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Some Soil Phases in the Missouri Ozarks
Have Similar Site Indexes for Oaks

Richard F. Watt and Michael E. Newhouse

“The classical and most widely used method of es-
timating forest site quality is to use the growth of the
trees themselves as an integrator of the site’s growth
factors and microclimate. This method is based on the
logical belief that the reaction of the tree over its life-
time is the surest indicator of the long-term levels of
moisture, nutrients, heat, and light available. Heights
and ages of several dominant and codominant trees are

‘determined, and, by reference to height-age curves, -

the height-of the tree at some standard age — the site
index — is calculated. Naturally, trees selected for

- site’index measurements must have grown without sup-

"pression or- serious injuries that might have affected
normal height-age relationships. When such trees are
not present, we must resort to indirect methods of site
index determination. These can be based on physical
factors, such as soils, topography, and climate, or the
- presence and growth of other plants believed to indicate
the site’s ability to support the tree species in question.

.~ Soils and topography, separately or combined, are
often used to estimate site quality, because they are
stable factors of the landscape that are relatively un-
disturbed by man’s activities. Although soil types were
found to be significantly correlated with site index of
loblolly pine and shortleaf pine in Texas (Chandler et
‘al. 1943), site index of black oak in southeastern Ohio
varied too widely within soil series to have practical
use in forest management (Carmean 1961). A number
of additional studies (Graney and Ferguson 1971,
-Hannah 1968, Hartung and Lloyd 1969, Ike and Hup-
puch 1968, Smalley 1967, VanLear and Hosner 1967,
and Yawney and Trimble 1968) have shown topography
to be more important than soil classification in the in-
direct detérmination of site quality for hardwoods and
conifers.

In this report, we will discuss one phase of a study
designed to relate specific soil and topographic char-
acteristics to site quality for black and white oaks in
the Central Ozarks of Missouri. The results showed
that soil series and phases, as presently defined, cannot
be used as indicators of site quality for these tree species.

METHODS

This study was confined to the Salem Plateau of
the southeastern portion of the Missouri Ozarks, an
area of well dissected karst terrain heavily wooded
with oak-hickory stands. Except for relatively small
areas of colluvial slopes, the soils are residual and
thin; they generally contain a large amount of chert, an
insoluble silica stone left from the weathering of the
parent material. Parent material is sedimentary rock
from formations of the Lower Ordovician and Cambrian
systems, largely cherty limestones and dolomites with
some bands of sandstone in the Roubidoux formation.
The low levels of phosphorus and potassium in the
parent material, in conjunction with the long weathering
period, have produced soils low in fertility and pH.
Pleistocene loessal deposits approximately 3 feet thick
have been largely eroded away, except for shallow
remnants on the gentler slopes and level ridgetops. Hard,
dense fragipan layers are found at shallow depths in
some soil series. These fragipans limit penetration of

.roots and are slowly permeable to air and water.

A total of 179 black oak and 125 white oak plots
was established in fully stocked, even-aged oak-hickory



~ stands in the Ozarks of southeastern Missouri. On each
plot five or more dominant or codominant trees were
selected for site-index determinations. Three of these
were felled for sectioning, height measurement, and
detailed observations of height-growth patterns. The
others were bored at breast height for ring counts; their
total heights were determined optically. Care was taken
to select only healthy trees that had grown without
periods of suppression or damage. A number of trees
that appeared normal externally were rejected later
due to abnormalities disclosed by sectioning.

Equal numbers of plots were seléected on the basis
of aspect, slope position, and slope steepness for each
soil phase and for both pan and nonpan soils. These
topographic classes were selected after preliminary
analysis of the partially completed sampling. This dis-
tribution of plots over the main topographic variables
makes comparisen of the pan and nonpan groups statisti-
cally valid. ‘

~ Using a small backhoe, one to four soil pits were
dug on each plot to' a depth of at least 4 feet, bedrock
permitting, and the large exposed profiles were then
- described by. soil scientists. Bulk samples were taken
for laboratory analysis of the chemical and physical

properties of the soil horizon. Field descriptions and .

