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Topography and Soil Relations
for White and Black Oak
in Southern Indiana’

Peter R, Hannah

Numerous papers have been written on
soil-site relations for upland caks in various
sections of the eastern deciduous forest (Car-
mean 1965, 1968: Della-Bianca and Olson
1961; Doolittle 1957; Einspahr and McComb
1951; Gaiser 1951; Gysel and Arend 1953;
MeClurkin 1963: MeGahan et al. 1961; Schnur
1937; Trimble and Weitzman 1956). This pa-
per describes the soil-site relations of white
{ Quercus alba L..) and black oaks (Quercus
velutina Lam.) on unglaciated soils of the
Norman and Crawford uplands in southern
Indizna. These uplands occupy approximately
5,000 sq. miles (13,000 sq. km.) in 19 coun-
ties.

The gray-brown podzolic soils of the
southern Indiana uplands are derived from
sandstones and shales of Mississippian and

Pennsylvanian age and varying amounts of
wind-deposited silts (loess). Zanesville, Til-
sit, Muskingum, and Wellston are the most
important forest soils in the region, and all
sample plots were established on these series.
Some soils of limestone origin do occur in the
uplands but were not included in the sample.
Zanesville and Tilsit are common soil series
on the loess-covered broad upland ridges and
gentle slopes. These series usually have fragi-
pan lavers that occur between 26 and 42
inches below the surface; the soils are mod-
erately well-drained to well-drained. The
Muskingum and Wellston soil series, common
on steeper slopes, represent a wide range of
soil depth, stoniness, and texture, and are
both classified as well-drained to excessively
drained.

METHODS

Study plots were located only in fully
stocked, undisturbed, even-aged stands of
mixed oaks or mixed hardwoods. Of the 146
fifth-acre plots established, white oak was
measured on 126 and black oak on 86. Stand
ages ranged from 28 to 106 years, and site
index, estimated from curves by Schnur
(1937), ranged from 38 to 86 for white oak
and 42 to 54 for black oak. Within each plot
total height and total age (age at 4% feet
plus 2 years) were determined from at least
four dominant and codominant free-growing
trees of each species present.

In addition, the following information was
obtained on each study plot: Soil profiles

1 Presented b:_a_fnre Div. 8-7, Soil Science Society
of America, Nov. 8, 1967, at Washington, D.C.

were described and soil types identified. The
thickness of the A horizon (Al + A2 hori-
zons) was measured in 12 places. Composite
soil samples were collected from the major
soil horizons in four pits and analyzed for
texture (Bouyoucos 1951) and stone content
{percent by weight of material greater than
2 mm ). Slope aspect, slope position, and slope
steepness were the recorded topographic
features.

Analysis of Data

Analytical procedures similar to those de-
scribed by Carmean (1965) were used in this
study. The objective was to relate site index
to specific soil and topographic features ob-



served on the plots. Study plot data for each
species were analayzed by multiple regression
using the model: '

Log total tree height = by + by
{1."1013[ ﬂgE} + b2 Xg +.v bl‘t Kn_

This equation describes the relation between
total tree height and various coded transfor-
mations of tree age, soil, topography, and cer-
tain first-order interactions among these fea-
tures.

First, scatter diagrams were made to ob-
serve trends of wvariables suspected of ac-
counting for substantial variation in a soil-
site relationship. Eleven promising variables
were arranged in apparent descending order
of importance, and R* values were computed
for all combinations of 1 to 11 variable equa-
tions using a step-wise screening program de-

veloped by Furnival (1964). An equation
containing variables significantly related to
tree height was then selected for further re-
finement. The variahbles in this equation were
fixed in the regression analysis and then ad-
ditional variables were tested in groups of
11 to determine if they significantly improved
the precision of the initial equation. Trans-
formations and interactions tested were those
found significant in the study by Carmean
(1965) plus those suggested from field ex-
perience. Forty-nine transformations were
tested for white oak and 27 for black oak.

All retained variables were then tested
for significance by analysis of variance. Sig-
nificant effects and interactions, plus three
nonsignificant, but nonetheless important in-
teractions were retained in the equations and
coefficients were calculated.

