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CORRELATION OF ENGINEERING AND SOIL
CHARACTERISTICS IN SELECTED MOLLISOLS

Anan. Wanasen, Fenton Gray, and Robert O. Morrison

Deportment of Agronomy and -Deportment of Statistics, Oklahoma State University,
Stillwater, Oklahoma

Thirty_ scaodardizecl • . aacI 41 ItaDCIardDed IOil c:hanIc:tedtdcI
of 20 Oklahoma IOiIs of the=~1were ued ill • ltaely of the DUIIlerica1
classificacioD of the IOils. Soil quality aacI maaaaemeat poups were com~
as to the agreement or~t of thae IOil P'OGP' with thole ill dae deDcJro.
grams. It was fouod that repnIless of whecher all the~ charKteriItic:I
or ooly certaiD selected eQliDeeriq cbarIICteriItic were ued, there wu Iiltle
difference in the resulting..ted Dumber of cIisqreemeou. ApplicadoD of some
selected soil characteristics p~ better qreemeDt with the refereDce poops thaD
did use of all soil charIlCteristia. CombiDed use of all eqiDeeriq aDd IOil c:Iwacter­
istics gave the best egreement.

The number and kind of soil character­
istics used in tbe numerical classification of
soils are still an important problem for
soil scientists. Sokal and Sneath (1) stated
tbat, in numerical taxonomy, tbe character­
istics used should be as numerous as p0s­
sible, free of interinfluences, and treated
as equally important. Arkley (2) said that
bias properties could be reduced to a min­
imum by including as many soil properties
as possible in initial analysis of variables
and by aIlowing the computer to select the
factor variables.

Soil characteristics, but not engineering
characteristics, have been used by several
workers (2-6) in numerical classification
of soils. Engineering characteristics may
include information that will be valuable
in the numerical classification if it is to
be interpreted for better soil usage and
management. The purpose of this study
was to introduce engineering characteris­
tics into the numerical classification of soils
for such interpretational purposes.

MATERIALS AND METHODS

Thirty-six engineering characteristics
(Table 1) analyzed by the Oklahoma High­
way Department and 41 soilcharaaeristics
(Table 2) of 20 Mollisols (Table 3) in
Oklahoma were used in this study. Horizon
A includes Al and A2. Homon A2 is ex­
cluded from the analysis becaUle most of
the soils lack this horizon. HDr'izon Bin­
cludes Bl, B2, and B3.

All 77 charaeteristia were standardized
which made them hue a mean of zero and
standard deviation as a unity.

The standardized values of the character­
istics in the taxonomic units were obtained
by:

Eq. 1

where

Zij • the standardized
value of the 1th
charac~eristic in
the j t tamnoaic
unit

Xij • the original value
of the i th charac­
teristic in the jth
tlllWnOllic unit

- thXi • the _an of the i
characteristic

S • the standard devia­
Xi tion of the i th

characteristic

Then the correlation mefficleou among
soil series were computed. The lOill were
grouped rosether by their numerical rela­
tionships. For this Spearman's sum of ftri­
abies formula (Equation 2 below) wu
used (1).
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Eq.2
r - D9Q

qQ Ja+24p I~UQ
wheft

DqQ - the .,. of orlpul
correlatiooe between
llellbers of one group
with the other group

4q - the sua of correlatl00e
betveeo __ere of the
first group

AQ - a sial.lar BUll between
__ers of the second
group

q - the number of so11
series in group 1

Q - the nUllber of soil
series in group 2

\Vheoeftr a cluster and a single soil lelia
is c:oosiclered, Speannao's formula reduces
to

r --f!5.....­
xq Iqf-24q

where the numento1' Iefea to the sum of
aU OJneJations of the single soil serielt x,
with the·memben of the dUller.