Jlaboratory measurements were used to place each plot
in ‘the correct soil family, series, and phase. Independ-
ent verifications were later provided by a third soil
- scientist.!

RESULTS

. ,Thc site index and soil phase analysis showed no
- statistical or practical difference in the average site
“quality of the seven soils studied. For example, the
lowest average site index for black oak is 61.7 feet on
the Clarksville cherty silt loam, and the highest is 65.1
‘feet on the Coulstone cherty loam. The range of dif-

ferénces for average white oak site indexes are equally .

small (fig. 1).

1 Soil descriptions for 125 black oak plots were made
by John Millet, Soil Scientist, now with USDA Forest
Service, Grants Pass, Oregon; descriptions for 54
“black .oak plots and 125 white oak plots were made
by the junior author; verifications of a selected sample
were made by Mack Miller, Soil Scientist, USDA For-
est Service, Rolla, Missouri.

Another major result, unexpected on the basis of
our knowledge of the general physical characteristics
of the two soil groups, was the almost identical site
index averages and ranges for the pan and nonpan soils
(table 1). A third finding was the uniformly lower site
indexes obtained when white oak rather than black oak
was used as the site-index species.

Table 1. — Summary of nonpan and pan soil data
for black and white oak plots

BLACK OAK
Item : Nonpan soils Pan soils
Average site index 63.0 63.4
Standard deviation t 4.4 + 7.2
Range 52-75 52-73
Number of plots 107 72
WHITE OAK
Average site index 55.9 55.7
Standard deviation + 5.2 + 5.4
Range 45-70 45-65
Number of plots 65 60

When the total range of site index for all soil phases
is compared with the range for the individual soils,
even more emphasis is placed on the impossibility of
relating soils to site quality for growth of trees. For
example, the total range of site index for all soils was
28 feet. The range of site index for most individual
soil phases approaches this total range. Obviously, if
all site indexes found in the study can also be found on
most soil phases, it is impossible to predict site index
from soil phases alone.

The fragipan soils have a dense, impervious layer
12 to 36 inches below the surface that restricts the down-
ward movement of roots and moisture except for the
occasional structural crack. Thus, pan soils are physi-
ologically shallow and would be expected to be of lower
site index than the nonfragipan soils (Krusekopf 1963).
But, in fact, both pan and nonpan soils have nearly
identical site index (table 1). How can this paradox
of similar site index on soils of different effective depths
be explained?
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* Figure 1. — Site index for seven Ozark soils — mean, range, and standard deviation.
CHSIL = cherty silt loam; CHL = cherty loam; SIL = silt loam; L = loam.

Examining the available moisture capacity of the
two groups may help to provide an answer, since mois-
ture availability during the growing season may be a
growth-limiting factor in this region of periodic hot,
dry weather. Available soil moisture (the difference
between moisture capacity at % and 15 atmospheres)
was determined for the separate horizons with a pressure
plate and pressure membrane apparatus. After making
corrections for the presence of the chert fragments, the

values were used to calculate available moisture either
in the upper 36 inches of the profile or above the fragi-
pan, as appropriate. These are the soil depths with the
bulk of the tree roots.

The difference in available moisture between pan
and nonpan soils to the depths calculated above was
not as great as expected:



Inches available

Soil phase water to pan
or 36 inches
Pan:
~ Nixa silt loam 3.1
Viration silt loam 43
Lebanon silt loam 3.6
Hobson loam ' 3.1
Nonpan:
.Doniphan cherty silt loam 4.7
Clarksville > > 4.2
- Coulstone cherty loam ‘ 3.8

This additional moisture may be depleted in a short
period during the summer months, for oak stands in
Arkansas removed 0.19 inches of water per day from
the upper 4 feet of the soil profile during a 6-week
period (Zahner 1955). Thus, the small amount of addi-
tional water available in the nonpan soils is relatively
unimportant. When the same data are averaged by site
index classes, it is apparent that available moisture
has little relationship to site quality:

Inches available

- Site Index Class water to pan
or 36 inches

50 3.8

51-55 4.0

56-60 3.8

61-65 3.8

66-70 4.0

Although fragipans have structural cracks that are oc-
casionally penetrated by roots, moisture below the pan
is probably of little help to the tree because of the slow
percolation rate of water through the pan during periods
of moisture recharge.

