Shortleaf Pine Site-Index Relationships in the Ozark Highlands®

Davip L. GRANEY AND EDWIN R. FERGUSON?2

ABSTRACT

By carefully limiting the area of application and the soils
included in individual analyses, practical equations were devel-
oped for predicting shortleaf pine (Pinus echinata Mill.) growth
on major soils in the Ozark Highlands. Large pits were dug to
adequately classify the soils, and soil properties were deter-
mined by standard techniques, Shortleaf pine site index at age
50 was correlated with aspect, slope shape, loss-on-ignition of
the Al and Apl horizons, depth to fragipan, and latitude.
Regression equations developed for limestone and dolomite soils,
sandstone soils, and fragipan soils predicted site indexes within
an average of 0.6 m (2 feet) on confirmatory plots.

Additional Index Words: Pinus echinata, growth, soil-site
evaluation.

AND MANAGERS in the Ozark Highland Province of Arkan-
L sas and Missouri need estimates of site productivity to
evaluate investments in pine forestation, but most timber
stands there have long records of high-grading, indiscrimi-
nant grazing, and wildfires that make existing trees poor
indicators of site quality. An indirect method of estimating
productivity is required. This paper reports a comprehen-

sive study of the relations of soil and topography to the
site index of shortleaf pine (Pinus echinata Mill.) on major
soils of the Province.

Indirect methods of site estimation based on correlations
with measureable soil and topographic characteristics have
been developed for various iree species throughout the
United States. In previous research (Coile, 1952; Zahner,
1958; Ralston, 1964) soil and topographic features that
influence soil moisture and soil aeration have been most
closely correfated with shortleaf pine height growth. Al-
though Broadfoot (1969) has pointed out problems in
indirect site estimation, the soil-site approach appears to
be the most promising for predicting site quality in the area.

STUDY AREA

The Ozark Highlands cover approximately 12 million ha
(30 million acres) in southern Missouri, northern Arkansa§,
and northeastern Oklahoma (Fig. 1). Shortleaf pine’s range is

1 Contribution from Timber Management Research Project,
Southern Forest Exp. Sta., USDA Forest Service, Fayetteville,
Ark. Received March 9, 1971. Approved Jan. 10, 1972.

2 Agsociate Silviculturist and Principal Silviculturist, respec-
tively.
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Fig. 1—Range of shortleaf pine in the Ozark Highland Prov-
ince. Dash line indicates major divisions of the province and
shaded areas indicate major concentrations of pine.

limited mainly to the southern and eastern portions of the
Highlands where it is found occasionally in pure stands but
mostly in mixture with hardwoods.

Average annual precipitation ranges from less than 100 cm
(40 inches) in the north and west portion of the area to 130
cm (50 inches) in the south and east. April, May, and June
are the wettest months. Extended summer droughts are com-
mon, and the autumn is usually dry. The average frost-free
period ranges from 170 days in the northern to 200 days in the
southern portion of the area.

Topography is gently rolling to steep, and elevations range
from about 150 m to 460 m (500 to 1,500 feet) above sea
level. Soils are derived from essentially horizontally-bedded
sandstones and cherty limestones and dolomites. Geologic ages
for the parent materials range from Cambrian to Mississippian.

PROCEDURES

Since very large variation in soil properties can lead to inac-
curacy in predicting productivity, major soils of the area were
divided into three groups: soils of cherty limestone and dolo-
mite origin, soils of sandstone origin, and fragipan soils. Pro-
vision was made for separate analyses of each soil group in
each State. Prediction equations were developed from data
taken on 221 plots and the equations were tested for accuracy
on 75 additional plots.

Field

Arkansas cherty limestone soils (Baxter, Clarksville series)
were represented by 75 plots; Arkansas sandstone soil (Pine-
ville, Linker, Hartsells, Christian series) by 65 plots; Arkansas
fragipan soils (Nixa, Captina series) by 18 plots; Missouri
cherty limestone and dolomite soils (Baxter, Clarksville, Mace-
donia series) by 57 plots; Missouri sandstone soils (Coulstone
series) by 46 plots; and Missouri fragipan soils (Lebanon,
Nixa, Hobson series) by 35 plots. The range in site index for
each of the soil groups is shown in Fig. 2.
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Fig. 2—Shortleaf pine site index for major soil groups.

