .59 OM + .15 s*lt

- «57 Na
- .06 pH

.99
.99

.99

.98
.97

.91
.98
.98

.97
<94

370.6
190.2
245.6

63.1
76.6

.0001
.0001

~.0001

.0001
.0001

6¢



TABLE 3.3

CORRELATION COEFFICIENT FOR CHEMICAL PROPERTIES, AP ZONE, AREA ONE

THICK
K

H

CEC
oM

PH
CaCo3
ca

NA

MG

Fs
VFS§
SILTY
CLAY

BsT

1RICK

1,00000
Ou000
0,Gu%66
0,buad
el 20UB3
Dedlu9
w0,10749
Cob712
-, 29382
G,7112
0,295306
V3004
=0,33455
Gel7ub

*0,16553
J.0709

06,0113
V.9645
«0,15518
0.53k6
0,0970¢
2,7018
0,20052

6.v513

0,19196
G,4654

«0,¢5075
¢, 0605

0,01915
$,9399

K
0,54%00
0, Buan
1,0000¢0
60,0000
-(},36548
n, 1358
U, 12886
U004
0,191 76
G 4459
w,18891
04528
-y 35957
0,213
«0,31393
¢, 2%
- ,59280
6,06173

¢, 16435
0,0803

=0,37681
G.1232

el 76221
0,00u8
V400479
Q. 0078
0,12323
0,6261%

“0,27189
6.2751

L] CEC

«) ,2¢4BY = 148749
Q4149 a,6712
«0,36548 ¢, 12484
¢,1358 06,6104
1,00000 0,11740
0,0000 0 6427
3,13740 1, a0000
v.6427 G,0000
0,22451 =p,21029
v,3706¢ 0,8023
«0,39979 0,32724
0,1002 00,1850
«0,00060 0,32382
09,9978 G,1699
0, 4Bous o, un304
0400 6,0972
0,45745  ¢,20922
00,0963 6,0917
0,068191 0,77848
V,74n8 00,0001
0,16525 =0,47191
V8018 Q0,0u80
0,0507S =0 24033
U,8415 0,3367
w0,156537 0,n7263
ig5125 I, 7740
e0,10319 0,563800
$,6837 00,0044
0,34658 09,0981
0,1568 0,6584

Om

-0,09382-

n,7112
n, 19176
V4459
0,22451
G,3704
-0‘21029
U u023
1,00000
0,0000

=0,63011
0,07u6
0,01479
U,9536
«0,079:6
0,7534
=0,26424
90,2530

=0,22916
43603

0,048312
0,8651
-0,36611
Ga1351

0,06207
2. 8067

.0.019“3
0.,9390

-0,08957
8.7238

PH CACLS Ca NA

0,25536 =9,33455 «0,10953 o0,01131
0,3064 0,1748 06,6749 G, 94688
=) ,18891 =0,30957 «0,31393 =0,55250
0,0528 0,2113 0,2046 G,017%
©w(,39979 =0,G00560 o0,4R846 O0,4S5745
09,1002 v,9975  0,fu0e 89,0563
0,32724 0,323R82 o0,40304 0,40922
0,1850 0,1699 0,0972 0,v917
=0,43011 0,01879 «0,07966 =0,28424
0,0748 0,9536 6,7534 0,2530

1,00000 0,39018 §,27862 0,51009
5,00u0 00,1698 0.,2629 0.,0306

0,39018 1,00000 0,39747 -0,4787e
0,1694 0,0000 G,1024 0,04844
0,27362 0,39747 T1,00000 0,R2067
0,2029 d,1024 0,0000 0,000t

vy.51009 0,47876 0,62067 1,008000
0,03006 Q0464 0,0001% 0,0000

0,45GR] 0,48799 0,63254 0,52916
a,0604 0,5399 0,0048 0.0239

w0,18007 «0,21373 0,17581 0,15471
0,4598 60,3944 0,u853 30,5399

0,30283 0,02825 ©,09091 0,363°9
0,2219 V9114 _0.7195 O.1106

0,26398 =0,29301 =0,3R6E) =0,469%4
0,2898  0,8191  0,1128 09,0390

0,42957 0,48405 0,11564 0,16541
0.0752 0,0418 90,6477  0,5119

0.36323 0,34646 0,89981 . 0,77406
0,3385 0,1590 0,0001 0,00G2

G

=0,15518
Ga5386

6,1063%
0.,6803

6 cR19y
t,Tabb

6.77848
n,A001
=2,22916
0,3603
n, 4808y
n,0004

0 4RT9Q
N,039¢

0,63254
80,0008

0.52916
$,0239

1,00000
8,000¢
-3, 40294
0.06973
v, 2u2h8
f,3319

0.0092%
60,9709

0.60736
0,007%

0.523686
0,0257

F8
0,09700
0,798

-0, 37081
05,1232
0,16525
0,4618
-, 8714
6,0LRO

0,0u4312
0,8651

w0, 1BEQT
0H,4598

«0,21373
0,3940
0,17581
8,4653
0,15471
0,5399
-, U294
¢,0973

1.00000
0,000

0,48485
00,0603
«0,73610
G,0065

=0, ,7hUR?
G,0002

0.27779

Ue2b4dd

vF$§

D.46n02
£,0513
g 78221
A 000Q

0 05078
A RG1S
=0l2u033
n,3367
=) 36011
A, 1351
0237233
60,2219
0202825
n,Q114
con9y
.7198
a.3RYNG
n,at166
-0 20268
ny3319
0. 4auBS
N,0pE3
1760000
a,0000
CENA.LLY]
A, 0388
ey dn199
0, 0982
0216945
h.5015

O

-
-
-

SILY

0,19196
£ 6052
0,h0479
0.5078

=0,16S17
6.5125

0,07263
6, 7is

0,06207
8,527

-0,253098
G.2898

«0,2030%
6,419
“0, 36081
Jel128
-0 UE9IGL
6,.0390
g,r0628
0,572%
«0,73610
0,0308
-0 LBAGA
0,0365
1,000%0
G.,0000
0,15679
0,5346
=0,39629
06,1038

0¢



TABLE 3.4

CORRELATION COEFFICIENT FOR CHEMICAL PROPERTIES, SUBSOIL

ZONE, AREA ONE

[sL]
PH

CACO3

Ca
NA
MG
Fs
VFS
SILY
CLAY
BST

CEC

1,00000
0,0000
0,41042
040927

. 0,56620

$.0190

=0,60266
C,0081%

=0,32396
041910
=), 43224
0,0732

«0,47738
0.0451

-0.06307
0,0521

0,05644
0,800
«0,25277
8.3115

0,13490
d.5936

=0,03530
0,8894

H

0,a1042
0,09067

1,00000
0,00600

0,58057
0,0001

«0,85223
0,0001

=0,52343
00,0258
«0,57632
0,0123

«(0,S57975
0,0817

«0,63843
0,004

0,16062
6,52

0,05838
b.3180

-0,00752
§,9764

«0,19781
0,4314

[aL}

0,54620
0,0190

0,88057
0,0001

1,00000
S.0000

=0,78248
0,0001

«9),5155%
0,0285
«0,68390
09,0017
-o.eosoz

0,00

«0,T1861

0,0008

0,16588
0,5107

w0 06796

3,7887

14539
$.5649
-0,23958
0.3383

-0,80767
$.0001

«0,26499
06,2879

0

PH

“0,60264
0,008
-0,85228
0,0001
-0,78248
06,0601

1,00000
0,0000

0,49504
0,0367
0,47995
08,0038

0,50006
§.0085

0,67334
0,0022

=0,14407
0.5684

6,05415
$.8310
17975

§,u752

0,24110
0,3352

0,60607
0,0038

0,32393
0,1897

=0

caco3

=0,323¢
0,191

«0,5234

6
0

3

0,0258
«9,51555

8,026
06,4950

S
4

6., 0367

1,060¢C
3,900

0,75534
0,0003

0,68195
00,0018
0,75576
06,0003

=0,6228%
0,0058

0
0

=(,28297

§,2552

28889
§.2450

0

0,6401

3

0,0042
0,63782

0,004
0,6176

0,

4
Y

063

Ca
.0,43224
0,0732

-0,57032
0,0123
«0,68390
60,0017

0,8799S
0,0438

0,75534
0,0003
1,00000
0,0000

0,81056
0,00

NA

«0,37738
0.0451
«0,57975
v.0117

=0, 60801
0,0074

0,56006
0,0085
0,66195
0.0018

0,810586
00,0001

1,00000
60,0000

0,74518 -

0,0004

=(,60774
0,0037

0,1238%
$.0245

0,11929
8.6373

0,59640
0,0090

0,83878
0,0001

0,62278
0,0058

G

-0,a6447
0,0521%

«C, 63843
0,00a4

«0,71861
0,0008

0,67334
0,0022

0,75576
0,0003
0,80741
06,0001

_0,74518
0,0004

1,00000
0,0000

o0,71231
0,0009

28732
d.2477

0,31466
0,2034

0,72604
0,0006

0,68738
90,0016

0,80687
0,0001

-l

Fs

0,05664
0,8240

€,16062
0,5243
0,16588
09,5107
«0,14807
00,5664
-0 ,622485
0,0058

0 ,67029
0.0023

“0,647746
0,0037

-0,71231%
0.,0009

1,00000
v, 0C00

0,369066
d.1311

=0,58319
0,0111¢

=0,92327
Ua0001

-0, 40048
© 0,099

-0,87263
0,0001

vF8 SILT CLAY

«0,25277 0,13490 «0.063530
0,3115 90,5938 N, RE9G

0,05838 w0, 0752 =0 1978}
0,R1R0 Ue9704 0,43ty

«0,06796 0,14539 =0, 23958
60,7887  0,5049  A,3383

6.05415 »0,17975 o0.2¢110
0,8310 0,a754 06,3352

«(0,28297  0,2RRRQ (0 pU013
60,2582 0,245%0 0,n0d2
-0,12920 0,31519 0 61322
0,6094 0.2027 0.00648

0,12383 0,11929 0.59640
n,6245 0,6373 06,0090

«0,28732 0,31468 (72604
0,2477 V,2034 0,n00e

0,.36966 «0,53319 . 92327
0,1311  6,0111  A,0061

1.00000 «0,67935 e0_ 43242
0,0000 0,009 A, 0734

©(0,67935 §,00000 0_3493%
0.,0019 0,0000 60,1583

«0,43242 0,34935 1700000
0,0731  0.1553 06,0000

0.,17125 0,08489 6. 32281
0,4969 0.7377 0,1914

-0.37197 0,0209% 0.87725
0,1285 0,0819  0,0001

asy

«3,52972
C.C23R
«0,75103
59,5003
=0,80707
0,00801
0,5c607
0,9038
n,63782
0a00us

0,F9843
0,0001

0,R3578
0a090%
0,68738
0.,0016
=0, 86048
Ua.09G6

0,17129
V49069

0,06459
6.7377

0,32231
G.191a

1,00000
0,0000
0,398566
0,1013

1€



TABLE 3.5

CORRELATION COEFFICIENT FOR CHEMICAL PROPERTIES, CR ZONE, AREA ONE

K H oM PH cACO3 CA nA MG FS VFS SILT CLay asr
1,00000 =0,1748] «0,06545 =0,17871 =0,06512 0,13817 =0,51983 0,05776 =0,31444 «9,15372 0,51963 0,31655 =0,00782
0,000 0,4878 0,7964 0,4780 0,7974 0,5845 0,0270 0,R199 0,203 0,525 06,0271 0,209A 0,970t
H «0,17681 1,00000 0,42083 «0,77946 «0,82059 «0, 71740 «0,32344 «0,0R594 (,75905 =05,51571 «0,501596 =i_ 19247 «0,73935
$.4878 §,0000 06,0820 0,0001 0,0822 0,0u08 58,1905 0,0317  3,4003 ©,0285 0,u083  B,0442 08,0910
o™ ~0,06545 0,42083 1,00000 #0,62125 «0,17652 «0,05362 =0,45921 »0,29516 0,23183 0,95241 =0,3703L «0_ 12661 «0,23478
0,7964 0,0820 0,0000 ©0,0059 0,4835 0,8326 0,0552 0,2344 0,3563 0.8364 00,1237 0,6166  (,3%ba
PH «0,17871 «(,77946 =0,62125 1,00000 0,26R23 0,40293 0,53794 0,51435 «0,47751 0,53396 0,21165 G uho0d 0,58%2¢
0,4780 0,0001 0,0059 0,0000 0,2%61 09,6973 0,0213  0,0290 0,045t 0,6210 0,3992 60,9997  {,011%
CACO3 ©0,06512 «0,42059 «0,17652 0,28823 §,00000 6,62214 9,21755 0,35279 «0,40997 «0,02230 0,4794 0 38103 0,53353
§.797a  0,0822 0.4835 0,246 09,0000 0,0058 0,38%8 0,1510 0,0911 0,9300 06,0441 Ne1tBa 0,223z
CA 0,13817 =0,71740 =0,05362 0,40293 0,62214 1,60000 0,16803 0,68909 «0,66338 0,41874 0,554h6 {23233 0,849¢s
0,5845 0,0008 ¢,8326 0,0973 0,0058 00,0000 0,5051 0,0016 0, 0018 0,0837 0. 0109  0,3536 0,000
NA «0,51983 «0,32344 «0,45921 0,53794 0,21755 0,16803 1,00000 _0,48067 «0,15623 0,314801 0,12909 0 61569 0,3359%
0,2270 0,1905 0,05%2 0,0213 3856 . 0,5051 0,0000 0,0435  (¢,5359 .0,6524 0,6097  0,9507  §,172%9
MG 0,05776 =9,6859%4 «0,29516 0,51435 0,35279 0,68909 0,48067 1,060000 «0,60053 0,43317 0,47780 0.10804 0,62557
0,5199 0,00617 00,2344 0,0290 0,1510 0,0016 0,0435 0,0000 ¢,0084 0,0725 ,0449 0.b6%0 0,008S
Fs =0,31444 0,75905 0,23103 ©0,47751 «0,40997 =0,68338 =0,15623 «(,60053 1,00000 «0,59574 «0,74237 «3.¢7519 0, 60512
0,2038 06,0003 0,3503  0,045% 0,0911 0,0018  (,5359 0,0084 09,0000 0,009 0,0004 0.0463 G,u378
VFS§ «0,15372 «0,51571 0,05241 0,534898 «0,02230 0,41674 0,11401 0,83317 =0,59574 1,000600 0,02847 0. 206014 0,486327
0,5425 0,0285 U.8304 .0210 «9300 0,0837 5.652“ 0,0725 0,0091 00,0000 0,9232 0,6259 0,0566
SILY 0,51963 w0,60156 »0,37634 0, 21165 0,087944 0,55484 0,12909 0,47780 =0,74237 0,02447 1,00000 9. 36479 0,58406
§,0271  8,0083  8.1237 §.3992 S.0041 8.0169 B.6097  3,0449 0,600 0,9232 0.0000 041050 C.01ud
CLay 0,31055 =0,19247 «0,12661 0,00008 0,38103 0,23233 0.0%5&9 0,10804 =0,87519 «0,20014 0,39470 1. 0A000 =0,06175
06,2098 00,4442 Q,6166 0,9997 0,1188 0,3536 0,9507 0,6896 0,043 00,4259 (,1950 0,0000 0,6077
BSY ©0,00762 =0,70955 «0,23478  0,58024 0,53083 (,84984 0,33595 0,62557 =0,60512 0,46027 6,56406 =0.CA175 1,80000
0,9761 0,0610  0,3484  0,0116 3,0234  0,0001 0,1729 0,005 06,0078 ©0,0546 0,0148 0,BN77 0,0300
CEC 0,00030 =0,17157 =0,08467 0,05380 0,08150 0,19520 0,33427 0,37478 =0,12B11 «0,06554 0,02140 0.42708 =0,16273
0,999 0,4960 0,7384 0,832y 0,7478° 10,4376 0,1752 0,1254 00,6124 0,7870 0.9328 05,0771 0,5188
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TABLE 3.6

CORRELATION COEFFICIENT FOR CHEMICAL PROPERTIES, AP ZONE, AREA TWO

oM
PH

CACO3

Ca
NA
MG
Fs
VFS
sILY
cLay
887
CEC

K

1,0:2000
0,0000

«0,27439
0.2051%

45751
6 c2a2

0,53658
0,C083

©0,1G199
04,6433
0,43619
0.,0374
-0 15107

d.4914

o 30973
e 1504

o, 30166
0 1618

-0.15565
4777

-0,12327
0.5 52

0,086803
0.68 [}

2154
%58

0.01516
0,0L88

H

-0'21“39
8.2051

1,00000

0,0000

-0 12907
5572

.008t13°
¢,0001

=0,09297
00,0731

~052969
0.0093

12818
°s

« 5600

«0,02571
0,9073

-0,19887

0,3030

=0,12732
00,5627

0.06“32
3.770

0,00855

0.90 1.

=0,73850
0,0001
0,07734
0,7258

oM
0,45751
60,0282

-0.12901
0,5572

1,00000
0,0G00

0,13486
0,5395

‘-o 26570

0.2204
0,04444
d.8a04

«0,34093
d,1114d

=0,09517
00,6658

«0,04353
0,8436

0,07819
0,7229
0,16081
0,4636

w0,15944
0,4674

«0,04191
8494

0,0343¢
0,8762

PH

0,53058
0,0083

=0,81138
0,0001

0,13488
5

1,00000
0,0000

0,31304
0,1u58

0.83390
«0001

0400315
§, 988

0,41656
0,0480

0,28937
0,1805

0,01694
0,9389

-0,35977
00,0918

0,30835
0,1523

0,R3425
0,

0004
32813
1264

CACG3

=0,16199
§.0u3s

-0, 09297
+0731

-0.26570
2204

0, 31300
s 3458

1.00000
00,0000

] 368!9

L0672
0,18300
3

0 30538
21565

0.10819
6212

0 15023
939
-0.55274
,0062

0 54404
:0072

0, 55570

05
0, 0722
o743

L &= ©

Ca

0 43619
0374

-0.52969
0,0093

0,04644
0,8404

0,83390
0.0001

0,38819

0,0672

1,00600
0,0000

0,28972
°32

0,72736
0,0001%
0,22974
0,2916
=0,10194
0,6435
.0, 48229
0,0198

0,4743%
0,0222

0,77573
0,0001

0,66946
0,000S

NA %G
-0,15107 0.30973
$.391a L1504
0 12818 «0,02571
5600 20,9073

-o 3d093 -c 09517
.1118 +6658
0.00315 0.41650
0,9886 0.0480
0,18330 0,39538
0,4033 0,1565
0, 26@72 0,72736
1799 0.,0001
1,00000 0,66691
0,0000— 0,0005
0,66691 1,00000
00,0009 ¢,0000
~0,38650 «0,17081
0.,0685 0,48358
©0,32024 «0,28571
0,1303 0,1663
0,10465 «0,3407S
0,6346 0,1116
0,03390 0,46039
0,8779 0,0271
«0,00590 0.31205
0,9 87 472
0,58543 o 91202
0,0034 000}

FS

0,30106
0,1618

«0,19887
G.3630

*0,04353
0,8436

0,24937
0,13u5

0,1G879
0.,6212

0,22974
0.2916

=0,38650
0,V6ES

-, 17081
00,4358
1,00000
0,0000
0,16218
U, 4055
=0 ,24R94
v,2520
=0,01010
0,9635
0,29827
Q.1669

=0,N8271
0,7075

VFS

=0,1558%
0,4777

=0,12732
08,5027

0,67819
0,7229

0,01694
0,9339

0,15023
0,4930

«-0,10194
n,6435

=(,320248
041363

w,2B57%
‘0,1863

0,18215
04055

1,60000
0,0000
w0 42210
D,0ul8
D,2h0h6
0,22%0
0,0402%
0,85S3

=0 ,28921
0,1607

SILT
-0,12327
0,97%2
0,60432
0.779s6

0,16041
00,4636

«0,35977
G4,0918

«0,55274
0,0002

-0,48229
D G168

0,16445
0,0346

=0,34075
06,1116
=), 24894
0,2520
-0,82210
D,0d58
1.,006000
o.,0000

«0,95626
0,0001

«0,45129
0,0306
wd 24616
0,2578%

CLAY

¢ 0RBO3
0,669
G.00R5S
00,9091
=) 15944
N teTy
0.30435
0.1523
0.5uubkd
0.,0072

0J576%1
f,nN222

0.03399
0,8779

0.4hG39
0,027t
=0, 01010
n,9635
n.2n068
N,229
- 95h26
n.n001

1.00060
0.0000

0,39559
a,0617

0.33801
0,147

8sr

0,215¢4a
0.3235
=0 ,73459
0,0601%
=0,0u101
0., RE9Y
0,R342S
0.0201
0,55570
0,3959

5,77573
0,506

«0,03590
0.9787

0,31205
0.1472
0,29827
01669

0,04028
0 8553

=0,45129
0,0306
0,3955¢9
0.,0617
1,00000
0.,0000

0,08487
0,7002

£e



CORRELATION COEFFICIENT

TABLE 3.7

FOR CHEMICAL PROPERTIES, SUBSOIL ZONE, AREA TWO

o
PH .
cACO3
cA
NA
ug
Fs
VFS
SILY
cLay
st

CEC

X H oM PH
1,0600¢ 0,67126 0,32885 «G,41708
0,0000 0,0005 c,1255 0,0477
0,67126 1,00000 o.eabzo o), 77507
0,0005 0,0000 0,3005 0,0001
0,32865 - 0,66620 1,00000 =0_40960
0.1255 90,0005 - §.0000 ©0,0522
=0,81708 «0,77607 «0,80966 1,00000
0,0477 0,0001 0,0522 0,0000
*0,51229 «0,60562 =0,44879 (,hBu0l
0,0124¢ 0,0022 06,0317 06,0003
©0,29128 «0,80029 «0,41170 0,41647
0.,1775 0,0584 0,0509 0,0481
«0,86669 -o.73a73 =0,52062 0,75776
8.0248 200 0.0109  0,0001
«0,31561 «0 56091 =0 47022 absﬂS
.1u2a " B,005¢ 0216 5%
0,37291 0,39688 0,35U85 «0,4%877
08,0797 0,0008 0,6698 0,0154

0,11360 0,22012 0,46445 «(0,27773
..605 0,3129 V,0256 0,2960

©0,10500 =0,22106 =0, 51597 -0, 17437
0.,6335 90,3107  0.0117 L8262

«0,11747 <0, oao°3 0,19763 o, a83u3
0,5935 .8529 09,3660 .019

«0,51619 -0.65977 -o.soxas 0.39305
3,0117  0,0006 0148 0,0635

«0,13003 «0,33858 «0,36484 (,6u632
0,5524 0,1140 0.0609 0,0009

CACD3 CA NA »G FS VF3 SILY CLAY 8sT

«0,51229 «0,29128 =0,ib669 *0,31551 0,37291 0,113560 =0,105G¢ =0, 11747 «0,51619
¢c.0i24 00,1775  0,0248 0,1424 0,6787 0,6¢58 ¢,6335 £,5935 0,0117

©0,60562 *0,080029 =3,73473 «0,56091 00,3988 (,22012 =0,22106 °6.GUn93 =0,65977
9.0022 0,0584 0.,0001 0,0054 0,0608 03129 3107 0,8529 0.0006

=0,04879 =0,41170 =0,52062 =0,47622 ©,38a83 0,46405 0,51597 0219753 =0,50143
§,0317  0.0509 §.0109 0.0216 0,0698  0,0256 06,0117 £,3660 0.0148

0,68408 0,81648T 0,75776 0,66345 «0,09877 «0,22773 =0,17437 0 #A343  0,39308
0,0003 0,048 90,0001 0,0006 0,0154 0,2960 0,262 0,019d 0,063S

1,00000 0,62378 0,64511 0,61493 «0,66093 =0,39616 »0,16525 (.01725 0,54337
60,0000 0,0015 0,0609 0,0Gt8 Q0,0006 0,0627 0,3974 n,0017 0.,0074

0,62378 1,00000 0,36643 0,51943 «0,66647 «0,76921 0,20876 (.27265 o 79497
0.001S §,0000 ©0.0911 0.0t11 0,0003 00,0001 0,2150 n.zoax .0001
0.68511 0,36043 1,00000 0,65723 =0,57229 «0.35780 0,16008 0,22397 0.36565
0.0009 0,0911 0.0000 08,0007 H,0083  0,6936  0,4656 % L3e83  GL,0892
6,61493 0,51943 ,65723 1,00000 =0,76551 «y,61804 0,14247 0_40247 0,53373
§,0038 08,0111 $,0007 06,0000 06,0001 09,0017  0,5167  A,0569  0.0087

=0,66093 «0,68647 «0,57229 «0,76551 1,00060 0,77070 =0,23976 «(, L6598 «0,51438
0,0066 0,0003 00,6043 06,0001 0,0000 08,0001 90,2705 a,0250 09,0120

®0,39816 «(,76921 =0,35786 «0,61804 0,77«7n 1,00000 «0,5¢337 =0 14315 .o,ao?as

0,0627 0,0001 0,093s 0,0017 «0001 0,0000 0,0143 0,5147 0021
«0,18525 0,26876 0,16008 0,14247 «0,23976 =0,50337 1,0000D =0 73863 0 37768
6.397¢  8.2150 G.4656 0,5167 0.27¢5 0,0143  0,00600 06,0001 L0756

0, 61725 0,27265 0,22397 0,40247 -o.uesoa «0,14315 =0,73862 .1.30000 o.o}ses
L0017 0,208% 60,3043 00,0569 0,0250 0,5147 06,0001 0,0000 0,8611

0,5“337 0,79497 0.3&565 0,53373 =0,51438 «(,60743 0, 37768 0.03863 1,00000

29,0074 0,0001 0,0692 0,0087 0,0120 0,0021 .0756 0,R0ll 0,0000
0,63041 0,65038 0,66917 0,74690 =0,78910 =0.62925 0,07153 ¢ u#e91 0,27584¢
0,0013 0,0008 00,0008 0,0001 0.0001 0,0013 0.7 57 0,018%5 0.2027
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‘In the Ap zone (surface zone, Area One), BST contribution was still the
highest (-1.39) followed by Ca (.83), and Mg (.6). Clay did not appear
in the regression equation and was replaced instead by K (.26).

However, for the same zone (Area Two), Ca contribution was thelhighest
(.93) followed by BST (-.79), and Mg (.48). Caco, con;ribution at the
5% significance level was negligible. The regression equation explained
99% of the CEC variations. Furthermore, at the .1 probability level,
only Ca (.91) and CaCo, (-.23) seemed to be important and explained 887
of the CEC variationms.

In the subsurface zone (Area One), clay seemed to contribute most
to the variation in CEC. Its contribution was four times higher than
silt and three times higher than potassium; while in Area Two, FS (.69)
was twice as important as K (.32) and one and one half times higher
than pH ©.43). Clay did not seem to be important in the explaining CEC
variation in the subsurface of Area Two. This might be due to the
stratified nature of the clay minerals in this area.

Clay (.39) and Mg (.33) explained 29% of the variation of CEC in
the Cr zone (Area One) at the 1% significance level. At the 5% signi-
ficance level, clay (.0l1) contribution seemed to be the least important.
OM was not found to be associated with the CEC in any zone of any area.
All samples regression (Area One) indicated that BST (1.02), CEC (.51),
clay (.32), and .Ca (-.73) explained 70% of the variation of Na, while in
Area Two, pH (.48), Mg (.42), and clay (-.15) explained 55% of the Na
variation at the 1% significance level. 1In Area One, H (.49), pH (.59),
and Ca explained 87% of the variation of Na in the Ap zone, whiie CEC

(2.37), BST (2.15), Mg (-1.13), Ca (2.44), and CaCo, (.19) explained 94%

of the variation of Na in Area Two (r=.97).
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In the subsurface (Area One) multiple correlations were .95. BST
(1.81), ca (-1.1), clay (.75), and H (.29) explained 90% of the varia-
tion of Na, while 70% of the Na variation in the subsurface (Area Two)
was explained by pH (.62), CaCo, (.28), and silt (.32) (r=.84). Fur-
thermore, in the Cr zone (Area One) 74% of the Na variation was
explained by silt (.64), pH (73), K (-.62), H (.59), and CEC (.38).

Regression equations for fine sand, very fine saﬁd, silt, and clay
confirmed previous knowledge about the relationship between these pro-
perties. In most cases, 99% of the variations of one of these variables
were explained by the other two. However, in a few cases this rule did
not apply. In the subsurface (Area Two), Ca (.41), Na (.60), and OM
(.29) accounted for 34%Z of the FS variation at 1% significance level.
Also, in the Ap zone (Area One), very fine sand was only explained by
K (-.60), clay (.50), and pH (.4) at .l probability level. Very fine
sand was not correlated with silt in either the surface or the subsur-
face, or with the clay in the surface of Area One, or in the surface or
subsurface of Area Two. | |

Further study of the regression equations revealed the extremely
high correlation between these soil properties. Multiple correlation
coefficients varied from .80 to .90 in most cases. However, in a few
cases, R2 was noticed to be relatively low. For example, R2 for OM in
the surface zone was .42 (Area Two), and .25 (Area One). This relative-
ly low correlation between organic matter and soil properties suggests
that external factors exert more impact on the OM of the surface zone.
This relation was reversed in the subsurface of both areas. Also, Na
and K in the surface of both areas did not have high multiple

correlations with different soil properties (.46 to .54). Multiple



37

correlations for CaCO3 were .40 for the surface zone of both areas.

The trend of low R2 values of the regression equation for some
variables in the surface zone of both areas could be due to a strong
association with climate, as in the case of OM, or with factors that
govern the mobility of the leaching intensity, as in the case of Na, K,
and CaC04. No explanation could be advanced for the low correlation

“obtained for the very fine sand in the surface (Area One , P = 1) or
the fine sand in the subsurface (Area Two, P = 1).

Regression equations also revealed that except for sand, silt, and
clay, no one soil property can be predicted by less than two properties.,
Furthermore, the regression equations indicated that, in most cases,
the number and kind of variables important in explaining the variation
of a particular soil property will depend totally, except for sand,
silt, and clay, on the genetic horizon under consideration. If these
horizons were treated together, different equations or relationships

might result.

Correlation Coefficient As a

Prediction Criterion

Tables 3.3, 3.4, 3.5, 3.6, and 3.7 show the pairwise correlation
between 14 soil properties. A close examination of these correlations
revealed high correlation between many soil properties. The correla-
tion coefficient is interpreted as the trend followed by one variable
if another variable correlated with it varies. Thus, in soil there
might exist conditions where high correlations might be obtained, but
as was shown before, the variation in one variable cannot be explained

only by one single variable.
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For example, examining the matrix of the pairwise correlations
Table 3.3) for the Ap zone (Area Two) showed the correlation between Ca
and Na to be .82 and .63 between Ca and Mg, but Na with the high corre-
lation with Ca did not appear in the regression equation for Ca. 1In
Area Two (subsurface zone) (Table 3.6) correlation between Ca and pH
was .83; Ca and Na, .3; Ca and silt, -.48; and .47 for Ca and clay.
‘None except sodium (with low pairwise correlation with Ca) appeared in
the regression equation. In the subsurface zone (Area One) (Table 3.2),

correlation between Ca and OM was -.68, .75 with CacCO .81 with Na, .81

39
with Mg, -.67 with FS, énd .61 with clay, but none of these variables
appeared in the regression equation for Ca. This pattern dominated the
relationships between the different variables and their respective
regression equations. Exception to this, was the regression equations
for the organic matter in the surface zone only, and for the sodium in
tﬁe surface zone of Area One. This might suggest that high pairwise
correlation may exist between soil properties, but it does not mean that
the correlation can be informative since multiple correlations govern

the relationships between all the soil properties investigated in this

study.
Conclusions

1. The multiple regression model seemed to fit the relationships
of different soil properties very well, Simple regression was not
found to exist between these properties.

2. The pairwise correlation coefficient did not seem to be a pro-

per tool to be used as an indicator to explain the relationship between
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two soil properties. This is true since multiple relationships govern
the relationships between these properties. |

3. Regression analysis indicated that the number and kind of
variables that appeared in the regression equations and the R-squared
values, depended totally on the genetic horizon considered. If the
different genetic horizons were treated together, completely different
‘equations may result.

4, Eventhough the two areas seemed to be composed of soil that
developed under conditons that would stimulate a narrow range of genetic
processes, no general pattern could be established for each area. Each
'property should be considered separately. This might suggest that a
regression model with a high prediction capability to cover a wide range
of conditions may not be feasible. However, soil separates seemed to
yield to such a model provided that mineralogical and weatherability

of the sand fractions were known.



CHAPTER 1V
CANONICAL CORRELATION
Abstract

For many years, soil scientists implied the existence of certain
relationships between chemical and morphological properties with little
pursuit in this area. One problem they faced was how to establish any
relationships between discrete multistate morphological and continuous
chemical properties, or how to make inference about a specific state of
the morphological properties.

In this investigation, the technique of canonical correlation is
introduced as a statistical tool in studying the relationships between
morphological and chemical properties. The canonical correlation was
conducted on different genetic zone: 1) surface zone.(includes all
Ap-designated horizons); 2) subsurface zone (includes all B-designated
horizons); 3) P.M. zone (includes all Cr-designated horizons); and
4) all samples (includes all of the samples).

Mathematical relationships established using this technique showed
that significant relationships do exist betweeﬁ chemical and morpholo-
gical properties. These relationships also differ from one zone to
another. This investigation also demonstrated that this technique can
be used to test the suitability of different soil properties as diagnos-

tic criteria in the system of soil classification. In many cases,

40
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superiority of some soil properties was indicated. Moreover, the
conclusion reached about the suitability of some properties as diag-
nostic criteria was in harﬁony with the way these criteria are used in
the current system.

Furthermore, since this procedure can be carried for different
genetic. zones, selection of better criteria for the lower categories
of the system can be carried out with minimum subjectivity; The sta-
tistical test to support the significance of the groups produéed from
using such criteria are also available. In addition to this, canonical
correlation could be an excellent tool in isolating factors responsible
for explaining certain soil patterns. One potential area is land capa-

bility classification or land use planning. |
Introduction

Morphological properties of soil are discrete mﬁltistate variables.
If causes and effects that result in the variation of the different soil
morphological properties are fo be studied, then the level of the chemi-
cal properties or the state of the morphological properties must be
attached to the conclusién about the variations of these properties.

For example, if the hue is to be related to the chemical properties
of the soil, it would be of great importance to know how the value and
the chroma would relate t o the same properties at the same time.
Usually regression analysis treat all the variables as continuous vari-
ables, and it is concerned only with univariates as the dependent
variables. Inference about discrete (multistate dependent) variables,
such as structure (grade, class, type), or concretions (type, abundance)

or pores orientation may not be possible. Therefore, a new approach is
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adopted here to treat the discrete morphological properties as multi-
state dependent variables and to study their relationships with the
chemical properties.

The technique suggested here was introduced by Hotelling (36) and
was improved to be used by high speed computers. A detailed descrip-
tion of the mathematics involved can be found in many statistical texts,

"but a simplified summary of the concept involved is presented here.

Let us assume that a group of observations were recorded on cer-
tain sampling units. These units can be soil horizons, or soil
profiles. The observations can be a group of morphological or chemical
properties. The vectors of these observations can be mathematically

represented as follows:

Set one Set two
Xll’ X12........Xpl Y11’ Y21""""Yq1 Observation 1
X12’ X22........Xp2 Y21, Y22........Yq2 . Observation 2
XlN’ XZN........XpN YIN’ YZN........YqN N
Where (Xl; Xz,........Xp) is a group of variables (morphological

properties, for example) recorded on a unit (set one) and we desire to
study their relationship with Yl’ Yz,........Yé, which is another set
of variables (set two, chemical properties) recorded on the same unit.

N is the number of the units (horizons or profiles).
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The correlation matrix for the whole data can be represented as

follows:

XX Rxy|
X Ryy (4.1)

Rxx, Ryy are correlations among variables of set one and set two
respectively. Rxy and Ryx are the correlations between the variables
of set one and the variables of set two.

Two assumptions are made about R:

1. R is a full rank p + q.

2. Since R is a correlation matrix, it is implicitly assumed
that the relationships between X's and Y's are linear. Also Ryx con-
tains at least one none zero element.

The objective now is to find a new coordinate system in space
of each set of variables in such a way that the new system displays,
unambiguously, the system of correlations between the variables of the
two sets. More precisely, find the linear combination of the variables
in each set that has maximum correlation. These linear combinations
are the first coordinates of the new system. Then the second linear
combination in each set is found in such a way that the correlation
between them is maximum and is uncorrelated with the first linear
combinations. This procedure is continued until the new coordinate
éystem is completely specified.

The following procedure explains the mathematical construction of
the two new coordinate systems. Assume the variance-covariance matrix

of the whole data can be represented as follows:
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A11 A12
A=
A1 oY) . (4.2)
Where A11 = Var (X) (4.3)
A22 = vVar (Y) (4.4)
A12, A21 = Cov (X,Y). (4.5)

Consider an arbitrary linear combination: U = a'X and V = ¢'Y,
we ask for the linear functions U and V which have maximum correlatioms.
Correlations between U and X, and V and Y are not changed by the linear
operators a and c. ’Therefore, we can normalize a and c without affec-
ting the correlations. To construct the U's and the V's of maximum
correlations where Ui and Vi are uncorrelated with Uj and Vj’ the fol-

lowing restrictions are imposed:

Var (U) = var (a'X) = Q'Allg =1 (4.6)
Var (V) = Var (c'Y) = c'A, ¢ (4.7)
E(Y) =E (a'X) =0 (4.8)
E (V) =E (¢'Y) = 0. (4.9)
Thus the correlation between U and V is:
' Cov (U,V)

Corr (U,V) = --- T~
(var (). var ({))~ - (4.10)
Cov (U,V) = Cov (a'X, ¢'Y = a'A,,c . (4.11)

Therefore, A, , should not be the null matrix.

12



45

The problem now is to find a and ¢ to maximize Cor (a'X, ¢'Y) sub-

jected to:

c'A,, c =1, and a'A

22 1 2= L (4.12)

By using the Lagrange multiplier technique, it can be shown that a
and c can be found from solving the following system of equationms

" (Anderson, 1; Morrison, 46)

Ay Alg |2
A -AA =0
21 2 < (4.13)

In order to have non-trivial solutions to the above system, the deter-
minant of the above matrix is set equal to zero. This leads to finding

A, which can be proved to be equal to

= at
A=a A12€° (4.14)

Therefore, A is the correlation between U - a3'X and Y = ¢'Y when a and
c satisfy the system for some value of A.

Since we want to maximize the correlation between U = a'X and V =

~

c'Y, we take A = Al, which is the largest eigenvalue for the augmented

matrix of the above system. Thus U 'X and V. = c.'Y (where Vi3>

1- % SIS |
Yl’ql satisfy the value A = Al) are the normalized linear combinations

of X and Y respectively, with maximum correlation.

The second maximum correlation is obtained from Uy = g,

Therefore, the

'X and YZ =

'Y such as ql’ and Yi are uncorrelated with Qz and V

new complete coordinate system can be summarized as follows:

£Y) 2°

Up =a1'% V1 =c'Yiseeeennn, Up = 2p'X, Yp =Y. (4.15)
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with corresponding co;relations A= Al’ Az,.... Ap’ where Al is the max-
imum value of the eigenvalue among all possible Ai. The practical
interpretations of ;hese relationships will be undertaken in the discus-
sion section using real data.

The objective of this study was to relate specific morphological

properties at any state with the chemical properties.
Materials and Methods

Two areas were selected for this study. A total of 18 and 23 pro-
files were sampled from Area One and Two respectively. Descriptions of
the two areas, field design, laboratory measurements, and laboratory
statistical design were given in previous chapters. The coding system
for the morphological properties was established prior to the field
work and is given on the attached description sheets. The horizontal
bold number represents the number of the horizon. The vertical number
represents the code for each morphological property written on the same
line. The code values for the texture increase as the clay content of
the texture abstract increases accordingly. The code values for the
soil texture were equally spaced. The Munsell color, as recorded in
the field, was not changed since hue, chroma, and value were equally
spaced. High value for the hue will refer to 10YR, and low hue will
refer to 2.5YR. .The codes for all other morphological properties were
equally spaced.

Analyses were conducted on different genetic horizons (Ap horizons
will be referred to as the surface zone; the B horizons will be referred
to as the subsurface zone; and the Cr horizons will be referred to as

the parent material zone). The same analysis was also conducted on all
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on all horizons treated together (this zone will be referred to as all-

sample analysis).

Results and Discussion

Correlations less than (.5) in absolute value were not considered
important. The choice of this value was arbitrary and subjective. How-
ever, a threshold correlation value could be determined by the following

formula:

|r| /n=2
——————e gttt < t
/TZ?Z a/2, n-2 (4.15)

n is the sample size and ta/2, n=2 is the tabulated t with n-2 degree of
freedom, a is the desired probability level, and r‘is the correla;ion
coefficient which needs to be determined. Tﬁe following correlation
classes were established for the absolute value of r: .5 - .59 = low or
very low; .6 - .70 = moderate; .7 - .8 = moderately.high; .8 - .9 = high;
.9 - 1 = very high.

In some cases, a class transitional between two classes was used to
fit the many class levels for the original variables, especially for
the morphological properties. The above classes were established for
the correlations between the properties and the canonical variables,

not for the correlations between the canonical variates themselves.

Association Analyses for Color, Area One

The first canonical correlation (corr (Ul’vl)) was .87 (Table 4.1).
This can be interpreted as follows: Uy is highly correlated with V-

Thus, high hue code value (.78), moderately low value code (-.6), and



CANONICAL CORRELATION ANALYSIS

TABLE .4.1

FOR ALL SAMPLES FOR AREA ONE

CANCNICAL MEAN OF GRIUP )

VARIABLE CeNINIZAL vaRlanit
1 =Je4U171373
2 Je70532925

3

CANTNICAL My
VAR 1 1 C.76122¢
VAR ¥ 2 C.547254
VAR # 3 0.2544E7

CORRELATICN COSFFICISNTS DETWEEN EALH

Je350+0313

vaL
~Ja.6vidy9
Ve 055T W9

~Uel4urvl

MEAN OF GPOUP 2 CANTNICAL CHI-S QUARE DF PROB > CHI-SQ
CENONICAL VARIABLE CORRELATICN .
38.01821269 0.8€E56762¢€ 149.7¢020 39 0.0001
94.41£35593 0.59418561 49.42898 24 0.0017
83.43%41021 0.4€722455 17.85549 11 0.,0846
CORRELATICN COEFFICIENTS ocTmseV SALH CANONICAL VARTIASLE OF GRCUP 1 AND THE VARIABLES OF GROUP 1
CHRO
~0.869248
~0.199¢63%
0.452215
CANINICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GRCUP 2
CEC CACO3 FS ou VFS CLAY SILY ca
0.200358 ~0.244356 —6.214572 0.886423 -0.192749 -0.108462 0.584091 -0.265549
BsST
~0.516613
CEC CACN3 FS oM VFS cray SILY ca
-0.26528¢ =0.€97209 0.235559% -0.258028 0.255456 ~0.32411¢ -0.1¢£851C -0.213025
BST
-0.134253

CANCHIC2Y H K
VAR # 1 0.,55865¢ Je 379577
MG NA

~0.CEE963 ~Ue4521Tv

CANINICAL H [3
VAR ¥ 2 -0.06%210 -Jeu2la71
MG NA

0.015931 ~Ue244390

8%
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very low chroma code (-.87) are highly associated with moderate amount
of hydrogen (.68), very high organic matter content, moderate silt,
and base saturation. The number between the brackets indicates the
level of the original data as correlated with the other properties.
The canonical correlation is a measure of how strong the two canonical
sets were correlated (Figure 4.1).

In terms of the original data, this can be reworded as follows:
10YR hue, value of 3-4, and chroma of 1-2 are highly associated with a
moderate content of hydrogen, a very high content of organic matter,
moderate silt, and low base saturation.

The level of low, moderate, or high for the chemical properties
refers to the standardized adjusted means of that particular property.
For example, organic content ranged from .01% to 2%. Thus very high
organic content refers to the 2%, while very low refers to the .0l%Z.
Therefore, the classification of high or low refers to the particular
level in the area where the soil was sampled. The figures given here
(Figure 4.1) represent the sample values of U1 and V1 as calculated
from the data, Ql = gl'X, and Yl = gl'Y, that satisfy the value of Ll.

Later in the following section, the construction of the graphs
will be investigated in more detail and will be used as a tool to
select some of the properties that would be suitable as a diagnostic
criterion in the mathematical classification.