SeIediD.. charaeteristics

Each of the characteristics was OJOlputed
to set a saandardi2:ed value. Then the OJ1'­
relations among the characteristics wete
computed. Engineering properties with
high c::oneJation (0.50 or higher) to soil
charaael'istics wete selected, as shown in
Table 4. Soil characteristics that OJnelated
well with engineering characteristics wete
selected, as shown in Table 5. The OJnela­
tions among soil series were obtai~ and
soils wete grouped according to the same
procedwe as described above.

RESULTS AND DISCUSSION

Soil qualities and managements in Table
6 ate divided into four groups by their
similarities. Here the groups based on soil
quality and management ate OJmpared, as

Computer Soil
No. Characteristics Horizons!

Coaputer
No. Characteristics

Soil
Horizonsf

1 OSIa (A) 19 PId (A)
2 OSI (8) 20 PI (8)
3 OSI (C) 21 PI (C)
4 No. 10 81.eveb (A) 22 Shrinka&e Limit (A)
5 No. 10 sieve (8) 23 Shrinkage Limit (8)
6 No. 10 sieve (C) 24 Shrinkage Limit (C)
7 No. 40 sieve (A) 25 Shrinkage Ratio (A)
8 No. 40 sieve (8) 26 Shrinkage Ratio (8)
9 No. 40 sieve (C) 27 Shrinkage Ratio (C)

10 No. 60 sieve (A) 28 VolUlletric Change (A)
11 No. 60 sieve (8) 29 VolUlletric Change (8)
12 No. 60 sieve (C) 30 VolUlletric Change (C)
13 No. 200 sieve (A) 31 Stabilization: % cement (A)
14 No. 200 sieve (8) 32 Stabilization: % ceaent (8)
15 No. 200 sieve (C) 33 Stabilization: % cesent (C)
16 Ltc (A) 34 AASHae (A)
17 Lt (8) 35 AASHO (8)
18 Lt (C) 36 AASHO (C)



to agreement or disagreement. with the
soils in the groups of the deo.chograms.
Each soil group in the dendrogram is as­
signed a number. I through IV. Deviation
of soils io the groups in the dendrognms
is measured. Total deviation, or total OUlD-

J07

bet of weigh1ed disagreements of the IOib
in each dend.rogram with the soils in the
refe.reoc:e groups, is used to mmpere the
association of the soils between the den­
drograms.

Computer Soil
No Characteristics HorizoDs

31 CECa (A)
38 CEe (D)
39 CEe (C)
40 Exchangeable Ca (A)
41 Exchangeable Ca (8)
42 Exchangeable Ca (C)
43 Exchangeable Hg (A)
44 Exchangeable ~lg (D)
45 Exchangeable Hg (C)
46 Exchangeable K (A)
41 Exchangeable K (D)
48 Exchangeable K (C)
49 Exchangeable Na (A)
50 Exchangeable Na (D)
51 Exchangeable Na (C)
52 Value (A)
53 Value (D)
54 Value (C)
55 Hue.b (A)
56 Hue (D)
51 Hue (C)
58 Chroma (A)

59 Chroma (D)

60 Chroma (C)
61 % Sand (A)

62 % Sand (B)
63 % Sand (C)
64 % Silt (A)

65 %Silt (D)

66 % Silt (C)

61 %Clay (A)

68 %Clay (B)

69 % Clay (C)
70 Thickness (A)

11 Th;lckness (D)

72 OKc (A)

13 ml (B)

74 OK (e)

15 pH (A)

16 pH (8)

11 pH (e)
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Family Soli CluslficatloD

1
2
3

"6
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Okemah
Foard
Verdigris
Summit
Waurika
Bates
Shellaberger
Newtonia
Vanolll
Bethany
Kingfisher
Brewer
Norge
Zaneis
Port
Grant
Dennis
Renfrow
Choteau
Kirkland