Study plots were confined to even-aged 30- to 70-year-old
stands of shortleaf pine and pine-hardwood mixtures. Plots
ranged from approximately 0.04 to 0.08 ha (1/10 to 1/5 acre)
in size with at least three dominant or co-dominant sample
trees grouped as closely as possible to insure uniform soil condi-
tions. No more than one plot was located in an individual
stand unless the stand extended over more than one set of
soil or topographic conditions.

Tree age was determined by adding three to the number of
rings at breast height. Height of each tree was measured to
the nearest foot and converted to meters. Site index, tree
height in feet at age 50, for each plot was determined from
the mean age and height using curves from USDA Misc. Pub.
50 (1929) and converted to meters.

On each plot, three soil pits were dug with a backhoe to
bedrock or to a minimum depth of 1.3 m (50 inches). One
pit was at the approximate center of the plot; the other pits
were near the limits of occupancy of the sample trees. The
pits were large enough for the soil scientist to enter and exam-
ine the exposed profile, and they were oriented to provide
maximum sunlight on the face being classified.

All soil profiles were described and classified by soil scien-
tists from the Soil Conservation Service or the Forest Service
according to defined concepts of the individual soil series in
the 7th Approximation (USDA Soil Conservation Service,
1967). Soil samples were collected from each major horizon
of each soil pit. Elevation and aspect, slope shape, position,
steepness and length, and distance from top of slope were mea-
sured or estimated.

Depth to bedrock ranged from less than 0.6 m to more than
1.8 m (2 to 6 feet). Subsoil texture varied from light sandy
clay loam to heavy clay.

Laboratory

The bulk soil samples were air-dried, rolled, and sieved
through a 2-mm-mesh screen. Corresponding horizon samples
for the three soil pits in each plot were composited for analy-
sis. Portions of the samples were used to determine particle-size
distribution, percent loss-on-ignition, pH, and moisture con-
tents at 53 and 15 atmospheres (atm.) of tension. Sand, silt,
and clay contents were determined by hydrometer after dis-
persion in 5% sodium metaphosphate (Bouyoucos, 1962).
Organic matter content was estimated from loss-on-ignition
(650C) following the techniques of the Forest Soils Commit-
tee of the Douglas Fir Region (1953). pH of a 1:1 soil-water
mixture was determined by glass electrode. Moisture contents
at 13 and 15 atm were determined by pressure plate and pres-
sure membrane (Richards, 1947, 1948). The difference be-
tween the two values was taken as an index of available mois-
ture storage capacity.
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Data Analysis

Of the 296 selected plots, 75 with a maximum of 20 from
each soil group were randomly selected and excluded from
initial analyses to provide a second population on which to
test the effectiveness of the derived equations.

In studies of soil-site relations, tree age is sometimes included
as an independent variable, and total height is the dependent
variable. However, since the possibility of age bias seemed
remote in this study, site index—the height of trees at age 50
—was chosen as the independent variable.

A series of regressions was computed for each soil series and
for soil groups. Of 32 independent variables screened, 19 were
correlated with site index for one or more of the single and
combined soil groups:

LI = Loss-on-ignition A1 horizon (% )3
SS = Slope Shape (1 = Convex, 2 = Linear, 3 =
Concave)
Asp3% + = Aspect — Cos (Azimuth — 40°) Slopes 3%
and greater
Asp 10% + = Aspect — Cos  (Azimuth — 40°)  Slopes
10% and greater
D = Depth to bedrock or Pan (cm)
CH = Distance from top of contributing slope
(meters)
- S = Slope (%)
pPH A = pH A2 Horizon
pH B — pH B2 Horizon
SiClA = Silt 4 Clay A1 + A2 Horizons (%)
SiCIB = Silt -+ Clay B2 Horizon (%)
ClA = Clay content A1 -+ A2 Horizons (%)
CIB = Clay content B2 Horizon (%)

T = Township (Coded: 1 =T33N, ...., 19 =
T15N)

R = Range (Coded: 1 =R26W, ...., 25 =
R2W)

T+R = Township -+ Range (Township Code -+
Range Code)
TA = Thickness of Al 4+ A2 Horizon, (c¢cm)
DB = Depth to B2 Horizon, (¢m)
(TA)2 = (Thickness of A1 + A2 Horizons)?2

Multiple regression analyses were then computed for indi-
vidual soil groups within States and for combinations of simi-
lar soil groups in both States.

The statistical model was:

Y—_—b0+b1X1+...+an.n

where Y = shortleaf pine site index
Xg, Xy, ... X, = independent variables

bg, by, . . . b, = coefficients associated with the independent

variables.