The canonical correlation for the surface zone (area one) indicated
that no significant correlation existed (above the .5) between any of
the variables, even U ,V, were strongly correlated (.99) (Table 4.2,

Figures 4.2 and 4.3).
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TABLE 4.2

CANONICAL CORRELATION ANALYSIS FOR SURFACE ZONE FOR AREA ONE

CANONICAL FEAN CF GROU? 1 MEAN OF GROUP 2 CAKONICAL CHI-SQUARE DF PROS > CHI-SQ

VARIASLE CANCNICAL VARIA3LE CANONICAL VARIABLE CORRELATION
1 1.59497209 1433.61201620 0.99797364 84.70811 39 0.0001
2 ~-1.17173128 2188.38504244 0.94164274 32.34554 24 0.1184
3 1.21393938 ~539.17314817 0.84075867 11.65799 11 0.3899

CORPELATION COEFFICIENTS BETWEEN EACH CANCNICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1

CANCNICAL HUE vau CHRO
VAR § 1 0.497463 0.700611  -0.375375
VAR # 2 0.550817 -0.705800 -0.800389
VAR 2 3 0.670169 -9.097868 0.467409

CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2

CANONICAL H X CEC CACO3 FS on VFS cLay SILT ca
VAR 2 1 =0.010495 0.092313 0.140112 =0.099431 -0.6‘3389- =0.337717 ~0.262451 -0.077484 0.213322 0.388467
X6 NA BST

0350569 0.091063 0.050993

CANDNICAL H K CEC CACO3 Fs ox VFS CLAY SILY ca

VAR # 2 0.286619 -0.133343  -0.133496 0.011827 0.065683 0.214154 0.190507 ~0.299208 0.160012 ~0.163286
' "G NA 8ST

~0.082413 =0.0%47409 0.014804
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The first canonical correlation for the same set of variables in
the subsurface (area one) was .83. This was interpreted as follows:
moderate to high hue (.77), moderate to low value (-.64), and very low
chroma (-.89) is highly associated with a high content of organic mat-
ter. In other words, hue of 7.5YR orFSYR, value of 3-4, and 1-2 chroma
(-89) are highly associated with a high content of organic matter (Figure
4.4). The second canonical variate was not significant (Table 4.3).

The canonical correlation for the first canonical variaté (parent
material zone - area one’ was .99%, prob > x = ,03 and indicated that
7.5 YR hue is associated with a low cation exchange capacity (CEC) (.51)

and low clay content (Figure 4.5, Table 4.4).

Association Analyses for Color, Area Two

Canonical correlation for the first canonical variable (all sam-
ples was .92). This was interpreted as follows: very high hue code
(.91), moderately low value code (-.66), and very low chroma code is
highly associated with a moderate content of hydrogen (.66), and very
high organic matter content (Table 4.5, Figure 4.6). In terms of ori-
ginal data, 10YR, 3-4 value, and 1-2 chroma, is highly associated with
a moderate amount of hydrogen and very high organic matter contents.
The second canonical variate was not significant.

As it was for the first area, canonical correlation for the first
canonical variate was (98) but no significant correlations (above .5)
were exhiBited between the morphological and chemical properties (Table
4.6, Figure 4.7). However, canonical correlation between the first two
variates for the subsurface was .90, and was highly significant.(prob >

Chi-SQ = .0001) (Figure 4.8). It was interpreted as follows: 10YR hue,
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TABLE 4.3

CANONICAL CORRELATTION ANALYSIS"FOR THE SUBSURFACE ZONE, AREA ONE

CANONICAL MEAN OF GROUP 1 MEAN OF GROUP 2 CANONICAL CHI-SQUARE OF PROB > CHI-SQ
VARIASLE CANONICAL VARIASLE CANONICAL VARIABLE CORRELATION
1 ~0.63274141 84.294780T4 0.82703544 65.68357 39 0.0048
2 1.64720310 -34.12170473 0.65687451 24.78850 24 0.4173
3 0.64400058 120.96789066 0.35356595 4.74072 11 0.9428
CORRELATION COEFFICIENTS BETMEEN EACH CANOXICAL VARIABLE OF GROUP 1 AND THE VARIASLES OF GROUP 1
CANONICAL HUE VAL CHRC
YAR 8 1 0.772619 —0.642527 ~0.839034
VAR # 2 C.5T7640 0.71135% -0.275287
VAR 2 3 0.263424 ~0.284625 0.355760
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANONICAL H 13 CEC caco3 FS ox YFS cLAY SILT ca
VAR # 1 0.484323 0.110878 0.159435 -0.242293 ~0.008336 0.807361  -0.158159 =0.187566 0.352700 -0.328416
G NA BST
-0.147724 ~0.451616 —0.483754
CANONICAL H X CEC cACO3 FS on YFS CLAY SILY ca
VAR # 2 0.014366 0.921538 -0.331878 —0.112684 0.442609 ~0.340369 -0.052527 —-0.506155 -0.081836 —0.36907S
nG NA BST '
-0.114339  -0.399396 -0.251324 7
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CANONICAL CORRELATION ANALYSIS

TABLE 4.4

FOR THE P. M. ZONE, AREA ONE

WINE SRAAMLAe MMNOMAe s, omsess e oo
1 1.10141319 166.37932644 0.977736C1 56.T4966 39 0.0329
2 2.29117486 -242.01380318 0.90612296 27.08276 24 0.30%¢
3 - 1.75832260 -208.89940149 0.82280321 10.73613 11 0.4650
CORRELATION COEFFICIENTS BETWEEN EACH CANGNICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL HUE vaL CHRO
VAR § 1 0.876522 =-0.131622  0.3561765
VAR # 2 0.085233  0.886746 -0.338849
VAR # 3 -0.473755 -0.443123  0.868509
CORRELATION LJEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANONICAL H o cec caco3 Fs on VES cLay SILTY ca
VAR # 1 -0.074602  0.087888  0.501668  0.058562 =-0.186532  0.110295  0.037636  0.512683 =-0.052559  0.253861
NG NA BST
0.454925 -0.077102 -0.275830
CANONICAL H K cec caco3 Fs oM VES CLay SILT ca
VAR § 2 0.047802 =0.040700 =-0.305109  0.069095 =-0.198204 =—0.315159  0.195751  0.263263 -0.055278 =-0.176484
uG NA BST
-0.189688  —-0.147935 0.095891
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CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

TABLE 4.5

CANSNICAL MEAN OF GRIUP & MEAN OF GOWP 2 CANCNICAL CHI-SQUARE DF PROB > CHI-SQ
VARI#BLE CANCNICAL VARidowE CANGNICAL VARIABLE CORRELATION
1 ~0.17235993 0.16566818 0.51170705 223.63953 39 0.0001
2 Uebuzalenl 1.35159758 0.435013¢9 38.02375 26 0.0345
3 v.7343i002 ~0.55669445 0.37788910 16.10180 11 0.1368
CORRELATICN COEFFICIENTS oeTwbiN EALH CENGNICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANCNICAL HUE VAL CHKOD
vin 8 1 0.5C4264 =0.058098  =0.984247
VAR 8 2 0.10E655  U.722¢36  =0.114267
VAR ¥ 3 0.412917  w.i%o719  0.134512
CORPELATICN COEFFICIENTS bETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANCNICAL H K cec CAco3 Fs oM VES CLAY SILY cA
VAR ¥ 1 0.655675  G.170958 =0.257485 =~0.144055 =-0.301899  0.949915 =-0.241183 =0.212052  0.405656 =0.106752
‘G NA BST
~C.257566 =u.420656  —0.433568
CANCNICAL Cow K CEC CACO3 Fs oM VES CLAY SILT ca
e # 2 -0.061580  0.U73555 =0.245953 "=0.095713  0.244874  0.002707  0.410220 =-0.276668  0.094370  0.266648
MG NA BST
-0.144299 -0.273u65 -0.190728
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TABLE 4.6

CANONICAL CORRELATION ANALYSIS FOR THE SURFACE ZONE, AREA TWO

CANCNICAL REAN CF GROUP 1 MREAN OF GROUP 2 CANONICAL CHI~-SQUARE DF PROB > CHI-SQ
VARIAQLE CANONICAL VARIASLE CANONICAL VARIABLE CORRELATION
1 4.13053303 -47.94909915 0.97854222 60.32696 39 0.0158
2 179425903 12.58360057 0.77806738 1T.67630 24 L=8188
3 -0.82403308 17.29148092 0-56210254 5.12646 11 09249
CORRELATICN COEFFICIENTS BETUSEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL HUE VAL CHRO
VAR £ 1 0.806937 0.084398 0.100156
VAR & 2 -0.278205 0-33012“ 0.861920
VAR # 3 0.521013 -0.551155 0.497053
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2 ‘
CANONICAL H K ceC cACO3 Fs on vES CLAY SILY cA
VAR # 1 -0.206288  -0.283957  0.101225  0.085410 =-0.325118 -0.443849 ~0.088534  0.114533 —0.047003  0.172270
MG NA BST
0.113099  0.186975  0.167135
CANONICAL H X ceC caco3 Fs on vFs cLaY SILT ca
VAR £ 2 0.360375  ~0.1962664 =0.104581  0.564212.  0.176559 =0.494216  0.350515  0.469976 ~0.524430 =0.109531
"G NA BST '
~0.006804 - -0.226655 =0.199132
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2-3 value, and chroma of 1 is highly (Table 4.7) associated with mode-
rate amount of hydrogen (.6), low amount of fine sand, and a very high
organic content. It was also interpreted as 2.5YR hue, 2-3 value, and
6-7 chroma being highly associated with moderately low hydrogen con-
tents, very low organic contents, and a high content of fine sand.

From the above interpretations, it was observed that if all gene-
tic horizons were treated together, organic matter would show very high
associations with the color variables. The correlation was positive
with the hue and negative ﬁith the chroma and the value. Moderate
correlation was exhibited with moderate hydrogén content., No signifi-
cant correlations were found between the color variables and the chemi-
cal properties for the surface zone in both areas. Furthermore,
hydrogen seemed to be highly correlated with the color variables in area
two, but not in area one (surface zones in both areas).

This pattern could possibly be tied with soil development as
follows: Area two is composed of soils that exhibit an advanced stage
of leaching and are highly developed. Hydrogen is highly correlated
with the leaching intensity. TFrom this, the extent of soil leaéhing,
as indicated by the content of the exchangeable hydrogen content, can
be associated with the color variables.

The absence of the significant associations between the color vari-
ables and the organic matter contents, in the surface zones of both
areas, could probably be due to the existence of higher correlations
between the color variables and certain types of organic compounds,
especially those highly resistant to microbial activities. As it has
been known for some time, the proportion of the highly resistant organic

compounds in the subsoil exceed by many fold its proportion in the



TABLE 4.7

CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE ZONE, AREA TWO

CANONICAL REAN OF GROUP 1 MEAN OF GROUP 2 CANONICAL CHI-SQUARE OF PROB > CHI-SQ
VARIASLE CANONICAL VARIASLE GANONICAL VARIABLE CORRELATION . )

1 -0.170446363 -0.30495700 0.89874880 168.03002 . 39 _ 0.0001

2 0.05055253 ' -2.91900509 0.52685981 40.23596 24 0.0202

3 0.94130938 1.17208534 041995394 15.036381 11 6.1801

CORRELATIGN COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1

CANONICAL HUE VAL CHRO
VAR # 2 0.926332 -0.575908 -0.946500
VAR ¢ 2 0.022189 -0.528588 0.287683
VAR ¢ 3 0.376168 0.623639 0.1462190

CCRRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE YARIABLES OF GROUP 2

CANONICAL H K CcEC CACO3 Fs on VES cLay SILT ca
VAR ¢ 1 0.605314  0.442621 04354356  0.182589 <-0.493845  0.910730 =0.554653  0.172606  0.165226  0.282839
o "G NA 8ST

0.325270 =0.2364T5 -0.322154

CANONICAL H K CeC CACO3 FS on VFS CcLAY SILY CA

VAR ¢ 2 0.125481 -0.046684 0.407634 0.047680 =0.076276 ~0.124690 =0.273046 0.404015 -0.326158 =0.275413
L1 NA BST

0.275036 0.257545 0.181761
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surface zones. No association was found to exist between organic con-
tent and color variables in this zone. Instead, moderate association
was found between hue, clay, and cation exchange capacity. However, by
definition, the Cr horizon is the zone of minimum organic matter

accumulation in the profile.

Consistence, Area One

Canonical correlation for the first canonical variate (all samples)
was .81 (Table 4.8). This was interpreted as follows: moderated dry
code (.65), very high moist code (.96), very high sticky code (.90)
is highly associated with moderately high CEC code‘(.72), moderate to
low fine sand code (-.72), low, very fine sandlcode (-.63), high clay
content (.82), and mo&erately low silt (-.62) (Figure 4.9). The second
canonical variate was not significant. The interpretation of the above
variate was as follows: hard, very firm to extremely firm with sticky
and slightly plastic soil is highly associated with moderate CEC, high
clay content, very low fine sand, low very fine sand, and low silt.

Canonical correlation for the first variables for the surface zone
(area one) was .99 (Table 4.9). This indicated that low, dry code (.59)
and moderate to high sticky soil is highly associated with low hydrogen
content (.52) (Figures 4.10 and 4.11). 1In other words, loose to
slightly hard and slightly sticky soil is highly associated with low
hydrogen content. The second canonical variate was not significant.

Canonical correlation for the first variate (subsurface zone, area
one) was .87 (Table 4.10). This was interpreted as moderate, dry code
(.69), high moist code (.86), and low sticky code (.55) is highly asso-

ciated with low, fine sand code (-.85), moderate to high clay content



TABLE 4.8

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA ONE

CANCNIC AL MEAN 2F GRUUP 1

VARTABLE CANCNICA, viRiAo.E
1 ve3cculild
2 Vali236332
3 V23709379
4 “e0T9793d>

CORRELATICN COSFFICISNTS oETWEcw EALHM CANINICAL VARIASBLE OF

CANTINICAL oey
vae 3 1 C.£56750
VAR # 2 -0.305438
VAR & 3 G.5%52406
vAR £ 4 -0.343483

LT EY )
Ve¥35422
Ueu3.u57

“JelUd305

=Ue.230%451

CORRFLATICN COEFFICIENTS oZTmECN £ALH CANINICAL

CANCNICAL H K
VAR # T 0.083615  U.157411
MG NA

0.642146  U.403247

CANCNICAL H K
VAR # 2 0.573017  0.303558
MG NA

~0.415435  —0.533250

MEAN OF GPUP 2 CANCNICAL CHI-SOQUARE DF P08 > CHI-SQ
CANONICAL VARIABLE CORRELATION
-33,53024981 0.81013046 122.98270 52 0.0001
30.74€05331 0.4903%072 46.03532 35 0.1209
154.84208762 0447856673 26.28009 22 G.2395
43.,25018137 0.31645558 T.59749 10 o 0.€693
GROU® 1 AND THT VARIABLES OF GROUP 1}
STK PLCT
0.858781 0.655956
0.003283 0.564519
0.167930 0.380475
0.404947 0.217830
VARIABLE OF GPOUP 2 AND THE VARIABLES OF GROUP 2
CeC CACO3 FS oM VFS CLAY SILY Ca
0.717947 0.373383 ~0.724653 0.030344 ~0.635950 0.823950 0.624222 0.479162
B8ST
0.271668
CEC CACO3 FS oM VFS CLAY SILY Ca
-0.089304 ~0.146945 -0.074923 0.687986 ~0.254900 ~-0.247378 0.558647 ~0.2342320
8sT
«0.530657
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TABLE 4.9

CANONICAL CORRELATION ANALYSIS FOR THE SURFACE

ZONE, AREA ONE

CANONICAL REAN OF GROU® 1 KEAN OF GROUP 2 CANONICAL CHI-SQUARE OF PROB > CHI-SQ
VARIABLE CANONICAL VARIABLE CANONICTAL VARIABLE CORRELATION
1 0.17086923 2525.99629289 0.95991390 156.14282 52 0.0002
2 ~0.11789499 =196.60443172 0.99352590 T8.14044 36 0.0001
3 3.95329796 =695.15647462 0.97305355 38.99007 22 0.0142
4 . =1.26507961 752.20161547 0.86766439 12.57953 10 02475
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL DRY RIIST STK PLCT
VAR ¢ 1 -0.5899586 0.461286 0.737017 0.323632
" VAR # 2 0.658267 0.759392 0.265343 =0.452769
VAR # 3 0.450143 0.3790761 0.424555 0.796769
VAR § 4 0.126336 -0.293110 0.454040 0.235418
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 Aﬁb THE VARIABLES OF GROUP 2
CANONICAL H K CeC CACO3 FS (1]] VFS CLAY SILY Ca
VAR # 1 -0.524338 0.357453 0.089933 0.309318 -0.441287 -0.003089 -0.379719 0.444533 0.267122 -0.234902
NG NA 8sT
0.146576 -0.21241% -0.192654
CANONICAL H K CEC Caco3 FS oM VFS cLay SILT Ca
VAR # 2 0.098409 0.003658 0.042236 -0.090974 -0.115920 -0.222294 -0.297033 0.390018 ~0.151268 ~0.042090
KG NA BST
0.050710 -0.160085 ~0.269194
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TABLE 4.10

CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE ZONE, AREA ONE

WIE OO JUNESELL  dmmm, oo o e o
1 0+33453619 -39.96801807 0.37036124 105.51912 52 0.0001
2 1.25494010 307.71170551 Ce 79407600 55.92861 36 0.0182
3 ~0.69645559 75.01131247 0.54498854 21.07708 22 0.5162 -
4 0.13951545 -185.15320535 0.47014100 8.74251 .10 0.5576
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL ORY MIIST S$TK PLCT
VAR ¥ 1 0695316 0.864695 0.552683 -0.066612
VAR £ 2 0.230799 C.44151¢0 €.351965 0.979152
VAR ¢ 3 -C.675923 9.239302 -0.205375 -0.162470
YAR # 4 0.079974 0.010247 0.726969 0.085811
CORRELATION COEFFICTENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2 ]
CANONTCAL H K CEC CACO3 FS on VFS LAY SILT ca
VAR £ 1 ~0.4065440 0.145592 0779072 0.291545 -0.852877 -0.165T714 -0.146677 0.789884 0.547197 0.657111
MG Na BST
0.800680 0.525643 0.348464
CANONICAL H X CEC CacCO3 FS on YFS CLAY . SILT : ca
VAR # 2 -0.029615 -0.!7922i 0.412119 0.172034  ~0.132261 0.012347 -0.502828 0.326816 0.132825 0.185216
L19 NA BST
0147030 0.144977 -0.033541
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(.79), low silt content (.54), moderate calcium code (.65), high mag-
nesium content (.80), and low sodium content (.52). Thus, hard, very
firm, slightly sticky is associated with moderate to high CEC values,
low fine sand, low silt, moderate to high clay calcium content, but
high magnesium and low sodium content (Figure 4.12).

The first canonical correlation for the Cr zone (Area one) was .96
(Table 4.11). This indicated that high moist (.78), and moderate sti-—
ckiness (.65) is highly associated with low organic matter content
(-.66), and moderate silt content (Figure 4.13) or friable to firm and
slightly stick soil is highly associated with low organic matter and

moderate silt content.

Consistence, Area Two

Canonical correlation for the first variate (all samples) was
.91 (prob > CHI-SQ = .0001) (Table 4.12). This can be interpreted
as very high dry value (.97), very high moist code (.88), moderate to
high stickiness code (.78) and moderate to high plasticity code (.77)
is highly associated with high CEC (.86), low CaCOB; low clay; and
moderately low organic matter content (-.77). In terms of the original
data, extremely hard, very firm to extremely firm, slightly sticky and
slightly plastic to plastic soil is highly associated with high CEC,
low calcium carbonate, low clay, and moderately low organic contents
(Figure 4.14). The second canonical variate was not statistically sig-
nificant.

Soil properties of the first canonical variate for the surface
zone (Area two) did not show any important correlation. Second canoni-

cal variate indicated that very high, dry code (.90), very high moist
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TABLE 4.11

CANONICAL CORRELATION ANALYSIS FOR THE P.

M. ZONE, AREA ONE

CANONICAL REAN OF GRDU’. 1 MEAN OF GROUP 2 CANONICAL CHI-SQUARE DF PR0OB > CHI-SQ
VARIABLE CANONICAL VARIA3LE CANONICAL VARIABLE CORRELATION
1 0.12250458 11.34040473 0.97542318 60.37861 52 0.1987
2 -0.05097652 493.77207396 9. 889E9042 33.15209 36 0.6950
3 0.43535204 140.62538182 0.85395783 19.02425 22 0.6443
< -0.00739906 -21.80867612 0.74426144 T256542 10 0.7014
CORRELATICN COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL DRY HIIST STK PLCT
VAR ¢ 1 0.000859 0.781916 0.620328 0.497682
VAR £ 2 -0.552482 -0.533772 -0.036723 0.421509
VAR § 3 0.599024 0.263242 0.764395 0.757840
VAR # ¢ 0.579597 0.185471 -0.171885 =0.017943
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANONICAL H K CEC caco3 ) FS t1] VFS cLay SILY (4}
VAR # 1 -0.330839 0.009321 -0.256878 0.435708 -0.251683 ~0.664950 -0.253756 0.143038 0.628094 0;085563
L] NA BSTY
0.071028 0.345504 0.400883
CANDNICAL H K CeC Caco3 FS on VFS CLAY SILY CA
VAR # 2 =0.06408%4 0.155475 -0;125584 -0.122781 -0.096557 0.168411 0.179486 ~0.252411 0.131492 0.076900
L1 NA BST
-0.264298 -0.377486 =0.296299

GL
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TABLE 4.12

CANONICAL .CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

MEAN OF GROUP 2

CANCHICAL MEAN OF GRLUP |} CANGCNICAL CHI-SQUARE DF PRCB > CHI-SQ
VARISBLE CANCNICAL VAnlaotE CANINICAL VARIABLE CORRELATION
1 ve37306ii31 0.36468585 0-90652159 250.02862 52 0.0001
2 0.u%057356 0.07246795 0.62140511 70.65520 36 0.0005
3 veb+314353 3.51303893 0.35121097 19.90368 22 0.589%5
4 » Vezl373275 =2.27€72545 0.24080259 6421244 10 0.7982
CORRELATICN COSFFICIENTS BETWEEN EaLH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANCNIC AL DRY MaisT STK PLCT
ViR 8 1 C.572048 Ve.dbe931 0.783727 0.779660
VAR 4 2 -0.172013 0.4629063 -0.063860 -0.135985
VAR # 3 ~0.152492 -v.u4ub30 0.404641 0.£34315
VAR # 4 -0.018332 =0, UL2806b ~0.466151 0.296892
CORRELATICN COEFFICIENTS bETWEEN EACH CANINICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANCNICAL H [3 CeC CACO3 l FS: CM VFS CLAY SILT Cca
VAR § 1 ~0.4882¢€4 U UlTFus 0.857866 0.550325  -0.137018 «0.743590 ~0.472034 0.543134 -0.35828% 0.617089
MG » NA - BST
0.837871 Ve 579102 0.503225
CANCNICAL H K ‘ CEC CACD3 FS oM VFS CLAY SILY Ca
VAR 8§ 2 0.270607 ~u.330878 0.185211 0.206793 -0.693237 0.209342 ~0.307876 0.376884 -0.014066 0.423445
’ MG NA 8sST
0.1£1883 =UeiT7747 ~0.337144
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code (.95) and moderate plasticity code (.66) is highly associated (.99)
with high CEC values (.79), high magnesium, or moderate sodium content
(.69) (Table 4.13).

In referring to the original data, this indicated that very hard
to extremely hard, extremely firm, and slightly plastic soil is highly
associated with high CEC values, high magnesium; and moderate sodium
" content. Moderate to high association was indicated between coﬁsis—
tence and chemical properties. First canonical correlation for the
subsurface was .77. This was interpreted as moderate to high associa-
tion exists between very hard (.83), friable to firm (.73), and slightly
sticky (.71), and moderate CEC values; low, very fine sand content (.52),
or calcium, sodium, and moderate magnesium con'tent (Table 4.14; Figure
4.15).

1t appears from tﬁe above interpretations that close association
exists between consistence and cléy content. Closer association was
also exhibited with cation exchange capacity, which is a good criterion
to indicate the type of clay mineral present. Moreover, the associa-
tions indicated between the sand fractions and soil consistence, which
were negative in nature, support our knowledge about the relationships
between these two properties. This confirmation might be considered
as an indication of the validity of this mathematical approach of
quantifying the relationships between soil morphological properties.
Chemical properties like hydrogen, calcium, magnesium, and sodium also
exhibited high association with the consistence. However, the degree

of the associations obtained depended on the zone under consideration.



TABLE 4.13

CANONICAL CORRELATION ANALYSIS

FOR THE SURFACE ZONE, AREA TWO

CANCNICAL MEAN OF GROUP 1 KEAN OF GROUP 2 CANONICAL CHI-SQUARE OF PROS > CHI-SQ
VARIASLE CANONICAL VARIASLE CANONICAL VARIABLE CORRELATION -
1 2.64783006 -49.53941552 0.99997864 214.26188 52 0.0001
2 3.11970591 10.56464823 0.99336401 83.47273 36 0.0001
3 1.50785627 29.93716113 0.844383¢39 27.24222 22 0.2018
4 -1.20239745 . 10.70204502 0.75518629 10.98088 10 0.3588
CORRELATION COEFFICIENTS BETWEEN ZACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANDNICAL DRY RIIST STK PLCT
VAR # 1 -0.410873 0.033793 0.088222 -0.191636
VAR 8 2 0.900581 0.997817 0.360956 0.669724
VAR ¥ 3 -0.134179 ~0.049744 0.461869 0.679934
VAR & ¢ 0.046185 0.019535 0.805360 -0.228986
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANONICAL H K CEC CACO3 FS oM VFS CLAY SILY CA
VAR £ 1 -0.111521 70.66}765 -0.157774 0.125871 ~0.403353 -0.349001 -0.092712 -0.041844 0.112146 0;019891
L1 NA BST
~0.059543 0.169152 0.270885
CANONICAL H K CEC caco3 F$S on VFS cLay SILY Cca
VAR # 2 0.122483 0.423750 0.793801 0.084546 =0.408911 0.037319 =0.443035 0.190855 -0.010569 0.479927
L1 NA BST

0.829835 0.695354 0.260193
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TABLE 4.14

CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE ZONE, AREA TWO

CANONICAL MEAN OF GROU? 1 MEAN OF GROUP 2 CANONICAL CHI~SQUARE OF PROS > CHI-SQ
YARTASLE CANONICAL VARIAILE CANONICAL VARIABLE CORRELATION
1 1.50840436 4221992803 0.77319352 133.23438 52 0.0001
2 0.44081475 3.79655887 0.59145484 63.09693 36 0.0035
3 0.33694574 3.96325511 0.50540044 29.94810 22 01194
4 0-83933234 -0.62046027 0.29951090 T-23712 10 VeT042
CORRELATION COEFFICIENTS BETWIEN EACH CANONICAL VARIASLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANONICAL DRY AJIST STK PLCT
VAR ¢ 1 0.834730 0.735195 0.719398 0.48T7084
VAR £ 2 0.070008 -0.648528 0.402153 0.293861
VAR ¢ 3 ~0.506573 0.192486 €.551517 0.143200
VAR # & -0.204222 -0.041452 -0.128720 0.809870
CORRELATION COEFFICIENTS BéTHEE’( EACH CANONICAL VARIABLE OF GROUP 2 AND YHE VARIABLES OF GROUP 2
CANONICAL H K CEC CACO3 Fs am VFS CLAY SILY CA
VAR 7 1 -0.211721 0.079010 0.699615 0.408262 -0-4105'»5’ -0-449994 ~0.524381 0.283171 0.093698 0505608
86 NA BST
0.676438 0-.511020 0.439203
CANONICAL H K CeC CACO3 FS on YFS CLAY SILT CA
VAR ¥ 2 -0.188116 -0.022817 -0.203617 -0.372268 0.368130 -0.344811 0.471103 -~0.335289 0.085968 =0.560752
L4 NA BST
~0.286957 0.265001 0.385356
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Pores, Area Two

Canonical correlation for first variate (all samples) was ,85
(Table 4.15, Figure 4.16). This was interpreted as follows: high
frequency of random pores (.97), and very low frequency of oblique
pores is highly associated with very low CEC, moderate pH (.67) values,
moderate organic content (.70), low clay content (-.52), or low calcium
content (-.61). The second canonical variate was considered insigni-

ficant.

Structure, Area Two

First canonical variate (all samples) had .9 canonical correlation
(Table 4.16). It indicated that very high graAe code (.9), very low
type code (~.95) is highly associated with moderately high CEC values,
very low organic content (-.8l), low clay content, moderate magnesium
content (.70), and low sodium content (Figure 4.17). 1In reference to
the original variables, very coarse, prismatic is highly associated
with moderately high CEC, low organic matter, or magnesium, low clay,
and sodium contents.

The second canonical variate had a canonical correlation of .59,
It indicated that strong structure (.77) has a low association with low
content of fine sand (-.56), or weak structure is associaped with high

fine sand. This conclusion is consistent with previous knowledge about

the behavior of the sand fractions and structure.

Coating, Area Two

First canonical variate (all samples) had .88 canonical correla-

tion (Table 4.17). This indicated that high frequency of clay coating



TABLE 4.15

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCNICAL MEAN CF OKOUP

VARIARLE CANCNICAL vAxIABLE
1 =JeMluvuln??
2 Yo 307229
3 Veb9322313
4 Uei5Uau2

CORRELATICN CCEFFICIENTS 3=TwEEN EACH CANCNICAL VARIABLE OF

CANCNICAL HORPIR
VAR & 1 ~C. 201593
VAR ® 2 0.2€9366
VAR & 3 -0.122122
VAR £ 4 0.920550

CORRFLATICN COEFFICIENTS oETWEEN EACH

- VelPUR
“ve376232
0. 793349
Ue.21+019

~Ue 2069506

CANCNICAL H K
VAR # 1 C.441148 Ve UBOO 14
CA MG

~0.44%870 ~-0.618303

CANCNICAL H K
VAR # 2 0.174507 Ue 434985
[} NG

~0.164200 ~U.U04BUTY

MEAN OF GROUP 2 CANCNICAL CHI-SCUARE oF PACB > CHI-SQ
CANCNICAL VARIABLE CORRELATION
1.83584553 0.85472764 186. 86069 56 0.0001
-0.05€645464 0.50191883 51.13006 39 0.0923
~1.1€€76014 0.36362885 21.08932 24 0.6339
3.87C12917 0.24505223 6.40968 11 0.2454
GROUP 1 ANC THE VARIABLES OF GROUP 1
RANPOR 0BLPOR
0.971252 -0.862229
-0.036302 -0.421314
0.176862  0.214396
-0.155151  0.181434
CANONICAL VARIAELE OF GROUP 2 AND THE VARIABLES OF GRCUP 2
cEc cAco3 PH Fs oM VFS cLay SILT
~0.735T62  -0.390684 =-0.672993  0.073634  0.703734  0.196211 =0.529311  0.492964
NA 8sT
-0.271866  ~0.200483
ceC CACO3 PH Fs oM VES cLey SILT
0.013731  0.C14038  -0.023647  0.252654  0.505111 =0,050337  0.037753 -0.152990
NA BST ’
-0.21961%

-0.281899
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TABLE 4.16

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCNICAL MEAN OF LRIUP L MEAN OF GRCUP 2 CANCNICAL CHI-SQUARE OF PROB > CHI-SQ
VARIABLE CANTNICAL VARIASLE CANGNICAL VARIASBLE CORRELATICN )
1 Ve26ile924 0.15732326 0.90258196 235.07362 42 0.0001
2 -v.iosUolyuo 0029474405 0.58846454 59.77829 26 0.1002
3 1.31337616 -2.817485345 0.372€7118 15.56870 12 0.2112
CCRRELATICN CCEFFICIENTS oETaibN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANCANICAL cLAS GRAS TYPS
VAR ¢ 1 t.5C1856 0. 484243  =0.94917¢C
VAR # 2 -0.300155 0.769296 =0.104841
ViR ¢ 3 0.21C€21 Ve 412395 0.296790
CORRELATICN COEFFICIENTS bETWEEN EACH CANINICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CANCNICAL H K CEC CACO3 PH Fs oM VFS§ cLay SILY
VAR # 1 ~-0.452052 =-0.u32050 0.7518C9 0.491464 0.662131 0.051657 =-0.807696 =-0.332072 0.506269 -0.474227
cA MG NA 8ST ’
0.485565 V. 703055 0.544221- 0.455C89
CANCAICAL H K CEC CACO3 PH FS or VFS CLAY SILTY
vaR ¥ 2 0.052875  ~vU.422998 0.226109 0.2€7558 0.189626 =~0.569216 0,053708 =0.401779 =0.046586 0.381553
cA MG " NA 8sT
0.247157 V.u81957 0.238938 0.185548
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TABLE 4.17

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CARCNICAL MEAN OF GRJUP 1 MEAN OF GFSUP 2 CANCNICAL CHI=-SQUARE OF PRCB > CHI-SQ
VARIAELE CANCNICAL viwrliAdLce CANONICAL VARIABLE CORRELATICN
1 ' Jeld2ll0%0 0.22291230 0.88036328 249426941 42 0.0001
2 “Jel33340809 1.61325448 0.71666051 ‘94.11904 26 0.0001
3 Ve2lleS4v9 3.255%9122 0.41022221 19.16326 12 J.0843
CORRELATICN COEFFICIENTS BETmciN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
CANCNICAL CLAYCOAT OXICIAT GMCOAT
VAR 8 1 C.8650C% U SUbY4Y 0.031521
VAR # 2 -0.425486 UVetiv3ld -0.348647
VAR # 23 -C. 055578 UeU4ucil 0.936724
CORRELATICN CCECSFICIENTS BETWEEN ZACH CANONICAL VARIABLE OF GROUP 2 ANC THE VARIABLES OF GROUP 2
CANCNICAL H : K cec CACO3 PH ) FS oM VFS CLAY SILY
VAR & ) ~0.625824 -U.C225062 0.5628¢G1 0.272712 0.712567 0.245923 -0.889648 -0.098106 0.325230 ~-0.427985
CA "o NA V B8ST
0229343 Ve 543724 0.45649¢4 0.462753
CANCNTICAL H [3 CEC cAco3 PH FS oM VFS$S CLAY SILT
VAR ¥ 2 ~0.115980 ~Je224936 -0.62€172 -0.476224 -0.251324 0.319272 ~-0.305933 0.493890 -0.558863 0.381104
CA MG NA 8sT
~0.558754 ~U.626424 —0.175841 =0.C45117
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(.80), and very high frequency of oxide coating (.91) is highly asso-
ciated with low hydrogen content (-.63) and low CEC (.56) values,
moderate pH (.71), very low organic matter, and low magnesium content.
The high, but negative association between clay coafing and organic
matter content was probably due to the fact that clay coatings occurred
mostly in the subsoil where organic matter content was low. This might
suggest the weakness of the organic matter translocation in this area
(Figure 4.18, and 4.19). The second canonical variate was not signifi-

cant.

Mottling, Area Two

First canonical variate (all samples) was .76. It was interpreted
as follows: very many (.97), medium to coarse (.9), distinct (.96) mot-
tles is moderate to highly associated with moderate hydrogen content
(-.6), low pH (.58), and very low content of organic matter (.93). This
suggested that the clarity of observing the mottles increases with
decreasing organic matter content, especially the contrast between the
mottles and the soil matrix. The opposite is true when the organic
matter increases. The highly negative association with the abundance
and the size suggested that the mottlings are caused mostly by oxide
coatings, not by the organic matter. This conclusion also supports the
conclusion stated earlier that the organic matter translocation in this
area is weak. This is true sin;e clay coating, mottling, organic coa-
ting, and oxide coatings occur maximally in the subsoil (Table 4.18,

Figure 4.20).
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TABLE 4.18

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCNICAL MEAN OF oRJUP 1

VARTABLE CANCNICAL VARIAoLE
1 Velusdus2a
2 =JeUU3doY08
3 -Jeud 4’3157

CANCNICAL MABAND
VAR ¥ 1 C.976311
VAR # 2 -C.CE21°1

-C. 184466

VAR ¢ 3

MSlce
V.903508l
U.303195

~ve.208732<

CORQELATICN COEFFICIENTS BETWEEN EACH CANINICAL

MEAN OF GRCUP 2 CANCNICAL CHI=-SCUARE OF PROB > CHI=-SQ
CANINICAL VARIABLE CORRELATION
0.39223249 0.75565512 114.56625 a2 0.0001
-1.16528355 0.38198958 26.54766 26 0.4333
2.55€23697 0.30485102 10.14418 12 0.6042
CORRELATICN COEFFICIENTS oETwEEV EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
MCONT
0.957831
0.181921
0.222407
VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
cEC cACO3 PH ) oM VES CLAY SILT
0.47767C  0.204711  0.587530  0.173490 =-0.930705  0.,008724  0.174590 =0.256510
NA 8sST
0.363689 0.426879
CEC cACO3 PH . FS oM VES CLAY SILY
-0.301493  =0.C50390 ~-0.145085  0.409924  0.080756 =0.119525 =-0.108796 =0.039362
NA BST
0.078789  0.247933

CANCNICAL H X
VAR # 1 ~C.605467 =0.U55969
ca MG

0.405758 04471171

CANCNICAL H K
VAR ¥ 2 6.1€6840 U.580338
cA MG

0.CC5585 =U.23050606
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Concretions, Area Two

First canonical variate had canonical correlation of .74 (all sam—
ples) (Table 4.19). This was interpreted as follows: high concretions
quantity (.90), large size (.92), with high frequency of white concre-
tions is moderately associated with é low content of hydrogen (.77),

, calcium carbonate (.58), organic matter (.55), and calcium (.54),
magnesium (.52), sodium and base saturation (.58) (Figure 4.21).
Referring to the original data description, this can be stated as
follows: many coarse, white concretions aremoderately associated, but
negatively with hydrogen, positively with low content of organic matter,
calcium, magnesium, calcium carbonate, and base saturation. On the
other hand, this also can be restated as follows: few, fine, white
concretions are moderately associated, but negatively with hydrogen and
positively with high content of calcium carbonate, calcium, magnesium,

sodium, and base saturation, Table 4.20 shows the coding system.

Selection of Diagnostic Criterion

Previously, it was shown that

U = a,X, Yy = bX

]
o
<

U =aX v
~p Pl ~p P2

where Ill,Ylis a linear combination of Xl, which represents a group
of measurements taken on one sample with p dimension, and X2 is another

group of measurements taken on the same sample with q dimensions, p > q.



TABLE 4.19

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCNICAL MEAN C
VARILBLF CANCNIC

1

2
3
4

CCRRFLATICN COEFFICIENTS BETWEEN EACH

CANCNICAL CONQUNT
VAR # 1 C.SC4671
VAR # 2 -0.045636
VAR & 3 -0.3361¢1
VAR # & -0.2528¢4

CORRELATICN COEFFICIENTS BETWEEN EACH

F GiIUP i
AL Varlabee

veul2u3335
“JeUio4?519
=J.3191U623

0.36587049

CUNSiIZ
veWzil2iz
~UeaTuslo
=0, 040945

=-V.u30733

CANCNICAL H K
VAR 8 1 -0.770017 0.,187723
CA MG

0.54€5C5 Ve 523544

CANCNICAL H K
VAR 8 2 0.004193 ~Ue2lb905
ca MG

0.144455 Vel94TTu

PR R v S
-0.91214861 0.74114464 151.47217 56 0.0001
7.35€57602 0.52048910 68,8856 39 0.0022
~0.55C40615 0.44990319 36.28706 24 0.0514
-0.95673499 0.34265544 12.87906 11 0.3009
CANONICAL VARIZBLE OF GROUP 1 AND THE VARIABLES OF GROUP 1
BCONCR WCONCR
0.146687  0.798289
-0,033558  0.501993
-0.649817  0.223228
0.745046  0.246795
CANINICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2
CEC CACO3 PH FS oM VES CLAY SILT
0.419523  0.576866  0.774905  0.234153 <0.554751 =0.050971  0.094679 =-0.206916
NA BST
0.510844 .£35238
CEC CACO3 PH £s oM VFS cLay SILY
0.197362  0.416572  0.141352 -0.154488 =~0.316257 =0.131675  0.247757 ~-0.108473
NA BsST
0.472700  0.435717
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TABLE 4.20

FIELD SHEET SHOWING THE CODING SYSTEM OF
THE MORPHOLOGICAL PROPERTIES
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TABLE 4.20 (Continued)
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X1 represents the matrix of morphological properties, while X2

represents the ﬁatrix of the chemical properties. Pl and Yl are vectors
of compounds where N is the number of samples in the data.

The linear transformation could be visualized as scaling down a
multidimensional hyperspace into a space whose points could be repre-
sented in Euclidian space. These points can be plotted in the plane of
the first pair of the canonical variate with one coordinate representing
the morphological properties and the other coordinate representing the
chemical properties. The distance between the points in this plan can
be used to investigate the presence of any clustering or grouping.

Since Qi represents X1 group of variables measured on i location

and yi represents X, of variables measured on the same i location,

2
therefore studying the clustering along both»axes should reveal the
superiority of each group of variables in producing a better-compacted
grouping.

The unique identification of the different locations can be done
either by a special computer program or from the original gi’zi com-
pounds. The moment the different groups are recognized along each
axis, several statistical testing procedures are available to test the
significance of the clustering. Wilk's critéria on student's t can be
used to establish the number of the groups. While testing the equality
of the’means of the groups, computations of confidence intervals on the
means could also be done. The compactness of each group can be indi-
cated by the significance of Wilk's criteria on the width of the

confidence intervals. The number of groups needed to be established

can also be used to judge the superiority of diagnostic properties.
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Sometimes a few locations will not graphically be assigned to any
group. Discriminant analysis using Mahalinobis distance, or Fisher
linear discriminant function could be used to assign these locations
to the closest group. In the mean time, the Mahalinobian distance or
the linear function can be used to judge whether these locations are
inclusions or not, in this case, the exact percentage of the inclusions
can be computed. Furthermore, by using this procedure, precise charac-
terization of what would Be considered as inclusions can be achieved.

Using this approach, and utiliziﬁg the profile or different gene-
tic horizons as the main unit, the significance of each property as
diagnostic criterion can be tested objectively. The property that
produces the most compacted or most homogenoué grouping would be
favored to establish a new taxa. Moreover, the current diagnostic
criteria used in the present taxonomy can be tested or redefined for
possible improvements in the system. .Another potential use of this
procedure could be the establishment of a systematic objective way of
improving any kind of artificial grouping, land capability classifica-
tion, or any other interpretations which require finding the best
criteria to achieve themost appropriate grouping at any scale.

The unique identification of the different locations was not
possible at this time due to the extreme similarity between many loca-
tions. Thus the symbols seen on each figure represent the number of
locations having the same values. However, the exact locations that
constitute each point on the figure can be identified by inspecting
the original canonical compounds. Nevertheless, it should be stressed
again that statistical procedures adapted for computer analysis are

available to test the significance of the established groups.
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A brief discussion on each figure will be presented here. Pre-
ceding the discussion, a title will be given in the following order:
Area, zone, variables that were used to construct gl’ variables that

were used to construct V and figure number.

1’

Area One, All Samples, Color (Group One) / Chemical Properties (Group

Two), Figure 4.1.

No distinctive clustering can be recognized along the axis that
represents the chemical properties. Very weak clustering can be recog-
nized along groﬁp one (color), bgt with extreme overlapping. No
subdivision could be established if calor or chemical properties were
used as a diagnostic criferia. It Ishould be noted that the failure of
Both the color and the chemical properties to produce any different
grouping should not lead to discarding these properties as diagnostic
criteria, but it should be taken as an .indication to show that if one
wants to compare these two groups of properties against each other, then

both would fail to produce any grouping.

Area One, Surface Zone, Color./ Chemical Properties, Figure 4.2

Two major groups with few points in the overlapping position can
be recognized along both axes. The'grouping was more compacted along
the color axis. It 1is worthy to note here that this area is composed
of two different soil orders in which the color is used as a diagnostic
criteria to separate the two orders. This conclusion supports the
validity of this mathematical approach. More than two groups can be

recognized for the subsurface zone of the same area, but with many
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scattered points. The color of the subsurface is not diagnostic between
Mollisols and Alfisols, orders which existed in this area (Figure 4.4).
Further evidence to support the validity of this approach is pre-
sented in Figure 4.5 (P. M., zone). Since by definition parent material
is not soil, thus color should not have a diagnostic capability to
discriminate non-soil, one-type parent material. That is why only one
group was produced along both axes. Few points were far from the center
of that group. These points could represent the locations where shale

was interbedded with the sandstone of the Permian parent material.