Foresters have often noted that young dominant
‘and codominant white oak trees are frequently shorter
than associated dominant and codominant members of
the-red oak group. The comparison of white and black
oak site index for similar soils shows that this is indeed
a well-founded observation; site index of white oak is
7 feet lower than site index for black oak. The difference
in height growth between these two species has been
well-documented using sectioned trees of both species
" from the Central States, including a good representation
from Missouri (Carmean 1972). Carmean’s site index
curves indicate that black oak grows more rapidly than
white .0oak during the early years, just as in our study.

CONCLUSIONS

This preliminary analysis of measurements from
300 sample plots indicates that soil phases, as presently
described for the Missouri Ozarks, cannot be used to
determine the site indexes for oak. As we have shown,
a given soil phase will include a wide range of site
qualities; average site qualities of the soil phases
studied were essentially similar. This failure of soil
classification to indicate the supply of soil growth
factors has been found in other studies with oak.

Because soils research and taxonomic classification
have historically been oriented toward agricultural uses,
considerably more is known about the features that in-
fluence shallow-rooted, annual agricultural crops than
about those that influence long-lived, relatively deep-
rooted trees. Consequently, soils series used for in-
tensive agriculture have been defined more narrowly
than those describing soils on rough land suited only
for extensive uses (Kellogg 1958). Carmean (1961)
indicated that certain soil and topographic features
closely related to the growth of forest trees in Ohio
vary widely within soils types and soil mapping units,
but are not included in their definition. Topographic
features such as steepness and degree of erosion are
sometimes included, but often in terms too general to
be useful for forest site evaluation.

The wide range of slopes and aspects occupied by
a given soil in Missouri suggests that the variability
in site quality found in this study may be traced to
factors not delineated in current soil classifications.
As the relationships between forest soils and tree growth
are studied more intensively, the way should be open for
revision of soil mapping units to reflect to a greater
extent the soil’s ability to support tree growth.

Many physical characteristics, such as steepness of
slope, aspect, soil texture, and depth, are important
modifiers of site quality and may be used to improve
estimates based solely upon soil phases (Carmean 1970).
For example, working with Clarksville soils in a single
county in the Ozarks, Hartung and Lloyd (1969) showed
that topographic exposure could be used to give a better
estimate of the soil’s ability to support tree growth.

Preliminary analysis of the data in this study has
disclosed that a combination of topographic features

- and some edaphic characteristics will provide the best

estimate of site quality for sites that do not have trees
suitable for direct site-index determination.
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. As our Nation grows, people expect and need more from their forests — more

wood; more water, fish, and wildlife; more recreation and natural beauty; more
special forest products and forage. The Forest Service of the U.S. Department
of Agriculture helps to fulfill these expectations and needs through three major
activities:

® Conducting forest and range research at over
75 locations ranging from Puerto Rico to
Alaska to Hawaii.

® Participating with all State forestry agencies
in cooperative programs to protect, improve,
and wisely use our Country’s 395 million acres
of State, local, and private forest lands.

® Managing and protecting the 187-million acre
National Forest System.

The Forest Service does this by encouraging use of the new knowledge that
research scientists develop; by setting an example in managing, under sustained
yield, the National Forests and Grasslands for multiple use purposes; and by
cooperating with all States and with private citizens in their efforts to achieve
better management, protection, and use of forest resources.

Traditionally, Forest Service people have been active members of the commu-
nities and towns in which they live and work. They strive to secure for all,
continuous benefits from the Country’s forest resources.

For more than 60 years, the Forest Service has been serving the Nation as a
leading natural resource conservation agency.