The data were processed using Program BMD 02R which
computes a sequence of multiple linear regression equations in
a step-wise manner. At each step, one variable is added to the
regression equation and tested at the 5% level. The variable
added is the one which makes the greatest reduction in the
error sums of squares.

# Al and A2 horizon designations correspond to those de-
fined by the Soil Conservation Service (1962). The A hori-
zons from abandoned field sites (where a plowing history was
evident) were described as Apl and Ap2 and were compar-
able in thickness and texture to true A1 and A2 horizons.
Therefore, in the text of the paper the A1 or A2 horizon desig-
nation will also include Apl or Ap2 horizons.

Table 1—Deviations between measured and predicted (using
appropriate regression equations ) site index

Total Devlation In meters

Solls plots -1,2 -0,9 -0.6 -0.3 0 +0.3 +0.6 +0.9 +1.2 Avg
Limestone & .
dolomite solls 35 0 3 4 5 9 5 6 3 0 0.42
(Equation [1])
Sandstone soils 20 ] 0 2 3 3 3 3 4 2 0,55
(Equation [2])
Pan soils 20 0o 2 1 6 3 3 3 1 1 0.46
(Equation [3])
Total 75 0 5 7 14 15 11 12 8 3 0.46

RESULTS AND DISCUSSION
Equations—Useable equations were derived for indi-
vidual soil groups and for each State, but the efficiency
of these was not markedly superior to that achieved with
combined data. For prediction, the most useful equations
were those derived for three sets of combined soil groups
in both states:

Combined Arkansas and Missouri limestone and dolomite
soils (97 plots):

Shortleaf Pine SI = 56.8 + 2.29 (S8S) + 2.31 (Asp 3% +)
—0.91 (LI) + 0.31 (T) 1
R? = 0.63 Standard error of estimate §,.x = 0.89

Combined Arkansas and Missouri sandstone soil groups
(91 plots): :

Shortleaf Pine SI = 57.2 + 3.37 (Asp 3%+) + 2.14 (SS)
— 0.79 (LD) 21
R% = 0.49

Standard error of estimate S,x = 1.30

Combined Arkansas and Missouri Pan soils (33 plots):
Shortleaf Pine SI = 33.9 + 1.08 (D) + 2.46 (Asp 3% +)
R2 = 0.74 31
Standard error of estimate S,.x = 0.71

Predictions with the equations were reasonably accurate
on confirmatory plots (Table 1). For the 35 plots on lime-
stone and dolomite soils, all deviations were within =1 m
(3 feet) of measured values, and the mean deviation was
less than 0.5 m (1.5 feet). Site indices on confirmatory
and analysis plots were quite similar, ranging from 15 to
21 m (approximately 48-70 feet).

On the 20 confirmatory plots on Arkansas and Missouri
sandstone soils, most predictions fell within 1 m of actual
values; two missed by -+ 1.2 m (4 feet). Average deviation
for the 20 predictions was 0.5 m (1.8 feet). Site index
ranges for confirmatory plots were 15 to 21 m (48-69
feet) and 14 to 23 m (45-76 feet) for analysis plots.

Similar results were found for the 20 confirmatory plots
on Arkansas and Missouri pan soils. Predicted values gen-
erally fell within 1 m of measured values and the average
deviation was 0.5 m. Site index for these confirmatory
plots ranged from 14 to 21 m (45-69 feet) as compared
with 15 to 21 m (48-70 feet) for analysis plots.

Equations [1] and [3] were used to calculate trend graphs
(Fig. 3 to 7) that illustrate the relationships between site
index and the significant soil and topographic factors. For
each figure, values were inserted into the equation for one
variable while all other variables in the equation were
held constant at their mean values.