Area Two, All Samples, Color/Chemical Properties, Figure 4.6

Three major groups with more than one subéroup can be recognized
‘along the color axis with very little overlapping occurring between
groups. No grouping existed along the chemical properties. If color
has to be used as a diagnostic criteria, three major groups could be
established with subgroup divisions based on color but not on chemical

properties.

Area Two, Surface Zone, Color/Chemical Properties, Figure 4.7

Only one compacted group can be recognized along the color axis.
This area is composed of only one soil order, namely Mollisols. This
order is recognized by the presence of mollic epipedon. The production

of only one group further substantiates the validity of this approach.

Area Two, Subsurface Zone, Color/Chemical Properties, Figure 4.8

Three major groups can be recognized along the color axis. Many

subdivisions can also be established within the major groups. The
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significance of each subdivision should be tested statistically.

Two major groups can be recognized along the chemical properties
with no clear boundaries. Each group could be divided to more than one
subgroup on the color basis. The significance of the clustering along

both axes should be tested statistically.

Area One, All Samples, Consistence/Chemical Properties, Figure 4.9

Several groups can be recognized along the consistence axis, but
with few points unyielding to the clustering of the major groups. No
clustering is recognized along the chemical properties. However, if
confidence intervals were computed for the groups recognized along the

color axis, a possible overlap between the groups may result.

Area One, Surface Zone, Consistence/Chemical Properties, Figures 4.10

and 4.11

Three groups, with no overlapping, are recognized along the consis-
tence axis. The same number of groups are recognized along the
chemistry axis. The superiority of clustering along the two axes should
be established by statistical procedures. The same pattern is exhibited

by the second canonical pair (Figure 4.11).

Area One, Subsurface Zone, Consistence/Chemical Properties, Figure 4.12

Three groups with possible overlap can be recognized along the cpnsis—
tence axis., Some points can be considered as inclusions. A very weak
clustering pattern is exhibited along the chemistry axis. The superio-
rity of the consistence in the subsurface zone as a diagnostic criteria

over the chemical properties is clear and unquestionable,
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Area One, P.M. Zone, Consistence/Chemical Properties, Figure 4.13

One uncompacted group with several scattered points can be recog-
nized along the consistence axis. This pattern is consistent with the

Cr horizon definition.

Area Two, All Samples, Consistence/Chemical Properties, Figure 4.14

Several groups are recognized along the consistence axis. Some
points are located in an 6ver1apping position or unyielding to the
clustering. Two major groups, but not very dense, can be recognized
along the chemistry axis. Two or more points can be considered in the
overlapping position. The chemical properties would divide the data
into two major groups and many subgroups. The superiority of the
desired criteria will depend on the number of groups needed to be esta-

blished and on the statistical tests.

Area Two, Surface Zone, Consistence/Chemical Properties

No clustering is produced. The points were so scattered that the
computer failed to plot any point on the same scale. No conclusion can
be advanced on the suitability of either property as a diagnostic cri-

teria.

Area Two, Subsurface Zone, Consistence/Chemical Properties, Figure 4.15

Three major groups can be recognized along the consistence axis.
Some overlapping exists between the groups and some points are far from
the center of different groups. Three points can be regarded as inclu-

sions. One major group can be recognized along the chemistry axis.
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Therefore, in comparison with the consistence variables, the chemical

properties possess very low discriminating capability.

Area Two, All Samples, Pores Orientation/Chemical Properties, Figure

4.16

Two major groups with clear overlap exist along the chemistry axis.
The presence of the two groups should be tested statistically. Several
groups, with one point unyielding to the classification, can be recog-
nized along the pores axis. The groups are very compacted and the
distance between some of the groups is not large. The overlapping
should be established by the statistical procedures. However, stronger

dissection is apt to be produced by pores.

-
Area Two, All Samples, Structure/Chemical Properties, Figure 4.17

Two major groups are produced along both axes. The clustering
along the structure axis is more compacted, but with many points in the
overlapping positions. Less points are unclassified along the chemistry
axis and should be evaluated by the statistical methods. In this case,

further subdivision along the consistence axis is possible.

Area Two, All Samples, Coating/Chemical Properties, Figures 4.18 and

4.19

Three major compacted groups are recognized along the coating axis
and no points are unclassified. Two groups can be established along the
chemistry axis, but with very wide range of variability and overlapping.
The superiority of the coating as a diagnostic criteria over the chemi-

cal properties is clear. Using the second canonical pair, the coating
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is still superior to the chemical properties. As a matter of fact, no

clustering is produced along the chemical properties axis.

Area Two, All Samples, Mottling/Chemical Properties, Figure 4.20

Four very compacted groups can be recognized along the mottling
axis. No overlap or unclassified points are shown. The dissection
between the different groups is sharp. No clustering is recognized
along the chemistry axis. The supe;iority of the mottling as a diag-
nostic criteria over the chemical properties is clear and can be

further evaluated by the statistical testing.

Area Two, All Samples, Concretions/Chemical Properties, Figure 4.21

Four major groups can be recognized along the concretions axis.
Few unclassified and overlapping points can also be recognized along
this axis. The groups are very compacted, but with possible subdivision
within each group. No clustering can be recognized along the chemistry
axis. The superiority of the concretions distribution over the chemical
properties, as a discriminating criteria, is clear. Moreover, this

conclusion can be further substantiated by the statistical testing.

Conclusions

Mathgmatical relationships established using the canonical correla-
tion technique proﬁed that strong associations dé exist between the
different morphological and the chemical properties. However, emphasis
here is not placed on the many relationships examined in this étudy, but
on the validity of the mathematical approach used as an effective tool

capable of relating two sets of different variables. Moreover,
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inference about the relationship between the level of the chemical pro-
perties and the specific state of the morphological properties was
possible by this technique. Since each level, or state of many of the
morphological properties can be considered as the collective effect of
many factors, further investigation utilizing this technique may prove
to be an excellent tool in isolating the factors important in explaining
- certain patterns. One potential area is land use.

This technique could also be used in an important aspect of the
soil taxonomy, that is, the selection of the diagnostic criteria. The
technique should not be regarded, at this stage, as a tool in creating
taxonomical categories. Previous discussion proved that if supportive
statistical tests were followed, suitability of different diagnostic
criteria in the soil taxonomy can be evaluated objectively and the
criteria selection for better taxonomy can be achieved. These diagnos-
tic criteria can be evaluated for different horizons or for the profile
as a whole. These results would be followed with maximum possible
objectivity utilizing standard statistical techniques adapted to be
executed by high-speed computers. This preliminary investigation indi-
cated that the majority of the morphological properties were superior
and capable éf producing more compacted groupings than the chemical
properties. In many cases, the conclusions reached through this tech-
nique showed to be compatible with the diagnostic definitions of some

of the properties used in the current soil classification system.



CHAPTER V
CANONICAL CORRELATION
Abstract

The objective of this study was to investigate the relationships
between different soil morphological properties. Descriptions of the
study areas, field work design, number of profiles sampled, and labora-
tory statistical design were given in previous chapters.

Emphasis was given to the relationships between color, consistence,
and other morphological properties. This was due to the significant
roles played by the color variables and the consistence-related proper-
ties either in soil classification or soil development. Association
analysis technique was used to investigate these relationships. Signi-
ficant relationships were found to exist between the color variables and
the other morphological properties.

Also significant and close associations were found between the soil
structure and‘other properties like roots, pores orientation, and
consistence.

Close examination of the graphs that represent the first canonical
pair showed that canonical correlation can be used to test the suitabi-
lity of different soil properties in producing more distinct grouping,
if used as diagnostic criteria. Furthermore, the technique showed that

some soil properties are superior as diagnostic properties within one

108
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horizon and inferior in another. This might be helpful in selecting
better criteria for the lower categories of the soil classification
system. Moreover, testing the significance of the classification pro-

duced by this technique could be carried with minimum subjectivity.
Introduction

Quantitative relationships between soil morphological properties
have not been fully investigated. One reason is that statistical tech-
niques suitable for soil investigation require a high-speed computer
which has been recently introduced to soil investigationms.

Simple correlation coefficients (pairwise’correlations) were used
to indicate the possible relétionship between two variables. If one
has ten soil properties, it will take fifty simple correlation coeffi-
cients to show all possible relationships. These relationships,
indicated by the fifty coefficients, may not be easily understood.
Therefore, a technique, easy to interpret and understand, which
expresses these relationships in that easy format, is needed. Further-
more, multiple relationships might exist between soil properties and
simple pairwise correlations would not be a good tool. The canonical
correlation technique was ‘introduced by Hotelling (36). The technique
was introduced to understand the possible relationships between two sets
of variables.

For example, if one wishes to study the relation between the color
variables (hue, value, chroma) and consistence variables (dry moist,

stickiness, plasticity), we can represent the observations recorded on
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different horizons in a matrix format as follows:

Unit

Number  hue value chroma . dry moist stickiness  plastic.
1 Sy X1 X1 Y1 Yy Y31 Y41
2 X192 X9 Xag # ¥ Yy Y39 Y49
N XN Xon Xan P hin Yon Y3y pAY

Let X be a matrix that represents the color data and Y to represent the
consistence data, where X is NX3 and Y is NX4. The canonical correla-
tion is concerned with a-simple way to understand the relationship
between the two groups. The technique linearly transfers these data to
be displayed by a new axes that shows the relationship clearly. First,
the data are transferred linearly to a new system. Let Ui = XA and Vi =

YB where Ui,Viare NX1 vectors, and A is 3X3, B is 4X4 matrices.

for 11, . . . N Ul A11X11 + A21X21 + A31X31
U, =
~1
Uy [P T Ao T Anfa

and
B”Y11 .........B41Y41

B11Y11 ......541Y41
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If a and b were chosen such that U,V have maximum correlation, this
correlation would be called the canonical correlation.

The degree of the association between the two sets is the value of
the canonical roots (eigenvalues of the data matrix). The nature and
the measure of this relation between the variables within each set‘is
indicated by the variables in both sets having larger weights. If the
canonical correlation between the two sets is unity, this means one of
the sets would be predictéd~perfect1y by the other set.

The number of the canonical variates that can be constructed is
equal to the number ofvthe variables in the smaller set, thus, in the
above example, three canonical variates or axis can be compared. These
canonical variates are uncorrelated by constrqction. Each canonical
variate displays the maximum correlation with the first variate carrying
the maximum correlation, followed by the second and the third. If we
consider the set U = XA alone, it can be treated as equivalent to the
multiple regression. So is V = XA. Therefore, treating each set sépa-
rately, the degree of the polynomial in each variable within the set can
be determined under the restfiction that increasing the degree of the
polynomial improves the canonical correlation between U,V. Therefore,
the degree of polynomial for either the color or the consistency can be
determined and the relationship still can be expressed in a simple cor-
relation. However, it should be noticed that even if quadratic of cubic
terms are used in the model, the canonical correlation computation will
be performed on these data as if they were original data, but these data
express certain degrees of polynomial when they are inputed for calcula-

tions.
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Theﬁcaﬂbnical variate, especially the first one, has anothef pro-
perty-b;sides displaying maximum correlation. That property is-the
maxiﬁum variance. This provides a measure of the yariation explained
in the regression model reached. This could be used as a tool to
select the set of propérties which show maximum variations.

The geometric interpretation of fhe canonical exes can be visua-
iized as follows: in R-dimensional space (7 in our example) a sample
of p + q = R(7) determines one hyperplane of p(3) and one of q(4) di-
mensions intersecting at the origin and contain a swarm of points
representing the two sets. Linear transformations are developed for
the first p coordinates axes and also for the q coordinates axes such
that these two hyperplanes are as parallel as bossible in a new_dimen—
sional space. -

The objective of this stﬁdy was to investigate the relatioﬁshié
between the different morphological properties of soil by the canonical
correlation technique. Linear relationships were assumed; and no
attempt was made to determine the degree of polynomial in each.vari-
investigation.

Results and Discussion

Seiécted samples of the association analysis (for different areas)
were éresented here since many relationships were established; The
"rest of the analysis will be reported somewhere else. Sﬁecial atten-
tion was given to the detailed interpretation of the relationships

between the soil color and other soil morphological properties. This



113

was due to the sigﬁificént role played by the color in the claséifica—’
‘tion and development 6f the soil. |

The canonical correlation for the first variate (all samples, Area
Two) was .79 (Table 5.1). This can bévinterﬁretéd‘as Qery high hue
values (.92), low value’vaiue (-.68), and very low chroma value (-.97)
is highly associated with low frequehéy of clay coating (-.68) and very
low oxide coating frequency (-.98) (Figure 5.1). This can be interpreted

in terms of the original data as hue of 10YR with value of 3 to 4 and

chroma of 1 fd 3 is.highly.a;séciated with low frequency of clay coating
on very low oxide coatihgalor hue of 2.5YR with value of 6 to 7 and
chroma of 7 to 8 is highly moderate, high frequency of clay coatings and
ver& high'fréquency of oxide coatings. yﬁbwever, for the Cr zone, (Area
One) the first canonical variate had .7 canonical correlation (Table
5.2) (Prob > Chi SQ = .1467). This suggests that high hue value (.80)
is moderately associated with high organic coating frequency (.84), or
low to moderately low hue value is moderately associated with low fre-
quency of organic coating. Anbther way of interpreting this pair is
5YR, 7.5YR hue is associated with high frequency of clay coating dr hue
of 2.5YR, 5YR hue is associated with low frequency of organic coating
(Figure 2).

Canonical correlation for the first (all samples, Area Two) was .66
(Table 5.3). This can be interpreted as follows: high or very ﬁigh
hue values (.9), low value values (.7) and very low chroma code (.99)
is moderately associated with very low class code (.96), low grade code
(-.52), and high type code (;56). In referring to the original data,
7.5YR hue with 3 to 4 value and chroma of 1 to 2 is moderately associ-

ated with very coarse, weak, or moderate angular or subangular structure
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| CANONICAL‘CORRELATION ANALYSIS FOR ALL
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TABLE 5.2

CANONICAL CORRELATION ANALYSIS FOR THE P. M. ZONE, AREA ONE

v .

CANONICAL “EAN OF GROUP 1 MEAN OF GROUP 2 . CANONICAL CHI-SQUARE DF PR0OB. > CHI-SQ
VARIARLE CANONICAL VARTIASBLE CANONICAL VARIABLE CORRELATION .

1 ‘ ~1.56424185 0.08822662 0.69686110 13.34707 9 0+1467

2 2-5#391§03 -0.00793972 0.42113876 3.70770 & 0.4484

3 0.65639312 . -0.21939902 0.24223396 ~ 0.87680 ) 1 0.3518
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TABLE 5.3

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCRICAL MEAN OF GRJUP 1 MEAN NF GROUP 2 CANCNICAL CHI-SQUARE DF PROB > CHI-S!
VARTIABLE CANONICAL vaRiAsLE CANJNICAL VARIASBLE CORRELATION s
1 . =Ye24%80153 i -0.53321151 0.65566889 71.42598 9 ) 0.0001
2 =J.U46405%1 -1.05176111 0.26711581 8.87759 4 0.0634

3 Veblb47405 <0.6£655713 0.08381398 0.77193 1 0.3836

CORRELATICN COEFFICIENTS beTwEcv EACH CANCNICAL VAR;AELE OF GROUP 1 AND THE VARIABLES OF GROUP 1

CANCNICAL HUE VaL CHRO
VAR ¥ 1 C.855559 =de 6%0142 -0.988173
VAR ¢ 2 0.085313 ~Ue 574718 0.151889
VAR 8 3 0.502398 Je4avllo -0.021059

CORRELATICN COEFFICIENTS BETAEcN EACH CANONICAL VARIABLE»OF:: GROUP 2 AND ThE VARIABLES. OF GROUP 2
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VAR # 1 -C.SEES13  -U.524l66  0.862684
VAR 8 2 -0.254754  Us26ule2  =0.467203 E i
VAR # 3 0.124841 =v.blus9s  =0.193644
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or 5 YR hue with value of 6 to 7 and chroma of 7 is moderately associa-

ted with fine moderate to strong subangular structure (Figufé 5.3).
The first canonical variate had a correlation of .55 (Area One,

all samplés). It indicates that low hue values (.57); very high value

_code (;86),;and moderate chroma code (.66) is associated with low class

code (.62), or very low grade code (-.86), and low to very low type

code (-.82) (Table 5.4, Figure 5.4). 1In terms of the original data,

5YR hue with 2 to 3 value and chromé of 6 to 7 is associated with medium

weak or very weak subangular or prismatic structure, or 7.5 YR hue

with 5 to 6 value and chroma of 2 to 3 is associated with coarse, strong

to very strong angular or granular structure.

Color, Mottling, All Samples, Area Two, Figure 5.5, Table 5.5

First canonical variates had a correlation of .63 (all samples,
Area Two) (Prob > CHI-SQ = .0001). This can be interpreted as follows:
moderate hue value code (.69), very low value code (-.86), and very low
chroma code (-.91) is moderately associated with”vgry low mottling size
code (-.96). 1In reference to tﬁe original variables, 5YR and 7.5YR hue
with value of 2 to 3 and chroma of 1 to 2 is moderately associated with
faint coarse mottles, or 2.5 YR and 5YR hue, valﬁe of 6 to 7 énd chroma

of 6 to 7 is associated with prominent fine mottles.

Color, Roots, All Samples, Area Ofie, Table 5}6,’Figuré;5:6 1

First canonical variates had a correlation of .78 (prob > CHI-SQ
= .0001). This was interpreted as follows: high hue values (.8), low
“value code (-.66), and very low chroma code (-.82) is highly associated

with moderate frequency of medium roots (.92) and very high roots

-
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CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA ONE

TABLE 5.4

CANCNICAL MEAN OF GRGUP 1 MEAN OF GROUP 2 CANCNICAL CHI-SQUARE
VARTABLE CANCNICAL VaRlAoiE CANONICAL VARIASLE ‘CORRELATION
1 v.59i TTaué -0.25677564 0.54925324 33.05327
2 V.u3272040 0.11717453 0.25523857 5.22484
3 Ve7231lusJv -0.07779376 0.0G718400 0. 00400

CORRELATICN CCEFFICIENTS oiTacEd EACH CANCNICAL

CANCNICAL HUE VAL CHRO
vaR ¥ 1 ~0.572455 Ve862524 0.65€460
VAR ¥ 2 -0.337720 =U. 456591 0.750437
VAR # 3 0.746388 Vel38856 -0.076841

CORRFLATICN COSFFICIENTS bETWEEN EACH CAﬁQNICAL
i

CANCNICAL cLas GRAS TYPS
VAR # 1} =0.€2C471 =Ueb850635 -0.828354
VAR & 2 =0.172892 Velos7386 ~0.554905

VAR % 3 =0.764934
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TABLE 5.5

CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

CANCNYCAL MEAN OF GROUP 1 MEAN OF GROUP 2 CANINICAL CHI-SQUARE . DF PRCB > CH!-SQ
VARIABLE CANCNICAL VARIABLE CANONICAL VARIAZLE CTRRELATION ;
1 ) “Je4T532403 ~0.10355606 0.626€8849 63.64237 6 0.0002

2 Ve207506302 =0.01€35359 0.27689803 8.77484 2 0.0124

 COPRELATICN COSFFICIENTS oeTwWEEN EACH CANONICAL VARIABLE OF GROUP 1 ANC THE VARIABLES OF GROUP 1
j ]

‘CANCNICAL KyE vaL CHRO
VAR # 1 C.LE5870  -u.o5945¢ =0.912262 1
vam % 2 0.290733  w.511113  =-0.373277

| ¥
i '

| ; | é
COFRELATICN COEFFICIENTS oETWEcY EALH CANCNICAL VARIABLE OF GROUP 2 AND THE VARIABLES OF GRCUP 2

CANCAICAL MSTZE MCUNT
VAR ¥ 1 =-0.972523  =u.956u5u
; : : : !
YAR s 2 0.2328Q06 -0.293202 ' ! i

¥



~C.3455£5%2

~0.437C2¢01

~0.5245€E510

GFOUP 1

CAN V2R # 1

-0.£12C€€20

~0.6555£629

Figure 5.5. Plot of the Compounds in

+

1 A €

!

I

I A

[}

1 & c G

]

I A

! A

*

1

!

1

! A A

] 8 8

i G J A

i

| ] A

1

+ A

1

i

i

| H A

|

1 A € 0 c

I

|

!

+

!

l H

1 A 1 8 ‘

|

]

fa A A

] -

1

| ! ,

; ! i ;

[

|

i A

| + —— 4=me + - ; + d *
~C.35936759 -0.29124103 -0.22311448 " =0.15498792 ~0.,0868613¢ -0.01873480"

GROUP 2
LEGEND: A=] (B>eB=2 0BS.ETC. CAN VAR # 1

Samples, Area Two.

the Plan of the First Pair of Canonical Variables‘for All

VA



CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA ONE

TABLE 5.6

CANCMICAL MELN CF GRIUP L

VARTABLE CANCNICAL VARIAoLE
1 ~Je36703:07
2 \ Uew29+30665
3 ‘ | velr4239026

CORRELATICN COEFFICIENTS BETwEEN cACH

CANCNICAL HUE VAL
vAR # 1 0.8C2147 =-uU.057020
VAR % 2 o.aaeoa§ V. 753049
var # 3 0. 455561 Ved22320

CCRRELATICN COEFFICIENTS otTWEEN EACH

i
CANCNICAL RFINE RMED

VAR # 1 £.256761 VeblYils
VAR € 2 -0.931566 v.355811
VAR # 3 0.024133  -0.149797

MEAN OF GROUP 2
CANINICAL VARIAILE

CANINICAL
CHRO
-0.8177¢7
-0.471133
0.330590

CANONICAL
RCORS
-0.206325
0.461841
0.856175

0.18899431
-0.36162410

0.23485400

VARIABLE OF

VARIABLE OF
f RQUNT
0.963347
-0.123319
0.222864

CANCNICAL
CORRELATION

- 077506807
0.31171575
0.21359291

CHI=-SQUARE

82.14421
11.44907

3.57833

GROUP 1 AND THE VARIABLES OF GROUP 1

GROUP 2 AND THE-VARIABLES OF GROUP 2

OF

12

PROS > CHMI-SQ

0.0001
0.0748

0.1647
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quantity (.96). In terms of the original data, 7.5YR hue with values
of 4 to 5 and'cﬁroma bf}Z fo 3 is highly associated with many medium
- roots, or 5YR with value of 5 to 7 and chroma of 6 to 7 is highly asso-
ciated witﬁ/few, fine roots.

Considering the same canonical variate for subsurface zone (Area
One) (Table 5.7, Figure 5.7), canonical correlation for the first
variate was .66 (prob > CHI-SQ = .0011). This was'interp:eted as
follows: higﬁ hue value (.8), low value code (-.68) and véry low
chroma code (-.87) is moderately associated with low medium root fre-
quency (.52) and very high root quantity (.89). In terms of the
origiﬁal variables, 7.5YR hue with value of 4 to 5 and chroma of 2 to 3

is moderately associated with many medium rootgs.

Structure, Pores Orientation, All Samples, Area Two, Table 5.8, Figure

5.8

The canonical correlation of the first variate was .80 (prob >
CHI-SQ = .0001). This was interpreted as follows: very high class
code (.92), low structure grade and very low type code (-.92) is highly
associated with very low frequency of random pores code (-.99), and
very high frequency of oblique pores (.89). In reference to the origi-~
nal variables, very coarse, weak prismatic structure is highly
associated with oblique pores, while very fine to fine, strong granular
structure is dominated by random pores. This conclusion may shed some
light on the degree of permeability for different horizons if the pores

orientation is known.



TABLE 5.7

CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE, AREA ONE

CANONICTAL MEAN OF GRCUP 1 MEAN OF GROUP 2 CANCNICAL
VARIABLE CANINICAL VARTA3LE CANONICAL VARIASBLE CORRELATION
1 ~0.61213555 0.20622166 0.65559231
2 ' 1.140858445 0.12971954 0.39174307
3 0.54880792 ~0.80439340 0.29505924

CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF

CHI-SQUARE

32.77825
10.30744
3.64340

GROUP 1 AND THE VARIASLES OF GROUP 1

VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2

CANONICAL HUE VAL CHRO
VAR ¢ 1 0.803761 -0.636237 =-0.874213
VAR £ 2 0.575335 0.695795 =0.196849
VAR £ 3 0.145605 ~-0.333275 0.443850
CORRELATION COEFFICIENTS BETWEEN EACH CANONICAL
CANONXCAL RFINE RMED RCORS RGQUNT
VAR # 1 -0.054607 0.523520 =0.358597 0.892014
VAR & 2 -0.742958 0.426008 0.873872 0.092475
VAR # 3 ~0.555170 ~-0.502355 0.258979 0.187450

DF

12

PRCB > CHI-SQ

0.0011
0.1113

G.1593
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CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

TABLE 5.8

CANCNICAL
VARIA3LE

1
4
3

CORRELATICN COESFICIENTS BETwmeeN EACH

CANCNICAL
VAR # 1
VAR # 2

VAR # 3

"CORRELATICN COEFFICIENTS bETwEEN EACH

CANCNICAL
VAR # )
VAR & 2

VAR #£ 3

0.9205¢%2

-0.320123

MELN OF GRIUP 4
CANSNICAL Vaxklaste

Ve30103872
Ve97557432

Vetssl13Tel0

CLAS WRAS

Ue524993

0.3901C1 =0e332909

ve 782744

HORPCOR VERPUR
0.41C347 G.1d3746
-0.42%723 ve23U438
-0.801737 Ve 222289

CANINICAL

~0.985425

0.098204

MZIAN OF GROUP 2
CANDNICAL VARIASBLE

-0.03C03091
-0.47194399

0.15221151

TYPS

~0.924202
0.314€37
0.216459 g

RANPOR 08LPOR
0.£91999

~0.056757 -0.235048

i

0.233413

CANCNICAL
CORRELATICN

0.75739755
0.29005492

0.14238797

CHI=-SQUARE

121.92035
11.81184
2.23261

CANINICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1

VARIABLE OF GROUP 2 AND THE VARIABLES OF GROUP 2

DOF

PROB > CHI-SQ

0.0001
0.0657

0.3280
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Structure, Roots, All Samples, Area One, Table 5.9, Figure 5.9

The canonical correlation of first variate was .54 (prob > CHI-SQ
= ,0011). It indicated that moderate to high structure class code (.76)
with high grade code (.82), and very high type code (.94) is associated
with very high root quantity (.99). In terms of the original variables,
strong, medium to coarse platy structure has low association with many
roots, or very weak, medium prismatic structure has low association
with few roots. It is very well known platy or strong prismatic struc-
ture impedes the growth of roots. This conclusion again supplies some

evidence about the validity of this mathematical approach.

Structure, Consistence

The canonical correlation for the first variate was .63 (all sam-
ples, Area One) (prob > CHI-SQ = .0001).(Table 5.10, Figure 5.11). It
was interpreted as follows: very high class code (.97), very high grade
code (.97) and low type code is moderately associated with moderate dry
code (.71), high moist code, high stickiness code (.85), and high plas-
ticity. In terms of the original variables, moderate association is
identified between very strong, coarse to very coarse angular or suB-
angular structure and hard, firm, sticky aﬁd plastic soil materials.
However, first correlation (all samples, Area Two) indicates that
coarse or very coarse, weak to moderate prismatic structure is highly
associated with very hard or extremely hard, firm to very firm, sticky
and plastic soil materials.

The same canonical variate was interpreted as fine or very fine

moderate granular or platy structure is highly associated with loose or



CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA ONE

TABLE 5.9

CANCNICAL MEAN CF GRIUP 1

VARIABLE CANCNICAL VARILALE
1 Jellaweill
2 -vell9lo722
3 Q15971733

MEAN OF GROUP 2
CANONICAL VARIABLE

0.31€23298
-0.32C€29010
0.06ETT164

CANCNICAL
CORRELATION

0.53821425
0.26225228
0612249637

CHI-SQUARE

32.58733
6.65086

1.16417

CORRELATEICN COEFSICIENTS oeTwEEN EACH CANONICAL VARIABLE OF GROUP 1 AND THE VARIABLES OF GROUP 1

CANCNICAL CLAS GRAS
var # 1 C.75¢€654 Geb24051
vaR # 2 -0.6C5522 =Ve3valde
VAR £ 3 -C. 230032 Ve25c542

TYPS
0.938742
0.316083

-0.137316

CORRELATICN COEFFICIENTS bETWEEN EACH CANONICAL

CANCNICAL RFINE AMEU
VAR # 1 0.42€2¢7 Qe.490ld2
VAR 8 2 -0.4CS5€7 Veb4iloe
VAR # 3 0.571444 ~Ue3637u8

RCORS
-0.054882
<0.553061
-0.732627

VAR!ABLE OF GRCUP 2 AND THE VARIABLES OF GROUP 2

RQUNT
0.589358
0.086818
0.022679

OF

12

PRCB > CHI-SQ

2.0010
0.3542
0.5643
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CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA ONE

TABLE 5.10

CANOGRICAL MEAN.OF GROUP 1

VARIABLE CANONICAL VARIABLE
1 0.24625564
2 0.0862779%J
3 0.1252820s

CORRFLATION COEFFICIENTS BETJECN TAIH CANONICAL

CANCHICAL CLAS GR4S TYPS
VAR # 1 0.966914 0.967240 0.512103
VAR # 2 ~0.101744 V.177143 0.743508
VAR § 3 =0,233934 J.181861 ~0.430055

CORRCLATICN COEFFICIENTS BeTWEEN SACH CANONICAL

CANCNICAL ORY ) MIIST STK
VAR 8 1 0.715808  0.3660L6  0.854674
VAR 8 2 «0.393142  0.159696 =0.347122

VAR 8 3 0.48711¢% Oe372643 =0.140871

MEAN OF GROUP 2
CANONICAL VARIABLE

0.39005298
-0.10351036
-0,09933021

VARIABLE OF

VARIABLE OF
PLCT
0.857585
-0.027432
-0.510102

CANONICAL
CORRELATION

0.62911595
0.24016808
0.02610550

GROUP 1 AND YHE VARIABLES OF

CHI-SQUARE

45.67761

4.86752

0.05522

GRJUP 1

GROUP .2 AND THE VARIASLES OF GROUP 2 -

OF

12

PROB > CHI~-SQ

0.0001
0.5626
0.9608

SEl
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soft, slightly firm or firm, sticky, and plastic soil materials (Table
5.11, Figure 5.12).

Considering the subsurface zone (Area One), the first canonical
variate suggested that weak to moderate angular or subangular structure
is moderately associated with hard and friable or firm soil materials
(Table 5.12, Figure 5.13). The canonical variate for the subsurface
(Area Two) suggested that coarse, subangular or angular structure is
associated with very hard, friable or firm, and sticky soil material

(Table 5.13, Figure 5.14),

Selection of the Diagnostic Criteria

The comparison between morphological properties and their capabi-
lities as a diagnostic criteria is investigated in this section. The
mathematical and the statistical concept involved in this approach were
outlined in Chapter Four. Preliminary results are reported here. No

statistical tests are carried in this investigation.

Area Two, All Samples, Color/Coating, Figure 5.1

Four very-well compacted groups can be recognized along the coating
axis. Only four points belong to a separate group. Subdivision could
be carried along the color axis, but with excessive overlapping. The
significance of the clustering along the color axis is not clear and
should be established by the statistical procedures. The superiority

of the coating over the color as a diagnostic criteria is clear.



CANONICAL CORRELATION ANALYSIS FOR ALL SAMPLES, AREA TWO

TABLE 5.11

CANCNICAL MEAN OF GRJUP 1

VARIABLE CANONICAL VARIABLE
1 0.34241905
2 0.9134964%
3 0.950470L9

CORRZLATICN COEFFICIENTS BETWEEN E£AZH CANONICAL

CANCNICAL CLAS GAS TYPS
VAR # 1 0.915050 0.521195 -0.928530
VAR # 2 0.008951 0. 777717 0.205358
VAR # 3 0.394040 ~-0.35146¢3 0.309289

CORRELATICN COEFFICIENTS BETWEEN EACH CANONICAL

CANCNICAL DRY MIIST STK
VAR # 1 0.981384 0.844150 0.785948
VAR & 2 ~0,132958 ~0.113752 0.554701
VAR £ 3 0.117309 Ve V75277 0.251104

MEAN OF GROUP 2
CANONICAL VARIASLE

0.58945650

0.58000343

~0.61462764

VARIABLE OF

VARIABLE OF
PLCT
0.807774
0.328483
-0.489308

CANONICAL
CORRFLATION

0.87807228

0.11598923

0.21006062 -

CHI-S QUARE

160. 53921
616071
1.42221

GROUP 1 AND THE VARIABLES OF GROUP 1

GROUP 2 AND THE VARIABLES OF GROUP 2

OF PROB > CHI-SQ
12 0.0001
6 0.4058
2 0.4956
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TABLE 5.12

CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE ZONE, AREA ONE

CANCNICAL MEAN OF GRIUP 1

VARIABLE CANCNICAL VARIASLE
1 1.29317599
2 V99404984

3 =Ue1357¢512

MEAN OF GROUP 2
CANONICAL VARIABLE

0.22025221
0.16451238
~1.21664589

CORRFLATICN COEFFICIENTS BETWEEN EACH CANONICAL VARIABLE OF

CARCNICAL CLAS SRAS
VAR & ) 0.252542 0.7338324
VAR § 2 0941245 ~0.182747
VAR ¥ 3 =0.224234 =-v0.6992i5

TYPS
0.522435
-0.335109
0.784069

CORRELATICN COEFFICIENTS BETWEEN EACH CANONICAL

CANCNICAL DRY MIIST
VAR 8 1 C.772237 0.517390
VAR & 2 0.318604 =u.512491
VAR £ 3 =0.510224 =0.644245

STK
0.286167
0.353834

~0.810790

VARIABLE OF
PLCT
-0.221597
-0.025135

_ ~0.838477

CANCNICAL CHI~SCUARE OF PROB > CHI-SQ

CORRELATION
0.59292610 27.8%614 12 0.0059
0.34101831 8426269 6 0.2117
0.24558473 T . 2479933 2 0.2454

GROUP 1 AND ThE VARIABLES OF GROUP 1

GROUP 2 AND THE VARIABLES OF GROUP 2
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CANONICAL CORRELATION ANALYSIS FOR THE SUBSURFACE

TABLE 5.13

ZONE, AREA TWO

CANCNICAL MEAN OF GRIUP 1

VARIABLE CANINICAL VARIASLE
1 L.14546939
2 : 0.61025331

3 1015354352

MEAN OF GROUP 2
CANONICAL VARIABLE

1.38489253
-0.90117216
0.64302502

CORRELATICN COEFFICIENTS BETJEEN EACH CANINICAL VARIABLE OF

CANCNICAL CLAS GRAS
VAR ¥ 1 C.85¢€749 0.184750
VAR # 2 0.428998 =0,642313
VAR ¢ 3 0.108632 00743033

TYPS
-0.618063
0.618433
0.485323

CORRELATICN COEFFICIENTS BETWEEN EACH CANJINICAL VARIABLE OF

CANCNICAL DRY 43157
VAR # 1 0.94€425 0.542713
VAR & 2 0.182606 0.151683
VAR # 3 =0.241057 =0.141664%

STK PLCT
0.602631 0.445322
0.069361 -0.845585

0.772701 0.281296

CANONICAL
CORRELATION

0.52440995
0.19096540
0.13578099

CHI -S QUARE

31.03479
&, 66428

1.61303

GROWUP 1 AND THE VARIABLES OF GROUP 1
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Area One, P,M. Zone, Color/Coating, Figure 5.2

One major group can be recognized along the coating axis. No major
grouping is recognized along the color axis. If the definition of the
P.M. (the Cr horizon), to be consistent with this approach, no more than
one major group should be-formed. Because, eventhough genesis is not
directly mentioned in the formation of the coating, they occur as a
result of genetic processes. This process is not allowed in the P.M.
zone. Some scattered points are present. These points could represent
the locations where the shale interbeds with the sandstone in the

Permian Formationm.

Area Two, All Samples, Color/Structure, Figure 5.3

Four discrete, compacted groups can be established along the struc-
ture axis. About eight points are not assigned to any groups. Another
four, less-compacted groups, with only two unclassified points, can be

established along the color axis. The superiority of each grouping

should be evaluated by the statistical procedures.

Area Two, All Samples, Color/Structure, Figure 5.4

Four compacted groups can be recognized along the structure axis
with very little overlapping and unclassified points, Some clustering
can be recognized along the colof axis, but with overlapping and less
dense clusters. The boundary of each group along the color axis should
be established statistically. Téndency of the structure superiority
can be anticipated at this point, but for a conclusive result, statisti-

cal tests should be employed.
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Area Two, All Samples, Color/Mottles, Figure 5.3

Four discrete, compacted groups can be recognized along the mot-
tles axis with three points forming a small separate group. No overlap
exists between different groups. Four, but less compacted clusters
with much overlapping can be established along the color axis.

If the soil is to be classified using the mottles as a diagnostic
criteria, compacted and dissected groups can be easily established. A
subdivision utilizing the mottles to subgroup would result in less over-
lap than if the subdivision would have been carried along the color
axis. The capability of the mottles to produce more decisive grouping
than the color is very clear and statistical evaluation would further

support this conclusion.

Area One, All Samples, Color/Roots, Figure 5.6

Three compacted groups can be established along the roots axis
with few unclassified points. Each roots group can be subdivided to
several, less defined, overlapping subgroups. The limit on the sug-
groups should be established by statistical procedures. In this case,

many points would be classified as inclusions.

Area One, Subsurface Zone, Color/Roots, Figure 5.7

Two major compacted groups can be recognized along the roots axis.
few points did not belong to any of the major groups. If the color is
used as a secondary criteria, many indistinctive subgroups with more
unclassified points would result. In this case, many points would be

regarded as soil inclusions. At this stage, the inclination is to
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consider the roots as a better criterion than the color unless statis-

tically proven otherwise.

Area Two, All Samples, Structure/Pores Orientation, Figure 5.8

Three major groups can be established along both axes with sub-
division possibilities within each group also along both axes. The
“compactness, or the confidence intervals on each group and the superi-

ority of either property should be evaluated statistically.

Area One, All Samples, Structure/Roots Distribution, Figure 5.9

Two major groups can be recognized along the roots axis with‘fewb‘
unclassified points. Three groups, but with more overlapping, can be
produced along the structure axis. Subdivision for more dense subgroups
is possible along both axes. There is strong tendency for the roots to
produce more dissected groups than the structure. However, the subdivi-

sion should be evaluated statistically.

Area One, All Samples, Structure/Consistence, Figure 5.10 and 5.11

Several groups can be-recognized along the consistence axis with
several points occupying the overlapping position. Two major, more-
compacted groups can be recognized along the structure axis, but with
less unclassified points. Subdivision could be carried along both
axes. Using the second canonical plan, the consistence exhibits very
weak clustering capability. However, structure produces more groups
with higher number of overlapping and unclassified points than in the

case of the first canonical plan.
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Area Two, All Samples, Structure/Consistence, Figure 5.12

Two ﬁajor, dissected groups can be recognized along the structure
axis. No overlapping or unclassified points are shown along this axis.
No clustering is produced along the consistence axis. Some clustering
patterns do exist, but with excessive overlapping. The presence of any
groups or subgroups along this axis should be established by different
statistical procedures. The superiority of the structure as a diagnostic
criteria is very clear and can be further substantiated by the statisti-

cal evaluation.

Area One, Two, Subsurface Zones, Structure/Consistence, Figure 5.13 and

5.14

Three groups can be recognized along the structure axis with one
unclassified point. Subdivision is possible also along this axis.
Several, small groups, but with many unclassified points, can be esta-
blished along the consistence axis. Major groups and subdivisions
along this axis should be determined statistically, but it may depend
on the number of the groups that need to be established. The same pat-
tern also exists in Area Two (Figure 5.14). Two major groups are
recognized along the structure axis with several small groups along
the consistence a;is. Many unclassified points are shown along both

axes.
Conclusions

Relationships between many soil morphological properties were
investigated using the canonical correlation technique. Significant

associations were found to exist between different soil morphological
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properties. Inference about specific states of the soul properties

was possible by this technique. This would help stimulate further
investigations on the source of the variafion, especially if hypotheses
concerning these variations or the factors involved are to be formu-
lated.

Many morphological properties are used as a diagnostic criteria
in the present system of classification. Constructing different com-
pounds that represent the soil properties and plotting these compounds
in what is called.the plan of the canonical variables showed to be a
potential technique to test the suitability of different properties in
producing different soil groups or subgroups. Testing the suitability
of the different properties to be selected as 'a differentiating crite-
ria was outlined.

However, it should be noted that this technique would not immedi-
ately produce taxonomical categories, but subsequent discriminant
analyses should be used to test the significance of the classification
grbups or subgroups produced by the canonical variables. The use of
this technique would also allow to assign, with a calculated probabi-
lity (degree of affinity), the soil that would be considered as
inclusions otherwise. Furthermore, percentage and precise characteri-
zation of soil conclusions would be possible. One of the most important
features of this technique is that all the aforementioned computations
can be done with maximum objectivity and utilizing statistical proce-

dures.



CHAPTER VI

FACTOR ANALYSIS, AREA TWO

Abstract

A data set that consists of 109 horizons (23 locations) was used
in this study. A total of 24 morphological and 14 chemical properties
were used. The total data set was represented by a 109X38 matrix. Thé
profiles were pértitioned into the following zones and sets: 1) All
samples (with three sets), 109X38, 109X24, and 109X14; 2) Surface zone
(includes all horizons with Ap designation) represented by two sets,
23X14 and 23X14; 3) Subsurface zone (includes all horizons with B desig-
nation) represented by two sets, number of B'sX24 and number of B'sX14.

Principal component axes were computed for all the above zones
using the different sets. Ten principal axes were retained for factor
analysis. Characteristic rooté, final communality estimates, the con—r
tributions of different factors to the common variance, and the
correlation between the different rotated factors and the soil proper-
ties were also reported. An index to indicate the magnitude of the
variation of different soil properties was formulated.

The factors' model was an effective tool in scanning the soil vari-
ations. The ten factors' model was sufficient for the morphological
properties, while the six factors' model was more appropriate for the

chemical properties. This indicated higher variability among

150
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morphological than chemical properties. This was true regardless of
the partitioning procedure. However, better understanding on the pos-
sible source of the variation among the different properties could
result when the data are partitioned into subsets. Nevertheless, more
compacted groups or clusters resulted when the data were not parti-’
tioned, In this case, the first three factors were the most important
but with lower communality estimates than in the case of partitioned
sets. The loading index indicated the importance of various soil
properties within each horizon regarding the magnitude and the contri-
bution to the total variation. However, as a general result, properties
related to soil moisture were the most variable in the soils of this

area.
Introduction

Mathematical classification is not the only way of expressing the
relationships between continuous variables like soil. Alternatives to
mathematical classification have been pursued by soil scientists.
These alternatives include what is called ordination. Principal compo-
nent and factor analysis are some of the techniques which have been
used to study the relationships between soils, Cuanalo (18), Holland
(31), and Arkley (2).

The principal component (PC) analysis is concerned with arranging
soil individuals along a few axes chosen so as to preserve as much
information as possible about the soil individuals being studied. The
axes are derived mathematically and possess certain‘propertieé that
can be used in studying the relationships between soil individuals.

Physically, it could be said that the technique involves looking inside
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a single set of variables and attempting to assess the structure of -
these variables after they have been transformed to a system of inde-
pendent variables.