Fine, mixed, thermic
Fine, montmorillonitic, thermie
Fine-silty, mixed, thermie
Fine, montmorillonitic, thermic
Fine, montmorillonitic, thermic
Fine-loamy, siliceous, thermic
Fine-loamy, mixed, thermie
Fine-silty, mixed, thermic!
Fine-silty, mixed, thermic
Fine, mixed, thermic
Fine-silty, mixed, thermic
Fine, mixed, thermic
Fine-silty, mixed, thermic
Fine-loamy, mixed, thermic
Fine-silty, mixed, thermic
Fine-silty, mixed, thermic
Fine, mixed, thermic
Fine, mixed, thermic
Fine, mixed, thermic
Fine, mixed, thermic

Aquie Paleudolls
Typic Natrustolls
Cumulic Hapludolls
Vertic Ar~udolls

Aeric Argialbolls
Typic Argiudolls
Udic Argiustolls
Typic Paleudolls
Udic Al'giustolls
Typic Paleustolls
Udic Argiustolls
Pachic Argiustolls
Udic Paleustolls
Udic Argiustolls
Cumulic Haplustolls
Udic Argiustolls
Aquic Paleudolls
Udertic Paleustolls
Aquic Paleudolls
Abruptic Pachic Paleustolls

Co~~ter SOU
Characterilltica Horl:sonll

1 OSIa (A)
2 OSI (B)

13 No. 200 sieve (A)
14 No. 200 sieve (B)
15 No. 200 sieve (C)
16 LLb (A)
17 LL (B)
18 LL (C)
19 PIc (A)
20 PI (B)
21 PI (C)
22 Shrinkage Limit (A)
24 Shrinkage Limit (C)
26 Shrinkage ratio (B)
27 Shrinkage ratio (C)
29 Volumetric change (B)
30 Volumetric change (C)
81 % cement (A)
32 % cement (B)
33 % cement (C)
34 AASHOd (A)
36 AASHO (B)



The weighted number of disagreements
in dendrogram I. i.e., the one showing ass0­

ciation of the soils by using all engineer­
ing- characteristics. was found to be 9. The
weighted number of disagreements in den­
drogram IV. based on use of some selected
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engineering characteristics. was 10. Soils
in the groups in both dendrograms sbow
consistent agreement with soils in the ref·
erence groups. In deodrogtam I, only one
soil, Choteau, deviated from the .reference
groups by mo.re than one group. Also in

co~~ter Soil
CharacterlBtlcs Horlsons

37 CECa (A)
38 CEC (B)
39 CEC (C)
40 Exchangeable Ca (A)
41 Exchangeable Ca (B)
42 Exchangeable Ca (C)
43 Exchangeable Mg (A)
44 Exchangeable Kg (B)
45 Exchangeable Mg (C)
48 Exchangeable K (C)
50 Exchangeable N. (B)
51 Exchangeable Na (C)
53 Valueb (B)
59 Chroma (B)
64 % silt (A)
65 % silt (B)
66 % silt (C)
67 % clay (A)
68 % cla7 (B)
69 % clay (C)
77 pH (C)

a CEC is c:adon euhaqe c:apM:ity.
b Hue. Value. and a.ro- are duee -nabla used co dacribe lIOil mlon.

TABLE 6- Soil qtuliI~ MIll loil _1___ gro." for lb. ,."&UtI MoUisoh.

Land Wheat SImIlar
Soil Ca~~lty Productivity Kanas_meat

SerIes Range SIte Permeability BulA Groups

Foard Claypan prairie very slow lIs 20 I
Waurika Claypan prairie very slow lIs 23 I
Renfrow Claypan prairie very slow lIs 26 I
Kirkland ClaYJIan prairie very slow lIs 27 I
Brewer Claypan prairie very slow lIs 28 I

Betban7 Loamy prairie slow I 88 II
Summit Loamy prairie slow I1w M II
Dennis Loamy prairie slow I 32 II
Okemah Loamy prairie slow I M II
Zaneis Loamy prairie slow I 28 II

Choteau Loamy prairie moderately slow I 30 III
Vanoss Loamy prairie moderately slow I 31 III
Norge Loamy prairie moderatel7 slow I 27 III
King£lSher Loamy prairie moderately slow I 81 III
Newtonia Loamy prairie moderately slow I M III