RESULTS AND DISCUSSION

The Equations

The final equations for predicting site
index of white and black oak are:

White oak (126 plots): R* = 0.84
Y = 248209 — 12.42516/X, + 0.03026 X.
F0.00110 Kg
—0.00114 X, + 0.01751 X; — 0.00383 X,
— 1.19984/X;
—0.00137 Xs— 3.19761/X,— 0.00082 X,
— 0.00036 X
+0.00010 X, — 0.00057 X ,, — 0.00010 X
—0.00034X
—0.00097 X ,,

15

Black Oak (86 plots): R* = 0.85
Y = 2.68882 — 23.44295/X, — 0.00109X,

+0.03670 X,

—0.18273/X, * 0.00126 X, — 0.00524 X,
— 0.00076 X,

—0.00108 X, * 0.00035 X ,—0.00056 X,
—0.00171 X,

+0.00050 X ,; — 0.00027 X,

Where:

Y = Logarithm of total tree height (feet)

X, = Total tree age

X: = Surface soil (Al * A2 horizons)

thickness (inches)

X; = Percent distance to ridge _
= {distance to ridge/length slope) 100

= /(sine azimuth from southeast) + 1/
100

= Slope shape (convex =
concave = 3)

= Slope steepness (%)

= Clay content of B2 horizon (%)

= Clay content of B3, BX, or C horizons
(9% )

= Silt content of Bl horizon (%)

= Sand content of A2 horizon (7% )

— Stone content of B2 horizon (%)

= /(500 — 10,000/X,) (100 — Xg )/

1,100

/(500 — 10,000/X;) (X3)/ 1/100
J(500 — 10,000/X,) (Xs)/ 1/100

Xis = (Xg) (X3)

AX;) (300 — X/ 1/10

/(300 — Xa) (100 — X.)/ 1/100

1; linear = 2;
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The standard errors for a single observa-
tion at the means of each of the variahles are
shown in Table 1. Precision of these estimates
can be improved if several site observations
are made at a particu]ar field location.

Table 1. — Standord error of estimate, standard
deviation, and coefficients of mulliple determi-
nation for the most precise equations computed
for white pak and black oak

P oWhite oak | Black sak

[
|
S —

| Humbey of plots Lz6 B
!.‘.-.re:r:lu'r: site Lndex (foet) 66,1 V1.6
| Averoge trae age, years S4.0 50,2
| Avorage tres height (foet) GE.2 1.6
| Standard doviation of + 12,1 + 12,1
tree helghts (feet)
| tandard oreor of estimate of mean + 8,16 + .89
tree height {perconk )
{Coellicients of nultiple
deternination ()
a. For ege, soll, and topographic 842 LB4T
Lransformations
b. For apge and topographic . BEg - 344
transformations
¢, For ege transfommatlions 368 » 238

Approximately 84 percent (R* = 0.84) of
the chserved variationn in tree height was as-
sociated with variations in the factors finally
included in the equations; only 37 percent of
the variation in tree height for white oak and
34 percent for black oak is associated with
variation in tree age.

The equations were used to calculate site
prediction tables for field use in the unglaci-
ated uplands of southern Indiana; these have
been presented elsewhere (Hannah 1967).

Cause and effect relationships cannot be
shown in a random sample lacking experi-
mental controls. Newvertheless, the repeated
occurrence of the same variables in this and
other soil-site studies (e.g. Carmean 1965,
1968; Doolittle 1957 ; Einspahr and McComb
1951; Gaiser 1951) — variables that account
for a significant amount of observed variation
— is a strong Indication that we are dealing
with wvariables (’:iﬂﬁﬂ]_}r associated with the
physical and chemical site requirements for
tree growth. The following speculations as to
the basic causes for the gbserved differences
in site will be belter yinderstood with the help
of Figures 1 and 2, swhich are based on the

regression equations and show the relation
between site index and the important soil and
topographic features.®

Depth of Surface Soil

Analysis of preliminary equations indi-
cated that depth of the surface soil (Al plus
A2 horizons) is the most important environ-
mental feature measured. As depth of the sur-
face soil increases, site index for white and
black oak increases (Figs. 1A, 1B, 24, 2D).
This trend, over the range of observed con-
ditions, is linear for white oak and slightly
curvilinear for black oak, the latter indicating
a decline in the rate of site index increase as
surface soil becomes deeper. Thickness of the
A horizon was an important factor in the
Ohio soil-site study by Carmean (1965); and
in a study by Doolittle (1957) the A horizon
thickness accounted for 91 percent of the
variation in site index for oak in the southern
Appalachians.

Surface soils on undisturbed oak sites in
southern Indiana are loose and porous and
generally well aggregated, and contain sub-
stantial amounts of incorporated organic mat-
ter. Such soils are a desirable medium for
root growth because they have favorable
moisture and nutrient characteristics and are
well aerated. Therefore, the deeper the A
horizon, the greater the volume of soil avail-
able for better root and top growth.

Considerably more soil volume than con-
tained in the A horizon is required to supply
water and nutrient requirements for trees.
In southern Indiana the soils with deep A
horizons usually have deep subsoils with de-
sirable physical properties for rapid tree
growth. On sites with shallow A horizons the
subsoil is generally shallow and frequently
stony, or it is high in clay content with low
aeration porosity; consequently tree growth
is slower.