A brief summary of the mathematical concepts involved is given
here. For greater detail, many texts are available (Morrison, 46;
Richards, 56; and Harman, 32). Suppose we_have P measurements like
color, organic matter, calcium, and potassium on as many as N observa-
tions. N can be either the number of soil profiles or the number of

horizons. The original data can be represented in a matrix notation

as follows:

Xu..........Xp1

X= . .
). G 4 (6.1)
| 1IN PN

Let us further assume that the covariance matrix I is of full rank and

the characteristics roots A1> N Ap of T are all distinct. The

set of the original P variables are used to generate new P variables
Yl’ Y2..........Yp as follows:
1 = auX11 + Lieiieees a X

plpl

Yin = K * e apNXpN (6.2)

or Y = A'X where each column of A contains the coefficients for one
principal component. Thus the Yi's (principal axes) are linear combina-

tions of the original data. The Yi's are constructed such that the
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2

v1°© g'Sa is greatest for all

sample variance of Yi = ai'X given by S
coefficient vectors normalized so that a'ag = 1 where S is variance-
covariance matrix. The problem is not to determine a, subjected to the

above constraint. Using the Lagrange Multiplier, it can be proved that

the coefficient must satisfy the P-simultaneous linear equations

|s- Arla, = 0. (6.3)

If the solution to these equations were to be other than the null vec-

tor, the value of Ai must be chosen so that the determinant

|s- AiII =0 (6.4)

Ai is thus the characteristics root of the covariance matrix and a, is

its associated characteristic vector. Since 8,8, = 1, thus
= '
1 a, Sa;

where SYl is the variance of the first principal axis. Since the coef-
ficient vector was chosen to maximize the variance, then Al must be the
greatest characteristic root of S. Therefore, the first principal axis
possesses the property of explaining the largest amount of the varia-
tions of soil variables.

The second principal axis is the linear combination Y2 = a,

whose coefficients have been chosen subjected to the constraint,

lx’

gz'gz =1, gl'gz = (0, so that the variance of Y, is a maximum. From

2

the above restrictions, it can be seen that the Y2 is 1independent of Yl’
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and next to Yl’ Y2 has maximum variance. Y3.....Yp are constructed in
the same way.

All of the original data are now transformed to a new system whose
axes are orthogonal. Each axis accounts for a portion of the original

variance. The following model expresses the whole system:

Y..=a X +a,.S. + ..... a .X (6.6)
ij 171 22 Pl P

and the total system variance 1is Al + Az ceeee * Ap = tr S, where Ai's
are the eigenvalues of S. The contribution of the jth component in

explaining the variation of the system 1is

X 100. (6.7)
tr S

The moment correlation of the ith response and the ith component will

then be

S. . (6.8)

If the components have been extracted from the correlation matrix rather

than S, the sum of the characteristics roots will be
tr R = P (6.9)

The proportion of the variance of the ith component to the total vari-

ance is

P . (6.10)
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If the correlation matrix was used in the transformation, the new

system is described as follows:

Y., =a A, ..... Y, =aZ,, where Z, = X, - X (6.11)
i i i

Principal Factor Analyses

Principal factor analyses was introduced by Spearman (64), and was
developed to its present level by Gernett (26) and Thurstone (66). The
technique aims to explain observed relations among numerous variables
in ‘terms of simpler relations. The simplification may be by producing
a set of classification categories or creating a smaller number of hypo-
thetical variables. Actually, factor analysis is a way of classifying
manifestations of variables, but not immediately the producer of taxo-
nomy of individuals. Two routes of factors computation have been
followed (Cattel, 16): 1) the principal axes method; 2) the centroid
method. In this study the principal axes method will be followed.
Previously in the section of the principal component analysis, we

already constructed the following model

P73t

l,.....p (6.12)

e
L}

or in matrix notation, Y = A'X. TFrom this it follows that X can be

regenerated from Y

Np N (6.13)
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(6.14)

1}

I ™Mo
D
>

P
g.. =% a . V(Yk)
11 k=1 1 k

Thus the mathematical model or the general linear representation of the

data can be given in the following model:

[ X ] =2 F) * AjoFg + eennn A Fo "e{’
* .
pr; = _AplFl + ApZFZ S P Amem— L_ET_ 15)
or X_ = AF + g in matrix notation where A 1is a factor loading matrix,

F is a common primary latent factor, € is an error vector. The assump-
" tions underlying the above model are: 1) the F's are independent, zero
means unit variance; 2) the €'s are independent, zero means variance

wi; and 3) the F's and the €'s are independént. As a consequence,

for 3 =1, .....,m,
i=1, ..... ,P. (6.16)
m
"The first term jglkij is called communality of the ith response

(denoted hi)’ while wi is called specificity.

%5 = itk My

for i # j (6.17)

which is in matrix notation

L =A + (6.18)
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From these relations it can be seen that the PC model regenerates the
original data from the PC's, while the factor model partially regene-
rates the data from the common factors. Also, in the PC model, the
oii's completely accounted for the PC's variance, but in the factor
model, the Gii's were split into two parts, the communality (that part
of o4 attributed to the common factors), and the specificity (that

part of 0. attributed to the error). Let

for j = 1,..... m, (6.19)

]
P
-

L
and their corresponding loading xij = aji(xj)z' Also let

e. = P
i . 2 .a..Y.’
j=m+l ji’)
for j = 1,.....p. (6.20)

B P
X j=1 IJYJ j=£+1 jityr ° (6.21)
m X Yi P

= LI, A —_— . .

X1 J=181J( ) () )2 j=m+173i"3°
for 3 =1, ..... P. } (6.22)

As a consequence, the new model 1is
3

X. = .BA,.,F, +€,, where \,, = a,, = a,,(},) (6.23)

1 j=l 13 ] 1 1] ij ji 3
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and F, = Y./(A.)% | (6.24)
j 3]

and the communality of the ith response is

m

2 mo2 2
T L P T S FUE (6.25)
In the PC model
(a.. . A.)°
corr(Xi, Y.) = JS ]
J ii (6.26)

while in the factor model,

%
corr(Si, Fj) =ay - (Aj) = Xij. (6.27)

The factor loading are interpreted as the correlation between the

response (standardized) and the latent factors.

Factor Rotation

It is well known that an orthogonal transformation of uncorrelated
variables result in uncorrelated variables. Furthermore, if the coeffi-
cient producing the transformation are appropriately normalized, the
variance of the original variables remain unchanged. Denote, by F, the
mxn matrix of each of the m factor scores on the units, and let Omxn be
any orthogonal matrix, such as, 0'0 = 00' = 0. Thus the factor model

becomes

= A . F + € ,or X= 0'OF + ¢ (6.28)
pxn pxm mxn pxn

=Cc.F +e¢ (6.29)
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Thus we have a new factor model in which the communalities and the
specificities of the original model remain unchanged. The elements of

C have the same interpretation as the elements of A.

C.. = corr(X., FB). _ (6.30)
1] 1 J

Statistical Approach

Fach area was treated as an independent unit and the series boun-
daries were ignored in this study. Three genetic zones were
récognized. The surface zone (includes the Ap, and Al2 horizons), the
subsurface zone (includes all horizons whose field designations start
with B), and all samples (all samples were treated alike without refe-

| .
rence to the field designations). The last one will be referred to as
"all samples analysis."

SAS (1976) was used in the computations. Principal axes were
computed first. The largest portion of data variance was accounted by
the first ten axes. Therefore they were retained for subsequent analy-
sis. Eigenvalues and the contributions of each axis to the common
variance were also computed. Ten axes were used to build the principal
factors' model. The Varimax solution was employed for rotation of the
factors.

The data set was partitioned into three sets, the chemical data
set, the morphological data set, and all data combined together. Each
of these sets was subjected to principal component analysis. This
approach was followed in order to achieve the following objectives:

1) to study the sources of variation in each genetical zone in the soil
profile and for the whole profile; and 2) a data reduction device was

employed whereby sorting the different soil properties according to a
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certain weight determined by higher loading, the property association
with the factor that accounts for a larger portion of the data variance
will be discovered. Turthermore, it is hoped that this technique will
yield an index to be used in selecting the most appropriate properties

suitable for the cluster analysis.
Results and Discussion

A correlation of .4 or higher was declared significant in this

study. This was an arbitrary and subjective choice.

Chemical Data, Surface Zone

Six axes accounted for 91.5% of the total variation. Twelve prin-
cipal axes accounted for 100% of the variation; The first axis was
correlated with pH, Ca, Mg, BST, CEC, clay, silt, and accounted for
34.9% of the total variance. No significant correlations were indicated
between axes 8, 9, 10, and any of the soil properties (Table 6.1).

Ten principal axes were used to build the factors' model. The com-
puted factors' model accounted for 99% of the total variance. Six
factors accounted for 85% of the common variance (Table 6.2). Final
communality estimates were above 97% for all soil properties. This
indicates that the constructed model has a high capability in explaining
the variation and regeneration of the original soil properties involved
in the computation.

Table 6.2 shows the analysis of the rotated factor model. The
coefficients listed under the heading ''factor pattern' can be interpre-
ted in two different ways. They are either the correlations between

each factor and all the soil properties, or they are the loading



PRINCIPAL AXES

AND COMMUNALITY

TAB

LE 6.1

ESTIMATES OF THE CHEMICAL PROPERTIES, SURFACE ZONE

CEC
Csces
Pk
cw
FS
VFS
CLAY
SILT
ca
MG
NA
BST

FACTORL  FaCTJR2Z  FACTOR3  FACTOR4 FACTCRS FACTOR6 FACTOR?T FACTORS  FACTOR9
0.45086 =3.12911 0.60085 C.47351 0.15335 =-0,11030 -0.00749 0.28741 0.05910
—0.50572 we51219 =0.3775& 0.45009 0.22561 =0.17065 0.14530 =0,05524 =0.01754
0.599u% ve 65339 Ce21477 Ce31075 0.085%98 0.18369 0.02042 -0.0767T1 ~-0.12832
0.55143 =0.03555 =-0.54730 =-0.22453 =~0.01764 <-0.33080 0.44632 0,14924 =0.09150
0.04556 =U.30181 0.32774 =0.17528 =0.06714 0.04007 =0,06680 0.CT826 =0.06548
=0e02667 =0.20176 0.550838 G.50549 <-0.45331 <-0.14950 0.30059 -=-0.20932 0.08651
0.23¢20 =u.54411  0.04107 0.11336 0.72570 0.15792 0.19460 -0.12883  0.06982
OeVlow7 =u.53211 =0.4£459 0.23689 =-0.283235 0.55444 0.18753 0.10433 -0.04962
0.65572  0.02466 =0.55412 0.33794 =-0.12534 =0.13819 =0.23745 -0.C1702 0.08542
=0.60642% Ve 16364 0.60619 =0.35300 =-0.01488 0.01682 0.15296 0.,C2831 -0.08362
0.947v5 Ve U510 0.18786 =C,.055G8 0.,02720 0.06622 0.01189 -0.,18231 -0.03276
0.72295 Jebab42 0.06778 0.10101 =-0.01752 0.06679 0.03069 -0.C191) -0.08148
0.24133 Ve82157 <=0.01997 =0.31676 =0,05697 0.23873 0.18840 0.€8355 0.24756
0.803U% =-U.36150 0.01568 =0.39202 =-0.05340 -0.14346 0.01694 =-0.10743 0.06555
FINAL COMMUNALITY ESYIMATES:
H CEC CACH3 PH oM FS
0.998296 0.982457 0.997083 0.999042 0.972011 0.999175 0.997506
VES cLAY SILT CA MG NA BST
0.999744 0.999658 G.956805 0.581917 0.975264 0.999085 0.9959694
1 2 3 4 5 6 7
EIGENVALUES  4.889666 2.708132 2.238742 1.435149 0.947094 0.646%54 0.505290
PIRTIGN 0.349 0.193 0.160 0.103 0.068 0.C46 0.036
CUM PURTILN 0.349 0.543 0.703 0.805 0.873 0.519 0.955
8 9 10 11 12 13 . oozg;
EIGENVALJES  0.311930 0.135335 0.082848 0.053148 0.044587 0.001232 0.0
PURT IOV 0.022 0.010 0.006 0.004 0.003 0. 600 0.000
CuM PORTICN 0.977 0.987 0.593 0.997 1.000 1.€00 1.000

FACTOR1O0

0.06176
0.10820
-0.06869
~0.06432
=-0.07952
-0.03820
~0.03946
J.06873
-0.04579
0.03324
0.,03320
0.09242
-0.03359
0.17445

19T



TABLE 6.2

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE
OF THE CHEMICAL PROPERTIES, SURFACE ZONE

CEC

CecCo3

PH
c»
FS
VFS
cLAY
SILT
ca
MG
Na
BST

~—

QOVO®NCWVHWNM

FACTOR1

0.24775
-0.906514
0.u2238
0.i9507
0.d0l196
Oeub6348
0.i711%
0.031 79
O.ruute
=0.140586
0.0055¢2
0.. 6069
=0e04332
0.65378

i

0.633i1
=-J.41860
-0e32633
-0.49129
‘=J.20118

v.03180u
=-Jsab27b
=0.U30ul
QeUu2V3
=J.U31l 30

FACTOR] FacCrii2
3.075801 <.873¢293

FACTOR2

0.22444
0.10395
V95473
0.V9509
0e24574
“V.ut462
~Je1ll459
-0.¢2850
U.c1396
=U. 12913
V.01499
VeF0456
0.71205
J.Ub 406

2

0.51841
Qe T1422
-0Q.1€362
0.15246
U.05795
ve3151¢
U.16000
-Vv.13586
-0.15476
0. 02078

PROPORTIONAL CONTRIBUTIONS TO

FACTOR3
2.250674

FACTOR3

0.05102
0.08535
0.1€275
0.35913
0.16329
-0.10492
0.05529
0.24939
0.94807
-0.91878
0.29387
0.23648
-0.15841
0.26839

FACTORS

0.29918
=0.02978
0.C6070
-0.13246
0.C€917
0.96037
=0.04582
0.06358
=0.05479
0.06615
C.07879
-0.05468
-0.27208
-0.01594

.,

FACTCRS

0.19212
-0.00673
0.01277
0.03146
0.12056
-0.04926
0.95990
0.08¢&22
-0.06778
-0.17056
0.18180
-0.12689
-0.26583
0.14203

FACTORE

-0.C9846
-0.10836
-0.11132
0.04627
0.00308
0.05862
0.C8C59
0.93007
0.C7922
-0.21839
-0.08382
=0.13049 -
-0.06098
=C.C6766

FACTORT

-0.09148
0.06165
-0.06034
0.89114
0.10398
-0.10293
0.03183
0.03733
0.17733
-0.18097
0.11984
0.12810
0.14357
0.31172

ORTHOGCNAL TRANSFORMATICN MATRIX

3

-0.46866
0.09399
-0.59032
-0.42736
0.07426
0.19704
0.37500
0.10422
-0.19786
0.07371

FACTCR4
1.135712

s

0.00277
-0.19490
-0.39562

0.48824
=0 443467
-0.21368

0.38290
-0.38945

0.13297
=0.09391

- FACTORS
1.157615 1.00

5

0.13144
-0.36370
-0.03838

0.14713

0.79609

0. 17000

0.26231
-0.28315

0.1017C

=0.07288

FACTORG

6

-0.00988
=031404
0.29772
0.18736
-0.30030
0.73072
0.26793
0.21740
-0.13354
0.12854

1809

FACTOR?

+ 7

0.24724
-0.00099
0.35653
=0.22984
-0.01337
~0.43698
0.69139
0.23826
=-0.17537
-0.,04757

FACTORS .
1.046506 0.956745 0.284656 0.113017

FACTCRS

0. 5899
-0.CE662
0.16980
-0.C8174
0. 25929
0.20363
0. 13794
~0.CT774
0.€2379
-0. C3997
0.C6587
0.11575
=0.15651
~0.C2781

€.17394
-C.08957
-C.37782
C.41334
C.16390
-C.14192
-+ 06010
€.76035
€.03670
€.13425

CCMMON VARIANCES BY ROTATED FACTORS

FACTOR9

FACTORS

-0.04008
-0.03356
-0.04259
0.03317
-0.06776
-0.04367
=0.0442°
=0.01880
-0.01724
0.03290
-0.03714
0.01784
0.51673
0.01060

9

0.00057
0.16999
0.02846

-0.17826

-0.05327
0.15657
0.18877
0.16607
0.91119

-0.13299

FACTOR10

-0.00168
0.10411
-0.08959
0.00832
-0.07166
-0.00208
0.004S57
-0.00491
0.00577
~0.01403
0.08976
0.09508
0.00199
0.26751

10

0.04497
-0. 00495
0.03111
-0.04652
0.01275
-0.10507
0.05266
~0.1€626
0.16935
0.96152

FACTOR10

91
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(relative weight of each soil property on each factor). Furthermore,
the summation of the squared values of these corfelations is the portion
of the variance explained by that factor.

For example, the first factor, by construction, explained as high
as 227% of the total variation in the data. Hydrogen had a loading of
(-.96), pH (.88), Ca (.89), and base saturation (.85). The rest of the

"soil properties did not show any significant (above .4) loading with
this factor. This suggested that H, pH, Ca, and BST are the soil pro-
perties that contributed largely to the soil variation in the surface
zone of this area. Thus, the first factor could be fegarded as the
factor explaining the intensity of leaching and acidity of the surface
of the soil. , , |

The second factor accounted for 20.6% of the total variance. It
was highly correlated with CEC (.96), Mg (.90), and to a lesser degree
with sodium (.71) and Ca (.62). This suggested that factor two is
strongly tied with the exchangeable cations and soil capability of
holding these cations.

The third factor explaiﬁed 16.1% of the total variance and was
highly associated with soil texture, namely, silt and clay. The fourth
factor accounted for 8.1% of the total variance. It was highly corre-
lated witﬁ one soil property, that is organic matter (.96). The
loading of the rest of the soil properties on this factor were negligi-
ble. The fifth factor was correlated with fine sand (.95), while the
sixth factor was correlated with very fine sand (.93). The seventh
factor was correlated with calcium carbonate (.86). The ninth factor
accounted for only 2% of the total variance and had a low correlation

with sodium (.52). Factor ten explained only .8% of the total variance
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and did not show any significant correlation with the soil properties.
Figure 6.1 shows the loading of the different locations on factor one
and two. The symbols indicate the number of the locations having the
same loading. For example, the number 9 indicates that nine different
horizons (observations) had the loading values that were the same on
factors one and two. These horizons belong to different soils since
very few soils have more than one Al horizon. Since more than one
location (observation) had the same loading, the unique identification
of the exact location was not possible. The graph showed the presence
of several groups. This suggests that if the area is to be mapped on
similarity between surface horizons, more than four groups or units
would be established.

However, since very compacted (the presence of 12, 9, 8, and 7
observations having the same loading) clusters were obsefved, this
suggests that mapping series with a narrow range of variation of chemi-
cal data might be possible. This was substantiated by the fact that
six axes were able to explain 917 of the total variance, and it could

be assumed that a reasonably homogeneous mapping unit could result.

Morphoiogical Data, Surface Zone

Total variance was 21 (Table 6.3). Six and ten axes accounted for
76.1% and 92.4% of the total variance respectively. The morphological
properties had significant correlations with ten principal axes. 92%
of the variation of the chemical data was explained by six axes, while
ten principal.axes were needed to explain the same amount of variation
in the morphologicél data. Final communality estimate, which is the

portion of the variables variance explained by the factors' model, were



FACTCRL
2.0

2.0

0.5

=1.0 .

=1.5

|
+
1
i
|
I
!
!
!
|
|
|
!
!
!
|
!
|
+
]
|
|
|
|
!
{
[
[}
|
!
1
L 4
1
|
|
!
1
|
1
!
!

D -

WV
-
N
[
-
i

+

-
- > s e \) > - - T (o e o S S T — - — S S - - "~ " . T — T —— — — - o - —

+
*
*
*
*

poca= +

-2:4 -Z:O -l:o =le2 -0:8 -0:4 0.0 0:6 0.8 1.2 “1e6 2.0 2:6 2.8 3.2 3.6 4.0
FACTOR2

Figure 6.1. Loadings of Different Locations on Factors One and Two for Chemical Properties,

Surface Zone.

4.4

691




TABLE 6,3

PRINCIPAL AXES, COMMUNALITY ESTIMATES FOR THE MORPHOLOGICAL
PROPERTIES, SURFACE ZONE
FACTOR1 FACTOR2 FACTOR3 FACTORA FACTORS FACTOR6 FACTOR? FACTORS  FACTOR9  FACTORIC
PAD 0038127 =0.52645 =0.35883 0434570 <=0e2R192 0.03713 0.40181 =0.03778 =0.08430 <0.06843
THICC =0.0€490  0e0A124 =0.1R417 =0.73053 =0034813  0.11671 0.24357 0.18796 0¢23222 0.16530
Texy 0.64150 ~0.08260 0.22835 0.13816 0e25349 «0.47118 =0.11892 0.23446 =0.25007 =0.0255$
oxY 0.87905 0e10444 =0.36722 0s01600 =0,U1421 007064 =0.05C86 =0e121300 G.C3237 0.094S§
vCISY 0.91277 0.08568 <=0,21857 0.18004 =0.09035 =0.08791 0.07352 0.06295 009186 003467
Six ©e51921 ~0.01310 0.54596 022336 0410665 0021308 0.03794 0.21764 0413998 =0.16520
PLCT 0.69037  0¢37211  0.1R8427 =0+26890 011325 =0.01128 =0.20053 0.188%2 0.2032% 0.09094
HUE «0.00560 002027 053106 0434957 <=0.47t90 =0.4€799 0.23554 <=0.C0448 C.10455 0.01(Sz
v «0.05967 =0e14673 <=0.086%9 011866 079760 0021846 =0.07858 0.39136 0.14836 0.01656
crec «0012142 <0.25785 0.04740 0038411 0+48605 =0.1P977 0.38715 <=0.21330 0.28246 0.42553
cLas 0.17316 0427950 028488 =0.39025 039241 <=0421652 035781 =0.04582 <=0.52380 0,14567
cass 0460549 ~0,01931  0.34464 0.15267 =0026362 082475  0e19E93  G.CS381 =Co2274% <0e11:56
Typs 0.05272 ~0eU3G03  0.52454 0406676 =0e19173 0.6247C =0400107 =0.01994 =C.15206 0.363¢4
RSIZE “0423170 0eUBSTO =~0.13747 04363038 =0403524 0e05044 0.02884 003715 =0.02626 0.02608
RLUNT 010157 0425378 0425242 =0.09513 0.44206 0.22488 0421790 =0.57912 0417091 =0.32532
CCNGUNT «0423170 0488570 «0.13747 (e36308 =0403524 ' 0.GS044 0.02684 0eC3I715 <=0.C262¢ Co02€CE
CeasI2 «0e23170 0e68570 <=0e131747 0.36308 =0.03524 0.05084 0.02884 0eGI71S =0.02626 0402608
CCXCOLOR 0e25819 0e43487 0055428 =0.40052 =0.15698 =0¢26543 =0.17349 =0414932 0.20810 0.06036
CCATYRE 0.64387 0007974 =0.36658 <=0.10881 005263 0¢01663 =0¢35199 =0.39770 =0.11969 015123
PGOSIZE 0.26606 0041459 =0.29669 =0.51833 0.10759 0.02006 051470 Ce16946 (.C218E <=0.20552
PGRCRIEN 091277 0208564 =0,21857 0418004 =0009035 =0.04791 0.07952 006295 0.09186 0.03467
FINAL COMMUNALLTY ESTIMATESS
8ND THICK TEXT ory MOIST STK PLCT HUE VAL CHRO CLAS
04926025 0,894387 00903497 0.950271 04551057 0793797 0.859650 0.948652 0.912142 0.962724 00967717
GRAS TYPS RSIZE ROUNT  CONQUNT CONSIZ CONCOLOR COATYPE PORSIZE PORORIEN
0.832189 0.945187 00996234 0.937563 0.996234 00996234 0.917849 0.R88934 0.874233 0.951057
1 2 3 4 5 6 7 8 9 10 11
EIGENVALUES 40875025 34403050 2194078 20168396 1927357 14439700 1.142094 00948101 00730424 0.527408 04512437
PORT ION 0e232. 0.162 " Oel0e 04103 04092 0e0€9 0+0%54 0.045 0.035 0.027 0.024
Cur FCRITCN 6.222 0.394 0.499 006502 00694 0.762 06817 ° 0862 04897 0.924 OeSae
12 13 14 15 16 17 18 19 20 23
EIGENVALUES  0,354632 002296890 00181051 0,135954 0+102583 00073662 04004157 04000000 0.000C0C =0.00000¢
PLCRIICH 0017 Ge011 0,008 00086 0005 O0e 004 0000 0000 C«000 =0000
CuU¥ PGRTICN 04965 0e976 00985 0.591 04996 14000 1.000 16000 1.000°

3000

991
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less than its chemical counterpart. It varied 79.4% for stickiness to
99% for the root size. This suggests that the degree of variability
among the morphological pfoperties is higher than for. the chemical pro-
perties.

Six principal factors accounted for 67.2% of the variance of the
total data (Table 6.4) and 85% of the chemical data. The first factor
‘was responsible for 21.8% of the total variance. It is highly corre-
lated with the consistence variables, namely, dry and moist, coating,
and pores orientation, followed by texture, plasticity and the strength
of the structure.

It seems that the first factor identifies the properties most
important to soil moisture relationships. The second factor accounted
for 15.2% of the variance. It is correlated with size of the roots
and the concretions. The fourth factor is highly correlated with hue,
value, and chroma, and to a lesser degree, with the type of concretions.
The ninth factor is highly correlated with structure size. The tenth
factor was correlated with chroma and accounted for 5.5% of the variance.

It seems that high correlations existed between morphological pfo—
perties and different factors. However, 36.3% of the total variance was
explained by the first two factors, while the rest of the variance was
evenly shared by eight factors. This is a good indication of the high
variability among soil morphological properties. This conclusion was
supported by plotting the loading of different locations on different
factors. The values of the loadings were so scattered that the computer

plottér failed to plot them.



TABLE

6.4

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE
OF THE MORPHOLOGICAL PROPERTIES, SURFACE ZONE

FACTOR1

(1Y) 0.s2g18
ThICX «0.06914
TEXY 0.49386
CkRY 096066
PCISTY 0e38579
STX Ge27813
eLct 0.60204
HUE ~0s1N024
vAL -G 0RPEC2
CHoO ~0.0T303
cLas G. 00551
‘CRAS 0.42€40
TyYPs -0.08677
PSIZE -0eU2932
BLUNT 0067199
CCNCUNT -Ve02672
€CAsT2 ~0.02572
CGYCOLOR 0.2139¢
CLATYPE 075515
PLRSIZE 0.18273
PLRCRIEN 094570

1

2 0.91627

2 ~0.11210

3 0o 32587

'Y T «0.11018

H -0e065770

6 ,0.02346

7 0. (5186

e ~0.057112

[] =0¢05210

10 -0+12595

FACTOR1 FACT
4.420277 3.18

FACTOR2 FACTOR3 FACTORS FACTORS FACTCRG FACTOR?
«0430190 =0.75470 021996 005943 002320 0.00351
~0.12661 0e164612 0.059070 <0.17070 0.048652 087680
«0.17704 Oea18846 0e05331 037555 «0.20399 <0.39533
“0e03113 <«0.03016 <«=0.08847 =0,07337 002546 0.05198
=0.00125 «0.06509 0.0r61212 0420963 «=0.00257 002405
-0.10a70 0416882 <=0.02556 0.7037S 031703 «0.20737
0.03019 0.55944 <=0.10194 027007 0.07151 OelaT71ls
005627 0.CR221% 085794 0e32620 =~0.0C348 <=0.16558
~0e03747 ~0.003876 =0.81213 0035198 <«0.09634 =0.11663
006147 «0e15214 <=0.04469 0601975 «0.05453 =0.15876
0.01503 017755 =0.01590 0.001246 0. 03951 0.133a2
~0.08080 <«0.14422 0.20189 0.40686 0.58089 ~0.01386
«~0.02314 0.07533 0.00698 0.06852 056186 <=0.04541
0+3%a62 005864 002457 =0.02511 =0.02131 0.00536
0005858 0014984 <=0.07539 0.08326 0.05280 <«0.01470
0.59452 0.05864 Ce02457 =0.02511 <0.02131 0.00536
099452 0.05854 0028457 <=0,02511 <«0.02132 000536
002345 081250 0.40035 006955 Ge05337 0.112018
-0+098610 013758 =0.14756 +=0.45485 =0.00831 <0.15151
0.19428 <«=0.02463 <=0.12585 0407073 «=0.2€287 0.76(65
«0.00125 ~0.06509 0.08611 0020963 <=0.00257 002405
ORTHOGONAL YRANSFORMATION MATRIX
2 3 4 S 6 7
020800 0008960 <=0.04799 0023492 <=0.10808 <0,03309
086266 <=0436742 0.08403 0000807 «0.02582 <=0.17982
016427 0446301 <~0s34755 0045632 <=0443126 =0.25a85
080943 0«41386 012767 =0.24701 0«07123 063470
0402556 011608 0e70367 015053 0e22482 <=0.21294
0.07913 020372 «0.44997 «0.03492 073034 «0,17129
=0«0S5730 «0.50477 <=0o.20222 0025131 =0eUs552 0652603
«0.0A827 <=0400399 0.28155 0693804 0405091 0e22814
=0+03935 =0.335s1 0003063 =0e24037 «0.19185 <=0.29715
003916 <=00225142 «0.03358 0.40123 041375 <=0.08456
PRCPORTICABL CNATRIBUTTONS TC COMMON VARYANCES 8Y ROUTATED

OR2 FACTOR3
6549 1.827530

FACTORA FACTORS
1731551 146

1670 1,474143 1.69

FACTORG FACTORY FACT

4589 1.12

FACTORSE

«0,07172
=0.14364
«0e3826S
0.08086
-0.01377
0.18696
0.€2€695
-0.14002
=0.01062
0.10672
0.15554
0.,15928
000530
0.02249
0092866
0.02249
0.02249
0.16301
0014556
0417710
«0.01377

0.09681

=-0.15057
0.15511
0«09197
0030875
-0e 25575
Ce23086
«0.68324
«0.18043
047120

FACTORS

ORS8 FACT
7312 1.31

FACICRY

«0.12059
«0.06074
CoA5ECY
0.00990
0eC1243
0.0s108
C.12771
=0.01934
0«01710
005029
C.94287
0.06306
=0.01346
0.00111
0e13372
0.C0111
0.00111
0e15354
0. 04375
Ce35126
001243

9

«0.15305

0e17286
=0e.2145S
~0.25709%
~0e34863
0028547
=0e34123
~0e03683
*0s70587

0e 12488

0R9  FACY
8915 1.16

FACICF1O

0.09914
0e12994
0.00CS3
~0.05601
0.013a5
0.02396
-0.09511
0.19599
0.39586
0.94126
Ce05573
-0.22325
«0.00498
-0.02110
0.10292
-0.02110
«0e02110
-0.10847
«0.13251
«0.08668
0e01345

10

0.07809
-0.14436
«0.CA900

0.29859
«0.3898S
=-0.,19583
=0e28452

0014233

0040923

0.59631

OR30
3098

891
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Subsurface Zone, Chemical Data

Total variance was 14 (Table 6.5). Six axes accounted for 91% of
the total variance, while ten axes explained 98.6% of the total vari-
ance. No significant correlations were exhibited between the soil
properties and the axes 7 to 10. 8Six of the ten factors accounted for
75.4% of the total variance (95% for the surface area zone). Final
communality estimates were above 95% for all soil properties.

The first factor accounted for 14.4% of the total variance (22%
for the surface zone). It is highly correlated with the sand fractions
(Table 6.6). The second factor aécounted for 14.8% (20.7% for the sur-
face zone) and is highly correlated with hydrogen, pH, and to a lesser
degree with sodium (.49). The third factor explained 14.47% of the
variance and is highly correlated with clay (.92) and silt (-.95).

Base saturation, calcium, and calcium carbonéte had high loadings on
the fourth factor which accounted for 17.4% of the total variance. The
fifth factor identified potassium with high loading, while the sixth
factor identified organic matter (.88) with the highest loading. No
significant correlations were found with factors nine and ten.

It appeared that the factors in the subsurface zone had better
physical interpretations than for the surface zone. Each factor
explained a portion of the variance as special types of soil pr&perties.
For example, the first and third factors identified physical properties
important for soil moisture relationships. The second-and fourth fac-
tors identified properties important to the leaching pattern. The
fifth factor was associated with potassium, while the sixth factor

identified organic matter. The eighth factor was highly associated



TABLE 6.5

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE CHEMICAL
PROPERTIES, SUBSURFACE ZONE

CEC
CaC03

cy
FS
VFS
CLAY
SILT
Cca
144
N3
BST

FACTOR9

FACTORL  FACTOR2 FACTOR3 FACTOR4 FACTORS  FACTOR6 FACTORT  FACTORS
0.06223 0.66610 0.08315 =C.01629 0.€5587 0.03828 0.25691 =0.18910 =0.08068
-0.24115 V.89293 <-0.02189 -0.03346 ~0.14074 -0,21189 0.08903 0.15757 0.10329
0.78020 U.27405 0.13702 -0.39917 0.20370 =-0.04624 =0.,09623 0.13614 0.21685
0.7724% 0O.uubéD  0,13843  C.44684 =-0.10711 =-0.15161 0.14443 0.25144 <=0.16099
0e50U95 =~0.65660 0.338367 =0.04560 0.04773  0.27735 =0.00147 =0.C7672 0.08945
~0.UuJUL4 U.T8654 =0.06809 0.23820 -0.10050 0.52318 0.02893 0.14886 0.01957
~C.70013 =u.34483 0.,08&&33 0.12307 0.41860 =0.13531 =0.01072 0.167T4 0.04609
~0.065¢5 =J.644657 0.34411  0.24355 0423330 0.14047 =0.01312 0.20477 0.04403
0.4i631 U.32559 0.80358 0.07467 =0.19260 =-0.06541 =0.03055 =-0.13313 =0.02256
0.u78U3 =J.07671 =0.96296 =~0.20422 =-0.03991 0.05722 0.04691 0.C1502 =-0.00719
0632908  J.u4233 =~0.22493 C.40461 0.15411 =0.08143 =-0.04193 =0.(2999 0.24606
0.50573  UL.11607 <=0.04016 =-0.29195 0.28943 0.02899 =-0.28232 0.14455 -0.22453
057418 -u.34413  0.08819 =-0.41115 <-0.07077  0.03265 0.28186  0.12290 0.00824%
0.6344b =u.28996 =0,36153 0.57429 0.05098 -0.02617 0.00901 =~0,C8270 -0.03091
FINAL COMMUNALITY ESTIMATES:
K H CEC CACO3 PH oM FS
Ve.995836 0.969157 0.995358 0.988172 0.958133 0.996109 0.970532
VFS CLAY SILT CA MG NA BST
0.954598 0.997467 0.998368 0.997080 0.994616 0.993096 0.989625
1 2 3 4 5 6 7
EIGENVALUES  %.865030 3.191568 2.051209 1.288832 0,904469 0.,476544 0.335665
PORTION 0.348 0.228 0.147 0.092 0.065 0.C34 0.024
CUM PORTION 0.348 €.575 0.722 0.814 0.879 0.513 0.937
8 9 10 11 12 13 14
EIGENVALJES 00302143 04215112 0.171174 0.124667 0.067954 0.002527 0,002306
PURT TUN 0.022 0.015 0.012 0.009 0.005 0.000 0.000
VUM PGRTION 0.958 0.974% 0.586 0.995 1.000 1.C00 1.000

FACTOR10

-0.07210
0.06281
~0.07464
~0.16762
-0.04883
0.09432
0.17424
-0.12915
0.06151
-0.10022
0.00514
0.08827
0.15085
0.16012

0L1



ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE
OF THE CHEMICAL PROPERTIES, SUBSURFACE ZONE

TABLE 6.6

cec

CACO3

Fh
c™
FS
VES
cLAY
SILT
(o
ve
Ns
8sT

-

COVB®NCOWVIWNM

FACTOURL

0.01659
0.16945
0.575¢8
0.226%2
[TETY S 4
0.L80u4
-0.00948
~0.3us76
0.3.528
0.¢6392
0el2c4063
0.28435
Oelb447
0.09%367

1

Je&9073
-Je32655
=-Jelbbol
=0e26474
-0.5319i

Ve01e57

VeUTu57
=Je48092
=-0.07955

Jes955

FACTOR1 FACT

2.022223 2.J65205 2.017503

FACTIR2 FACTOR3 FACTOR4 FACTORS FACTORG FACTORT FACTORS FACTOR9 FACTOR1O
~J.25180 0.10233 C.C0235 0.92429 0.17058 -0.C8034 0.18860 0.00893 -0.01265
~0.87291 0.12479 -0.18610 0.18262 0.28114 <=0.06626 0.C0129 0.10700 ~-0.00565
Ve 04042 0.17080 0.14806 0.18299 -0.00016 0.20110 0.79095 0.31929 0.01794
V.u0283 0.29930. 0.70795 -0.05178 0.02755 0.15881 0.19936 =0.00034 0.52324
V.83964 0.23363 0.21392 =-0.14435 =0.10622 0.25501 0.19372 0.11893 0.02499
~U. 35243 0.06471 0.02907 0.19217 0.88119 -0.14455 0.C0806 ~0.00036 0.00888 °
=J.V04%36 =0.10525 =0.21947 0.03634 =-0.20534 =0.05138 <=0.26244 <=0.08172 =0.17169
V.24151 0.11771 <0.25614 <0.07254 =0.02279 <-0.12477 <~0.35942 0.07695 0.11275
Jd.uu054 0.9245S 0.05783 0.06000 0.070%6 0.03501 0.16131 0.02143 0.05924
~UeU5J67 =-0.95198 0.11124 ~-0.05997 =-0.00728 0.03312 0.C4902 =-0.00766 =0.901722
JeU3895 -0.00933 C.87699 0.C8715 0.03460 0.00503 0. 20959 0.20726 -=0.02090
Je 17337 0.00912 0.25413 0.11947 0.01063 0.07135 0. 87483 <=0.17484 0.06056
Ue48504 =0.01573 0.C8620 =0.13245 <0.22095 0.76265 0. 25453 0.00986 0.05694
V.26070 <-0.1€565 0.92508 -0.05033 <-0.01807 0.02715 0.G63281 =0.15328 -0.0184%
ORTHNGONAL TRANSFORMATICN MATRIX
2 3 4 5 6 7T 8 9 10
=0. 26656 0.13842 0.56934 0.02838 0.00072 0.22435 C.52119 0.05154 -0.11602
~0.67709 -0.16948 0.09036 =0.38310 =-0.42626 0.20984 <=C.15365 =0.04373 -0.00143
=0e17947 0.92570 -0424519 0.04598 =0.03059 0.07013 C.03112 0.07056 =0.09135
0. 05961 0.19266 0.72067 -0.02745 021909 <=0.31790 =-0.44274 =-0.06384 =-0.14130
~U. 13360 -0.12438 0.12068 0.70656 =0.11781 =0.09009 0.36580 0.00907 0.11861
~U.54116 =-0.11841 <=0.18424 0.05762 0.80643 -0.02606 =0.03570 <-0.00383 0.05841
0.05676 =0.05146 0.04305 0.42275 0.02831 0.73369 -C.46588 0.06783 =0.21871
Ve28972 =-0.08949 0.01707 =0.36255 0.27947 0.31209  C.38417 0.10212 =0.45992
0.0€326 0.01218 0.12187 =-0.11252 0.05299 0.09032 -C.04302 0.85780 0.46192
“V.18130 =0.13336 =-0.15062 0.15554 <-0.15312 -0.38341 ~C.07878 0.48521 ~-0.68412
PROPORTIONAL CONTRIBUTICNS TO COMMON VARIANCES BY ROTATED FACTORS
IR2 FACTOR3 FACTORS FACTORS FACTORG FACTOR? FACTORS FACTOR9 FACTOR10

2.432924 1.037325 0.954900 0,770451 1.892027 0.237852 0.328674

TL1
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with cation exchange capacity and magnesium which are important proper-
ties for clay mineralogical identification and soil development.

This pattern of speciality in explaining qnly certain types of soil
properties helped in broaucing several groups, but with obvious overlap-
ping when the loading of the locations on factor one and factor two

were plotted by the computer (Figure 6.2).

Subsurface Zone, Morbhological Data

Total variance was 23 (Table 6.7). Six principal axes accounted
for 65.3% of the total variance, while ten axes accounted for 81%Z. The
final communality estimates varied from 67.5% for structure class to
92.67% for concretions size. Six principal factors accounted for only
56.6% of the data variation. In comparison with the surface zone, the
factors for the subsurface zone appeared to be highly specialized in
explaining the variations of certain types of soil properties. For
example, the first factor was specialized in color, coating types and
structure class (cqating types and structure class showed high associ-
ation with color, chapter 55. The second factor specialized in texture
and consistence (9.9%). The third factor identified the concretions
(8.8). The fourth factor was highly correlated with the color (13.3).