Bates Loamy prairie moderate I 24 IV
Grant Loamy prairie moderate I 30 IV
Shellaberger Deep sand prairie moderate lie 22 IV
Verdigris Loamy bottom laud moderate I 88 IV
Port Loamy bottom 1aDd moderate I 88 IV
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SIMILARITY INDEX

P p p
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5 WAURIKA

18 RENfllOW
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2 FOARD

20 KIRKLAND

4 SUMMIT

1'----12 8REWER

5 WAuRIKA
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16 GRANT
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1 OllEMAH

_--'---- 2 FOARD

20 KIRKlAND

'------17 DENNIS

4 SU.....IT

10 aETHANY

'-----12 8REW£R

:::
5 WAURIKA

14 ZANEIS

"'""----13 NORGE

"'"------18 RENFROW

15 PORT

3 VERDIGRIS

' ....----11 KINGFISHER

19 CHOTEAU

8 HEWTONIA

......-----1 ..._~----16 GRAHT

9 VANOSS

6 UTES

7 SHEllABERGER

SIMILARITY INDEX

P
V

TABU 7. CLusi/"tII;- 117 6"0.~, o/lbl ,oih ;" 1.11 tU.lrop_ 117 lOll~ iIIIItl~po.",.
Soil series Table VI Fig. 1 Fig_ 2 Fig_ 3 Fig_ 4 FiS' S FiS' 6

Foard I
Waurika I
Renfrow I
K1rltland I
Brewer I
Bethany II
Su_it II
DenniS II
Okelll8h II
zanets II
Ototeau III
Vanoss III
Norge III
kingfisher III
lfevtonia III
Bates IV
Grant IV
Shellaberger IV
Verdigris IV
Port IV

11 III II 1 I I
1 III I II I II
1 1 1 II I II

II I II I I 1
I 1 1 II II II
1 1 II II II II

11 I II 1 11 11
II 1 II IV II 1
II 1 II II II 1

I IV I II I 11
I III 111 III III III

III 11 III III III 111
III IV IV IV III 11
III 11 111 111 IV III
111 III IV 111 III III

IV IV IV IV III IV
III IV IV III III III

IV IV IV IV III IV
III II III III II III
III II III III IV III

Weighted ntIlIlber
of diaagrel!ll8nts
with reference
aroupiugs 9 17 10 • 9
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deodroBnuD II, one IOil, Dennis, deviated
from tbe meRllce BfOUP by more than ODe

group. The weipted number of disaBftC­
ments of the soils in clendroBnun II, i.4.,
by usinB all standardized soil characteris­
tics, was found to be 17. Fi~ soils in this
dendroBtam deviated from the refeRllce
groups by more tban ODe BrouP. The hiBh­
est total deviation was between the soils
in deodfOBnuD II and the reference BlOUps.
This result may be influenced by closely
related characters which mipt exert a
double emphasis on a certain property (5).
The weiBhted number of disaBreements in
deodroBnuD V, association of soils by cer­
tain standardized soil characteristics, with
the reference BrouPS proved to be 8. Only
one soil, VerdiBtis, deviated from the refer­
ence by more than one group. The weight­
ed number of disagreements of the soils in
dendrogram III, the association of soils
by cousiderinB all standardized engineer­
ing and soil characteristics, with the refer­
ence was found to be 7. The weighted
number of disagreements in dendrogram
VI, besed on certain selected standardized
engineering and soil characteristics, with
the reference was shown to be 9. Dendro-

pms III and VIa~ most closely with
the soils in the reference groups; DO soils
deviated from the refeRllce by more than
ODe BrouP (Table 7).

CONCLUSIONS

The combined use of all enBineering and
soil characteristics pve the best a~ent
between the dendrogram groups and those
in the reference groups. Large numbers of
soils, covering a wider range within the
Mollisol order and of other orders, e.g.,
Inceptisol and Alfisol, should be studied to
confirm this result.
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