The equations could not predict site index if the soil and



498

I 5 o 8 0w
Tt 1 1

)
T

)
—

SITE INDEX (METERS)

0 1 i | | | L | | 1

3 5 7 9 1
PERCENT LOSS-ON-IGNITION

Fig. 3—Relative effect of loss-on-ignition values in Al horizon
on site index (Equation [1]).

topographic factors in them were not related to conditions
necessary for tree growth. Therefore, some interpretations
are proposed concerning the possible biological factors
underlying the mathematical relationships observed in this
study. ‘

Loss-On-Ignition

Percent loss-on-ignition of the Al horizon was signifi-
cant or exhibited high linear correlation with site index in
all analyses. Figure 3 (derived from equation [1]) illustrates
the negative relationship between loss-on-ignition and
shortleaf pine site index. Loss-on-ignition values obtained
are considered to approximate organic matter levels for the
various sample plots. Ball (1964) investigated loss-on-
ignition for estimating organic-matter content and con-
cluded that it was a simple and rapid method and justified
more consideration than most standard references recom-
mend. The soils of this study were non-calcareous and the
texture classes for Al horizons were sandy loams or silt
loams with clay contents ranging from 7 to 17% for soils
derived from sandstones and 13 to 22% for limestone and
dolomite soils. Consequently, it was concluded that errors
resulting from loss of CO, from carbonates or from clay
fractions would be minimal and relative,

Within general limits, high organic matter is generally
associated with high fertility, But negative correlations be-
tween organic matter and tree site quality have been dem-
onstrated by researchers in various areas (Graney and Fer-
guson, 1970; Della-Bianca and Olson, 1961; Pawluk and
Arneman, 1961; Mader and Owen, 1961; Walker and
Reed, 1960). Explanations for these relationships have

I3
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varied with the soils or site conditions studied. In the Bos-
ton Mountain Province of northern Arkansas, this rela-
tionship was believed to represent varying degrees of hard-
wood competition during early stages of pine growth
(Graney and Ferguson, 1970). Sites occupied by pure
pine stands had lower loss-on-ignition values and higher
recorded site indexes than sites of similar character occu-
pied by mixed pine-hardwood stands. There was no evi-
dence to suggest that the pure pine stands were on inher-
ently better sites; soils and topography were about the
same on pure pine and mixed pine-hardwood plots.

In the present study, similar relationships were found
between loss-on-ignition percent of the A1 horizon and
site index. Stands of old-field origin, which were usually
pure pine, outgrew stands of woods origin (Table 2). Since
soils and topography on the field and woods plots were
again essentially similar, we conclude that the relationship
between loss-on-ignition and site index is mainly a reflec-
tion of the amount of hardwood competition early in the
life of the stand, as demonstrated by the organic matter
incorporated in the Al horizon. Pure pine stands seldom
have much incorporated organic matter, even on fairly
good sites, whereas large amounts of organic matter are
incorporated under hardwoods even on relatively poor
sites. Thus, organic matter content of the Al is a measure
of hardwood occupancy, and not necessarily a measure
of pine site quality.

Depth to Fragipan

The effect of depth to fragipan on shortleaf pine site
quality is shown in Fig. 4 (derived from equation [3]). In

Table 2—Mean site index and mean loss-on-ignition percents by woods and old field stands for the various soil groups

Loss-

Site Index on-ignition
Soil group Woods Field Woods Fleld
meters feet meters feet ————— T

Arkansas Limestone 16,9 55.5 (48 plots) 19.0 62,2 (27 plots) 8.7 6.0
Missour! Limestone and Dolomite 17.0 55.7 (35 plots) 18.9 62.0 (22 plots) 8.0 5.3
Combined Arkansas and Missouri* 16,9 55.6 (83 plots) 18.9 62.1 (49 plots) 8.4 5.7
Arkansas Sandstone 16,6 54.3 (31 plots) 19,3 63.3 (34 plots) 5.3 2,3
Missour] Sandstone 16,9 55.5 (34 plots) 18,7 61.3 (12 plots) 6.3 2,9
Comblned Arkansas and Missouri* 16,8 55,0 (65 plots) 19,1 62,8 (46 plots) 5.8 2,5
All Limestone and Sandstone 16.9 55,3 (148 plots) 19,0 62,5 (95 plots) - -

Arkansas and Missouri Fragipan sollst 17,2 56.6 (33 plots) 18,7" 61.5 (20 plots) 6.9 5.0

* Values pertaining to the equations presented,

t L.I, was not a significant contributor in this equation, but the trend towards higher S,I, on fleld sites is consistent.
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most cases, roots were observed in and below the fragipan
layers but seemed to contribute little other than to help
sustain life during periods of severe drought. The shallow-
ness of fragipans on all plots in soil group III, 36 to 71 cm
(14 to 28 inches), obviously could restrict the soil mois-
ture reservoir sufficiently to reduce pine growth during
dry periods. However, a positive contribution of fragipan
layers to tree growth could be the reduction of water move-
ment down through the profile during wet periods. Figure
4 indicates that the productive potential for fragipan soils
is much the same as that for the soils of the other groups.
This similarity could be caused, in part, by the retention
of soil moisture by the fragipan, with the major limiting
factor being the thickness of the water-holding reservoir
above the fragipan.