The failure of a few axes to bhe correlated with a large number of
soil properties, or to explain a higher portion of the data variations,
is another indication of the high variability among the soil morphologi-
cal properties. Figure 6.3 showed several overlapping groups that
resulted from plotting the loadings of different locations on the first

and second factors (Table 6.8).
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Figure 6.2,

Loadings of Different Locations on Factors One and Two. For Chemical Propérties,

Subsurface Zone.
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TABLE 6.7

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE MORPHOLOGICAL
PROPERTIES, SUBSURFACE ZONE

FACTOR1  FACTON2  FACIOR3  FACTORS  FACTORS FACTORE  FACTOR7  FACTORS  FACTOR9  FACTORLO
BND —0.22233 039072 0032096 0.07523  0.29984 0.1E514  0.12320 =0.07394 = 0.595813 =-0.06205
TEICK 0039551 =0.24155 <=0.AT444  0e27235 =0.20212 0.33532 =0.16357 =0.04078 =-0.20325 =0.0ie1
TexTy 0.20336 0.74884  0.02292 0.073a7 =0.27640 <=0.20680 =0.14718 <0.,0643¢ -0.03846 0.07616
DRY 0.44875 0.60669 =0.01627 0.17300 0.11173 <=0,05875 <=0.35477  0.16318  0.01722 -0.07303%
»CIST 0.19525 0.70417 003467  0.0PS24  0.Z13h4 =0422447 <0.07593 =0,03780 =-0.1976C  0.30993
Stk 0.21950 0.ARA06 =0.3R004 0.2T655  0.2347a  0.1CTR2  0.20399  0.31165 =-0.04543  0.27232
PLLT 0.06856  0.29862 =0032613  0e50051 0.11620 G.17716  0.%4048  0.,16202 =0,10705 =0.,24286
PaRUND 0.79051  0.09129  0.25911 =0¢32367  0.07373  0.27580  0.08820 -0,05689 =-0.08410  0.09049
*S1ZE 0.70078 0.11652 0.26966 =0+33853 0.11066 0.,2780€ 0.14534 <-0.10888 -0.11051 -0.07C78
YOCAT 0.766%1 0.11825 0eZ3TA0 =0.20674 =0e07466 0027655 0022740 =0.06368 =0.15275 =-0.00420
HUE —0.63415 0.46917 0e31631 =0010039 0.15504 0020551 0.07076 <=0.07383 =0.09205 =0.18917
vaL 0.56067 =0.14230 0.07954 =000A426 0.41035 =-0.36075 0.17251 =0.13401  0.21235 =0.13319
CHRO 0.78364 <=0.33344 <=0.27869 0.11088 =0.03200 =0.2€983 0.06434 =0.0673¢  0.CASIS  0.04578
cuas 0.55909 0.204D5 <0.32159 0.06925 0030079 =0003395 =0.27757  0.06153  0.17445  0.072%3
CRAS 0.12987 0.17462 =0.10389 0418093 =0.59677 =0027091  0.45157  0.16476  0.17646 =0.12921
TYPS c0.28939 =0.29781  0.28139 =0.35832 0.27024 <=0.13330 0.13713  0.62502 =-0.07050  0.17G85
RCUNT —0.30341 =0.10367 =0.23348 0.13796 0.37535 =0.24474 0032346 =06.54798 =-C.17G9¢  0.187135
CCPGURTY 0.28059 =0021672 0.60458 0460189 =0.11371 0.0€332 0.04295 =0,05249 =-0.0069¢ 0.18421
coNST2 0.20535 =0.24080 0465401 0.54247 =0.13217 =0.06786 =0.01138  0.02535  0.0A628  0.23124
CUNCOLOR 0.13987 0.01295 0.38701 0053469 0.23456 =0414194 =0.15192  0.,03846 =0.25313 =0.44273
COATYPE 0.72400 =0.18788 <-0518483 0003237  0.02813 =0.07135 =0.11300 0.03327  0.24€95 =0.0£20S
PCPST2E 0.24500 0.50405 0409716 =0.22966 =0.50953 <=0.04651 0.02729 <-0.19594  0.09961  0.04276
PCRGRIEN —0.38708 <=0.14592 =0.21362 033019 0.037S3 0055854 =-0.06363 <=0.06492  0.23792  0.16313
FINAL COMMUNALITY ESTIMATES?
anD ™ICK TEXTY DRY »OrSY S1K PLCY MABUND MSIZE MCOAT WUE vaL
0.€17619 04739716 0+776249 0.771893 0.781465 00300348 0.790278 0.518196 0.890761 0861496 00853387 Q757110
CHRO cLas GRAS 1ves RQUNT  CONQUNT CONSIZ CONCOLOR- COATYPE  PORSIZE PORORIEN
00840437 0.675253 04799304 0.899466 0.909006 0.909005 0.926237 0.815213 0.683156 0.69C930 C.725482
1 2 3 'y s 6
EYGEAVALUES  $.036754 24914577 _ 7 .8 s Y] 1"
PORTION 0u219 0.3;7 2'2;f:;§ z-o;:z:: x.s;z::: 1.zgsaao 10043364 00985624 0.844423 .0.744056 06545115 0.5592;:
CUM PORTIO0M 04219 0.346 0uaa3 0531 oosga 00055 0045 0e043 0.037 0.032 0.028 0.02S5
. «653 0.698 OeTa1 0778 0.810 0839 0863
13 16 15 . 16 17 18
ETGEAVALUES  0.562688 0.4430 19 20 21 22 23
PORTION 00024 ofo:; °°‘:f;3§ O-J:Z:f: 0-::0;:: 0e¢278769 00255561 00175278 0116483 04092963 0.077423
CuUN PORTION 0.888 0.907 0.926 0.941 0.957 0953 5141 9s908 o.90% 0.004 0.003
. 0.969 0.980 0+988 0+993 04997 1.000

LV7A



TABLE 6.8

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE OF
THE MORPHOLOGICAL PROPERTIES, SUBSURFACE ZONE

FACTIOR: FACICR2 FACTOR3 _FACTICRA FACIORS FACTORG FACTURY
8A0 «0.173%53 0.08207 0.07056 =0.01445 <=0.04a340 0.04319 0.09158
THICK 0.29723 =0,1K223 0.G2411 0.0FS32 =0.14107 Qee€542 0.24Ce0
rerxg 037876 0e0453%6 =0.08260 =0.18740 Ge320643 0123381 «0.01u60
Cay 0.200649 Ge570666 =0.C2195 0615531 «0.93539 0.16143 G.16983
“LTST «0.03111 0.54C19 0.02515 Del14980 «0.0178¢ «0.02390 0.16220
Six 0.139R0 0040356 =0.07032 0.0n228 00316 <=0.Cl03s 0.75163
PLCT «0.02585 0.01134 <=0.C2¥1 =0.07553 0.16082 Cel2747 O0.822V)
rARUND 0e252%2 0.10409 0.6,%17 089566 =G+070A5 <=0.0C729 =0.026C¢
512€ 013183 0.04763 0.00050 0.91529 =0.03935 002649 =0.00735
*COMNT 0e27732 004540 0.12204 0.87788 0.11033 0. CEFaE Q0.0n553
¥LF . =0eT2569 0012228 =0016093 «0.05754 <=0.07202 <=0.01517 0.00s18
vaL 0.6%002 0460723 «0400350 0.31930 0+011#3 =0.1%024 ~0.06691
CnRS d.81868 =0.05290 0.10591 020556 O.23492 0405196 0.00852
CLas 058957 038194 =0.13608 0¢13334 =0.24076 Geo14s2) Be.18¢685
Cédg Ge0S5a%4 <=0.01658 007604 =0.0€¢51 0.84329 GeC3a51 Ce21933
Tyes =0014530 ~Ge19929 =0.00403 «0.07G80 =0.13570 «=0.89237 =0.0635%
RGUNT ©0.07596 <«0.03034 <0,07391 <=0.26500 =0.14243 007904 0.07540
CCNOUNT 0.057% =0.056%6 0.52303 0e13453 0.03465 ©.07870 001559
€Cas12 006553 ~=0.00400 0e94532 Q.03411 0403693 <~0.0€365 =0.09610
CONCOLOR 000326 008286 0e¢37202 =0.02029 <=0.11264 0.65702 0.08964
CoLATYRPE 074261 =0.02772 0.02205 0425390 0.01737 0. 13619 0.02024
PLRSIZE «0e095%57 Ve36AT8 =0.06706 0633062 0e51403 0025958 =0+20236
PCECRIEN =0e21344 <~0.30043 0e12581 =0433736 =0.34472 033892 0e28468
ORTHOGONAL TRANSFOR”ATION MATRIX
1 2 3 L) S [ 14
1 6.66675 0.16267 014945 <=~0,64584 =0.0709% 0a12425 0.08911 .
2 -0.31938 076628 =0022338 <0.14217 =0,22007 0.16C6S 0. 245675
3 ~Ue 33742 0.0067e 060377 =0033224 =0.0106¢5 =0.27863 <0.,39223
. *0+08529 =0.07160 =0.62727 =0,41469 =0.003713 ~Qe34397 <~0,47253
5 =0419192 =0.10122 - 0.14931 0.05292 <=0.690C1 0.28750 =0.23093
[ *0.37434 =0.34708 0002634 «0.36267 0.40575 0.33753 0. 33245
7 *0.UPY95 <«0,32517 0002339 =0627355 <=0049062 =0.24556 0049325
L) 002590 000769 <=0.00327 0e2S5176 =0400149 <=0.66209 036945
° 0.38119 ~0.15576 0.01355 021706 =0.15667 Ge69802 =0.10147
10 *0003835 ~0e34531 «0.308223 =0.02790 =3.,19623 020549 0400279
PRCPORTICASL COATRIBUTIONS T0 COMMON VARIAMCES 8Y RUTATED

FACTORS FACTOR2

FACTOR3

FACTORS FACTORS
30373606 2245926 2.014237 3,066619 1.412226

FACTORG

FACYORY? FACTORS
16391131 14632249 1.226719

FACIOAS FACIORY
0.03075 %.0729C
£e19304 =C.%1057
0.06029 0.101048
0+36599 €+ 096012

-0.14539 0.C5136

=C-C059% C.C1207

«0.05607 0.03022
0e12671 =0.01254
0.07990 0+03543
037578 «C.CP27C

-0.07754 0e39129

025895 Ce23791

«0,07979 «0.27593
016560 CoCSS54(
04G9065 «0.C1317
0010058 =0.00478

0. 88958 0.02012
0.C235S GeC186¢
004076 0.032%54
003007 0.01111
0020792 «C.04280
0e34295 003867
0e07923 8035912

8 9
Ge1T7364 <0.15446
0.09542 0.30676
0.0R002 Ge31757
002772 001435
0033949 «0.36047
O0e36207 6. 08098

«0e48206 0.15526

062260 <=0.10797

0022979 0e7673%

Ge 21996 Ge2e102
FACTORS

FACTORY FaCT
14378835 13.09

FLCTOR1G

«0.025¢1
-C.00307
=0.02C72
6.23508
0.022%57
«Cell267
0022238
=0s06145
0.064837
0.0C155
Gel1522S
0.2684)3
0+01233
«CaCO2as
«0.04129
=0.068%1
«0.02266
015773
0.09£01
0.80102
0.04037
=0.1961¢C
-0e34320

=0e0%439
=0.C2608
-0e2687%1L
027166
0.26572
0.28466
0.10028
=0.01898
0e31153
=0s 76272

0R10
6639

GLT
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From the previous discussion, it appears that the chemical proper-
ties are less variable than the morphological properties in both zones.
Few axes effectively explained a large portion of the variance of
chemical properties, while a larger number of axes were needed to
explain as much variance of the morphological properties. Furthermore,
it appears that the constructed factors, for both the chemical and mor-
‘phological properties of the subsurface, can be associated with the
soil properties that are important in explaining general processes,

relationships, or soil:development.

&

All Samples, Chemical Data

Total variance was 14 (Table 6.9). The first axis accounted for
43.6% of the variance. The six axes accounted for 92.7%. The first
factor accounted for only 31% and six factors explained 72.5% of the
total variance. The first six factors for the surface and the subsur-
face accounted for 85% and 75.47%, respectively. This might suggest
that zonal analyses result in a better estimate of the variances.
Furthermore, it gives a better comprehension of the magnitude of the
variation of each soil’property within each genetic zone. This is
extremely important if a hypothesis is to 5e evaluated about the rela-
tionships between the different soil properties and external or internal
factors.

Final communality estimates for different properties were very
high, which indicates that even when all horizons were treated together,
the ten factors' model was very efféctive in scanning the variations of

the soil properties in the profile,



TABLE 6.9

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
CHEMICAL PROPERTIES, ALL SAMPLES

CEC
CACO3
PH
cv
FS
VFS
CLAy
SILY
Ca
MG
NA
8sT

FACTORL FACTOR2 FACTOR3 FACTORS FACTORS FACTCR6
~0405939 De4b221 0.35017 C.29159 0.70336 0.18621
=0.53518 0. 64209 0.28060 ~0.10513 =0.11740 -0.26928
0.84376 0.22602 0.18550 =~G.26800 0.25646 =-C.11212
0.76020 v.17321 0.01651 0.32448 =-0.31348 +=0.10834
0.83006 <=J.4U570 0.01646 0.025€5 0.07714 0.27456
=0.57u76 v.03252 0.05840 0.25924 =-0.10061 0.31239
-0.43239 =U.064356 0.14237 0.22777 0.35334 ~=0,31253
-0.51u83 -J.03219 0.22458 0.29467 =-0.02272 0.10784
0.0¢633 V.12256 0.70490 0.00680 <-0.26598 0.05171
~0.30279 V. 28476 <-0.84273 -0.16218 0.15583 0.02777
0.32¢15 Ue20322 -0,20460 0.36346 0.05732 =-0.13925
0.865084 0.19600 0.03528 =0.17585 0.25453 -0.12855
0.76:36 =0.27736 <=0.1€257 =-0,36762 0.01914 0.17679
0.64582 V02336 =-0.45706 G.5T171 <=0.06241 <-0.05067
FINAL COMMUNALITY ESTIMATES

K H CEC CACO3

0999400 0.981832 0.987383  0.990409 0.9578

VFS CLAY SILT CA -
0.993599 0.996609 0.997572 0.991980 C.9707

1 2 3 4

EIGENVALUES 6.105T12 2.479563 1.797751 1.131126

PORT ION 0.436 0.177 0.128 0.081

CUM PORTIGN 0.436 0.613 0. 742 0.822

8 9 10 11

ELGENVALUES 0.253964 0.,155947 0.143938 0.118250

PUKTICON 0.018 0.011 0.010 0.008

CuM PORTION 0.96¢ 0.977 0.588 0.996

FACTCRY

0.12359
0.15883
=0.C1530
0.30339
-0.06658
0.00539
0.C7008
0.10695
-0.08391
0.05192
-0.06458
-0.08287
0.33097
~0.05158

PH
T2 0.9981

MG
81 0.9906

5
0.981894
0.070
0.893

12
0.048589
0.003
1.000

FACTORS

-0.14991
0.02462
0.18525
0. 63210
0.C2182
0.22825
0.C0993
0.26525

-0.10507
0.C3546
0.C5184
0. 22399

-0.04153

-0.C7501

on FS
57 0.995863

NA BST
28 0.975336

6
0.486951 O,
0.035
0. 527

13
0.003802 O.
0. 000
1.C00

FACTORS

-0.07698
0.10863
0.04197

-0.18079
0.03495
0.14468
0.13048

-0.06523
0.02933

~0.06195
0.11800

-0.09532
0.17185
0.08424

7
286573
0.020
0.948

14
001940
0.000
1.000

FACTOR10

-0.039064
-0.06295
-0.08388
0.09083
0.03910
0.14467
0.15793
-0.17676
-0.00267
-0.02470
-0.16318
0.13081
-0.00741
0.01052

8L1
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No significant correlations existed with the principal axes 6 to
10 (Table 6.10). The first factor was correlated with very fine sand
(3.1%). The second, third, fourth, and eighth factors accounted for
66.3% and were highly correlated with H,'pH, silt, clay, Ca, BST, CEC,
Mg, and, to a lesser degree, with OM, Na, CaCO3, and very fine sand.
The fifth factor was correlated with K (.97).

It appears that when the analyses were done on zonal bases, the
highly correlated properties were explained by separate factors, but
when all the horizons were treated alike, properties that are not highly
correlated among themselves were explained by the same factor. This
leaves some of the factors which highly participated in explaining the
variations with less meaningful interpretations. The loadings of dif-
ferent locations on factors one and two produced more compacted groups
than in the case of zonal analyses, but with clear overlapping (Figu;e

6.4). This could be attributed to the soil inclusions.

All Samples, Morphological Data

Total variance w#s 24 (Table 6.11). The first, third, sixth, and
tenth axes accounted for 59.1%, 74.5%, and 86.7% of the total variance,
respectively. The first three axes accounted for more than its counter-
parts in the surface and the subsurface zones. Furthermore, the first
six factors explained 72.3% of the total variance. This was a higher
estimate than for the surface (67.2%) and the subsurface (56.6%). The
final communality estimates were also comparably high. They varied
from 73.17% for soil stickiness to 97.8%Z for structure grades.

It appears that the ten axes (for all samples) explained less of

the soil variance than the first six factors of the separate zones.



TABLE 6.10

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARTANCE
OF THE CHEMICAL PROPERTIES, ALL SAMPLES

CEC
CACO!
PH
[.]
FS
VFS
CLAY
SILTY
[}
MG
NA
BST

3

-

COBNCVPIWN®T

FACTOR1 FACTOR2 FACTOR3 FACTCR4 FACTCRS FACTCRG FACTORT FACTORS
=0.02061 =0.15113 0.05477 C.C0532 0.57331 =0.01837 <=0.05557 0.10772
-0.04982 =-0.92337 =C.01037 -0.25150 0.13541 0011490 -0.02715 <-0.C8429
-0.94571 Vel6856 0.29006 C.20196 0.12252 0.23831 0.19871 0. 83608
0.Uu550 V. 05789 0435645 0.67439 ~0.07139 0.24900 0.16678 0.24149
[ RV PRI Ue 768602 0.32730 C.28484 <=0.04587 0.03930 0.20701 0. 21440
Oeud¥TV0 =ve49891 =0.14415 =0.07397 0.25108 0.20769 -0.15213 -0.26980
0.uTe12 U. 05500 =0.03674 -0.18460 0.03488 +-0.94217 -0.05593 -0.21183
0.01155 V. 11491 0.08090 =0.25260 =-0.08233 <0.56320 -0.08568 -0.44866
=-0.07327 Je U0 T6S 0.91091 0.11854 0.03845 0.26590 0.05680 0.24918
=0.U9u23 =0.i3043 -0.96053 0.00290 -0.03037 0.19514 =-0.00699 -0,C8412
-0.02694 U.15824 0.11672 0.33715 0.C8667 0.21565 0.05862 0. 42977
-0.:32177 0e29762 0.17583 0.27401 0.05813 0.17082 0.04241 0. 83¢58
-0euo997 U.54397 0.08738 0.12570 =-0.16584 0.15603 0.66131 0.26679
=0.0%092 Ve33337 <-0.05708 0.91749 =0.03536 0.66096 0.00199 0.C5769
ORTHOGONAL TRANSFORMATICN MATRIX
1 2 3 4 5 6 T 8
-Je.lUll2 ~0.44961 -~0.33685 0.49480 0.03945 0.,24803 ~0.20847 0.53298
Ve22189 <=0.57978 <=0.09305 =0.16764 0.33765 =0.58093 <=0.08367 +~0.21817
=VelilJo =v.20298 0.85309 0.34550 0.26787 0.13217 -0.05127 -0.07813
0.1504d¢ U. 00512 =0.13092 0.70645 =0.29023 <=0.29191 0.27513 =(.37591
Ue04923 0.18054 =~0.,31462 0.12434 0.72537 0.36873 -0.01265 =0.38417
Q.10756 ~v.54424 =0.01542 =-0.22855 -0.28299 0.43786 -0,16451 =0.31256
=0e1%759 =~0.21451 =0.08592 =0.03706 0.16853 0.11159 0.75037 C.10033
V59299 0. 06249 0.12156 ~0.03561 0.25793 =0.14099 0.09826 0.51000
“0.2359% V. 14005 -0.09584 0.15827 0.13408 <0.24355 =-0.51152 =-0.00657
=Jeb+417 -0.14824 =0.01926 =-0.11505 0.09641 =0.28104 0.09813 0.07375

FACTORY  FA(CTOR2

PRUPORTIONAL CONTRIBUTIONS TO COMMON VARIANCES BY ROTATED FACTORS

FACTOR3

FACTOR4  FACTORS FACT

NR6  FACTOR?Y

FACTORS FACT

FACTORS FACTOR10
-0.01293 0.10147
-0.01995 0.15364
-0.03711 <-0.14233
0.49304 -0.05119
0.00115 =0.07502
=0.01971 0.72026
~0.04768 ~-0.11315
0.00139 0,058¢8
0.04256 =0.03742
~0.02630 0.05449
=0.07715 =0.06426
0.12939 ~0.77871
0.07361 -0.19303
0.03260 =-0.00407
9 10
0.09178 -0.1681¢
-0.02369 -0,26684
-0.01543 -0.03323
0.08669 0.23105
0.17638 0. 09777
-0.06189 0.47208
~0.53744 0.05660
0.07835 0.51586
-0.65119 0. 35699
0.47882 0.4€6568

OR9 FACTORLO
0.433045 2.338659 2.159066 2.390868 1.101346 1.556563 0.593433 2.285464 0.279374 0.649541
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TABLE 6.11

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE MORPHOLOGICAL
PROPERTIES, ALL SAMPLES

FACTORL FACTUR2 FACTOR3  FACTORG FACTORS FACTCR6  FACTORT FACTORS8  FACTORY. FACTIR10
anp 0.17229 0.48229 0.00875 0.44092 =0.44C83  0.12831 =0.11596 0.20295 0.05090 0.2432¢4
TRICK 0.60245 =0.170T4 0.06343 =0.49790 0.10975 0.2¢545 =0.03128 =0.18641 =0.01522 0.03502
TEXT 0437552 0.58845 =0.1291¢ 0.13955 0.17400 =-0.14422 =0.05791 =0.C0609 =0.14048 =0.25277
coY 0ivu4s3  U.206ET =0.06221  0.04253 =0.00411 =0.00222 0.07257 0.C2212 =-0.12842 =-0.08608
uCIST 0.700é3 0.29341 =-0.1304C 0.15906 0.00574 =0.C7645 0.12135 0.C6028 =0.15884 =0.14£46
STK 0.750T1 0.29135 -0.08624 =-0.11347 =-0.00549 =-0.11275 0.11040 0.C3750 0.18617  0.02906
PLCT 0.757i4 0.32827 0.05101 =0.15640 0.C8338 =0.06680 0.17547 =0.C0253 0.18701  0.1¢049
. MABUND 0.77179 =v.37057 =0.22152 026846 =0.14453 0.1¢921 0.04444 -=0,13842 0.11956 <=0.04497
bSIZE 0.725v8 =-0.30333 =0.2€382 0.29218 =0.16577 0.15684 0.09301 =0.14157 0.187S9 =0.016412
MCONT 0.75635 =U.35%05 =0.19117 0.26366 =0.03445 0.14111 =0.02928 =0.18147 0.22013 =0.03929
[ -0.040%6 D.47673 =0.,0416C 0.41233 <~0,.09340 0.04755 014497 <=0.14140 0.12892 =0.07359
v 0.54i58 -0.35963 =0.10269  0.06%99 =-0.26591 =0.30697 0.16722 . 38379 =-0.02637 0.16173
craa 0.753u2 =J.44961 =0.02134 =—0.26414 0.02598 =0.13636 =0.05441 0.13420 =-0.07505 0.083¢5
cLas 0.55136 J.uk4246 =0.08888 =0.11195 =0,02301 =0.02289 0.17291 0.C6474 =-0.15361 0.02393
GRAS 0.51269 0.16365 =-0.01369 =-0.05517 0.39644 =0.25222 =0.41008 0.17670 0.48278 =0.06293
TYPS ~0.85353 =0.i7477 0.G0059 0.05755 <=0.J7542 =0.12920 0.02252 =0.61527 0.13362 =-0.037¢2
RSIZE -0.15066 -U.16885 0.25729 0.19090 0.48538 0.32810 0.52378 0.39750 0.10964 =-0.15711
RCUNT ~0.7v573 =0.05296 0.02227 =0.02950 0.04905 =0.16559 0.16189 0.C€5528 0.08000 0.24501
CONGUNT 0.50006 =0.20979 0.71100 0.30256 0,03059 0.04466 =0.15002 =0.Cl164 =0.03684 0.03287
CINSIZ 0.43705 =-vel5745 0.72347 0.32876 =-0.01286 =0.06041 =0.24975 0.C0582 =-0.10458 =0.07956
CCNCOLOR 0.43657 J.1i142 0.38450 0.10532 0.09747 =0.38673 0.40636 =0.41506 0.04673  0,207€9
CCATYPE 0.55563 013203 0.02198 -0.10413 =0.C5919 = 0.02249 0.01029 0.C3654 =0.07685 =0.04853
PORSIZF 0..7509 U.01408 =0.37022 0.42211 0.39448 . 0.14224 =0.17733 =0.C5187 =0.22691 0.41973
PORORT EN 0.30105 0.46197 0.31972 -0.36143 -0.16182 0.45970 =0.00992 0.C1325 0.11378 0.21779
FINAL COMMUNALITY ESTIMATES:
BND THICK TEXT DRY MGIST STK PLCT MABUND MST ZE MCONT HUE vaL
0.834551 0.7637id 0.049455 00696202 0,820759 0.730558 0.780753 0.941093 0.929628 0.908368 0.868635 0.836062
. CHRO CLAS GRAS TVYPS RSIZE RQUNT CCNQUNT  CONSIZ CONCOLGR COATYPE  PORSIZE PORORIEN
. 0.889445 0.807376 0.947942 0.810661 0.984$56 0.766199 0.919947 0.941832 0.903814 0.852341 0.981527 0.835057
1 2 3 4 5 6 7 8 9 10 11 12
FIGENVALUES 100136691 2.326573 1.716653 1.601529 1.168490 0.931385 0.924953 0.778851 C.632709 0.583088 0.492669 0441542
PORTION 0422 Ueus7 0.072 0.067 0.04S 0.039 0.039 0.032 0.026 0.024 0.021 0.018
CUM PORTICN 0.422 0.519 0.591 0.658 0.706 0.745 0.784 0.816 0.842 0.867 0.887 0.906
13 14 15 16 17 18 19 20 21 22 23 24
ETGENVALUES 0.395852 04327527 00272552 00234484 0.216353 00202148 00157356 0.131971 0.109636 0.084493 0.074183 - 0.058015
PORTICN 0.016 d.ule 0.011 0.010 0.009 0.008 0.007 0.005 0.005 0.00% 0.003 0.002
CUM FORTICN 0.922 04936 0.947 04957 0.966 0.974 0.981 0.986 0.991 0.99% 0.998 1.000
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The ability of the first three factors to explain a higher portion
of the variation of the soil was reflected by plotting the loading of
the different locations on the first three factors (Figures 6.5 and 6.6).
More compacted groupings can be observed with some clear dissection.

The presence of the overlapping in both figures stronglyvsuggest the
presence of a large portion of soil intergrades. These intergrades,
which could be regarded as inciusions, can be considered as one of the
reasons why the ten factors explained a lesser portion of the soil
variations.

The absence of the speciality among factors in explaining only one
type of the soil properties was clear (Table 6.12). For example, the
second factor accounted for 13.9%Z of the total and it had a high corre-
lation with mottling and a low correlation with root quantities. The
relationships between tﬂe mottling and the root quantities is not under-
stood. Similar patterns were also observed for the eighth factor where

color variables and structure class were correlated with the same factor.

Chemical and Morphological Data Set

Thirty-eight principal axes were computed to explain the variancé
of the data. The first ten axes accounted for 81.8% of the variance
(Table 6.13). No significant correlations occurred between the soil
properties and the ninth axis. All the soil properties showed signifi-
cant correlations with the first axis except for the sand fractions and
the pores. |

Six of the constructed factors accounted for 71.8% of the total
variance (Table 6.14). Final communality estimates varied from 65.3%

for structure grades to 97.7% for silt. The first factor accounted for
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TABLE 6.12

ROTATED FACTORS AND CONTRIBUTION TO THE COMMON VARIANCE
OF THE MORPHOLOGICAL PROPERTIES, ALL SAMPLES

8%0
ThRICK
TEXT
cRry
»CIST
ST
PLCT
MARUND
NS12E
MCINT
Fus

vaL
CHO
CLes
GRAS
Ty2¢
G128
ECUANT
CCUSUNT
COnS1Z
CCACOLOR
CCATYPE
PCRSIZ2E
FCRORIEN

QOONOCVIWN®

>

FACTOR9

FACTCURY FACTOR2 FACTOR3 FACTORS FACYORS FACTCRS FACTORY FACTORS FACTOR10
0.22310 w.v4T89 0.05621 0.85511 0.03461 0.14586 =0.09725 <=0.C7318 ~0.00870 <=0.05815
0.2053 V. 27485 0.08261 =0.47313 0.00679 0.52895 =0.C7584 0,29261 0.04%872 0.01 %65
0.005%5 «=0.02176 0.03429 0.05162 0.10712 =~0.C5703 =0.08579 =0.16C66 0.20017 0.06941
0.01750 Vv.32380 0.148C5 C.03301 0.G65275 0.14760 <0.04271 0.23728 0.05111. 0.11614
0.53~%% V.25156 0.C8019 6.12206 0.06190 =0.01022 <=0.C0254 0.14389 0.03727 0.11397
0.03526 Ve23604 <=0.05693 0.08624 <«0.0¢227 0.2329%4 =0.04896 0.21493 0.29712 0.25613
0.092U6¢ U.14T724 0.03346 0.05158 =0.01606 0.27178 0.02814 0.19282 0.28438 0.2842)
0.3221% Jed5123 .0.14657 =~0.00994 0.06987 . 0.0065C9 <=0.02999 0.25895 0.00112 0.03315
Ce27i%> V.E65%44 0.07705 0.03778 0.05784 =0.00632 =-0.01183 0.23819 0.01512 0.07476
0.20%08 U.d2690 0.17217 =0.06202 0.10838 0.01£30 +=3.03496 0.1963% 0.14442 0.05064

=0.lu35> ~v.21753 =0.2C5!4 0.40357 <«0.03831 <=0.192311 0.C3540 =0.71246 =0.12040 0.€3240
0.17~26 v.32180 0.0£8902 €.20721 <0.0931%4 =0.18600 0.C2154 0.177214 0.00523 0.12062
0.25u35 0a31546 0.17410 =0,265%52 0.01478 0.09992 =-0.06378 0.75546 0.14033 0.00905
0.0d%45 0.39235 0.05378 =0.04%15 0.03751 0.18¢74 =0.01360 0. 42607 =0.01255 0.15648
0.330u9 VeunTl2 0.12265 =0.04272 0.10214 0.04446 <=0.04670 0.11713 0.88666 0.00680

=0.7un3% =0.25712 =0.16571 0.04747 <=0.14675 =0.33956 0.05227 =0.26076 =0.09289 =0.05¢59
=0.124i3 ~v.U5125 0.08018 =0.06663 0.05527 +0.02607 0.67343 =0.05385 =0.0394%¢ =0.01421

«0.05i76 =0.42614 <=0.26699 0.08393 0.01572 =0.17230 0.11528 =0.11177 =~0.07849 0.14003
O.lécud Je 19635 0.58203 0.03106 0.01521  0.12°24 0.09349 0.13587 0.05796 0.16724
Oei%si3 V.41099 0.93638 0.02555 =0.04522 <-0.00240 0.00712 0.10858 0.06995 0.09110
0.¢7535 veul3644 0027061 <=C.08037 <=0.01143 0.02462 =0.01928 0.C2488 =0.00272 0.86107
0.72276¢  3.30629 0.18688 <=0.01637 =0.02871 0.267¢2 =0.0R353 0032155 0.09730 0.08851
0.42v29 0e19368 =0.03167 0.02691 0.95983 -0.09934 0.C5759 =0.C3180 0.08148 <=0.01315
0e24553 =U.U6951 0.07939 0.15376 =0.12034% 0.84651 =0.00953 =0.06442 0.02561 0002949

ORTFOGCNAL TRANSFORMATICN MATRIX
1 2 3 . 4 S & 7 8 9 10
VedYJ06 =U. 46886 0.24342 .-0.03331 0.05408 0.21317 =0.06903 €. 37305 0.16878 0.14837
*0.51430 <=0.,44773 0.19990 =0.39130 =0.00123 <=0.25090 0.10174 Ce48937 =0.12931 <=0.11160
-vel3789 V. 30970 0.79587 =0.02265 =0.27468 0.26477 0.18644 =C.05215 =0.01178 0.26071
=J.Uuu33 =U.34042 0.33890 0.52522 0.32049 =0.49529 . 0.17049 =C.32384 =0.07782 0.0€573
Oeu9e 3l 0. 20932 0.02232 =0.49080 0.58095 =0.09036 0.43856 =C.12718 0.28203 0.07358
=JeubsJdy =U.31558 0.01114 0.00936 0.16317 0.62310 0.32845 =(C.28526 <~0.28278 <=0.45986
Veludd93d <=0.06697 =0.33731 =0.00460 <=0.21377 =0.02907 0.58883 C.06335 =0.41858 0.54500
V.00500 Ve29263 =0.02373 0.43568 =0.07265 <=0.06794 0.46577 C.51734 0.19912 .=0.43075
=0e3U452 =0e35826 <«0.17364 0.14850 =0.31518 0.16556 0.16130 =0.17633 0.71217 0.18886
=0.34155 0.3777¢ =0.08404 0.33984 0.55179 0038327 =0.17651 0.32686 <=0.02525 0.39764
PROPORTICONAL CONTRIBUTICNS TO CCMMON VARIANCES BY RCTATED FACTORS
FACTOR1  FACTI22 FACTOR3 FACTOR4 FACTORS FACTOR6  FACTORY FACTORS FACTOR9 FACTOR10

50639697 3e34kw5¢P 20094795 1.322540 1.029598  1.568864 1.028127 2.533193 1.096866 1.113032
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TABLE 6.14

EIGENVALUES AND CONTRIBUTIONS TO THE COMMON VARIANCE
OF ALL SOIL PROPERTIES, ALL SAMPLES

ORTHOGONAL TRANSFORMATION RATRIX
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30 .

1 2 3 4 ) 6 ? e 9 10
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22.6% of the common variance and was associated only with the morpholo-
gical properties except for the organic matter. The second factor had
higher correlations with chemical properties than with the morphological
properties (Table 6.15). The third factor accounted for 6.3% of the
common variance and was correlated with the concretions. The fourth
factor accounted for 4.7% and was correlated with pores and to a lesser
degree with the horizon thickness. The ninth factor was totally corre-
lated with chemical propérties and accounted for only 5.5% of the common
variance.

It appears that the first six factors were the most important in
explaining the data variations. The number of.the soil properties that
showed high loading decreased as the order of the factor increased.

The first three factors had high correlations with many important
soil properties. This was reflected by the compactness of the groups
produced by plotting the loadings of different locations on the first
three factors (Figures 6.7 and 6.8). Two distinct groups were recog-
nized by plotting the first against the second factor. Three groups
were produced by plotting the first against the third factor. However,
some locations were too far from the center of thelgroups. Such situé—
tions could be due to the presence of soil inclusions.

It seems that.treating the soil horizons alike produced more com-—
pacted groups. Moreover, each factor was correlated with many
properties whose intercorrelations are not clear cut. This made the
interpretation of the factors difficult and less meaningful. ' Parti-
tioning the data to different genetic zones and different data sets
gave better understanding about the extent of the variation of each

single property within each horizon. This, in turn, will make the



TABLE 6.15

ROTATED FACTORS OF ALL THE SOIL PROPERTIES, ALL SAMPLES
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selection of the properties with the highest loading within each horizon
easier and more systematic if data reduction for further analysis is to
be undertaken. Moreover, knowing or isolating thé properties that
exhibit higher variation could be done systematically. This would be
helpful in formulating hypotheses about the sources of the variations,

especially when external factors are involved in the investigatiom.
Loading Index

Previously it was shown that

m
X, = LA, .F, +¢€,, (6.31)
i 3=l i3 j i :
Thus
m 2
Var (Xi) - jglx ij * V. (6.32)
m o 2
Where ,I.X .. is called the communality, A,. is the portion of X. vari-
j=l 1ij 1] 1

ance explained by Fj' Therefore, the total contribution of Fj to the

total variance is

P
I\ .. (6.33)

L = (V/N) X 100 is the percentage contribution of the Fj to the total
variance. N is the number of the variables. Aij is interpreted either
as the correlation between X, and Fj or the portion of Xi variation
explainéd by Fj' Therefore, Azij x L = D would be a measure of the

relative contribution of Xi in explaining the data variance. The magni-

tude of D would serve as an indicator of the relative variance of Xi in
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comparison with the other variables in the same set., Tables 6.16, 6.17,
and 6.18 show the different soil properties liéted according to their D
values in a decreasing order. Higher D values indicate higher contri-
bution to the data variance. The D values were calculated for the soil
properties within each data set. ' The indices revealed the significance
of investigating the variation of soil properties within each zome.
Different arrangements were found for each different zone and for
each chemical and morphological property. However,yit was noticed that
certain properties occupied the top position of the index within dif-
ferent zones, but with a slight change in the order. This conclusion
is in complete harmony with previous knowledge that soil properties are
different in their variability within each horizon. This indicates
that validity of this approach. For example, studying the D values
for the surface and subsurface, the values suggested that properties
related to leaching intensity or water holding capacity are the most
important properties to consider in further invesﬁigation of soil vari-
ability. The same pattern was also noticed in case of morphological
properties. Properties like texture, consistence, mottling and concre-

tions occupied the top position of different indices listings.

Summary and Conclusions

Previous analysis showed that factor analysis can be a proper tool
in studying the variability of different soil properties. Factors'
models were very effective in estimating the variance of individual soil
properties. Ten factors' model was sufficient for this purpose. How-
ever, the first six factors were enough to explain the variation of the

chemical properties while ten factors were needed for the morphological



TABLE 6.16

LOADING INDEX (D) FOR THE CHEMICAL PROPERTIES
WITHIN THE DIFFERENT GENETICAL ZONES
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Surface zone Subfurface zone all samples
porp. D prop. D prop. D

1-H 20.7 BST 14.73 BST 14.45
2-CEC 18.59 Ca 13.48 silt 14.19
3-Ca 17.43 Csilt  13.00 B 14.14
4~PH 17.04 clay 12,19 : clay 12.75
5-Mg 16.69 B 11.20 Ca 12.07
6-BST 15.90 Fs 19.90 ) CEC 11.64
7-clay 14.53 PH 10.44 Mg 11.64
8-5ilt 13.33 Mg 10.21 PH 10.42
9-Na . 10.39 Vfs 9.45 CaCo3 7.68
10-Fs 7.65 CaC03 8.77 . K 7.43
11-0M 7.47 CEC 8.43 Na 4,87
12-Vfs 6.23 K 6.26 oM 4,18
13-CaC03 5.94 oM 5.50 Vfs 3.58
14-K 5.03 . Na 3.55 Vs 3.58




LOADING INDEX (D) FOR MORPHOLOGICAL PROPERTIES

TABLE 6.17

WITHIN THE DIFFERENT GENETICAL ZONES
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Surface zone

subsurface zone

all samples

Prop. D Prop. D Prop. D
1-Dry 19.45 msize 11.26 Text 17.89
2-Moist 19.04 Mabund 10.77 Moist 16.19
3-Poroient 19.04 Mcont 19.30 Dry 15.80
4-Conqunt 14.90 Chroma 9.28 Coatype 12,18
5-Rsize 14.90 Hue 8.61 Type 11.52
6-Consize 14.00 Consgize 7.94 Class 10.87
7-Coatype 12.19 coatype 7.56 Msize 10.76
8~Plct 7.60 Conqunt 7.45 Mabund 10.28
9-Type 6.45 Moist 6.90 Mcont 10.04
10~-Thick 6.27 Val 6.01 Rqunt 9.93
11-Hue 6.14 class 4,80 Stk 9.63
12-Concolor 5.71 Type 4.83 Plct 8.18
13-Class 5.67 Plct 4,77 Consize 7.69
14-Val 5.45 Bnd 4.54 Conqunt 6.89
15-Text 5.07 Gras 4.41 Val 6.29
16~-Bnd 5.03 Dry 4.40 Chroma 6.12
17-Chroma 4,86 Text 4,27 Hue 5.34
18-Porsize 4.78 Rqunt 4,20 Pororient 4,84
19-Rqunt - 4,67 Stk 3.99 Bnd 4.07
20-Gras 3.72 Concolor 3.15 Gras 3.64
21-Stk 3.42 Posize 1.59 Concolor 3.40
22~ Thick 1.56 Thick 1.22
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TABLE 6.18

LOADING INDEX (D) OF DIFFERENT
SOIL PROPERTIES IN THE SOIL
PROFILE, ALL SAMPLES

Prop. D Prop. . D
1-Mabund 18.72 25-H : 4.07
2-Msize 17.9 26-Plct 3.99
3-Mcont 17.11 27-Na 3.84
4~0M 12.71 28-Bst 3.79
5~-Vfs 12.39 29-Gras- 3.53
6—-Class 11,72 30-Ph 3.40
7-Chroma 11.07 31-Bnd 3.1
8~Coatype 10.76 32-Porsize 2.69
9-Dry ' 10.45 33-Pororient 2.64
10-Fs 10.24 34-Rsize 2.48
11-Type 9.26 35-Concolor 1.92
11-Rqunt 9.26 35-K 1.57
12-CEC 8.76
13+Text 8.76
14-Val 8.41
15-Mg 7.62
16-Hue 7.60
17-Moist 7.09
18-Thick 6.59
19-811t 6.19
20-Ca - 5.76
21-Stk 5.65
22-Clay 5.55
23-Conqunt 4.55
23-Consize 4.55

24-CaCo3 4,15
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properties. This indicated higher variability exists among the morpho-
logical properties. This was true whether the different horizons were
treated individually or not. Moreover, better and more meaningful in-
terpretations may be tied with different factors, especially for the
subsurface zone. Treating the different horizons alike resulted in a
larger number of soil properties correlated wifh one factor. 1In this
case, the first three factors were the most important in studying the
variation of the soil properties., Moreover, better classification
resulted from using the factors that are highly correlated with many
soil properties. Nevertheless, the final communality estimates. for
individual properties were lower than when different horizons were
treated separately. Also, treating the different horizons separately
gave a better estimate on the extent of the variations of the individual
soil properties. This isbvery important if a certain hypothesis about
the source of the variation needs to be formulated.

Arrangement of different properties according to the loading index
indicated that the properties most related to soil-moisture relation-
ships were the properties that highly contributed to the variability of

g8oil in this area.



CHAPTER VII
FACTOR ANALYSIS, AREA ONE
Abstract

A data set that consisted of 85 horizons (18 locations) was used
in this study. A total of 24 morphological and 14 chemical properties
were recorded on each horizon (observation). The data set thus gonsis—
ted of a matrix of 85X38. The data was partitioned to the following
sets and subsets: 1) the complete set (referred to as the all samples
analysis), 58X38, and two subsets of 85X24, and 85X14; 2) surface zone
(includes all horizons with Ap designation) with two subsets, 18X24
and a matrix of 18X14; 3) subsurface zone (includes all horizons with
B designation) with two subsets, number of 49X14 and number of 49X24§
4) P.M. zone (includes all horizons with Cr designation) with two sub-
sets, number of 18X14 and number of 18X124. The principal axes and
the characteristic roots were computed. Ten factors' model was computed
from the principal axes. The final communality estimates, the contribu-
tions of different factors to the total variance, and the correlation
between the different factors and the soil properties were computed. A
loading index to indicate the magnitude of the variation of different
soil properties was also formulated.

Ten factors were needed to represent the variations of the morpho-

logical properties, while six factors were sufficient for the chemical
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properties. This was true regardless of the partitioning procedure
which indicated higher variability among the morphological properties.
However, partitioning the data helped provide a better interpretation
of the different factors. The result was higher efficiency in esti-
mating the variancé of the different prbperties, while using the c;m—
plete set helped to produce more compacted clustering. In this case,
‘the first three factors were the most important. The chemical pfopér-
ties showed maximum variation in the subsoil. The variation of the
properties in the parent material was lower than in the surface and
gubsurface zones. According to the loading index of the different
properties, cation exchange capacity, clay, texture, and consistence

were the most variable properties in the soils of this area.
Introduction

The statistical analyses were carried out in a similar fashion to
the second area. A description of this area was given in Chapter Two.
Three genetic zones were recognized in this investigation, surface
zone (i;cludes all horizons whose field designations start with Ap),
subsurface zone (includes all horizons whose field designation starts
with B), and parent material zone (includes only the Cr horizonms).

All the above genetic horizons were treated alike (this was referred to

as the all samples analysis).

Surface Zone, Chemical Data

Total variance was 14 (Table 7.1). Six and ten axes explained 92%
and 99% of the total variance, respectively. No significant correla-

tions were observed between the soil properties and the eighth, ninth,



TABLE 7.1

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
CHEMICAL PROPERTIES, SURFACE ZONE

CeC
CACO3
PH
o
FS
VFS
CLay
SILY
CA
nG
NA
BST

FACTORL FACTIOR2 FACTOR3 = FACTORAM FACTORS FACTORS FACTORY FACTORS FACTORS
«0.51657 058774 0.19258 0.44973 028785 =~0.05886 000446 0.C7325 Ce14542
033103 -0.26829 0672115 =0e13704 =0.47948 =0.0C245 0.08726 <=0.09232 0409657
050021 [ 0.65225 005429 006367 <=0026666 <=0.40741 <=0.03822 0.26261 005027
060401 0.26674 <=0.06833 =0.51830 0.26523 0019768 <=0,40283 0.06663 0.10678
0.59364 0422437 =~0.63664% 0.06816 023906 0.05136 0e 31245 Ce01EA7 Ce115112
«029928 .-0.01097 063317 <=0.45470 0040489 0.00438 0.27887 0424096 <=0404015
0078584 <-0.89217 0.0987% 017045 025535 <=0e426922 <=0.12686 0.02415 0.04647
0031576 <=0.67125 <=0.49310 <«0.09924 <=0.25600 0.12138 009450 026897 ~0.10309
0.31603 080642 <«0.10019 <=0035625 <=0.00483 =0.13287 016125 <=0,23837 <=0.C6374
=~0.51871 060619 0.10348 0015285 <=0.27883 047648 <=0.01475 0.13163 0.02348
086458 <=0.04877 038365 0020542 006755 0006994 =0.00366 0.01416 <=0.07980
0069325 060566 0.10488 0420497 0.03288 <=0.06903 <=0.10293 006920 ~0.21231
0094348 <0.13309 0.05686 002831 <~0.12216 0.05854 0. 08458 0.01729 0.20828
0079263 ~0.17911 Ge 27404 030572 026697 0.283987 006308 <0.07380 <-0.05702
FINAL CORMUNALLITY ESTIMATESS
K ] CEC cacCo3 PH oM FS
00985054 00992620 ©0.999387 0.998320 0.934673 0.998823 00997496
VFs cLay SILY -CA - NG NA B8ST
00987288 00992150 00997303 00986540 04987137 0.981158 0.998064
1 2 3 . S 6 7
EIGENVALUES 42654750 3.647778 1881353 1.074498 0.975655 0.640202 0.419754
PORTIGN 00332 00261 0134 0.077 0.070 0.046 0.030
CUM PURTION 0.332 0593 0727 0804 0.874 0920 0550
L] 9 10 11 12 13 14
EIGENVALUES 00304622 00175993 0.311408 0.0703S0 00041203 00002394 0.000000
PORTION 0.022 0.013 0008 0005 0.003 0000 0000
CUmM PORTION 0.972 0984 00992 0997 1000 1000 1000

FACTOR1O

0e13570
0012582
=0.08125
003894
G.00583
~0.00861
0.00508
0.10820
0.02124
-0.05525
=0e17197
Oe.14281
-0.00728
0.03108

€02
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and tenth axes. The variance accounted by the constructed ten factors'
model was 13.8 (98.5%). Six principal factors accounted for 76.37% of
the variance (Table 7.2). The final communality estimates were above
987%.

The first factor accounted for 22% of the total‘variance. It was
correlated with exchangeable cations and base saturation. The second
factor accounted for 11.3% of the total variance. It was highly corre-
lated with cation exchange capacity (CEC) and, to a lesser degree, with
magnesium (Mg). Organic matter (OM) showed a high loading on the third
factor which accounted fof 7.8% of the variance. The fourth factor was
highly correlated with potassium (K) and very fine sand (vfs). The
fifth factor strongly identified hydrogen (H) and pH (acidity). No
significant correlations were observed with factor number ten.