2 Site index was coleulated by selting tree age
equal to 50 years, fizing variobles af their mean
sample valwe, and varying the fector of interest
i each relationship.
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Figure 1. — Site index (feet — age 50 years) of white oak growing on Zanes-
ville, Tilsit, Wellston, and Muskigum soils, as related to surface soil thickness
(A} + A2 horizons), slope position, stone content of B2 horizons, particle
size fractions of subseil horizons, and aspect.
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Fiovre 2. — Site index (feet — age 50 years) of black oak growing on Zanes-
ville, Tilsit, Wellston, and Muskigum soils, as related to surface soil thickness
(Al + A2 horizons), slope position, stone content of B2 horizon, particle
size fractions of subsoil horizons, and slope steepness.



Surface soil depth also is closely related
to microclimate in the rough hilly country of
southern Indiana. Deep A horizons occur on
north-facing slopes, on lower slopes, and in
coves where moisture and temperature are
more favorable for tree growth. In contrast,
thin A horizons generally occur on ridges and
upper south-facing slopes where moisture is
often limiting and temperatures are greater.

The good growth in areas of deep A hori-
zons, then, is probably related both to favor-
able surface soil and subsoil properties and
to favorable microclimate.

Clay Content In Subsoils

Site quality for white and black oak is
best on sites with medium-textured subsoils
(sandy clay loams, loams, and silt loams) and
declines as soils become finer-textured (Figs.
1C and 2C). The site index trend for white
oak iIs curvilinear, reaching a maximum at
about 25 percent clay in the B2 horizon and
then declining with increased clay content.
Black oak shows a linear decrease in site
quality as clay content in the B2 increased.
Increasing clay content in the B3, BX (Fragi-
pan), or C horizon results in a gradual de-
cline in the site quality for both species (Figs.
1C, 2C).

These relationships suggest that soil mois-
ture and soil acration are near optimum for
growth of white and black oak in the medium-
textured subsoils. On sandier soil, aeration
is good but less moisture is retained under
the same precipitation pattern and so height
growth of white oak is slower. On heavy-tex-
tured soils (clay loams, silty clay loams, silty
clays, and clays), impeded aeration is appar-
ently a detrimental factor and site quality for
white and black oak gradually declines.

Silt Content of B1 Horizon

Site quality for black oak increases linear-
Iv as silt content of the Bl horizon increases
(Fig. 2D). The trend for white oak is curvi-
linear, showing a sharp inecrease in site qual-
ity up to about 45 percent silt content and
thereafter a gradual decline (Fig. 1D). These
relationships suggest that with inereasing silt

content and proportionally less clay, im-
proved aeration results in better growth of
black oak. With white oak extremely high silt
contents result in declining site quality, ap-
parently because of reduced aeration in a uni-
formly fine, dense, and often poorly struc-
tured subsoil. These less favorable soil condi-
tions for white oak usually occur in the thick-
er loess deposits of broad upland ridges.

Stone Content

Site quality for white and black oak de-
creases as stone content (material greater
than 2 mm) of the subsoil increases (Figs.
1B, 2B). A similar trend was reported for
black oak on medium-textured soils in Ohio
(Carmean 1965). Probably the greater the
volume of stone the less the volume of soil
available for use by tree roots.

Slope Steepness, Position, and Aspect

Increasing slope steepness is not a signifi-
cant factor in the site relations for white oak
but results in a slight decrease in site quality
for black oak (Fig. 2B ). In southeastern Ohio,
Carmean (1965) found that, for fine-textured
soils located on broad, relatively flat ridges,
site inereased with inereased slope steepness.
He concluded that, under those conditions, an
Increase in slope steepness improved soil
drainage and aeration and hence site quality.
However, for medium-textured soils on steep-
er slopes Carmean (1968) obtained results
similar to those of this study, namely, site
decreases with increased slope steepness.

Site quality for both species improves
with increasing distance from the ridge. This
better growth is no doubt partially due to
additions of gravitational water and to sub-
surface water flow from upper slope positions
{Hewlett 1961) and to more favorable micro-
climatic conditions found on lower slopes.

White oak site quality in southern In-
diana is decidedly better on north facing
(NW, N, NE, E) slopes than on more south-
erly (SE, 8§, SW, W) aspects (Fig. 1D). How-
ever, aspect is not a significant factor in the
site relations for black oak. The larger quan-
tities of radiation received by south-facing



slopes (Geiger 1965) undoubtedly result in
greater evapotranspiration which creates
more severe moisture stresses within trees
than occurs on less exposed north-facing
slopes. Site quality is lower on south slopes
than on north slopes because, ultimately, less
moisture is available for tree growth. Work
by Finney et al. (1962) in Ohio suggests that
soil development is less favorable for tree

growth on south slopes than on north slopes;
northeast slopes had deeper litter and Al
horizons and more desirable chemical condi-
tions than southwest slopes. These soil rela-
tions are undoubtedly largely due to differ-
ences in microclimate and soil moisture
regimes associated with aspect and also with
corresponding differences in floral and faun-
al composition.
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