Aspect, Slope Shape, and Latitude

Topographic features are closely associated with differ-
ences in microclimate and soil moisture, which affect tree
growth.

Aspect was a significant factor in all of the derived
equations: Figure 5 illustrates that northeast exposures
were found to produce the best sités while the poorer sites
occur on the southwest-facing slopes. This relationship is
similar to that reported for the mountains of northern
Georgia and northern Arkansas (Ike and Huppuch, 1968;
Graney and Ferguson, 1971). Hartung and Lloyd (1969),
reporting on site relationships for oak and pine in Dent
County, Missouri, observed that the pine was less sensitive
to changes in aspect than the oak species, but the best pine
sites were also associated with northeast exposures. In the
Ozark Highlands, north and east slopes probably have
more favorable moisture conditions during the dry summer
months than do the south and west exposures. Less direct
sunlight on north- and east-facing slopes should produce
lower temperatures and lower rates of evapotranspiration,
and consequently there should be more moisture available
during the growing season than on the south and west
exposures.

For the sandstone and limestone soil groups, site quality
increased as slopes changed from convex through linear
to concave (Fig. 6). Carmean (1967) working with black
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Fig, 7—Changes in site index with changes in latitude as re-
flected by township number ( Equation [1]).

oak in Ohio and Graney and Ferguson (1971) working
with shortleaf pine in northwest Arkansas have also re-
ported significant correlations between slope shape and
height growth or site index. The contribution of slope
shape to pine site quality is probably due to the interrela-
tionship of several factors. The shape of a slope can affect
the rate of surface and subsurface water movement from
the site. Convex and linear slopes tend to lose water more
rapidly than concave slopes. Severe summer droughts are
common in the Ozark Highlands, and small improvements
in moisture-retaining capacity of a given site would be
advantageous during such periods. Concave, or receiving,
positions might also benefit from the thicker A horizons
and somewhat greater total soil depths commonly associ-
ated with this type of slope.

Site index on limestone soils increased slightly with
decreasing latitude (from north to south) (Fig. 7). Lati-
tude was a significant factor on all but pan soils and Ar-
kansas sandstone soils. A similar relationship has also
been reported for pine in the loess area of Louisiana and
Arkansas (Bassett, 1968). Although geologic formations
and parent materials change radically from north to south
in the region under study, these changes probably do not
account for the changes in site quality within soil groups.
Climatic changes with latitude are a more probable expla-
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nation. As one moves from the northern to the southern
edge of the Province, the average length of growing season
increases from 170-180 to 200-210 days, and average
annual rainfall increases from 100 to 130 cm (USDA
Yearbook of Agriculture, 1941).

CONCLUSIONS

The soil and topographic factors represented in the
equations probably reflect soil moisture or climatic prop-
erties influencing the site and vegetative competition when
the stands were established. Aspect influences evapotran-
spiration, slope shape affects the degree of surface and
subsurface water movement, and depth to fragipan con-
trols potential moisture storage. Latitude, through tem-
perature and rainfall gradients from north to south, reflects
length of growing season and potential moisture supply.

Loss-on-ignition values were considered to approximate
organic matter levels. The negative relationship of loss-on-
ignition to site index on plots representing similar physio-
graphic conditions seems to reflect mainly stand composi-
tion. Plots with pure pine stands and low loss-on-ignition
values consistently supported taller trees than mixed pine-
hardwood stands with higher loss-on-ignition values. One
explanation may be ‘that pines in the mixed stands were
probably subjected to more severe competition from hard-
wood stems and sprouts during their earlier years than
were the pines in pure stands that originated on old fields.

The equations developed will predict, with reasonable
accuracy, expected height at age 50 for existing stands and
will be used to derive site estimation tables for field use.
Some adjustment will be required, however, if equations
{1] and [2] are to be used to predict site index for open
land or sites which are to be cleared and planted or seeded
to pine. It is suggested under these circumstances that the
average loss-on-ignition value found for pure pine stands,
5.2% for equation [1] and 3.0% for equation [2], be sub-
stituted in the equations. Presumably, if a stand is artifi-
cially regenerated with pine or naturally regenerated under
planned management, hardwoods will represent only a
minor component of the new stand and organic matter
eventually will approximate the level found in natural
pure pine stands. This assumption will be tested in studies
of changes in organic matter during the life of stands in
the Ozark Highlands.