It seemed that moét of the factors were correlated with properties
which were highly correlated among themselves (see regression analysis,
Chapter III). For example, exchangeable cations and base saturation,
pH and hydrogen, cation exchange capacity and magnesium. Except for
the first factor, the first seven factors approximately participated
evenly in explaining 967% of the variation. This suggested that most
of the soil properties considered in this zone have contributed to the

heterogeneous soils developed from the Permian Formation.

Surface Zone, Morphological Data

Total variance was 19 (Table 7.3). Six axes explained 74.7% of the
total variance, while ten axes accounted for 92.2%. No significant
correlations were observed with the ninth and tenth axes. The final

communality estimates varied from 84.6% for horizons boundaries (Bnd)



TABLE 7.2

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE
OF THE CHEMICAL PROPERTIES, SURFACE ZONE

YFS
CLAY
SILT
CA
RG
NA
asT

OCVOeNOLIUWNW

FACTOR) FACTOR2 FACTOR3 FACTORS FACTORS FACTORG6 FACTORY FACICRS FACICRY FACTICREC
«0e17193 011781 0009593 <«0.83039 =0e2262¢ =0.32049 <0.20466 =-0.06187 0409350 0.18577
" 0e32929 007253 0e14192 014754 0.90902 0.05607 ~0.05628 <~0.01812 0.06283 <=0.01099
017528 090911 <«0411753 «0.10475 004080 <=0.08407 010417 0. 30468 CeCS5765 <~0.04(C73
027104 014526 005417 0.11885 <=0.08395 0.03346 0.50561 0.24070 0.02113 0.00356
035647 026475 =0.22793 026826 <=0.61938 0.08376 010353 037848 0.40092 001255
=007401 <=0.12350 095246 <0.19539 017165 0.01571% 0.04630 <«0.00723 ~0.02819 =0.00519
0013955 =0.24244 0003139 0e16143 007757 Oe 70468 <=0,11692 <0.61282 <~C.C2051 <=0.02142
0405490 <=0.UB529 =0e1A702 089070 ~0.09627 0018286 <=0.02746 <~0.26907 0.12932 0.12687
0.02907 0+35028 0001285 =—=0e34484 <~0.08863 =0412046 025045 087260 003015 <«0.00545
~0.23822 0.00250 <«0.00510 <~0.32614 0.01097 ,~0.90772 <0.08407 0.03892 <«0.03861 ~0.00087
090597 026654 ~8417€-05 007743 0.17014 0014943 012004 0.00551 <~0.0740C <-0.1033C
057339 057904 =0015369 <=0+16997 <«0.07586 =0.09209 O0e21314 0435283 =0.10817 027335
0.72523 026174 <=0.17546 0435799 0e18221 0419609 0.21706 009290 Ce3051% <=0.08518
097235 =0.05795 “=0.02422 0.05819 002456 Oe.14558 0410395 =0405105 004560 0.08932
ORTHOGONAL TRANSFORMATION MATRIX
1 2 3 4 s 6 7 8 9 10
0e74832 <=0.33014 -0.16977 0.31478 =0.04218 0+24115 -0.29592 0.20831 Ge11CSC <«0.00443
0.08717 0 +43605 0e01812 047238 =0,18252 047794 015805 <-0.54304 0400183 0.05051
031767 <=0.04071% 0+48882 <=0.40190 <=0.567106 =0+04198 005067 <0.13358 =0.15455 0.02159
037565 =0.09304 <«0.45214 =0.37663 0.19703 <=0.09953 0453384 <0.39435 0401698 =0.,12017
«0e21789 <~0.27494 <~0.41367 0639872 <=0.59199 =0.357456 0.24572 0.05591 =C.01C32 0.C?162
0e 32733 0e55311 0.004a81 037350 0.05284 <=070178 =~0422740 =0.081219 004324 <~0.03€61
~0014025 <=0e07693 <«0.40454 =0.21670 =0.10559 0004246 =0+65022 =0¢39662 =0.41205 =0.03106
=0005928 <~0.54257 0e41826 0627783, 0022944 ~026710 <=0.06958 =0453207 011238 <~0.15945
=0+095%58 000676 =0411712 <=0e24342 =0.14709 001816 =0.23078 =0.1R8546 083058 0+34406
009423 =0.09322 0« 06339 0.04382 019262 <~0.08354 008322 =0.06196 =0429893 0.,91173
PROPORTIONAL CONTRIBUTIONS TO COMMON VARIANCES BY ROTAVED FACTORS
FACTORL FACTOR2 FACTOR3 FACTORA FACYORS FACTORG FACTORY FACYORS FACTORS FACTORL0O
30083039 14576069 1.096376 14959730 1391076 1.561285 1.090873 1.64¢379 0.309880 0.153287
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TABLE 7.3

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
MORPHOLOGICAL PROPERTIES, SURFACE ZONE

FACTOR1

FACTOR2  FACTOR3  FACTOR4 FACTORS FACTOR6  FACTORT  FACTORS  FACTOR9  FACTIR10
BND 0.04658 =0.53262 0,08298 ~=0.59650 0.05574 =0.25033 =-0.20030 0.12835 =-0.08893  0.25932
THYCK =0.81263 =~u.2297% 0.14531 0.06514 0.13033 0.18483 0.20033 0.11873 0.30629 0.15060
TEXT 0.553u9 =-u.05456 0.65659 =0.12450 0.03656 0.17612 =0.01415 0.36404 =-0.06108 =-0.085697
ooy 0457437  0.15232 =0.44665 =-0.19044 0.17864 0.25468 -0.13408 0.26988 0.16008 - 0.24153
¥CIST 0:7423% 0.35077 0.15687 =0.30341 =-0.00143 =-0.02404 0.16516 -0.28150 0.23295 -0,09636
STK 0.49905  .23337 0472717 =0.01360 0.27796 0.13808 =-0.01812 =-0.C4798 <-0.17836 =-0.10271
PLET 0.u1203 0.,05476 0.64855 0,33105 0.26084 0.45603 =0.00260 =-0.11741  0.13003 0.25218
HUF 0.14676 =-0.61793  0.42415 0.08017 =-0.25000 =-0.19788 0.38597 0.(9307 =-0.08968 0.15159
VAL 0.43518 0.33483 =-0.04500 0.32589 0.40037 =-0.42303 0.02279 0.26502 0.23887  0.20069
cHn 0.37152 0.50333 =-0.38524  0.08523 =0.34622 0.09352 0.32453 0.11785 0.21395 -0.10329
CLAS -0.lolbl  U.08629 -0.16026 =-0.T1813 0.52748 0.16028 0.09904 0.C7327 =-0.130354 =-0.235644
GRAS ~0.i3465 0.21976 0.40748 0.584l4 =-0.13680 =0.36209 =0.07094 0.13467 =0.01735 =0.25335
TYPS 0023506  U.32630 ~0.25504  0.29595 =-0.46289 0.41773 =0.18109 0.166382 =-0.38999 0.17866
RSIZE -0.02930 =0.43354 =0.29899 0.58544 0.32857 0432074 0.30447 ~0.13428 —0.04415 =0.04553
RQUNT 0.26208 =-0.67786 =0,06223 0.00894 =-0.206T4 0.12068 0.07043 0.52028 0.14973 =0.21104
CCNCOLOR  =0.59%64U  0.35146  0.05215  0.19913  0.19493 =0.02242 =-0.49219 0.26498 0.07662 =-0.05655
CCATYPE 0427920 V.57798 ~ 0.01477 =-0.07489 0.14951 =0.26712 0.50756 ~0.19507 =0.29693 0.22410
FCRSIZE ~0.65169 0.42706 0.14668 ~0.27642 =0.06127 0.25585 0.25992 0.26726 0.00965 =-0.11877
PORORIEN 0429874 =0.27329 <=0.42576 0.43493 0.58945 =0.07326 0.04406 0.11168 =0.21543 =0.13225
FINAL COMMUNALITY ESTIMATES:
BND THICK TEXT CRY MOIST STK PLCT HUE VAL CHFD
0.846324 0.900903 0.932230 0.861165 0.961443 0.576145 0.942928 0.880621 0.953057 0.851759
cLas GRAS TYPS RSIZE RQUNT CONCOLOR  COATYPE  PORSIZE PORORIEN
0.973880 0.8u8656 0.950281  0.950867 0.932048 0.886925 0.948402 0.930260 0.965503
1 2 3 4 5 6 7 8 9 10
ETGENVLUES  3.56551l6 2.858449 20526726 2.332270 1.618077 1.283480 1.095922 €.957864 0.680506 0.594659
“PORTICN 0.183 0.150 0.133 0.123 0.085 0.068 0.058 0.050 0.036 0.031
CUM PORTION 0.188 0.338 0.471 0.59 0.679 0.747 0.804 0.855 0.850 0.922
i1 12 13 14 15 16 17 18 19
EICENVALUES  0.51i689 0.479227 ' 0.221016 0.159563 0,074056 0.030982 0.0095938 0.000000 -0.000000
PORTION 0.027 0.025 0.012 0.008 0.004 0.002 0.001 0.000 -~ =0.000
CUM PORTION 0,949 0.574 0.986. 0.99 0.958 0.999 1.000 1.000 1.000

90¢
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to 97% for the soil stickiness (stk).

The }irst six factors accounted for 60.7% of the common variance.
Except for the third factor (13.37%), roughly the ten factors contri-
buted evenly in estimating the variance. The first factor was highly
correlated with horizon boundaries (Bnd), chroma, and, to a lesser
degree, with moist consistence. The second factor (9.3%) was corre-
iéted with hue and concretions (Table 7.4).

It was noticed that in most cases, root size and pores orientation
were correlated with the same factor. Also, most of the factors did
not show correlation with certain. properties, 1i£e color or consistence
alone. Strong intercorrelations were shown to'exiét between these
properties (see Chapter IV). For example, strong association was
observed between the color of the concretions and the hue, structure
grades, classes, and dry qonsistence, chroma and moist consistence, etc.
The failure of a few factors to explain larger portions of the common
variance was indicated by the even contribution of various facto?s.
However, the high communality estimates suggested that the ten factors'
model is capable of scanning the variation of the morphological proper-

ties.

Subsurface‘Zone, Chemical Data

Thektotal variance was 14 (Table 7.5). Six axes accounted for
89.7% of the common variance, while ten axes accounted for 98.6%. - No
significant correlations were observed with axes 7 to 10, The final
communality estimates varied from 96% for CEC to 99.8% for very fine
sand. Six factors of the ten principal factors accounted for 71.1%

(76.3% for the surface zone) of the common variance.



TABLE 7.4

ROTATED FACTORS AND CONTRIBUTION TO THE COMMON VARIANCE OF
THE MORPHOLOGICAL PROPERTIES, SURFACE ZONE

8nD
THICK
TEXT -
DRY
MCIST
STK
PLCT
FUS
VL
CHRJ
CLAS
GRAS
TyYePsS
RSIZ®

© RCUNT

CCNCOLOR
CCATYPE
PCRSIZE
PCRCRIEN

AP WN

-
OV~

FACIOR1

=-0.608%5¢
-0.17i50
~0.U6956
0.2y3le
0447372
=-0.ui931
=0.0200%
=-0.3U300
O.l0198
0.79677
=0.u9459
0.u7186
0.23719
0.u5%413
~0.u5120
=0..67i6
0.06950
0.18853
-0.u7153

1

0.23367
“0.45445
=J 24144
0.16319
-0.23638
0.26437
0.39398
0.08543
~U.4il75
0.36809

FACTOR1 FACT

FACTOR2 FACTOR3 FACTORS FACTCORS FACTORG FACTORT
-0.22103 <-0.233C69 034340 <=0.26G75 0.03243 -0.09225
Ve13571 <0.36039 =0.07867 0.00281 <-0.25164 0.24239
=J.21958 0.35297 =-0.C0394 =-0.15077 0.69377 -0.03333
2.05018 0.07650 0.€4212 0.G5708 0.49943 =0.14951
=J.33472 0.51133 0.25718 =0.25837 0.26035 =0.17256
~0.05158 0.96654 =-0.07807 =0.,02411 0.07681 0.00683
0.03625 0.5€354 =0.12191 0.09C44 =0.00745 =0.09713
~d.07205 0.13435 <~C.30825 0.00687 =0.07899 0.02674
L. 07543 0.1€921 -0.13507 0.15143 0.50628 0.11472
-0.is010 -0.0S5239 0.03515 =0.10525 0.2290¢6 0.12123
V.29164 0.12324 0.70813 0.04725 =0.23017 0.34598
J.20042 0.1506€ =0.84919 -0.00041 0.10855 0.08475
Ve 06393 0.01460 -0.00783 0.01125 -0,04002 -0.00482
~J.15680 =0.17292 <-0.01721 0.86847 =0.10011 =-0.12323
-J.19973 -0,00255 0.05041 0.14634 <=0.04480 =-0.24396
0.83421 =0.11608 =0.26575 <-0.10586 0.05531 0.12135
=0.00036 <~0.04206 -0.05954 -0.06786 0.17520 0.91256
0.35890 =0.06512 0.05622 =0.33066 =-0.37973 0.63204
0.63584. -0.01143 0.06733 0.89232 0.31544 =0.06619
ORTHOGONAL TRANSFORMATICN MATRIX

3 4 5 7

U. 40424 0.51168 0.19478 0.09304 0.42385 =0.34220

V.38607 <0.16845 0.03448 030381 =0.23467 =0.3919%

0. 08430 0.7C359 =0.40633 <=0.22736 =0.12703 0.04939

=0.05709 =0.06691 <=0.66973 0.53844% 0.20572 =0.14921

-0.30518 0.26425 0.31896 0.55561 0.30697 0.13907

-J.16337 0.24994 0.44781 0.16079 =0,43558 =0.14090

0.58681 =0.02685 0.02505 0.20536 =0.0%050 0.593%0

0.31856 =0.07247 =-0.00297 0.04836 =-0.30613 -0.38859

9.08760 0.19213 <~0.05453 029249 =0.34420 0.38438

-0 32226 0.18707 =-0.20319 0019323 =0.44999 =-0.11793
PROPORTIONAL CONTRIBUTIONS TO CCMMON VARTANCES BY RCTATED

e FACTOR3
1.681907 - 1.760768 2.520931

FACTORS
2.051373

FACTORS FACTORS
1.903219 1.633195 1.611523 1.426734

FACTORT FACT

FACTORS

0. 24545
0. 14463
O. 28529
0. 14£43
-0.21606
-0.15997
-0.18242
0. 40169
-0.C7553
0.C7046
-0.03234
0.00813
=0. C0447
0.C7009
0.89591
=0, C9512
=0. 26395
0.C4477
0.08895

8

-C.10317
=-0.47693
C.00172
C.03829
C.22330
-GC.09329
-C.10086
CeT7446
0.18711
-C.23851

FACTYORS
ORS FACT

FACTOR9  FACTIR1O
-0.19321 =0.16744
-0.31612  0.71595
0.05715  0.01440
0.29656 =0.11311
-0.14812 =-0.25594
-0.02858  0.01332
3.06856  0.74333
~0.09659  0.13716
~0.06518 =-0.05288
0.26695 =0.18307
-0.38615 =0.19539
~0.01887 =-0.01085
0.93914 =0.07681
0.01574 0.32038
0.00574 =0.03687
0.00806 0.19846
0.00730 =-0.02148
-0.07734  0.27400
-0.01122 =-0.21509
10
-0.20016  0.35511
0.19908 -0.09386
0.19760 =-0.33116
-0.28398 =0.27111
0.43964 =-0.11751
-0.38662 =-0.49680
0.24090 =0.16640
0.19642 =-0.00083
-0.47050 0.41804
0.37400  0.46771
OR9  FACTOR10O

1.381850 1.541968
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TABLE 7.5

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
CHEMICAL PROPERTIES FOR SURFACE ZONE

FACTCR1 FACTOR2 FACTOR3 FACTORA  FACTCRS FACTORS FACYOR?
~0.08679 0.549584 =0.56128 0.35461 =0.13423 0.32589 0.33650
~0+61714 052878 046265 0.03743 <=0.11839 =0.15575 003602
074901  0.43901 038587 =0.13227 * 0.00016 0.09064 0.11631
0.58331  0.12538 <=0.525586 <=0.17518 0.11290 =0.5Ce55 0.10473
0652912 <=0e60715 =0.02779 =0.18889 0.43396 0.23842 -0.00234
«0e4N232 0.68653 0427570 0414937 0438403 0400915 <=0.03385
=0e77883 =0¢49353 <=0,07292 ~0.20554 <=0416631 Qe 13671 <«0.03197
~0e32788 =0059958 023579 055459 024822 =0.19¢28 0.17655
0e80151 0042232 0.17768 =0s13423 =0.11513 =0.05815 0.21039
0e47378 0465737 =0.25801 018588 0420384 0001642 <-0433476
0085309 =0003073 0.14767 0421499 =0433430 =0.03233 =Q.21345
0.88746 003387 0018315 =0.01734 0.06204 027245 0.03132
0475517 «0.41727 0+16485 0.04424 005080 <=0.05991 0.26635
0474547 =0+46826 =0004535 0434303 =0.19238 <=0.02484 <~0.17455

FINAL COMMUNALITY ESTINMATESS
4 " CEC - CACO3 L]
00996436 0952347 00958891 00999673 0.970249 0.9873
VFS CLAY SILy CA nG .

00998431 0.993213 0.996204 0.990603 0.967373 0.99686

€ IGE . 2 3 4 S

NVALUES ~ 5.954316 30239046 14274628 0.60185F 0.694128

ﬂo:txnn 0e425 0.231 0.091 0.057 0.050

CUM PORTION 0e 425 0e657 0eT48 0805 0.855

8 9 10 12 12

excz:vnuues 00330522 0.243171 041864801 0.108759 0.0708136

PORVION 0e024 0087 04013 0.008
CUM PORTION 0.006
0.955 Qe972 0986 . 04993 00999

FACTORS

008496
0411570
~0.01416
0.18591
0e.1184a8
0.34136
0420852
«0e 12067
«0.10365
~0ecl4484s
Oe13412
0.02894
0.0838S
0.17018

[ 1]
S5 0499712

NA 8
11 0.9925

6
0.595989
0.043
0897

13
00013480
0.001
1000

FACTORS

0.0325S
0.06541
0.09689
0.13519
G.C9561
=0e07450
0.01078
Qe 15187
-0«C0782
~0e10325
0. 07401
0416972
«0e35572
=-0e02747

FS
96

ST
L2

7
0.479172
Cs034
0.932

14
0.000003
0,000
1.000

FACTOR10

-0.,00€32
0413856
008670
0.07525

-0.11124

-0e1175S
0.09140
0.01040

-0.21188
0e11207

=0.095942
0.19132
0.11587
000C7S

60¢
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The first factor accounted for 25% of the variance. It was highly
correlated with CEC, clay, very fine sand (vfs), and, to a lesser
degree, with Ca. According to the regression anaiysis (Chapter III),
Ca showed close relationships with CEC and clay.

Organic matter (OM) showed a high loading on fhe second factor
followed by H. Regression analyses also strongly suggested the close
relationship between OM and H. In most cases, potassium (K) showed
high loading on one factor. No other préperty showed significant
loading on the same factor at the same time (Table 776).

Except for the first factor, the first eight factors estimated an
even portion of the common variance. However, the high communality
estimates indicated the success of the model im explaining the variance
of the data. The failure of a very few factors to explain larger por-
tions of the variance, in addition to the even contribution of the
various factors to the common variance, indicated the extreme heteroge-
neity nature of the soil properties in the subsurface zone. This was
reflected by the gréph of the loading of different locations on factors
one, two, and three (Figures 7.1 and 7.2). Some sort of grouping was
produced, but with obvious overlapping. This might also be due to the

contribution of a large portion of soil inclusions or soil intergrades.

Subsurface Zone, Morphological Data

Total variance was 24 (Table 7.7). The first sik axes accounted
for 667 of the total variance, while ten axes accounted for 82.5%.
Significant correlations were observed between soil properties and all

principal axes. The final communality estimates ranged from 69.5% for



TABLE 7.6

- ROTATED FACTORS AND CONTRIBUTION TO THE COMMON VARIANCE OF THE
CHEMICAL PROPERTIES, SUBSURFACE ZONE

-
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0.91018
022253
010981
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TABLE 7.7

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
MORPHOLOGICAL PROPERTIES, SUBSURFACE ZONE

FACTORI FACTOR2 FACTOR3 ° FACTORe FACTORS FACTOR6 FACTOR?  FACTORS FACTOR1C
. eap 0.27356 0041520 0017623 =0.243869 =-0051406 =0411761 0.24029 <=0.12980 <=0404900 0.01590
THICK 0.1696% 0654342 <0.44025 0018925 =0.03730 =0.24397 0.20372 0417718 =0.27615 =~0.21513
TEXT 073348 0419860 =0.03522 =0.,20657 006096 =«0¢005679 0018961 =0025877 =0.11564 0.15585
DRY 0.58128 . 0441964 =0,10499 =0.25023 0.13771 0. 45030 0.05244 000694 €CeCO0752 010655
®CISY 070274 0.32464 001365 <=0.22251 0.20520 0.03386 =0.00293 0.01659 0e13900 0.0159¢C
Ste 063973 0.40205 =0.06256 =0410556 <=0014340 -0.23210 =0.13367 =0.15967 0e24240 0.10192
[ 1%4 4 Ge07486 0.,23629 0.18255 008743 ~0.11934 0012309 <=0e51336 =0.09122 =0.38059  0.02044’
»ARyHD ~0.69226  0e54317 0409197 «0.02083 0013826 0012548 0.08174 =(0e29569 <=CeC6546 =Ce032C2
PSIZE «0.69818 0.56850 0.16446 =0.06356 0.08152 013479 0415538 =0024287 <=0.06217 001766
PCONT ~0.65026 0.59723 0033730 <=0407449 <=0.08118 017953 0413372 <=0.16433 0.01399 <=0.16700
MLE 0.060888 =~0.14011 0481137 0413529 =0.03844 0621822 =0.08279 «0.00807 0015201 =0.01726
VAL =0.53558 035054 =0.21182 =0.,22187 ~=0.04100 0e 25882 =-0.21208 0.16€657 Ce18073 0.23€2%
CHFC ~0e03546 0035050 =0.75916 =0.11348 <~0.04168 =0.25484 =0.17895 0e11394 =0.00807? =0+06572
CLAS 003574 0.16966 =0.45440 0036831 =0.36780 0.44026 0054385 0e11226 020726 0.12294
GRAS 049055 0.17232 =0.11910 0e31156 0439288 0.10939 0.46483 <=0.08117 010249 ~0.35141
TYPS =0.00093 =0.37803 0.00020 =0.67857 0.43077 0.07169 0.06C88 €e19713 017687 «0402156
RSIZE ~0.09108 <=0.30675 =0.18234 036811 0.26281 =0.02999 0.35210 =0.132239 <=0.1679S 0665945
RGUNT 0419183 =0.43795 0.58829 0025159 =0.25183 0406850 0411637 =0.09984 00215084 «0.15022
CONQUNT 0.16063 0.62021 0.50043 =0.09324 0.06411 =0,47008 0.01669 0.10896 0.13077 011136
COoNS1Z 002097 0.55440 056815 <«0002449 0.09453 <~0.38692 -0.03307 Oe18412 Ce105a2 022556
CONCOLOR 0e11366 009086 0.47702 0007348 =0.15383 0.30100 O0.2221s 0e51205 <=0.47014 0.,03163
CGATYPE =0e13609 0e46059 0409398 036315 0430588 0016377 =0.03950 0.473390 0e 16584 =0402004
PORSI2E 0.16897 0022691 =0.11269 0476085 =0.04880 =0e19769 <=0.10734 <=0.05683 0626373 0.06501
PORGRIEN 0.10021 0.11600 0.18585 0.33779 0.50914 0412588 =0,40791 <=0.23250 =021645 <=0.08$65
FINAL COMMUNALITY ESTIRATESS
BND THICK TEXTY ORY NOIST STK PLCT MABUND MSIZE MCONY HUE VAL
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CHRO CLAS GRAS TYPS RSTIZE RQUAY  COKQUNY CCNSIZ CCACCLCR CGAIYPE  PCRSIZE FCRCRIEN
. 0829678 0774975 00904559 0.868400 04945739 0,753008 00936323 0.873698 0901353 0.766455. 0801625 0.722546
1 2 3 S s : 6 7 [ 9 10 11 12
EIGENVALUES 4169086 3745061 3.019834 2.108143 1,401468 26392743 1337357 121.031631 0e831793 OCe85E730 0715162 04705948
PORTION 0e17¢ 0.156 00126 0.088 0.058 0.058 0047 0043 0039 04036 0030 0.029
Cun PORTION Qo174 00330 0.456 0543 0602 0660 0707 0.750 0.789 00825 00855 0.884
) . 13 [ . 15 16 17 18 v .49 20 21’ a2 23 24
EYGENVALUES 06387177 00501076 0421208 00309968 0¢255640 00200035 0179597 00112990 04096052 0070261 0.029204 0.015802
PORTION 0.024 0.021 . 0e088 0.013 0.011 0.008 0007 0005 0.004 0.003 0.001 0.001 ..
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horizon boundary (Bnd) to 95.3% for mottling. These estimates were
considerably 1lower than their chemical counterparts.

Six factors accounted for 66.9% (60.9%7 for the surface zone) of
the variance (Table 7.8). The first factor accounted for 12.9% of the
total variation and exhibited high correlation with text;re and consis-
tence. The second factor accounted for 13,6% and was.highly correlated
with mottling and, to a lesser degree, with value. (Canonical corre-
lation suggested a .strong association between the color variables and
the mottling). The contributions of the rest of the factors varied
from 117 for the third factor to 4.97% for the tenth factor. Color
variables, in addition to the root quantity, appeared to have high
loading on the third factor (association analysis indicated the strong
association between root quantity and color variables). Most of the
other factors were correlated with one or two soil properties.

It seemed that the factors, in most cases, were eitﬁer correlated
with one property or with some properties which had strong association
(indicated previously by the canonical correlatiop).

The failure of a few factors to be correlatéﬁ with a larger number
of soil properties was a good indication of the high variability amohg
the morphological properties. This conclusion was substantiated by the
clear scattering of the loadings of different locations on the first and
second factors (Figure 7.3). However, soil inclusions might also con-

tribute to the high variability.

Parent Material, Chemical ‘Data

Total variance was 14 (Table 7.9)1 91.2% and 98.9% of the total

variance was.explained by six and ten axes, respectively. No



TABLE 7.8

L

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON

VARIANCE OF THE MORPHOLOGICAL PROPERTIES,
SUBSURFACE ZONE, AREA ONE
FACTOR1 FACTOR2 FACTOR3 FACTORS FACTORS FACTORG FACTORY FACTORS FACTICR9 FACYOR1O
end 0.38760 O0e13248 [ 23-LIXY ) 020661 «0.36333 0031290 <=0.01377 =0.41538 020097 0020583
T"wIce 010002 005767 068857 032820 <=0.04540 013677 ~ 0369212 0e01427 022731 009712
TEXY 070002 <«0.22084 0.08278 <«0.0%033 0.04136 0.15194 0023308 =0.34015 003515 «0.,142%6
oRY 0.84202 002542 0.10029 =~0.10865 006050 <=0.072%37 0.08603 Oe12714 0.16830 0.0152%
worSsY 9.10995 «0e230843 0.C8699 «=0.11231 0.07723 0e2€178 0.206%0 0e0472¢ <«0.03509 °¢l0}00
six 0.83591 <«0.0%6%53 0.02073 0e22446 <=0.00495 008283 <«0.03034 0000398 <=0.10594 0017232
PLCT 0e39716 =Desi8370 «=0.0057s 026713 0.54465 009242 <=0.22049. =0.18086 0.26968 0.21613
PASUND «0.13653 0.930s8 008019 002185 0.10847 0.09362t <=0.02978 0.04619 <0.05344 <=0.0259%
PEI2E «Del1175e 095258 0.03564 000547 0.01270 0.15483 =0,05385 0.08225 0002219 <=0.04€212
PCONT «0e09e353 091603 0+03534 - 0.07420 <=0.09226 0e09144 <=0.02919 0.66950 0.C5030 0.18922
1" 3 «0e32742 Oed4513 «0.818%2 0.00431 0.11445 0.19712 <=0.039%3 0.08827 0.15988 Q.10:.%0
vaL 0.019e7 0.493938 0024297 <«0.08487 =~0.14433 <=0.07109 <=0.50165 Ge27299 =CeC7?5% Qe02c0ea
crog 003377 0.00170 085158 0.11487 <«0.08696 <=0.05443 =0.08267 007067 <«0.21106 0e.14703
CLAS 024870 0.04538 0.13771 0052637 =0.28993 <=0.4€6058 <=D.02460s 0e 32519 003482 =0.049906
GRAS 0e33881 =0.07757 0e02421 0.09511 006627 <0.05753 0.85878 0015376 «0.02199 =0.05642
TYPs 0.03892 «0.16486 =0.03867 =0.87942 <=0,11183 ~0.65857 <0.02062 00310546 <=Ce140012. 0.00737
SSTIZE «0e10288 <0.023551 0.00C78 0e08946 0+00495 <=0.12049 0e08319 <=0.00115 <=0.031172 =0.945%59
PCUAT *0e11476 <«0.27134 «0.76147 016210 <=0.10193 .=0.02307 0015065 <=0.12100¢ Ce02282 0020666
.3 COvNaUNY 0ea972s 013273 «0.01576. 0607370 «0.01207 ', 092425 0.04312 0.03570 0.0e383 012059
' iccestz 0.10309 0018597 «0.110%1 0.07114 0. 04100 04088427 <0.07366 Qe12cC87 CeCBYAG 0.01626
CoNCOLOR 0e04772 «0.01232 <=0020249 =0.00963 <=0.01542 0.10782 0.01420 021350 0.90279 0.00713
CCATYPE 0.00938 020508 006319 0017622 0.12358 0022285 012726 0e75648 Q013799 002318
PCASTZE «Ge007485 <«Veol14a342 002857 075195 011676 0e14882 018096 0027406 <=0024298 <«0.10991
PORORIEN 0.,06025 006761 <=0.09972 0.08112 0e81203 0.03364 0e.12573 0012968 =0e0326C <«0.04239
ORTHOGONAL TRAANSFORMATION NATRIX

1 3 . S P 6 14 ] ] 10

3 Qe 67298 0464355 0.03243 =0.09722 0.09809 009709 026973 018491 <«0.07748 0.05896

2 043356 056354 036265 0029290 =0.04230 ~040454 <=0.04708 0.17352 010958 <=0.102a7

3 005714 011286 =0.77771 =0.,09068 <=0.1539F =0.50595 0002644 <0.06012 027234 =0.11447

- L] 0026621 <«0+09784 <=0.14739° 0677199 =0.24942 0.08631 «0.28076 030462 CeCT65S 0024342

S 0001099 <«0.05304 <0.09277 0.507812 052890 012879 0e38381 <«0.37253 0.20517 ~-0.32€17

[ 0.42869 =0.2887¢ 032171 007131 0e0785% <«0.66339 «0.09857 <«0.30792 <~0.2708¢ 0.G12175

7 0001429 <0.29219 006780 0409368 <=0.59489 000027 0461634 0612799, «0.22783 =0.37770

[} 0017551 =0.34392 0429079 <«0,13537 0.25434 =0.15462 0. 10882 063064 0051981 =0e38232

9 =0e'14088 <~0.04243 <=(0e29360 003794 €e42737 =0.09555 <=0.01026 045008 <0.68478 <~0.1%6%50

10 022036 005533 «0005697 <«0410305 0019930 =0:54498 =0.00733 «=0.00107 <«0.77148

FACTORS Facy
30301293 3.26

PROPORTIONAL CONTRIBUTIONS T0

OR2

FACTOR3
2118 2.649939

0.01981

FACTORS
2049427

FACTORS

FACT QRS
16304823 2271910

CONMON VARIANCES 8Y

FICTORY
3398852

FACYCRS
1352978

ROTATYED FACTORS

FACTICRY

FACICR10
10232678 16171845

91¢



FACTYCR]
Le6

1e2

0.0

=04

-1e2

*1.6

~240

Figure 7.3. Loadings of Different Locatibns‘bp Factors One and“Two for Morphological Properties,

-0--0-‘-0

t ' 1
+ 1 3 3
L} ]
] ] 12
t (] -
' [}
. 2 1
[ ]
] 1 4
[} T k4 31
[} ] 1
. 3 LI §
. | S 1 1
! |
[ [}
] 1 3 1! 2
* (] °
1] ] 1
[} [}
[} [}
' 1 t
* 3 ¥ 2 | 14
[} s 2 s ]
] " 2 L
[ ] 3 ]
! 2 ]
+ L} 1
] (]
] 1 1
4 ' 3 3
L} 1 ]
. t
[} ] e
| 3 2 ] 2
$ S [ ] 2
[} 1 ) § 1
1 b
t
1 1
]
} 3 1 1
2
] 9
]
[ 3 L ]
[}
1
'
~2e1 «1e8 “1e5 " «le2 ~0-9 =06 «0a3 0.0 0.3 0«6 0.9 12 19 1.8 201 24 2.7 3.0
FACTOR2

Subsurface Zone.

L1z



TABLE 7.9

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
. CHEMICAL PROPERTIES, P. M. ZONE

FACTOR?: FACTOR2 FACTORS FACTORS FACTORS FACTORG FACTOR?
0e12490 0080200 <=0419611 =0.28866 ~=0.32369 022293 0.13226
-0.31059 003804 007386 Qe.08786 Oet6713 0.03419 <«0.27628
0.20527 010681 '0.68111 050469 <=0.35184 018651 Gel7124
059095 O.18tas 0.15231 0.13070 065849 <~0.10924 0018374
0e72440 <-0.48066 006849 =0.26997 =0.16234 =0.23206 023567
-0e445%51 0el15401 <~0.44738 069547 009656 0.01353 ~-0.09822
«~0.84960 <=0.27310 0e16184 =0.06733 0021344 0423963 0.248548
0.50206 <04396801 <=0.51602 0024716 =0.40614 <~0.24198 <=0.07899
029509 0621112 0.47801 0.17186 =0.04349 =0.44187 =0,07765
0.70591 051404 <0400727 <«0.27763 0411600 015504 <~0¢29096
083721 0e13410 <-0.20384 0032360 020269 013696 0.15911
0480527 <0.11453 0.08673 020098 =0014684 0o 38048 <~0.04405
0084458 ~=0.5639432 0+55497 =0.00427 0.09401 061C912 <=0e32347
082839 =-0015206 <-0.326882 =0.02952 031275 0415420 ~0.01213
FINAL COMMUNALITY ESTIMATESS
K o CEC CACO3 PH
0.960143 0.,974687 0.996462  0.990179 0.986183 0.9966
¥FS CLAY SILY CA "G

0+993057 0,998285 0.993995 0.992751 0993641 0.9756

- 3 2 3 4 5

EIGENVALVUES 5752901 24217710 1721900 1243220 1.120940
PORTION Oe411 0158 G.123 0.029 0.080

Cu™ PORTION 0ea11l 0.569 0692 O0.781 0.8612

: ] 9 10 1 12

EIGENVALUES 00237260 04199070 04173436 003113025 04035428
PORTION 0.017 0014 0012 0008 0.003

Cum PORTION 0.962 0976 0989 0997 0.999
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0.02072
~0013933
0.028012
=00 22181
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0.05477
-0.13011
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0416921

on
3% 0.999%8

NA 8
43 0.9917

6
00709227
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0.912

13
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0001
1000

FACTCRS
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-0.11830
000867
-0.093 10
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-0.01799
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0012346
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ST
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Ce033
0e945

14
0000002
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1000
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significant correlations were observed between soil properties and  axes
7 to 10. The final communality estimates varied froﬁ 96% for potassium
to 997 for fine sand.

Six factors accounted for 61% of the common variance. The variance
accounted by the ten factors' model was 13.84. The first factor accoun-
ted for 13.3% of the total variance (Table 7.10). It was highly
correlated with very fine sand and, to a lesser degree, with fine sand,
pH, and hydrogen. The second factor identified high correlation with
clay, while the third factor showed high correlation with K ;nd Na.
Organic matter had a high, but negative loading and H had a pésitive
loading on the fourth factor.

It was observed that the properties correlated with the same fac-
tor usually have high correlations among themselves, but they are not
the type of properties that could be related to a specific soil process.
This conclusion is in harmony with the definition of the Cr horizon
where the intensity of most processes are supposed to be minimum. It
was noticed, however, that six factors showed to be sufficient in

explaining the variation of the chemical data in this zone.

Parent Material Zone, Morphological Data

<

§

Total variance was 18 (Table 7.11). The six and ten axes accounted
for 82% and 96.2% of the total variance. The amount of variance °
explained for the P.M. zone was higher than for the surface and subsur-
face using the samé number of axes. This might suggest less variation
among morphological properties in this zone. Another support for this
conclusion is the higher communality estimates shown by the ten.fac;ors'

model computed for this zone.



TABLE 7,10

ROTATED FACTORS AND CONTRIBUTION TO THE COMMON VARIANCE
OF CHEMICAL PROPERTIES, P. M. ZONE

-

CVBINOLDI LN M

FACTCR1

-0.11463
~0042067
«0.02405
-0.04901
0.43S7s
003854
~0,60558
0.34318
-0.05515
0.01056
0.25901
0.29238
-0.01730
0.23875

1

039245
-0.26581
-0e43335
-0.22752
-0.,49157
~0.42615

0.10079
«0,26298
~-0+10151
~0.15126

‘FACTOR1 FACTOR2

1857320 1.22

FACTCR2

0e18227
-0.06664
0.21796
Q0+22491
021726
«0.047482
-0.39215
-0.11707
092719
0.29420
0e11843
=0,00500
002436
«0.07926

2

0.178%3
047373
035899
«~0+14700

=0.05060 -

~0e57452
018026
0.17277
0.42132
Gel14362

FACICR?

-0.87627
0.02278
" 010580
0.11813
025419
~0.09267
e 00Ge2
0.08470
~0.10882
-0.1673s
~0.05293
0412396
0e83541
0.14939

FACTORS

0.06095
-0.32796
002916
007791
0e61300
~0e97153
~0e12504
«-0.02286
0.04327
0.21380
-3.02611
0.18338
0433643
0.16068

CRIHCGOKAL

3

0« 09828
«067790
038863
-0.17844
029379
-0.10422
047339
0+15054
=-0.05461
0.03100

'y

~0e33065
0.20321
~0e37049
-0.71869
0.15313
006360
0022932
0es14707
~0.156478
0.25833

FACIORS

=-0.16088
-0.15576
000307
Ge 25853
009275
=0.04078
=0.12671
~0s07623
Oe17438
0«18440
0« 27898
0.Ca874
«~0.03790
016292

FACTCRE

002853
=00 14509
0e9€056
000310
-0.01688
«0.03314
«0e0489347
=0e04a578
0e 24627
-0.02177
0e 17152
029560
020817
=0e19257

FACYORY

039775
-0e31417
-0.00987

015995
~0.05993
«0e27755
=~0.52633
~0.03134

017444

0.83407

0.17303

022020

0.15188

0028386

YRANSFORMAYION MATRIX

Oe24249
0.11825
0.08998
-0.13382
0.60291
-0.26512
~0s31490
~0.51324
-0e31997
0e04961

6

0.12657
008591
0e55471
-0.48719
-0.37858
0278512
=0.25981
0017390
=0.26918
~0e26395

7

~0«3698%
~0e40830
000693
-0.25418
~0.00265
=~0021529
~0e59844
-0.01684

0. 47391
004848

FACTORS

0.06233
=0.49211
0.00505
0e39352
030454
«0.03011
«0+27158
0.24092
0.01231
0+ 36298
C.286356
0.46507
0<14688
0.85268

060660
0+00069
-0s27082
~0s17892
Ce 31596
0e28021
-0e17972
0.39984
0032176
=0e22944

PROPORTIONAL CONTRIBUTIONS TO COMMON VARIANCES BY RQTVTATED FACTORS

8069 1.58

FACTOR3 FACY

9958 1.67

ORs FACY
4886 0.99

ORS
2477 1,20

FACTORG  FACT

OoRY FACYORS FACTY
8817 1.482770 2,533206 0.679289 0.39

FACTORY9

011928
«0es13192
021365
005491
0.03836
«0.06363
-~032776
009413
-0.00627
0e 11996
Celaasy
069937
0e 22864
0126918

0e24684
=0.0448682
0.,07615
-0.10259
~0.1329)
‘0e43337
0412599
=0e43401
C.37839
0.55847

OR9 FACT

FACTORLO

008766
~0.53068
002554
0059012
0.,48706
«0.03465
~-0.08530
0.07927
001575
0.04657
0.065386
0.09007
0e14825
0.11865

10

0423369
«~0.11462
0.00522
0.12599
~0.14640
-011299
=-0.32017
0o 43447
~0e36E67
067065

OR10
5363

A

0Z¢



TABLE 7.11

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
MORPHOLOGICAL PROPERTIES, P. M. ZONE

THICK
TEXT

DRY
MCIST
STK

PLCT
MABUND
MSIZE
PCCNT
FUE

VAL

CHRO
RSIZE
SCUNT
CCNCOLOR
CCATYPE
PCRSIZE
PCRCRIEN

FACTOR1

=0e12640
066745
0.6044T
0.77926
0.73500
0.53553
0.67414
0.75176
0.75250
-0.35519
=0.11965
0.45334
-0.35430
=0.35430
=0e4c491
-0.37081
-0.21014
-0.37435

THICK
0.931136

HUE

FACTOR2

0.06574
0.28654
V. 13165
0.07392
-0.17417
-0.28723
0.38951
0.35093
J.35237
0.30839
-0.54593
0. 54374
0.81427
0.61427
0.37159
028855
Ve 50727
0.14283

TEXT
0.930779

VAL

0.973035 0.955698

EIGENVALUES
PORTION
CUM PORTION

EIGENVALUES
PORTION
CUM PORTION

1
5.028399
0.279
0.279

10
0.416534
0o.u23
Ue962

FACTOR3 FACTORG FACTORS FACTOR6 FACTOR? FACTORS FACTORS  FACTOR1O
=0.11650 =-0.71457 0.30672 C.40021 0.34692 0.13984 0.05622 0.19832
0.11452 0.51529 0.01151 =0.25545 0.00755 0.C0819 0.12958 0,20555
0.02809 " -0.03009 =0.62857 0.28217 C.27043 0.2z0456 =-0.09121 =-0.04004
-0.03704 0.22142 =-0.17983  0.20915 =0.22378 0.C2901 0.10374 0.34016
-0,25405 0.31049 = 0.22204 0.28995 0.10774 =-0.(7498 0.02847 =-0.01149
-0.42231 C.26588 0.32348 0.37130 0.12902 =-0.C9714 =0.24512 =-0.06624
0.5C584 =0.22405 0.19200 =0.01863 0.02694 =0.10496 =-0.08514 =-0.03480
0.42536 =-0.22369 0.16643 =0.031T4 -0.02659 0.Cl1412 0.02915 -0.18690
0.36431 -0.16140 0.28669 =-0.03944 -0.07845 0.C0116 0.0376% =0.1717%
0.33914  0.44613 =0.05063 =0.06643 0.55755 0.32941 0.07643 =-0.07438
0.55547 0.16283 0.09341 0.16102 0.18473 =0.1830L 0.39048 0.06493
-0.52915 =0.07996 =-0.08006 =0.29252 0.06057 0.2z1027 =-0.05913 0.02739
-0.27341 =-0.00907 0.00225 0.21083 =0.10025 -0.C6692 0.24411 -0.01084
-0.27341 -0.C0907 0.00225 0.21083 =0.10025 <-0.(6€92 0.24411 -0.,01084
0.55386  0.03552 0.31631 0.00707 -0.06301 0.(9805 =0.33062 0.22646
-0.28834 0445327 0.6C052 =0.04039 0.10346 =-0.C0052 =-0.04272 =0.07282
0.15585 0.10343 =-0.35803 O0.07773 0.26084 =-0.57510 =-0.22207 0.00683
0041923  0.32687 =0.12133  C.51175 =0.38567 0.24183 =0.11T717 -0.15775
FINAL COMMUNALITY ESTIMATES:
DRY MOIST STK pLcT MABUND MSIZE MCONT
C.984032 0.916576 0.986635 0.951399 0.969670 0.984657 0.976263
CHRO RSIZE RQUNT CONCOLOR  COATYPE  PORSIZE PORCRIEN
0.931664 0.982093 0.982093 0.971481 0.889442 0.983320 0.965944
2 3 4 5 6 7 8 9
30218045 2.352234 1.675798 1.443651 1.0648046 0.879673 0.682600 0.570876
0.179 0.131 0.093 0.080 0.058 0. C49 0.038 0.032.
0.458 0.589 0.682 0.762 0.820 0.869 0.907 0.939
11 12 13 14 15 16 17 18
00349493 0.2C7140 0.072625 0.027178 0.018659 0.008S17 0.000070 0.000000
0.019 0.012 0.004 0.002 0.001 0.000 0.000 0.000
0.993 0.997 0.998 1.000 1.600 1.000 1.770

0.981

1§44
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Six factors accounted for 68.8% of the common variance. ihe fi;st
factor accounted for’18;7% of the total variance and had a very)high
correlation with mottling; and a lower correlation with soil texture
(Table 7.f2). The second factor showed a very highvcdrrelation with
the roots and accounted for 12% of the common variance. The third
factor had a high correlation with stickiness, plasficity, and a lower
correlation with moist consistence and concretion and type. Only one
factor, namely the seventh, had a high correlation with the hue. All
other factors exhibited extremely low correlations with colof variables.
This suggested the minute nature of the color variability of the parent
material. This.conc}usion is in complete harmony with the hypothesis
that genetic development that reflects colof‘changes‘are not allowed,
by definition, in the parent material zone.

The factors computed for morphological properties in this zone
were not tied witﬁ any‘interpretation or pattern. This was true siqce
no major process is supposed to be operating in this zonme. This was
probably the reason why some factors had correlation with several pro-
perties that were not correlated, or whose correlation was not direct,
for example, concretion and moist or wet consistence. There may be an

association between these variables, but it is not yet fully understood.

All Sampleé, Chemical Data

Total variance was 14 (Table 7.13). 90.3% and 98.2% of the total
variance were exp;ained by six and ten axes, respectively.b No signifi—
cant correlationsoc;urredbetween soil properties and axes 6 to 10. The
final communaliéy estimates varied from 947 for H to 99.9% for very‘fine

sand (Table 7.14, Figure 7.4).



TABLE 7.12

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE OF THE
MORPHOLOGICAL PROPERTIES, P. M. ZONE -

THICK
TEXT

DRY
PCIST
STX

PLCT
MASUND
vs128
MCCNT
hLE

VAL

cHRC
RS12E
RCUNT
CCNCOLOR
CCATYPE
PCRSIZE
PCRORIEN

OO NOVMPWNK

>

FACTORL - FACTOR2 FACTOR3 FACTORS FACTORS FACTORG FACTORT 'FACTORS
0.04587 0. 14321 -0.00413 0.96540 0.01006 <~0.10652 -0.03708 =0.07242
0.469L5 0.01264 0.25121 -0.49112 0.04005 =0,17009 0.23451 0. 0180
0.23541 <=0.00904 0.23326 0.00715 0.86820 0.04123 0.17213 ° 0.13964
0.35502 0.02301 0.40501 -0.19981 0.39183 0.02992 -0.19807 -0.C8964
0.26479 =0.08638 0.88693 =0.09857 0.13793 =0.16063 =0.06297 -0.13238
0.02793 <0.19101 0.94C98 0.04925 =-0.03517 -0.03749 -0.10988 -0.C3886
0.95079 =0.07674% 0.02521 0.C65%1 0.07761 0.00328 -0.02132 0.17116
C.970¢5 =-0.03338 0.07040 -0.0C855 0.17000 =0.02468 <=0.02192 <=0.(2470
0.9&555 0.02379 0.13487 -0.03857 0.05486 =0.04673 =-0.04440 =-0.C9369

=0.u5696 Ue14285 -0.18171 -0.06659 =0.05346 0.13400 0.92419 0. 12331

=0.0U534 =0.25836 <-0.03142 -0.00572 =-0.00562 0.01952 0.14067 =-0.C5760
0.2284% 0.26165 0.12481 -0.06085 0.14295 <=0.35930 0.06456 =-0.C6717

-0.,03758 0.91732 -0.14255 0.09081 =0.11919 0.09919 0.07091 0. 16474

-0.03758 0.9i732 =0.14255 0.0908! -0.11919 0.C9919 0.07091 0.16474
0.17028 =0.01352 -0.42874 0.23693 =0.50915 0.50064 0.,24480 0.27891

=0.17663 0.33010 0.25750 =0.05848 <=0.73299 0.04031 0.34341 0. C0026
O.u3336 0.32637 =-0.14725 =0.09067 0.08040 0.02767 0.13121 0.50534

-0.07751 0.19572 =0.1C722 -0.13069 0.03047 0.91509 0.11615 <=0.C0336

ORTHOGCNAL TRANSFORMATICN MATRIX

1 2 3 ) 5 6 7 8
0.63596 <=0.21120 <-0.47396 0.14314 <=0.35711 =0,22069 -0.14596 0.11250
0033222 " 0.67065 0.18827 -0.00795 0. 07459 0.09871 0.22719 =C.30780
“0.50746 0.28982 <=0.42240 =0.04242 0.C1780 -0.37273 -0.21483 C.15315
0.21479 =0.04306 0.39092 -0.66231 <=0.19262 =0.22333 =0.42696 0. 06568
~0e2972% V. 00306 0.29030 0.28612 <0.81597 0.03098 <0.02239 =-(.25961
=J+06559 0.30368 ~-0.49032 <=0.43124 -0.28346 0.54797 =0.09037 =-C.07819
=0.04264% =0.13558 =0.18612 <=0.36879 =0.13831 <=0,44099 0.69160 <=0.30349
Q.030694 0.12576 =0.13281 0.17545 0,17450 =0.31371 <=0.44829 -G.68563
-J.04188 =0.53509 =-0.11867 =-0.09624 0.15454 0.38928 =0.05827 =C.46449
-0.19993 =0.08385 0.13273 =~0.30841 0.09934 =0.08417 -0.08542 <~0.11568

PROPORTIONAL CONTRIBUTIONS TO COMMON VARIANCES B8Y RCTATED FACTORS
FACTORL  FACTOR2 FACTOR3 FACTOR4 FACTORS FACTOR6 FACTORT  FACTORS FACT

FACTOR9  FACTCR10
-0.00970 -0.09136
0.10855  0.55578
0.21346  0.13862
10.07227  0.62685
0.00911  0.21519
0.09645 0.02696
0.03385 0.13188
0.06796 0.03794
0.05305  0.07048
-0.10346 =-0.01255
-0.92894 0.0379¢
0.77836  0.16638
0.23327  0.00174
0.23327  0.00174
-0.01086  0.23373
0.13229 -0.07227
0.01723 -0.03735
-0.19659 =-0.05111
9 10
-0.15766  0.26609
-0.43104 0.11588
-0.51557 =0, 06004
-0.11768 =-0.27037
-0.09127  0.04999
0.28567 =0.00747
0,09874 -0.12402
0.35526 =0.09096
-0.53201 =-0.10478
0.02752  0.89548
OR9: ¥ FACTORLO

3.3€4476  2.162359 2.350966 1.341205 1.822846 1.330425 1.259475 1.065262 1.725521 0.893382

XA



TABLE 7.13

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE

CHEMICAL
PROPERTIES FOR ALL SAMPLES '
FACTIOR1 FACTOR2 FACTOR3 FACTORS FACTORS FACTORG FACTORY? FACTORS FACTOR9 FACTOR10
x =0.16563 0640816 0eA8071L =0e12130 =0.40479 0021294 0.00523 0030349  0.02978 0.02034
" -0.58718 0.58198 =0.29019 023835 0031550 0402691 003202 0.09457 0e03878 =0.05609
CEC 065820 056319 =-0.3843s 008980 <=0.07125 =0.0%985 <-0.04014 0.08286 0e15442 =0.08221
CACO3 056792 0.01221 0038889 =0.aT134 043427 =0027063 =0.02272 0416608 0.10241 <«0.05851%
L] 0458420 <~0.64076  0.02444 <0.00697 =0.25484 =0.25248 017083 <-0.08655 0. 18510 0.14604
on -0.43121 0.71840 0412063 0.30812 016912 <-0.11197 0e26547 CeC4368 Ce13126€ 0419620
Fe =0.65880 <=0+62559 =0.17736 =0.21416 0.05004 0.20910 015274 0407405 014016 <=0.03148
VFS «0412831 <=0.60267 030786 006351%F =0.01401 <«0.23099 =0.201712 0+15090 0e 00532 =0.06046
cLaY 0e74322 0050067 =0025234 =0.09549 =0.03340 =0.08426 =-0.23366 0.05462 =0.08684 O0.18337
SILY 0.27742 0.79859 037943 0004482 =0.03311 <=0.08784 0e14565 =~0027324 =Go12602 -0.115S6
Cs 0.85932 004016 0.07150 Ce16481 0.22189 0635980 =0.11522 =0.0535%¢ 007557 - 009083
(4] 088292 019167 =0.13848 013895 =0.15247 0.04809 0.08828 000494 0.20451 <~0.,18238
NA 0478298 =0028235 ~0+24045 0.08684 002214 =0.03550 0307312 0023961 =0029329 =0.01462
8sT 0e72146 =0.42962 0433353 0.18309 0.18300 0029739 0.08684 <=0.622%55 <~0.00874 0.02¢612
FINAL COMMUNALITY ESTINATESS
K. L CEC Caco3 PH on FS
04995976 00939373 00954019 00999925 0.973478 0.982952 0.997850
VFs CLAY SILY CA rG KA 8sTY
00999006 0.987948 00995872 0981108 00963227 04997988 0.980600
1 2 3 L S 6 7
EIGENVALUES 56386038 30948435 . 1161771 04944622 00661984 00532537 00369035
PGRTION 0«385° 0.282 0.0683 0067 04047 0.038 0.026
CuM PDRTION 0« 385 0667 0750 0e817 0.864 0.903 0.929
8 9 10 11 12 13 14
EIGENVALUE S 00311611 00264960 0168328 00127619 00094398 0.028657 0000005
PORTIOGN 0.022 0.019 0012 0.009 0.007 0.002 0.000
CUM PORTION 0951 0970 0e982 00991 0998 1.000 1.000

Y7¢¢



TABLE 7.14

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE OF
THE CHEMICAL PROPERTIES, ALL SAMPLES

CEC

csCC3

PH
on

VF e
CLAY
sy
*G

KA
B8SY

o

OV NANVLS WUN M

FACTORL

0.0%5681
0.00264
093057
016731
0e12097
000725
-~0e74164
«0e27262
080604
0.33912
0e52451
0.770712
0.39042
0.06281

1

0.65394
Cea7271
=0e39641
Te0.16414
~0.1%5182
0e161K9
-0e27013
0.12758
0.16239
000186

FACTORY FACT
3861779 2.63

FACTOR2 FACTOR3 FACTORS FACTORS FACTORG FACTOR?Y
~0.19208 0492938 =0411654 =0.00250 <«0.09100 <0.11305
~0e89623 <«0.01037 «0.06382 <=0.17006 <=0.25517 <=0.08469
=0.07597 000935 =0.18562 002674 0. 0€E758 010203
021199 =0.00181 -0.00971 092970 019533 0.05510
086812 =0.25594 0e17634 008404 0014382 015926
-068023 O0e28181 0400187 <=0.07541 =0,17591 =~0.08871
0601654 =0.16175 =0.08259 =0+1%915 <=0.15677 =0.032%56
O0el16116 <0e11975 - 092684 <=0.08829 0.09038 0.01233
0.05833 002548 =0.24251 0e16001 011325 0.08400
~0e19334 030088 =0.1R032 0.12378 006140 <=0.05161
0.17321 =0.0569% <=0.03272 0148943 0078860 0.05202
0430199 =0.00027 <=0.05515 004904 0.35085 Oel7173
038464 <=0.22451 002699 009700 0«30418 0e73432
043598 «0.09168 0.18682 0.189389 0.80883 0e21700
GRTHOGONAL TYRANSFORMATION MATRIX
2 3 L] 6 7
0444899 =~0.08760 0.04412 025645 <«0.46243 0240312
~0.55591 0.37118 0630366 0.01422 018443 <0.12218
0e17219 050474 <~0.31165 0438061 <~0.27281 <0.18122
0.25871 012172 0.70681 0.48381 026127 <-0.09396
«0e54395 «0.496A7 0.,01608 054588 =0.35270 0.02813
016847 =~0.29476 =0435742 0.37424 068650 004562
006442 -0.01389 0430348 =0.06938 <=0.01246 057869
-0.20185 0049822 <~0.27013 028954 009247 0.46491
007993 0.04183 <=0.02140 013997 <«0.06534 =0.57044
C.1313s 0.03796 012488 =0.09388 <=0.11808 <=0.07990
PROPORTIONAL CONTRIBUTIONS TO COMMON VARIANCES BY ROTVAVED

orR2 FACY
3436 1.18

OR3 FACT
2868 -1.08

ORa FACT

7006 14050839 1724676

ORS FACTORG FACY

ORY FACT

FACTORS

0.23313
0.00337
009639
011395
-0.11687
0.32169
-0657925
=-0+09978
0412677
0.82985
066520
0.13502
=-0.06140
0.04876

0014139
0+42758
045183
=0+15486
-0.03678
0es24112
0.21022
=0e55923
=0e335104
«0e17145

FACTORS

ORS FACTY

0696258 1,272609 0.39

FACYORY

00053564
0e 166539
0.00348
=0.02016
0.18393
0« 56009
=-0.02211
0400042
«0.04702
0. 08736
=Ce.08433
0.00431
~0e04352
-0.03809

9

~0.05867
013405
0.05977
-0.22612
0.06822
0.23271
053133
0.02008
Ced5658
0e61145

OR9 FaCT
6340 0.24

FACTOR10

«0.00419
0.05435
Oelaan3

-0.00368
008947
0.00551
0.16606
0¢.%030

«0.27613
0.04932

=-0e03788
0.31898
0,01003
0.04539

10

0.01861
~0402753
-0.03813
~0.07383
-0.07174
=0.07160

0.40523
-0.01121

0453299
-0.73028

0R10
3509

Gee
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Figure 7.4.
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Six principal factors accounted for 79.57% of the common variance
(76.3% and 71.1% for the surface and the subsurface zones, respectively).
CEC, fine sand, clay, and Mg followed by calcium had high loading on
- the first factor which accounted for 24.7% of the common variance. The
second factor was highly correlated with H and pH and, to a lesser
degree, with organic matter and base saturation. The third factor was
highly correlated with potassium. As in the case for different zone
analyses, potassium appeared to be correlated with factors that did not
show any significant correlations with any of the soil properties at
the same time. No explanation could be advanced for this péttern.

The fourth factor was highly associated with very fine sand. Simi-
lar to the surface and subsurface zoﬁes, the propertieé that were
correlated with the same factor had a strong intercorrelation among
themselves (regression analysis). It appeared also that even if genetic
horizons were treated alike, a six factors' model would be considered
sufficient to explain a large portion of the data variance. However,
it would not indicate the magnitude of the variation of individual soil
properties within different horizons. This is very important if a
hypothesis is to be formulated on the sources of variability of diffe-

rent soil properties.

All Samples, Morphological Data

Total variance was 23 (Table 7.15). Ten axes accounted for 86.3%
of the total variance. Significant correlations existed with all the
principal axes. The final communality estimates varied from 69.7% for

concretion type to 97.5% for pore orientationm.



TABLE 7.15

PRINCIPAL AXES AND COMMUNALITY ESTIMATES OF THE
MORPHOLOGICAL PROPERTIES OF ALL SAMPLES

aNo

(3

THICK
TEXT

CRY

*0IST

STX

PLCTY .

PABRUND -
rSI2€ -
MCONY -

HUFE
VAL

-

CHRO -
CcLasS
GRAS
TYPS
RQUNT
CONGUNT
CONSI2
cCnCOLDR
COATYPE
PORSIZE
PORORIEN

anp v

0713956 0.88

CHRO

0855794 0485

EYGENVALUES
PORYION

CUN PORYION

ETGENYALUES
PORTION
CUN PORTION

1

6. 258620
0.272
0.272

13

0. 390921
0.017
0.929

ACTORY FACICR2 FACTOR3 FACTYCRS FACICRS FACTCRS FACYORY
Oe75438 003900 004830 0+.01577 =0.01925 =0.29546 =0.01138
0-13290 0.30851 <=0.196%0 0e57176 0035244 <=0028136 =0.04235
0.63448 0631330 =0.30201 =0.09107 <=0.16604 0417845 <=0.08895
055939 0039420 <=0028609 =0.17604 <=0.06623 021566 =0.10186
0717308 0027254 =0¢31060 <«0.22752 =0.07470 0.15573 =0.10460
072252 0029653 <=0.35398 =0.21513 =0.05305 009499 <0.032%9
0.682139 008580 <-0.25104 =0.167T72 0.00970 0.03903 0.04399
0.10265 079005 037578 =0.26333 0.28719 007340 <~0.01394
0.08841 0.80761 0.33844 <-0.30850 0422583 - =0.01520 =0.04318
0.13368 079354 0432384 =0.32219 0023262 =0.039%55 <-0,07792
033023 <-0.e1308 0059644 =0.19602 =0.1:1103 O0e 13746 <-0.1903)
0.40235 O0.41171 0.09571 000977 <=0.19643 005352 052285
030014 057278 =-0e.5C850 0623555 0406614 =0.04735 =0.00426
0.86128 <=0.07176 000408 0.02121 0423946 =0.05570 0.19960
0.876687 <=0.136¢8 <=0,02206 0.07677 022641 <-=0.01572 0.10732
050512 =-0.41929 000517 =0.36751 010202 =0.20466 026296
043499 <-0.62321 00293827 =0.17795 016209 0.03984 <«0.26981
0.51868 042733 0627270 0432715 =0e46310 =0.25244 <«0,18069
QedT127 0.40608 0.30802 0430190 =0.49926 <=0+15606 <«0.12373
057427 <~0.04383 0.372%51 019750 04184276 =0406375 023213
053604 0.07666 0.20724 0038219 0623173 006035 036792
010357 000969 0.08695 0.56133 . 0.38471 038488 -0.41021
0.16486 0.05688 0.22628 024453 =0.23210 065916 0.27683
FINAL COMMUNALITY ESTIMATESS

HICK TEXT DRY MOISTY SIK PLCTY HMABUND
3429 0.778160 0.7468492 0.792440 0.928180 0.910027 0.982115 0O

CtaAs GRAS TYPS ROQUNTY CONQUNT CONSIZ CONCOLOR
TASA 008089605 04807100 0e806761 00963683 00956245 0697051 O

2 3 L] S 6 7
42082425 2.,082006 1.786741 1.292874 1.104448 1.027145 0.819
0.176 0«091 0.078 0.056 0.048 0048 0.
[PEYY 0.538 0616 0e672 0.720 0763 0.
14 13 16 17 18 19

00371858 0.287093 00268447 0217312 0145082 04108214 0.090
0e016 0.012 0.012 0.009 0006 0.00% 0.
0e 945 0.958 8.970 04979 0.985 0.990 0.

FACYORS FACTOR9  FACTOR10
0.15747 0413217 =0.07085
0.15191 0.10779 =0.40946
0411522 0023282 0.20768
031180 0008807 0.03312
0.04333 0.02858 0.10900 .
«0. 34016 0.07434 =0.11181
«0645949 =0.08160 <«0.36004
0405458 <«0.07523 =0.01196
002756 <=0407659 =0.01584
=0:.03966 «0+02727 =0.04526 )
-0.11919 0417993 <=0.03076
- =0e13719 0040132 0.12216
0.05456 =0.24806 0.22898
0.07482 <=C.01584 0.06249
0013145 <«=(0e12402 =0,00315
0011931 <~0e25084 0420605
0.02366 =~0.08430 0401401
«0.03240 =-0.11823 0.,06905
=0.,04098 <=Ceia721 003433
0010402 0e34562 0.01513
~0e35823 -0.19185 0.23578
-0e16087 0. 14172 0e24764
0425013 <=0s25784 =«0.29263
»SY1ZE MCONY HUE VAL
973952 00922365 0«792953 0.850264
COATYPE PORSIZE PORORIEN
«895666 04905732 00975423
[ 9 10 11 12
434 00736186 0696967 0059924 0o234219
036 04032 0.030 0.,026 0.023
801 0.833 00863 0.809 0.912
20 21 z2 23
073 04067802 0.085291 0.026840
o0& 0.003 0,002 0.001
994 0.997 0999 1.000

8¢¢
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Six féctors accounted for 63.7% of the common variance. The ten
factors could be divided into two groups according to their contribu-
tion to the common variance. The factors 1 to 5 in one group and 6 to
10 in the other group. Each factor contributed evenly to the common
variance. This spread of the variance among many factors indicated the
nature of the high variability among the morphological properties.

The first factor accounted for 15.1% of the common variance (Table
7.16). It was highly correlated with consistence, and to a lesser
degree, with horizon boundaries, and size and strength of the soil
structure. The second factor (12.9%) was highly correlated with mot-—
tling. The third factor (11%) was highly correlated with hue, chroma,
to a lesser degree with root quantity, and concretion type. The fifth
factor was correlated with concretion type and size. The ninth factor
was correlated with root quantity, and color value. According to the
association analysis, root quantity was correlated with the color
variables (Tables 7.17 and 7.18, Figure 7.5).

Different factors were correlated with many properties. These pro-
perties were intercorrelated. This pattern made it very hard to tie
the different factors with.any meaningful interpretations. However,
it seemed that texture, consistence, size and strength of the structure,
mottling, color, and coating types are the most important properties,

ordered in sequence according to the magnitude of their variability.

All Data

Total variance was 38 (Table 7.19). 67.5% and 79.6% of the total
variance was accounted by six and ten principal axes. Sixteen axes

were needed to explain 90.5% of the total variance. The final



TABLE 7.16

ROTATED FACTORS AND CONTRIBUTIONS TO THE COMMON VARIANCE OF THE
MORPHOLOGICAL PROPERTIES, ALL SAMPLES
FACTORL FACTOR2 FACTORS FACTORS FACTORS FACTORS FACTOR?Y FACTORS FACTORS FACTOR10
8ND 0046922 =0.0%09% 0e 28506 0e 36122 0032445 <0,14159 <-0.15702 0.08216 Ge 12595 0e32€91
THICK 000668 004288 <-0.20605 0.09486 010361 <«0.015a12 0.16577 0.07768 004785 0.86252
TEXT 0484552 «0.01656 <=0.02462 0.10531 0e17412 <-0.01284 008370 008982 «=0.07274 =0.0208S3
ORY 0.82317 0.152101 <=0.08009 0.03937 007457 013800 =0.03806 0.02984 0.08183 008045
MOIST 0e81110 005020 -0.01856 0.17665 0e12250 000188 =0.01143 0.25202 Ce 13175 <=0.,0€6ESQ
STX Oe657R07 0.04469 -0.00501 0+16764 0011931 =0.0€540 <0.,09269 065829 0.01125 0.00306
FLCT 0.33408 <0.03679 0e11153 0e21759 007304 001568 =0.08022 0.81812 0¢10532 009473
"ARUND 005460 0095380 <=0010157 =0.00243 0e04681 006730 003539 <«0.03968 <=0.09533 0.019312
®SIZE 0.05198 0969491 =0.07908 =0.02994 0012056 <«0.00105 <-0.02628 <=0.01721 <=0.C8961 0.003922
MCONT 0.040928 093590 =06099€5 <«0.09705 007701 <=0.07003 <-0.01304 004605 <0.10915 0.01977
HLE «0402209 <=0.03863 0.34110 0406508 0e13649 0.03924 0408690 0.03622 0011027 <=0.19519
VAL =0e11545 021877 =0.15812 =0.06768 <=0.01636 003308 <0.07999 =0.07842 <=0.86066 <=0.06951
CHRO 008949 0615652 <=0.88280 <«0.10006 0.03506 <=0.906072 0612526 <=0.07638 <~0.05771 0.03C513
cLas Oe.a65488 =0,07075 0.22475 0.7C004 O0.0n3%2 0.01311 -0.0%030 015436 C.18027 017774
GRAS O0«.85181 =0.132283 0.208%0 065584 010406 008673 =0.01020 015019 033175 0.20325
TYPS Oel8311 =0.128165 0.23311 0e57853 <«0410733 <«0.12493 <=0.40943 ~0.01089 0e31944 <=0.,23370
QQUNTY 0.02882 «0.20679 063945 0423969 <=0.,06543 =0.043816 0.06478 0.00403 0.52015 ~0.,12435
CGNGUNT 0.24118 0.10689 0.00521 011926 093047 001755 0.03730 0.06007 0.01429 0.09218
CCrsSIZ 0e15797 0014525 007703 0.11638 0453470 011054 000646 005218 ~=0.01966 004086
CONCOLOR 0.20995 0.00898 0.45577 049507 0.16030 0.05193 006464 =0.14739 =0.18073 0033631
CUAT YPE -0.01709 001363 =0.01799 0.80311 0025306 0011992 0430517 0026252 <=0.09338 <=0.02647
PCRSTZE 0.02872 =-0.02718 0402358 0.09625 001096 003760 Ge93054 ~0.05674 010215 Qe.11410
PORCRIEN 0.07237 <=0.00678 0607353 0.07181 0.09906 097224 0.05190 <«0.00891 <«0.03896 <«0.01499
ORTHOGONAL TRANSFORMATION MATRIX

1 2 3 L) 5 6 7 8 9 10

1 0+62211F <=0.09621 0629952 0052294 <0.30234 0004391 <=0400096 =0.28722 <=0.22326 -0.12190

2 0.28789 071817 =0.44042 <=0.09798 =0.30077 0004091 <=0.05680 -0.08505 027439 <0.14107

3 =0e40702 0.44077 063340 0416419 =0+33875 0416192 =~007643 023540 0.05302 0.08292

4 «0.25476 =0e36852 <=0.271%6 0.16527 =0.38215 0021069 <«0.52569 0.13393 0410615 <=0.44972

S 0012321 ~=0e35565 0003596 <=0.41274 =0.60505 0.19568 00 33290 0.00058 0.23598 032532

L] 0e248150 0.02220 008795 =0.13305 0032265 070585 <=0.44622 <=0.06555 0.08285% 0.32108

? Oela479 006984 0418192 =0e56239 <=019925 =0.28504 =-0.43618 003027 <0e5708S1 <0.01164

8 =0+30170 =0.01661 0.022686 0005389 ~0s08421 =0.27121 <=0.29515 <=0.77451 0421726 0.30076

9 -0.29123 010113 <=0.41920 0.21828 <=0.18352 0.31618 0019153 <=0.10491 <0.63329 031494

10 =0+17079 005034 0018965 =-0432826 0.08179 0.36674 0030101 <«0446993 <0.12107 <=0.59774

"PRCPORYTIONAL CONTRIBUTIONS YO COMMON VARIANCES 8Y ROTAYED FACTORS
FACTORL FACTOR2 FACTOR3 FACTORS FACTORS FACTORSG FACTOR?Y FACTORS FACTORY FACTOR10
34381188 2.968622 2.498389 2.532526 20101920 1.063572 1.23%108 1.352229 1.413058 1.196275

0ce



PRINCIPAL AXES AND

COMMUNALITY ESTIMATES OF

TABLE 7.17

ALL PROPERTIES OF ALL SAMPLES

BND
TRICK
TEXT

DRY
“CIST
£213

PLCT
HASUND
MSI2E .
MCCNT
HUE

(718

CrRD
CLaS
Gaas
TyPs
REIZ2E
RCUNT
CCNCINT
(448383
CCACOLOR
CCATYPE
PCREI2S
PCRCRIEN
x .

H
CEC
€aco3

enD THICK
0.756576 0.651284

CLAS GR2S
€Ce825513 0C.857527

CE CACO3
0844465 0.697634

FACTORL

0.714Ts
0.i55¢
0.759¢1
0.56527
0.7¢039
0.73228
0.52049
-C.u9356
-0.27975
=Ces 2250
0.iouyd
-0.357538
=0.15e71
0.70309
O.3ilcl
0.4729>
O.ilde?6
0.20000
0.3359%
0.40191
O.vwudd
0eee737
0.03572
0.19357
0.27v27
0.05237
0.02422
0.26776
-0.u3727
0.22000
~Q.0l1328
«0.3406)
0.34292
0.7v707
0.53435
0.70379
0.34363
Oel3v68

TEAT
0.824653

TYPS
0.780103

m
0.796168

FACTDOR2

~0.12936
0.25569
V.25999
0.25111
V.15866
Ue 15597
-2.05579
0.44190
0.45379
V.46875
-J.57106
Ce45504
V.07592
-C.25395
-0.29077
=0.62062
«0. 44606
-Ve70742
V. 32754
0.27129
=0.43041
-U.05352
-Ue.05500
V.0c363
«0.41870
=Ue 81005
0.11835
V. 40621
0.77489
-0.57153

‘=0.u3231

0. 12864
0.25295
-0.32707
0.54803
0.40530
Je09532
0.71872

ORY
V.663893

RSIZE
0.717T62

OM
0.853623

FACTORY FACTOR10

0.02109. =0.15279
-0.19857 0.03378
0.13228 =0.27768
0.30747 <=0.02926
0.11242 0.C5284
«~0.09629 G.12052
~0.21437 0.22655
0.08810 <«0.03566
0.10112 0.03103
0.04872 0.01681
0.24467 =0.00032
«0.31332 ~0,40041
-0.05269 0.05968
=0.14064 <«0.03749
=0.04267 0.01479
-0.16292 0.21432
0.19C20 0.23798
0.25479 0.20507
0.01613 0.18637
-0.00240 0.19965
-0.15285 =0.21219
-0.35529 =0.010¢8
0.10840 0.08709
0.26992 =0.29957
«0.37252 =0.04535
0.12785 =-0.25781
0.15856¢ =-0.18118
-0.12671 0.10612
0.02230 0.14869
0.04228 0.03520
0.12713 0.13389
-0.02888 =-0.09253
-0.03470 =-0.19750
~0.14174 0.07069
0.10517 =0.01789
0.13727 =0.09146
0.06917 0.17134
0.06464 0.11376

HUE VAL
0.903946 0.710376 0.735690

POR.ORIEN

K
0.636978 0.636806 0.758419

FACTCR3 FACTORS FACTORS FACTORG FACTOR? FACTCPrS
0.15166 0.09944 =0.07702 0.12163 =0,G5463 <=0.23597
0.21034 0.30500 =0.59921 <«0.05857 0.02598 =0.20389

=0.03285 «C.15719 =0.04348 =0.10829 =0.02693 0. 12456
0.11654 =0.22842 =0.11320 0.16241 =0.05283 0.13449
0.05619 =C.28150 =-0.02367 0.10222 =~0.C4189 0. 18765
0.11906 =0.20984 =0.12536 0.23737 =0.23886 0. 20495
0.11299 -0.23053 =0.12039 0.28656 =0.31718 0.16817
0.76037 =0.17562 0.06578 0.00360 0.30448 0.Ce891
C.76245 =0.19385 0.10362 0.03250 0.27638 =-0.C4958
0.75026 =0.26717 0.C5297 0.03476 0.2080! =-0.C5778
0.22229 0.166647 0.41971 0.C8169 <~=0.17636 =0.(2080
0.12051 0.02852 0.24554 0.15931 =0.C6539 0. (6992

«0.06671 =0.108%6 =-0.445618 =0.16862 0.11127 0.C59095
9.14816 0.12772 =0.15586 0.28266 0.09853 0.C2462
0.05525 C.16863 =0.15776 0.19916 0.12502 0.C3478

~0.168077 =0.11822 0. 25287 0.288C6 0.33239 =0.C5918
0.01417 0.24734 =0.22285 =0.17835 0.49282 0.15273
C.02653 C.09014 0.G68754 d.07018 0.05339 =0.C1588
0.31081 C.35716 0.19589 =~0.264535 =0.23037 =0.23102
C.365053 0.38847 0.286264 =0.23817 =0.33292 =9.16%500
0.26026 0.37024 0.C7751 0.07674 0.02725 =0.(5431
0.24621 0.48796 =0.14077 0.18566 0.08353 0.20223
0.10307 C.41039 =0.35622 =0.28207 <0.01755 0.47449
0.12223 0.39335 0.17266  0.G9480 <=0.G70359 0.493841
0.28342 -«0.15506 0.21800 =0.42093 0.21180 0.C1766
0.03499 ~-0.18559 -0.20813 0.07778 =0.06182 =0.18445

~0.13705 =0.03706 ~0.10571 =C.0899%% 0.01295 =0.23144

-0.35838 =0.35167 030271 =0.20168 <=0.08845 0.20342

-0.11211 0.17472 0.19464 0.29596 =0.C4025 0.C5865

=0.C5597 ~0.11447 0.10619 =0.00320 0.C8792 =-0.C6513
0.23008 0.03885 «0.18645 0415696 =0.21465 =0.10655

~0.29002 0.24250 0026279 0.30797 0.27919 0.C2726

-0.21626 =0.11838 =0.19805 -0.1g983 0.C2971 =0.C1493

-0.01299 =0.14218 0.362€4 =0.22677 0.12799 0.16708

=0. 34289 0.15720 010055 =0.19755 0.12892 =0.(S604

~0.18140 0.14950 0.14652 =0.00879 0.17252 =0.16730

-0.25075 0.02248 =0.12341 0.28201 0.16236 =0.20348

~0.30154 018997 0029441 0.03494 0.15865 0.C2868

FINAL COMMUNALITY ESTIMATES:
MOIST STK PLCY MABUND MSIZE MCONT
0.7616686 0.867158 0.796250 0.921493 0.963913
RQUNT CGNQUNT CONSIZ CONCOLOR COATYPE PORSI2E
0.799276 0.919072 0.908386 0.519724 0.730773
FS VFS CLAY SILY CA MG
0.893332 0.758367 0.905876 0.879776 0.814509 0.873761

NA 8sT
0.864914 0.790476

CHRO
0.753051

H
0.8646611

1€¢



TABLE 7.18

ROTATED FACTORS OF ALL PROPERTIES, ALL SAMPLES
ROTATED FACTOR PATTERN 4

FACTGR1 FACTOR2 FACTCR3 FACTORS FACTCRS FACTORS FACTORT FACTORS FACTOR9 FACT3R10
BAD 0.55617 =0.22045 -0.01018 0.46754 0.11706 0.28935 0.05161 =0,22618 -0.09940 0.13866
THICK 0.10420 <=0.v1569 0.01462 033845 <=0.66896 0.20731 0.10224 -0.C3187 =0.15622 =0.01674
TEXT 0.53257 J. 02556 0.06873 0.02688 =0.01674 0.05428 =0.06392 0.16382 0.08463 0.28961
DRY 0.55065 U.U9460 0.22269 0.C00449 0.02494 0.02256 0.05079 0.10919 =0.18177 0.45083
MCIST 0.61466 0.06422 0.11409 0.C7546 0.08328 0.03593 0.C8980 0. C3982 0.07318 0.57790
STK 0.44296 V.04438 0.06727 0.16826 =0.01209 0.07274 =0.04810 -0.Cl88% 0.03707 0.79162
PLCT 0.<cuU29% =-0.U5065 =0.07210 0.24865 0.05304 0.09868 =0.00442 -0.(6092 0.06271 0.81563
MABUND =0.21572 V.09031 0.94361 0.00939 <=0.09368 0.04089 =0.07628 0.C7433 0.02807 -0.00463
¥STZE =0.v2476 V.10579 0.96505 <-0.00222 -0.06158 0.10833 <~0.06626 <=~0.02445 -0.01099 0.01226
MCONT =0.45593 0.05615 0.92260 =~0.04870 -0.11524 0.08122 -0.12989 -0.C6161 -0.,01503 0.05780
(343 =0.04537 <~0.29408 =0.05408 0.15634 0.70548 0.2€102 0.13005 0.10776 0.00303 0.00661
VAL -0.47535 0.26334% 0.24112 0.04488 <~0.09914 -0.10456 -0.70910 0. (8449 0.01722 -0.18301
cHC 0.ub723 0.30553 0.19541 ~0.23678 =-0.73066 =0.G8974 =0.05506 0.C3044 =0.10149 0.00945
Cras 0.40227 =-0.14935 -0.04790 0.66310 0.12665 0.01667 0.20110 <~0.C269%4 0.05631 0.37780
GRAS 0.46921 <=0.,12022 -0.12396 0.60324 0.13879 0.04554 0.32193 0.C0985 0.06072 0.3389¢
1vPS 0.17936 V.U5190 <~0.16588 0.34337 0.44261 <~0.20377 0.31549 <-0.29757 0.26013 0.20442
RSIZE 0.uu253 =0.14755 =0.03533 0.20531 0.01796 =0.13213 0.74984 0. 16943 0.14559 -0.15045
RCUNT 0.00400 -0.37978 =-0.21332 0.18680 0.52930 0.04432 0.53227 -0.C1413 0.01844 0.09306
CCNCUNT 0.30459 0.20196 0.11625 0.18959 -0.00650 0.84727 -0.02208 0.C3700 0.03775 0.12194
CCNSIZ Gei 675 U.13364 0.16255 0.20187 0.07863 0.85720 ~0.03653 0. C5211 0.08317 0.10553
CCNCOLOR 0.20395 =0.12796 0.01793 0.60081 0.16586 0.22371 =0.02272 0.10844 0.10127 -0.01940
CCATYPE 0.u4530 0.07907 =0.01007 €C.76395 =-0.09453 0.13006 0.07245 0. 22983 0.12892 0.19535
PTRSIZE -0.97112 =-0.05380 -0.08098 0.11535 =0.28944 0.11849 0.33265 0. €3040 0.04234 0.03859
PCRCRIEN 0.05659 V. 10938 0.03560 0.18976 0.27239 0.00403 -0.08837 .0.69532 =0.10082 -0.04149
K 0.,0664T7 =0.36136 0.12135 0.17363 0.13901 0.1049¢4 0.09981 =0.(8759 0.73520 -0.00711
H 0.03318 =0.80267 =0,20751 G.11532 0.27818 =0.,19608 0.14824 ~0.12¢94 =0.09381 -0.01251
CEC 0.85162 =0.02582 -0.10034 0.17954 =0,02460 0.18880 0.08967 -0.10998 =0.01178 0.14040
CACG3 032099 0.42989 =-0.12578 =-0.38021 -0.01380 0.00221 <-0.19425 -0.C5063 0.36671 0.27286
PH O.02344 0. 78640 0.14246 -0.03226 =-0.10580 0.08543 =0.25384 0.C2830 ~0.26391 0.06691
(4.} 0.01487 =9.53392 -0.28190 0.14690 0.49630 =0.11454 0.3652T =0.15425 0.21976 0.04833
FS ~0.72263 =~u.18392 0.20168 =-0.22862 =0.1:1972 0.01052 =0,08195 =0.C0073 =0.44673 =0.15376
VFS =0.37540 Ve43949 =0.10606 0.08170 0.12423 =0.33105 =0.13126 0.C3210 =«0.17866 =0.48079
CLAY 0.34373 V.06452 =-0.13366 012924 =0.24620 0.07385 0.00217 =0.C0646 0.17262 0.24361
SILY 0e42084 =0.0099 =0.09932 0.16278 0.38748 0.10944 0.20992 -0.C1106 0.61938. 0.26952
CA 0.06525 0.53033 -0.10998 =0.00609 <-0.15755 0.20605 0.03291 -0.C0358 0.06596 =0.07647
MG 0.76572 V45308 0.01719 0.19417 0.00659 0.19800 0.02530 =0.C6475 +~0.00478 ~0.00735
NA 0.43325 0.63907 0.06955 0.07659 ~0.27838 ~0.00246 0.02046 <-0.26345 <0.30139 0el4..8
BST 0.20246 0.82442 0.02574¢ -0.C7770 -0,07578 0.08270 -0.10282 0.C1129 ~0.01820 -0.10777
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TABLE 7.19

CONTRIBUTIONS TO THE COMMON VARIANCE,
ALL PROPERTIES, ALL SAMPLES

1 2 3 & S 6 7 8 9 10
1 0.764796 =0.02954 <-0.07621 ~0.36639 0.11265 0.22842 0.17334 €.02156 <=0.17681 =0,41592
2 =0.23111 0.67348 <-0.33530 -0.18075 0.43822 =0.12873 0.33626 0.03421 =0.15769 0.01417
3 -6.20010 0.31993 0.80777 =-0.25401 0.03869 0.32161 <=0.02734 =(.13336 =0.02064 =-0.12922 °
& 0.16887 0.25727 0.25442 0.55505 0.03576 =0.38649 =0.15039 0.28915 =0.18477 =0.41670
H] ~0.06471 <0.36157 0.08043 0.12535 0. 76470 0.18972 =0.26053 C.06581 =0.34879 0.,17453
6 -0.15522 =-0.21233 0.064536 ~0.42167 0.31269 =0.40151 =0.16704 C.19540 0.56039 =0.33444
7 Q.id611 =0.22053 0035520 <=0.22666 =0.03812 =0.52656 0.46115 0014394 <~0.26999 0.40922
8 O.1v018 0. 16230 0.01102 =0.06189 <=0.(3839 0.34539 ~0.03943 C.78101 0.26634 0.38317
.9 ~Je30956 <=0.05376 =0.16269 =0.42966 =0.32595 =-0.04220 -0.38120 €.29041 =-0.57280 ~-0.15634%
10 0.39811 0.35119 0.02014 =-0.16478 002792 -0.28793 =0.61498 <~C.26757 0.04111 0.39426
PROPORYIONAL CONTRIBUTIONS TO COMMON VARIANCES BY ROTATED FACTORS
FACTOR1 FACTIR2 FACTOR3 FACTCR4 FACTORS FACTORG FACTORT FACTORS FACTORY FACTCR10
60294209 4.347191 3.278090 2.979139 2.955214 2.171728 2.1515€3 1.40809C 1.781854 2.893522
1 2 3 4 5 6 7 8 9 10
EIGENVALUES 94603466 T.349451 3.122005 24171146  1.,980865 1.406345 1.346637 1.248109 1.074291 0.958287
PORTION 0.253 0.193 0.082 0.057 0.052 0.037 0.035 0.033 0.028 0.025
CuM PORTICN 0.253 0.446 0.528 0.585 0.638 0.675 0.710 0.743 0.771 0.796
11 12 13 14 15 16 17 18 19 20
EIGENVALUES 0858285 0.790973 0.711597 0.658649 0.581826 0.538684 0.455780 C.408524 0.384919 0347740
PORTION v.023 0.021 0.019 0.017 0.015 0.014 0.012 0.011 0.010 0.009
CuM PCRTICN 0.819 0.840 0.858 0.876 0.861 0.905 0.917 0.928 0.938 0.947
21 22 23 24 25 26 27 . 28 29 30
EIGENVALUES 0295699 0.274048 0.211557 0.198068 0.160913 0.130368 0.123466 C.114415 0.103516 0.083265
PORTICN 0.008 0.007 0.006 0.005 0.004 0.003 0.003 0.003 0.003 0.002
CUM PORTION 0.955 0.962 0.968 0.973 0.977 0.981 0.984 0.987 0.990 0.992
31 32 33 34 35 36 a7 38
EIGENVALUES 0.007035 0.063001 0.055381 0.048680 0.034522 0.021336 0.017152 C.000002
PORTICN 0.u02 0.002 0.001 0.001 0.001 0.001 0.000 0.000
Cur PORTICN 0e 994 0.995 0.997 0.998 0,999 1.000 1.000 1.000

ORTHOGONAL TRANSFORMAT ICN MATRIX

AYA
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communality estimates varied from 51.97% for the color of the concretions
to 92% for the mottling abundance (Table 7.17). The final communality
estimates were higher for the chemical properties when the zones were
treated separately.

Six factors accounted for only 58% of the common variance. This
was quite a bit lower than the amount of variance explained by the same
factors when the profile was partitioned to different zones. This was
true for both the chemical and morphological properties. The first
factor (16.6%) was correlated with texture, consistence, structure
strength, CEC, Mg, fine sand, Ca, Na, and silt. The second and ninth
factors accounted for 11.4% and 4.7% of the common variance, respec-—
tively and were totally correlated with chemical propertieé. It was
noticed that morphological properties showed higher loadings on dif-
ferent factors. The third factof identified mottling with the higher
loading, while the sixth factor identified concretion size and the color
with the higher loadings. The seventh factor identified the root
quantity and size.

It was observed here that a high correlation existed between the
morphological properties and the different factors. This singled out
the morphological properties to be the prime contributers to the soil
variations or heterogeneity. A high variability among the morphological
properties was also observed when different genetic horizons were
treated separately.