LITERATURE CITED

I. Ball, D. F. 1964. Loss-on-ignition as an estimate of or-
ganic matter and organic carbon in non-calcareous soils.
J. Soil Sci. 15:84-92.

2. Bassett, J. R., and J. T. Beene. 1967. Loblolly pine site
quality of four loess soils. USDA Forest Serv. Res. Note
S0-68, S. Forest Exp. Sta., New Orleans, La. 6 p.

3.

10.

20.

21.

22.

23.

24.

Bouyoucos, G. J. 1962. Hydrometer method improved for
2r16a5k1ng particle size analyses of soils. ‘Agron. J. 54:464—
Broadfoot, W. M. 1969. Problems in relating soil to site
index for southern hardwoods. Forest Sci. 15:354-364.
Carmean, W. H. 1967. Soil survey refinements for predict-
ing black oak site quality in southeastern Ohio. Soil Sci.
Soc. Amer. Proc. 31:805-810.

Coile, T. S. 1952. Soil and the growth of forests. Advance.
Agron. 4:330-398.

Dplla:Bianpa, L., and D. F. Olson, }r. 1961. Soil-site stu-
dies in Piedmont hardwood and pine-hardwood upland
forests. Forest Sci. 7:320-329.

Forest Soils Committee of the Douglas Fir Region. 1953.
Sampling, procedures and methods of analysis for forest
soils. Univ. Wash., Coll. Forest. 38 p.

Graney, D. L., and E. R. Ferguson. 1971. Site-quality
relationships for shortleaf pine in the Boston Mountains
of Arkansas. Forest Sci. 17:16-22.

Hartung, R. E., and W. J. Lloyd. 1969. Influence of aspect
on forests of the Clarksville soils in Dent County, Mis-
souri, J. Forest. 67:178-182.

Ike, A. F., Jr., and C. D. Huppuch. 1968. Predicting tree
height growth from soil and topographic site factors in
the Georgia Blue Ridge Mountains. Ga. Forest Res. Pap.
54, 11 p.

Liming, F. G. 1946. The range and distribution of short-
leaf pine in Missouri. USDA Forest Serv. Cent. States
Forest Exp. Sta. Tech. Pap. 106, 4 p.

Mader, D. L., and D. F. Owen. 1961. Relationships be-
tween soil properties and red pine growth in Massachu-
setts. Soil Sci. Soc. Amer. Proc. 25:62-65.

Pawluk, S., and H. F. Arneman. 1961. Some forest soil
characteristics and their relationship in jack pine growth.
Forest Sci. 7:160-173.

Ralston, C. W. 1964, Evaluation of forest site productiv-
ity. p. 171-201. In J. A. Romberger and Peitsa Mikola
(ed.), International review of forestry research, Vol. 1.
Academic Press, New York.

Richards, L. A. 1947. Pressure-membrane apparatus—
construction and use. Agr. Eng. 28:451-454.

Richards, L. A. 1948. Porous plate apparatus for measur-
ing moisture retention and transmission by soil. Soil Sci.
66:105-110.

Southern Forest Experiment Station. 1948. Forest Statis-
tics for the Arkansas Ozarks. S. Forest Exp. Sta., Forest
Surv. Release 57, 23 p.

US Department of Agriculture. 1941. Climate and man.
Yearbook Agr. (US Dep. Agr.) US Government Printing
Office. 1248 p.

USDA Forest Service. 1929, Volume, yield, and stand
tables for second-growth southern pines. USDA Misc.
Publ. 50, 202 p.

USDA Soil Conservation Service. 1962. Identification and
nomenclature of soil horizons. Suppl. to soil surv. man.
agr. handbook 18, 173-188.

Soil Survey Staff. 1967. Supplement to Soil Classification
System (Seventh Approximation). USDA Soil Conserv.
Serv. 207 p.

Walker, N., and R. M. Reed. 1960. Site evaluation for
western catalpa in north central Oklahoma. Okla. Exp.
Sta. Bull. B-544. 15 p.

Zahner, R. 1958. Site-quality relationships of pine forests
in southern Arkansas and northern Louisiana. Forest. Sci.
4:162-176.



	Main Menu
	Help
	Disc 3 Tables of Contents
	Search