Since the first and the second factors were correlated with many
properties, plotting the loadings of the locations on those two factors
produced several compact groups (Figure 7.6). Plotting the loading for

only the chemical data (Figure 7.4), or the morphological properties
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alone (Figure 7.5) did not produce clusters as compacted as when all
the data were combined together. Figure 7.7 shows the many soil pro-
perties with high loading on the first two factors after the Varimax

rotation.

Loading Index

Loading index values (D) were calculated in a similar fashion to
area two (Tables 7.20, 7.21, and 7.72). Different arrangements
resulted for different horizons. Many properties, like CEC, clay, and
texture, occupied the top position for different horizon listings,
especially for the subsurface and for all horizons treated together.
Sodium and the base saturation occupied the tdp positions for the sur-
face zone only (the number of samples required to sample the true mean
as a function of the standard deviation in Chapter II, showed that
sodium and base saturation were among the highest for the same ;one.
The behavior of the same variables in the subsurface was also confirmed
by the lower position occupied on the loading index list). This is

considered as a clue to the validity of this index.
Summary and Conclusions

Principal component and factor analysis demonstrated to be a suf-
ficient tool in scanning the variation of different soil properties.
However, the results depended on the manner by which the soil units
were selected (individual horizons, or profiles). Different answers
resulted when different genetic horizons were treated alike or sepa-
rately. Each case showed to have some advantage over the other. If

the horizons were treated separately, estimates of the individual
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LOADING INDEX (D) OF DIFFERENT CHEMiCAL PROPERTIES

TABLE 7,20

WITHIN THE DIFFERENT GENETICAL ZONES

239

Surface zone subsurface zone ‘P.M zone All samples
Prop. D Prop. D Prop. D Prop. D
1- BST 20.72 CEC 20.71 Ca 13.40 CEC 21.36
2~ Ca 18.24 Clay 20.30 BST 13.10 Clay 19,57
3~ Na 11.42 FS 15.60 FS 11.80 H 15.23
4- VFS 11.09 Mg . 12.60 oM 11.30 Mg 14.64
5- K 9.65 PH 11.20 K 8.00 PH 14.23
6~ CEC 9.36 BST 8.90 CEC 7.90 FS 13.53
7- silt 9.36 OM 7.40  Clay 7.60  OM 8.69
8- Clay 8.89 K 7.20 Silt 7.30 BST 8.07
9- H 8.20 Ca 7.00 Na 7.30 Ca 7.87
10-Mg 7.15 CaCo3 - 6.40 CaC03 5.10 K 7.35
11-0M 7.05 VFSs . 6.30 FS 5.00 VFS 6.66
12-CaCo3 6.46 Silt 6.00 PH 4.50 CaCo3 6.49
13-Fs 5.70 Na 3.20 H 4.40  Sile 6.27
14-PH 3.81 H 2.50 Mg 4.00 Na .73




TABLE 7.21

LOADING INDEX (D) FOR DIFFERENT MORPHOLOGICAL PROPERTIES
WITHIN DIFFERENT GENETICAL ZONES

e
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Surface zone subsurface zone P.M zone All samples

Prop. D Prop. D Prop. D Prop. D

1- Stk 12.51 Msize 12.30 Mcont 17.60 Msize 12,10
2~ Text 9.61 Mabund 11.80 Msize 17.60 Mabund 11.60
3- Pororient 7.92 Mcont 11.5 Mabund 16.90 Mcont 11.40
4~ Gras: 7.80 Dry 10.00 Plct 12.00 Text 10.90
5- Rsize 7.57 Stk 9.10 stk 10.40 Dry 10.10
6- Val 7.12 Text 8.30 Rqunt 10.20 Moist 9.90
7- Coatype 7.04 Chrom 8.00 Rsize 10.20 Chrom 8.40
8- Chrom 6.58 Hue 7.40 Dry 7.70 Conqunt 7.90
9- Type 6.45 Consize 7.40 Thick 7.10 Consize 7.90
10-Concolor 6.41 conqunt 7.20 Pororient 6.30 Hue 7.70
11-Rqunt 6.08  Type 6.70 Hue 6.10 Coatype 7.00
12-Clas 5.44 Rqunt 6.40 Chrom 5.80 Stk 6.80
13-Moist 4,50 Rsize 4.90 Coatype 5.40 Clas 5.40
14-Dry 4.40 Gras 4.30 Porsize 4.90 Porsize 4.70
15-Plct 4,40 Concolor 4.10 Text 4,10 Gras 4,70
16-Hue 4,40 Pororient 3.50 concolor 2.60 Val 4.50
17-Bnd 4,20 Val 3.30 moist 2.20 Rqunt 4.50
18-Porsize 3.40 Coatype 3.20 Pororient 4.30
19- Clas 2.01 Plct 4.00
20~ Plct 1.60 Thick 3.90
21~ Bnd .99 Type 3.70
22- Bnd 3.30
23- Concolor 2.60




TABLE 7.22

LOADING INDEX (D) FOR ALL SOIL PROPERTIES
‘ WITHIN THE SOIL PROFILE

Prop. D Prop.

- CEC 12.00 28- oM 3.20
2~ Clay 11.70 29~ Silt 2.90
3- Text 11.40 30- Val 2.90
4— Mg 9.80 31- Concolor 2.80
5~ FS 8.60 32- K 2.60
6- BST 7.70 33- VFS 2.20
7« Mabund 7.60 34~ Rqunt 2,20
8- Ca 7.50 35- CaCo03 2,10
9- Mcont 7.30 36- Pororient 1.80
10-H 7.30 37- Porsize 1.50
11-PH 7.10 38- Type 1.50
12-Moist 6.20

13-Dry 5.80

14-Bnd 5.20

15~Plct 5.10

16-Stk 4.70

17-Coatype 4,50

18-Na 4,50

19~Chroma 4.20

20-Consize 4.20

21-Conqunt 4.10

22~Hue 3.90

23-Msize 3.90

24~Gras 3.70

25~Thick 3.50

26~Clas 3.40

27-Rsize 3.20
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variances were very high for different soil properties. At the same
time, the magnitude of the variability of each soil property within
each horizon ié scanned better. This is very important if hypotheses
on the differential movement of soil constituents or soil genesis are
to be formulated. Moreover, more meaningful interpretations were pos-
sible for the different factors when horizons were treated separately.

Lower communality estimates resulted when all the horizons were
treated alike. The first few axes accounted for a higher proportion
of the variance, In addition, many properties were correlated with a
single factor which helped to produce a moré compacted cluster. One
common pattern prevailed in this study regardless of the way the hori-
zons were treated. This pattern was that the morphological properties
were higher in variability than the chemical properties (this conclu-
sion was also reached by a different route in Chapter II).

A larger number of axes were needed in the case of the morphologi-~
cal properties to explain the same variation exhibited by the chemical}
properties. Six factors were sufficient in the case of the chemical
properties regardless of thé method by which the horizons were treated,
but ten factors were required for the morphological properties.

The variation of the chemical properties was the highest in the
subsurface zone. The variation of the chemical and morphological pro-
perties was minimum in the parent material. This conclusion is consis-
tent with thé definition of the Cr (P.M.) horizons.

According to the D values, the variation of each property depended
on thé horizons in question. However, common properties were observed
to occupy fhe top position with different arrangements like CEC, clay,

texture, and consistence. Therefore, these properties were considered
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to contribute to a higher portion of the variability of the soil in
this area. They were followed by the hydrogen, fine sand, mottling,

base saturation, pH, and sodium.



CHAPTER VIII
CLUSTER ANALYSIS
Abstract

A total of 85 and 109 horizons from two areas were used in this
study with.25 morphological and 17 chemical propérties in the simila-
rity matrix. The chemical data were normalized first then the whole
set was transformed by the Talkington method (65) so that the maximum
distance between any two individuals would be vV 2. The similarity
matrix was then converted to a dendogram using the unweighted average
agglomerative procedure. Three different similarity measurements
were recognized from each dendogram. The horizons were then classified
into different groups according to the similariﬁy level. 18 and 23
transition matrices were constructed and classified éccording to the
information theory by Norris (48). This procedure was repeated three
times. The pedons indicated that the similarity measurements chosen to
classify the horizons from the primary dendogram had a very little
effect on the number of the groups produced each time. Exact similarity’
occurred between pedons of fhe same series in area one, but of different
series in area two. The pedons interchanged their positions between
the different groups as the initial similarity level was changed.  More-
over, the pedons within one group did not belong to series that occur

adjacent to each other in the field. This suggested that both areas
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should be designated as soil complex units. The author feels that in
an area where the variations of the soil-forming factors were kept mini-
mum to this level of similarity between the pedons within each series

is not sufficient to draw different mapping units on both areas.
Introduction

Man is known to be a natural classifier since the dawn of history.
Classification became an artistic way of remembering the many properties
of different objects. As man's knowledge about his surroundings
increased, his classification grew to be more complicated and more
systematic. |

In the most general terms, classification' is the process of giving
names to a collection of objects which are thought to be similar to
each other in some respect (Everitt, 25). Gilmour (27) attempted to
distinguish two different classifications. A natural classification
of living things is one which groups together individuals having a
larger number of attributes in common; whereas, an artificial classi-
fication is composed of groups having only a smaller number of common
attributes.

As a natural system, soil was not excluded from classification by
man as his knowledge of this system improved. Many attempts to classify
the soil were undertaken in many countries, but the most comprehensive
and recent system is the one published by the United States Department
of Agriculture in 1976. Recently, and with the vast improvement in high
speed computers, systematic classifications based on more quantitative
attributes have been attempted in many areas. The earliest numerical

approach to classification of the soil was by Hole and Hironaka (34).
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Many problems have to be solved and precautions taken in order to
reach a sensible quantitative classification of soils. Also many steps
are involved in achieving such a classification. These steps may
include the selection of the soil units, the selection of the soil pro-
perties, the measure of similarity to be used, and the methods of
displaying the results in an easily interpreted format.

Before discussing thése problems, a definition of the quantitative
groups, which result from what is known as the clustering method and
are called clusters, might be appropriate. Many definitions were given
to the cluster, But the most acceptable definition is the one given by
Everitt (24, p. 44). "A cluster may be described as a continuous region
of space containing a relatively high density of points, separated from
other such regions by regions containing a relatively low densify'of

points."

Selection of the Soil Units

One major obstacle in the numerical classification of soil is the
anisotropy of soils (whether profiles, pedons, or other soil units)
(Moore and Russel, 44). A solution to the problem that it presént§
must be found before a numerical classificatioﬁ scheme can be achieved.
The anisotropy of soil profiles is reflected in the separation of the
profile into horizons, which can be considered to be isotropic (Knox,
39; Russel and Moore, 60). As a solution to this, Ryner (54), suggested
numerical classification of soil onbthe basis of a sequence of similar
horizons as preferable to considering the entire profile as a unit and

then using profile properties (Sarkar and Bidwell, 61).
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A second solution to this problem is the comparison of each hori-
zon with all other horizons studied (Ryner, 54). This method requires
too much computation time, and some of the‘comparisons might not be
usable. For example, the Al horizon of one soil may be similar to the
C horizon of another soil.

| A third solution is to.compare horizons which occur at the same

depth in different profiles (Moore and Russell, 44),

Selection of Soil Properties

Soil properties can be divided into four main groups: 1) dichoto-~
mous properties, such as the presence or absence of mottles; 2) multi-
state unranked properties, such as the form of a structure unit, which
may take one of several pdssible states; 3) multistate ranked properties,
such as the size of the class of peds; 4) continuously varying proper-
ties, such as cation exchange capacity of the soil.

The selection of soil characteristics is a critical step in nume-
rical classification. Sarkar, Bidwell, and Marcus (61) stated that
too closely related characters might exert a double emphasis on a cer-
tain property and unduly influence the classification. Grigal and
Arneman (28) thought that deletion of some characters probably would be
necessary for numerical taxonomy of soils to be effective. They objec-
ted to deleting characters on the basis of correlation because it would
result in losing information on some soils and they suggested using
fa;tor analysis instead.

Rohlf (58) found correlated characters in a numerical classifica-
tion somewhat desirable. Sneath and Sokal (63) suggested deleting any

properties that are a logical consequence of another. However, when
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two characters with high empirical (but not logical) correlations are
available, both should be included unless they are caused by a single
factor. Arkley (2) indicated that the number of soils included should
be large, the general kinds of soil included should be well represented,
and the selection of soil properties even more important. He noticed
that eventhough all kinds of soil properties can be included, properties
highly correlated like moist and dry color or redundant properties
should be avoided. As a general rule, if a character can be considered
as a linear combination of other properties, then it would not add any

power to, or improve the classification.

Weighting the Soil Variables

Sneath and Sokal (63) presented argument in favor of weighting all
variables equally, especially where classification is intended to be a
natural, or basic classification for general use rather than one for a
specific objective. They gave many reasons for equal weighting. The
most important are: 1) equal weighting, employing as many charécters
as possible, results in general classification which can be of general
use to many purposes; 2) it is difficult to be completeiy objective in
assigning different weight to characters; 3) equal weighting appears
automatically during the mathematical computations of numerical classi-
fication.

They also favor the use of a large number of variables in numeri-
cal taxonomy on the grounds that the use of many variables greatly evens
out the effective weight which each one contributed. Arkley (1) agreed
that in the first stage of analysis, the use of a large number of vari-

ables standardized so as to give equal weight to each is certainly a
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sound approach. The extensive covariance among soil variables in
widely differing data sets is strong evidence that a long list of soil
variables is not necessary to classify soils effectively by either

conventional or numerical methods.

Standardization of Soil Variables

1. It is clearly inapprobriate to compare differences in variables
with range of 0.0 to 1.0 with variables with a range of 100 to 1000.
For continuous variables, standardization may be achieved by many for-

mulas:

i (8.1)

where Z has zero mean and unit variance, Xi is the unstandardized vari-

ables, X is the mean, S is the standard deviation of Xi' This

X.
1

procedure is the most accepted way of continuous variables standardiza-

tion, or

X' =((X-X.)/X -X.) (8.2)
min max min

where X' is the standardized variable.

2. Another method of equalizing the contribution of the discrete
and continuous variables is based upon the information theory that has
been developed by Burr (12). Continuous variables are standardized to

a mean of 0.0 and a standard deviation of #/2 by the formula
X' = (X - X)/1.414 SD_ (8.3)

and multistate variables by the formula
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M2 = M(e-1)/2ep (s - 1) (8.4)

where M' is the standardized variable; M is the unstandardized variable
(as coded); t is the total number of individuals (soils) with no mis-—
sing data; Py is the proportion‘of t in state S (Sn/t); Sn is the number
of individuals in state S; Sm is the number of possible states of vari-
able M.

3. Another method of equating the weight of all properties was

proposed by Talkington (65),

L 2= x -x.)% <2 (8.5)
1ja ia ja’  —

the detailed use of this formula is given in the statistical approach
section., The problem of highly skewed data should be considered in.the
standardization of variables. In some cases, it would be appropriate
to use a logarithmic or square root transformation for a known skewed

distribution as was done by Russell (60).

Measures of Similarity or Differences

Sneath and Sokal (63) used the term similarity coefficient to
indicate the measures of either similarities or differences. Four
classes of similarity coefficients have been used.

1. Distance Coefficients. The simplest form of distance measure-

ment is called Mean Character Difference (MCD) and has been used by

Russell (60) and Webster (68).
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1 0
S ) .. = X.
MCDJk n1=1|X1_] Xlk' (8.6)
where Xi ....... 'Xn are standardized variables i and k are two indivi-

duals such as soil properties. A much more commonly used distance

coefficient is the Euclidean distance

n
= - 2
Do = 8%y~ %07, (8.7

The average Euclidean distance coefficient has the advantage of being
readily visualized and can be plotted in two or three dimensions. This
coefficient has been used by many authors (Cipra, 20; Grigal and
Arneman, 28; Moore, 45; Webster and Burrough, 68; and Caunalo and
Webster, 18).

Another distance has been used by some workers and called the
Canberra Metric by Lance and Williams (40). It has been used by Webster

and Burrough (68).

-3 ( )/ ( '
e TR T (8.8)

where X.., X.
1]

ik are the values of the kth properties for the ith and

the jth sites, p is the number of soil properties.

2. Similarity Coefficients. These coefficients were suggested by

Bray and Curtz (10).

n n
ST = L[ UXyye = Xy D/ E gy * X0 ] (8.9)

all variables must be standardized to common range and positive sign.
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This coefficient has been used by Holz and Hironoka (34), Bidwell and
Hole (7), Bidwell (8), Sarkar (61), and Moore and Russell (45).

3. Simple Matching Coefficient. This coefficient is usually

used for data as a two state character (0,1). It has been used by
Russell (60) and Brisbane and Ravira (11). It involves considerable
loss of information and is not recommended for soil classifications.

4, Product Moment Correlation Coefficient. This coefficient was

used by several workers: Cipra (20), Cuanolo and Webster (18), Moore
and Russel (44), Moore (45), and Russel (60). One disadvantage of
using this coefficient is that it is a measure of pattern rather than
magnitude of differences.

Moore and Russel (44) compared all the above coefficients and
concluded that the Euclidean distance is probably the most appropriate
for soil because it is sensitive to magnitude. Webster (69) criticized
Euclidean distance measure because it is sensitive to magnitude.

However, his criticism is valid when very few soil properties are used.

Sorting Strategies

Generally, the matrix of pairwise similarity coefficients produced
from the analysis of the data is very large. ‘The number of pairs is
n(n-1)/2, where n is the number of individuals. Thus a éimilarity
matrix usually cannot be adequately interpreted by simple visual inspec-
tion.

The most commonly used procedure in displaying the similarity
matrix in soil studies is the system called '"the sequential, agglomera-
tive, hierarchic, non-overlapping, clustering method" by Sneath and

Sokal (63). The results are generally presented in the form of a
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dendogram or phenogram. There are varieties of algorithms for the defi-
nition of maximum similarity between clustering of individuals.

1. Single Linkage or Nearest Neighbor Clustering. This method

uses the criterion for joining based upon the two most similar indivi-
duals between two clusters. This method did not win the acceptance of
many soil scientists. However, some soil workers used this ﬁethod, such
"as Ryner (33), and Muir (47).

2. Complete Linkage or Farthest Neighbor Clustering. This is

based upon the similarity of the least similar pair of individuals in
the two clusters.

3. Average Linkage Clustering. This is the most commonly used

clustering method in soil studies. It is intermediate between the
extremes of the two methods described above. Many soil workers used
this method, Berkham and Norris (6), Bidwell and Hole (7), Bidwell (8),
Cipra (20), Caunalo and Webster (18), and Sarkar (61). The centroid
method is similar to the average linkage method. It is a very attractive
method to soil scientists because it can be represented in two or more
dimensions.(Campbel, 15; Caunalo and Webster, 18; and Moore and Russell,
61).

4. Variable Group Clustering. By this procedure, it is possible

to allow several individuals and/or clusters to join at a single step
in the procedure (Arkley, 2). The criterion for joining were based .
upon the change within group variance. This procedure is described in
detail in Sneath and Sokal (63).

5. Flexible Sort Clustering by Lance and Williams (40).

D(ij)k = a; Dy tag Dy *bD ClDik - Djkl (8.10)
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Dij is a measurement of difference or dissimilarity, i and j are joined
pair of individuals or groups, and k is a candidate for joining the
group. a is a parameter that could be 1/2 of a function of the numbers
of the individuals. It has been used by Campbell (15), Moore (45),
Russel and Moore (60), and Russel (61).

6. Information Content Clustering Method. This method of clus-

tering technique is based upon information.theory that has been
developed by Norris .and Dale (48). Moore (45) applied this method to
all two state variables (traﬁsition matrix). This method will be used
in this investigation and the detail of the procedure will be given
later.

7. The Divisive Method. The divisive method begins with the

whole population and progressively divides it into smaller and smaller
groups using the similarity matrix. The method uses separation on a
primary variable with high communality together with minimum variance
and t-test and discrimenant function to increase the separation of the
‘groups. This ﬁethod requireg too much computing time. It has been

used by very few soil scientists (Norris, 49).
Statistical Approach

Two types of characters were used in this study, continuous charac-
ters represented by the chemical properties, and discrete characters
represented by the morphological properties. The types of the charac-
ters and the coding system are found in Appendix B.

All the soil characters were scaled so that the square of the
maximum distance which they could contribute along their coordinate

axis in n-dimensional space was 2 (Talkington, 65). A two-stage
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character will be given for example, Y2 for present and 0 for absent
(02 = (/Z - 0)2 = 2). The interval O to 2 was divided into as many
classes as necessary for multistate variables. The continuous vari-
ables were normalized first and then scaled linearly in the range /2, 0
so the Euclidean distance of maximum 2 for the continuous characters

can be computed from the following formula:

2 1 iy %, )2

ij 2n k21 Tik jk (8.11)
where n is the number of variables, n' is the total number of the state
including one state for each quantitative variable.

Distance matrices of 85x85 and 109x109 were computed for both areas
using 85 and 109 pedogenic horizons, respectively. The numerical analy-
sis of different pedons were based on the result of the dendogram
obtained from the distance matrix by the agglomerative method (the
unweighted, average linkage method). At this stage, the different
horizons were classified into two differeﬁt groups. The horizons were
assigned to different groups and then the relative position of the pedo-
genic horizons was used to construct a transition matrix. The
transition matrices were then classified to produce the final pedon
clusters.

This procedure is summarized in the following steps: 1) the 85
and 109 samples from 18 and 23 pedons were classified into different
groups based on the dendogram produced by using only the soil characters.
The groups were numbered 1...N for each area; 2) tables of profile
descriptions that show the number of the group in which each horizon

was classified by the dendogram and using a different similarity level
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were prepared; 3) the sequence of the numbers describing each pedon
was converted to a transition matrix. Each profile was represented by
a different transition matrix for each change in the similarity level.
The dimension of the matrix is N X N, where N is the number of the
groups recognized from the initial dendogram for a specified similarity
level; 4) the 23 and 18 transition matrices, each representing one
pedon, were classified based on the primary grouping of their horizonms.
The relative position of the different horizons in the pedon was con-
sidered in building the transition matrix.

Norris (48) discussed fhe method of clustering such matrices. Tn
this method, each possible entry in the transition matrix is conéidered

as a single state of a multistate variable. The information content of

the matrix is defined as

I =X..LnX.. - fﬁxij Lo, ; (8.12)
where X.. = Eﬁxij. Two transition matrices A and B can be compared by
calculating IA, IB, and IA+B' Then by computing AI,

AL =1 -1, -1 (8.13)

A+B A B

where AI is a measure of the information change. The pair of matrices,

giving minimum information, are then joined together.
Results and Discussion

Twenty-three morphological and 16 chemical properties were used to
calculate the similarity matrix (109 X 109 for area two and 85 X 85 for

area one). The lower triangle of the similarity matrix was punched on
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IBM cards and inputed for the initial clustering of different horizons
regardless of the pedons from which they came. The relative position
of the different horizons was not considered at this stage. The éoil
properties were the ohly factors affecting the horizons similarity.
This route was followed because an equal number of horizons is not
required to obtain the cluster of the different pedons. Other routes
require equal number of horizons in order to compute the similarity
matrix. To do this, equal intervals have to be sampled from each
pedon. This will lead to some samples being collected from two diffe-
rent genetic horizons.

Figures 8.1 and 8.2 show the dendograms for the initial horizons
of both areas. Four major groups were recognized for the first area.
The recognized groups represented different genetic horizons. The
surface horizons were well separated in one groﬁp and all the argillic
horizons in another group. The argillic horizons of pedon 11 and 10
. were classified into the B300 group. This classification was considered
proper since B300, by definition, has more than 50% of the argillic
horizon characteristics. Also, few of the B300 horizons were classified
with the Cr00 group. This could partly be due to the difficulty in
recognizing the lower boundary of the solum where the change between
the parent material and the solum is very gradual. The occurrance of
B20t (pedon 1), B21t (pedon 5), and B200 (pedon 6) with the surface
group could be due to errosion where these locations occupy a very mild
convex position.

Figure 8.2 shows a cluster of 109 horizons for area two. All the
ApOO horizons, except for the AéOO horizons for pedon one, were classi-

fied into one group. From the author's experience during the field
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Figure 8.1.
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are given in Tables 8.1, 8.2, and 8.3. Similarity levels of .70, .72,
and .80 were used for area two. The groups resulting for different
levels are given in Tables 8.4, 8.5, and 8.6. The next stage was to
build the different transition matrices from Tables 8.1 to 8.6. Each
table will yield a group of matrices of different dimensions for each
table, the number of the matrices is equal to the number of the pedons
“in the area. The dimension of the matrix in each group is equal to the
number of the groups established using a specific similarity level.
Table 8.7 is an example of how the transition matrix was built for
pedon number 5 (area two, similarity level .72 extracted from Table
8.5). The entry in the transition matrix (Table 8.7) takes into
account the relative position of the genetic horizons in the profile.
The author feels that in this respect, the transition matrix method is
advantageous over other methods.

The three groups of transition matrices were classified separately
and different clusters were drawn accordingly. Figures 8.3, 8.4, and
8.5 show different clusters for area one and Figures 8.6, 8.7, and 8.8,
for area two. A similarity coefficient of 23 was recognized for pedons
of area one, and 35 for pedons of area two. The clusters of both areas
show the extreme similarity between some pedons. If two or more
pedons were written on the same line, this would indicate that both
pedons were exactly similar. One should be cautious,.however, because
this did not mean that in reality the two pedons are 1007 similar to
each other, but they were only similar in respect to the properties
used to compute their similarity. The exact similarity between two or
more pedons was noticed to occur between pedons of the same series in

area one and between pedons of different series in area two.
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Table 8.8 shows the different, major groups established for area
one using the three similarity measurements. Two major groups can be
recognized in each case, but with very few pedons forming small groups.
However, the pedons were interchanged between different groups when
the initial similarity level was changed. Moreover, since similar
pedons within each group did not belong to series that occur adjacent
to each other in the field, drawing lines to separate the different
pedons would be impossible. Table 8.9 shows the different groups
established for area two from clusters numbered (Tables 8.6, 8.7, and
8.8). Two major groups were also recognized in each case, but with
very few pedons forming small groups. However, the pedons were inter-
changed between the different groups as the similarity level was
changed; This might indicate that even in a small area, the high level
of homogeneity as intended in soil survey operations is not poésible to
achieve. Furthermore, it may also indicate that soil inclusions may
occupy a larger portion of the mapping unit. Therefore, it is reasona-

ble to assume that both areas should be designated as complex units.
Summary and Conclusions

Soil survey operations are based on the systematic examination of
the soil profiles in the field where changes are thought to occur. The
1ines that delineate the mapping unit are usually drawn using criteria
chosen in advance and givén heavy weighting in deciding the type of soil.
Dissimilar soils within the delineation are called soil inclusions.

Mathematical classification, as in this study, uses many criteria.
Some of them are used in the conventional classification and some are

not. Many studies, as well as this study, showed that the kind of soil
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investigation some doubts were experienced about assigning Ap0O to this
horizon. The texture of this horizon was finer than any of the surface
horizons in the entire study area. No explanation could be advanced

at that time. Therefore, the author feels that the horizon allocation
with the B2t group was proper. Most of the B22t, the B23t, B2lt or

the B24t and B25t horizons were classified into~Q}fferent groups; but
with very few inclusions within each group. The occurrence of some
different horizons inside other groups could be due to the fact that
the B2t subdivisions are established by the vertical subdivision of a
thick horizon. Therefore, the wavey topog;aphy (as was shown in Chapter
I1) of the horizons lead to one horizon designétipp in a certain loca-
tion and to another designation in another location within the same
area. Therefore it is possible for one horizon to bé designated as
B22t in one pedon to be designated as B2lt or B23t in another pedon.

In the next stage, the different horizons were classified into
different groups using different similarity levels. The criterion for
choosing the similarity level is subjective, but depends on the minimum
similarity exhibited between the different horizons. The validity of
such classification can be tested by the Wilk's criterion. This test
is based on maximizing the between groups sum of squares and minimizing
the within groups sum of squares. The classification which gives a
maximum Wilk's criterion value could be used to determine the number of
clusters present.

Three levels of similarity measurements were used to investigate
the effect of the primary grouping on the number of the final pedons
clustering. Similarity levels of ,73, .76, and .80 were used for area

one. The groups classification resulting from these similarity levels



- SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON

TABLE 8.1

THE PRIMARY DENDOGRAM (D=.76), AREA ONE

HOR.

LOCATIONS NUMBER

1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18
APOO 02 02 01 20 ©01 01 o0 o0l ©02 ©O01 01 Ol 02 01 Ol Ol 01 Ol
B100O 02 20 - - - - - - - - T < - - -
B20t - - - - - - - - 02*% - - - - - - - - -
B200 - - - - - o1 - - - - - 05 - - - - - -
B20t - 21 - - - - - - - 01 o0 - 19 - 21 - - 06
B21t 13 - 19 20 01 - 06 19 21%x - - - - 06 - 21 19 -
B22t 13 - 19 14 16 - 19 ° 17% 02% - - - - - - 15 16% -
B23t 08 - 09 15 - - 16 - 18 - - - - - - - - -
B300 - 16 09 - 16 05 16 09* - 19 0L - 06 - 05% - - 05
B310 - - - - - - - = - - - - - 02 - - - -
B320 - - - - - - - - - - - - - 16 - - - -
B330 - - - - - - - - - - - - = 06 - - - -
CrO0 08 10 10 11 03 12 10 12 04% 12 12 07 12 10% 12% 12 07*% 12

* indicates the presence of discontinuity

S9¢



TABLE 8.2

SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON
THE PRIMARY DENDOGRAM (D=.73), AREA ONE

LOCATIONS NUMBER
HOR, 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

APOO 03 03 01 27 02 02 0l Ol 03 Ol 02 01 03 02 Ol
BIOO 03 27 - - - - - - - - - - - - -
BIOt - - - - - - - - 03* - - - - - -
B20 - - - - - 0 - - - - - 06 - - -
B2t - 28 - - - - - - - 01 @2 25 - 28
B2t 18 - 25 27 02 - 08 26 28 - - - - 08 -
B22t 18 - 25 19 22 - 25 23% 20% - - - - - -
B23t 10 - 12 20 - - 21 - 2% - - - - - -
B300 - 21 11 - 22 06 21 11% - 25 02 - 07 -  06%
B310 - - - - - - - - - - - - - 03 -
B320 - - - - - - - - - - -4 - - 2 -
B330 - - - - - - - - - -4 - - - 0 -
cr00 10 14 13 15 04 17 14 17 05% 17 17 09 17 13% 17%

* indicates the presence of discontinuity.

99¢



TABLE 8.3

SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON
THE PRIMARY DENDOGRAM (D=.80), AREA ONE

LOCATIONS NUMBER

HOR. 1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 16 17 18
APOO Ol 01 o0 15 01 ©01 01 o0 01 0l ©01 0 ©01 ©01 oO01 01 01 Ol
BlOO 01 15 - - - - - - - - - - - - - - - -
BlOt - - - - - - - - 01* - - - - - - - - -
B200 - - - - - 01 - - - - - 04 - - - - - -
B20t - 15 - - - - - - . 01 01 - 15 - 15 - - 04
B21t 10 - 15 15 01 - 04 15 15% - - - 04 - 15 15 -
B22t 10 - 15 10 12 - 15 13*% 11*% - - - - - - 11 12% -
B23t 06 - 07 11 - - 12 - 14% - - - - - - - - -
B300 00 12 07 =+ 12 Q0 12 07* - 15 01 - 04 - O04% - - 04
B3l10 - - - - - - - - - - - - - 01 - - - -
B320 - - - - - - e - - - - - - 12 - - - -
B330 - - - - - - - - - - - - - 046 - - - -
Cro0 06 08 08 09 02 09 08 09 O03% 09 09 05 09 08 09% 09 O05% 09

* indicates the presence of discontinuity.
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TABLE 8.4

SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON
THE PRIMARY DENDOGRAM (D=.70), AREA TWO

LOCATIONS NUMBER
HOR. 1 2 3 4 5 6 7 8 9 10 11 '12 13 14 15 16 17 18 19 20 21 22 23

APOO 06 16 16 15 16 16 16 16 15 16 16 16 15 16 16 15 16 16 16 16 16 15 16

BIOO - =~ 16 - 15 - - - - - -
0t = - = = = =4 -4 15 = <« 16 = = = = = = = = = = = =

B2lt 03 07 ©07 05 07 16 05 15 06 05 11 07 05 03 07 07 07 07 05 05 03 07 07
B22t 13*% 13* 08* 13% 11*% Ol* 13 Q9% 13% 13% 11*%x.13 01 13 13 01 13% 07 04 13*% 13 13 13*

B23t 13% 02% O08*x 10% -  Ol% 10% 09% 12%k 08% -  13% 10% Ol* 04 Ol* 02% 13% 04 10% 08* 14 08*
B2t - - = = = = = = = = - 0% - 0l* 13 04 - 02% 14%x - - 01 =~
B25t = - = = = = = = = = = 0% - Q02% 08% 04* = -~ - = = = =
B30 - - = = = = = 10k~ = = = = = = = = - - - - - -
B310 - = = = 16% = = = = = e« = = = = = & o e « - - =
B320 - = = = 08 = - = = = = e = 4 - = = « e o « - =

*=1], **=111, indicates the presence of discontinuity.

89¢



SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON
THE PRIMARY DENDOGRAM (D=.72), AREA TWO

TABLE 8.5

LOCATIONS NUMBER

HOR, 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
APOO 04 10 10 09 10 10 10 -10 09 10 10 10 09 10 10 09 10 10 10 10 10 09 10
BIOO - - 10 - 09 - = = = = = = 4 = 4 4 <+ « - = - o =
BIOt - - — - = = = 09 = = 10 - = = = = = « = « = = =
B2lt 02 04 04 03 04 10 03 09 O04 03 06 O04 03 02 04 02 04 04 03 03 02 04 04
B22t  07% O7% 05% Q7% 06% Ol%* 07 O05% 07 O7% 06% 07 OL 07 O07 Ol* 08 07 02 O7% O7% 07 O7*
B23t O07% Ol* O5%% 06% -  Ol* 06% OS5% O7% 05% -  O7% 06% Ol* 02 Ol%¢ Ol* O7% 02 06k 05% 02 O5*
B2t = - = = = = 4 o - 4 - 01%x - 0% 07 02 - Ol%* 08 - - 01 -
B2St = - - - = = = = = = - 0% - 0l* 05%* 02 - - = = = = =
B30 - = - - = = = Q6kk=- - = = = = = 4 « = = - - - =
B310 - = = = 10k = = = = = = = « - - + e = = e - - =
B320 = = == - 05~ - - - - <« 2 = =« 4 = = + = = - = =

" % =11, ** =111, indicates the presence of discontinuity,

69¢



SUMMARY OF THE HORIZONS CLASSIFICATION BASED ON
THE PRIMARY DENDOGRAM (D=.80), AREA TWO

TABLE 8.6

LOCATIONS NUMBER : _
i1 2 3 4 S 6 7 8 9 10 11 12 13 1 15 16 17 18 19 20 21 22 23

HOR.
APOO 02 06 06 06 06 06 06 06 06 06 06 06 06 06 06 06 06 06 06- 06 06 06 06
BIOO - - 06 - 06 = = = = = = = « 2 4 <« = = - - - 02 -
BlOt - - - - - - - 06 - - 06 - - = = = = = « = = = =
B2lt Ol 02 02 02 02 06 02 06 02 02 04 02 02 0L 02 02 02 02 02 02 01 02 02
B22t O04* 04 03% O4*% O5% Ol* 04 03% O4* O04% O4* 04 Ol 04 04 OL O4* 04 Ol O4k Q4% 04 04k
B23t O04* Ol* O03%*% Q4% -  Ol* O4* 03% O4** 03% -  O4% 04* Ol* Ol O1* Ol*x O04% 01 04k 03% 01 03%
B24t - - - = = = = = = = - Ol - Ol* 04 Ol* - Q4% O05* - - 01 =~
B25St - - - - = - - - - - = 0l - 1% 03* Ol* = - - = = = =
B30 - = = = = = = 04k = = = = = =4 =4 = = = - - - - =
B310 - - - - 06% = - = = = = = =« 4 4 4 4 e - - - - =
B320 - - - = @3k- - o o o o = < - e e = e e - - - =

* =]], ** =111,

indicates the presence of discontinuity.

-
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TRANSITION MATRIX FOR PEDON NO. 5 (D=.72), AREA TWO

TABLE 8.7

01
02
03
04
05
06
07
08
09
i0

01
00
00
00
00
00
00
00
00
00
00

02
00
00
00
00
00
00
00
00
00
00

03
00
00
00
00
00
00
00
00
00
00

04
00
00
00
00
00
00
00
00

01

00

05
00
00
00
00
00
00
00
00
00
01

06
00
00
00
01
00
00
00
00
00
00

07
00
00
00

00

00
00
00
00
00
00

08
00
00
00
00
00
00
00
00
00
00

09
00
00
00
00
00
00
00
00
00
o1

10
00
00
00
00
00
01
00
00
00
00

TLT
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TABLE 8.8

FINAL PEDONS CLASSIFICATION OBTAINED FROM
THE PEDONS DENDOGRAMS, AREA ONE

.73* .76* .80
Gl G2 G3 Gl G2 G3 Gl G2 G3
P S P S P S P S P S P S P S P S P
1 D 2 B 3 A 1 D 3 A 5 A 1 D A 9
4 A 7 C 5 A 9 D 4 A 11 ¢ A C 16
14 D 15 D 13 D 2 B 8 c 6 c 2 B C
9 D 18 A 6 C 7 C 10 ¢C 12 € 17 ¢ 18 A
16 D 12 C 17 B 14 D 4 A 12 ¢
8 C 13 D 15 D 13 D
17 B 16 D 18 A 15 D
10 C 10 C
11 C 11 C
* the similarity level, G = group established from the pedons clusters.

S = the series from which the pedon was sampled in the field.

P =

the number of the pedons.

8LC



TABLE 8.9

FINAL PEDONS CLASSIFICATION OBTAINED FROM THE PEDONS DENDOGRAMS, AREA TWO

_70% T2% “80%
¢l G2 c3 6l G2 61 G2 c3 G4
P S P § P 8 P S P S P S P S P S P
1 F 17 H 2 F 1 F 2 F 1 F 12 6 2 F 23
19 ¢ 15 G 18 G 12 ¢ 18 G 13 ¢ 21 H 19 G
3 F 13 ¢ 4 E 3 F 14 ¢ 4 E
12 ¢ 9 E 13 ¢ 17 H 17 H 20 F
20 F 10 E E 6 E 10 E 6 E
E 6 E E 11 E F 11 E
B 14 ¢ 14 ¢ 7 E 8 E 15 ¢
18 E 23 F 21 B 10 E E 16 G
11 E 16 ¢ 20 F 18 ¢
7 E 19 ¢ 9 E E
21 H 2 ¢ 9 E
16 G 15 ¢ 22 ¢
22 ¢ 23 F

-
%= the similarity level, G = group established from the pedons clusters.
the series from which the pedon was sampled in the field.

S

P = the number of the pedons.

6LC
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characters used have a strong impact on the outcome. The author feels
that treating the soil as an anisotropic medium is a reasonable approach
based on the genesis theory. Thus the transition matrix approach is a
proper method to deal with this problem. However, it hinders using

some of the properties that are characteristics of the whole profile

and not the individual horizon which are, at the same time, important

in the conventional classification systems. Therefore, if an unbiased
comparison between the mathematical and the conventional classification
is needed, then the transition method would be the ideal one; if modi-
fied to include such properties.

The initial similarity used to classify the different horizons
based on the primary dendogram had a 1itt1e effect on the number of the
groups into which different pedons were classified. However, the
pedons interchanged their positions between different groups each time
the similarity level was changed. Moreover, the pedons within a speci-
fic group did belong to different series that are not adjacent to each
other on the field. This makes the separation of different series,
based on the mathematical classification, hard to achieve. This might
indicate, if one submitted to the validity of the cluster analysis,
that the series, as defined in the context of homogeneity, may not
exist at any level in the field even in a small area where the variation
bf the soil forming factors are minimum. This might also suggest that
a larger portion of the mapping unit is occupied with sqil inclusions
In this case, it 1is reasonable and safer to call such a unit a soil

complex. This conclusion applies to both areas.
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TABLE 2

SIMPLE STATISTICS FOR THE ROOT ZONE BY AREA
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TABLE 3

SIMPLE STATISTICS FOR SUBSOIL BY AREA
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TABLE 4

SIMPLE STATISTICS FOR THE CR ZONE BY AREA

Mean STD Min Value Max Value C.V.%Z N. Samples

K 0.1 0.2 0.1 0.9 262.8 69
H 2.0 1.6 <0.1 5.2 79.6 48
CEC 16.7 5.6 8.2 31.9 33.5 11
oM 0.2 0.2 <0.1 0.6 64.1 41
pH 7.9 0.8 6.3 9.3 10.3 1
CaCO3 1.7 3.2 0.1 14.7 189.8 360
Ca 12.0 10.1 3.1 33.4 84.5 71
Na 3.0 2.9 <0.1 9.4 95.2 91
Mg’ 6.0 2.3 1.8 11.0 39.1 15
FS 47.6 13.6 29.0 76.2 28.6 8
VFS 15.3 9.0 4.1 34.3 58.7 35
Silt 19.2 7.8 6.0 37.4 40.7 17
Clay 17.9 5.2 10.7 28.6 28.9 8
BST 91.7 64.5 36.7 100.0 59.0 35
Slope 1.7 1.0 0.5 3.5 57.5 33
Thickness 7.9 3.4 1.0 18.0 11.2 1
n =18
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TABLE 5

SIMPLE STATISTICS FOR SERIES A, AREA ONE
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TABLE 6

SIMPLE STATISTICS FOR SERIES B, AREA ONE
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TABLE 7

SIMPLE STATISTICS FOR SERIES C, AREA ONE
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TABLE 8

SIMPLE STATISTICS FOR SERIES D, AREA ONE
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TABLE 9

SIMPLE STATISTICS FOR SERIES E, AREA TWO
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TABLE 10

SIMPLE STATISTICS FOR SERIES F, AREA TWO
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TABLE 11

SIMPLE STATISTICS FOR SERIES G, AREA TWO
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SIMPLE STATISTICS FOR SERIES H, AREA TWO
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APPENDIX B

VARIABLES USED IN CALCULATING

THE SIMILARITY MATRIX
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VARTABLES USED IN CALCULATING THE SIMILARITY MATRIX

Field Observations (Discrete variables)

Horizon boundaries Structure
abrupt =1 Class
clear = .6 very fine =1
gradual = .3 fine = 2
diffuse = ,2 medium =3
Texture coarse = 4
sandy =1 very coarse = 5
loamy sand = 1.5 Grade
sandy loam = 2 structureless = 1
loam = 3.4 very weak = 2
silt loam = 3.9 weak = 3
silt = 1.2 moderate = 4
sandy clay loam = 5.5 strong =5
clay loam = 6.6 very strong = 6
silty clay loam = 6.7 Consistence
sandy clay =9 Plasticity
silty clay = 10 non-plastic =1
clay = 10 slightly plastic = 2

plastic =3
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Consistence (continued) Mottles (continued)
Dry Size
loose =1 fine =1
soft = 2 medium = 2
slightly hard = 3 coarse = 3
hard =4 Contrast
very hard =5 faint =1
extremely hard = 6 distinct = 2
Moist prominent = 3
loose =1 Color
very friable = 2 Hue
friable =3 10 YR = 6
firm = 4 7.5YR = 7
very firm =5 5YR =8
extremely firm = 6 2.5YR = 9
Stickiness Chroma = 1, 2, 3, 4, 5, 6, 7, 8
as coded on the Munsell Chart)
non-sticky =1
Value =1, 2, 3, 4, 5, 6, 7, 8
slightly sticky = 2 (as coded on the Munsell Chart)
(as
sticky =3 Roots
Mottles Size
Abundance fine =1
few =1 medium = 2
common = 2 _
coarse = 3
many =3 Abundance
very many = 4 fow =1

common = 2

]
W

many
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Root score = size + abundance Coating
Concretions non-present = 0
Abundance organic =1
non-present = 0 oxides =3
few =1 clay =5
common = 2 Pores
many =3 Size
Size very fine = 1
fine =1 fine =2
medium = 2 ! medium =3
coarse = 3 coarse =4
Kind j
white = 1
black = 3
Chemical Data (Continuous variables))
Clay 7% 'Ca
Fine sand % K
Very fine sand 7% Ca/Mg
pH H
Organic matter 7 CaCO3
CEC Very fine sand/Silt
Clay/CEC Silt/Clay
Na Base saturation

Mg
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