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Abstract.—Shortleaf pine was once abundant throughout the Missouri Ozarks and there

is renewed interest in its restoration. Past research suggested that the greatest survival and
growth of shortleaf pine seedlings occurred where there was little competition for sunlight.
This study, in the oak and oak-pine forests of the Sinkin Experimental Forest in southeastern
Missouri, quantified the effects of residual overstory density on the early survival and

growth of planted shortleaf pine seedlings. We established 48 one-acre experimental units
and thinned each from below to establish a uniform stocking level in the range of 0 to

80 percent. In the center of each experimental unit we established 30 1-0 shortleaf pine
seedlings on a 12- by 24-foot spacing. One growing season after planting we used regression
to analyze seedling (1) survival, (2) basal diameter growth, and (3) shoot growth as functions
of initial seedling size and overstory stocking. Increasing overstory stocking nominally
decreased seedling survival, but the effect was small and not significant. However, each
20-percent increase in overstory stocking significantly (P < 0.001) decreased diameter growth
by about 0.01 inches and shoot growth by 0.7 inches. Seedlings with larger initial size had a
significantly greater (P < 0.02) survival rate.

INTRODUCTION

Shortleaf pines (Pinus echinata Mill.) were once dominant on about 4.2 million acres of the Missouri Ozarks
and were prominent on an additional 2.4 million acres (Liming 1946). They were most abundant on rolling

to steep terrain on soils derived from sandstone or cherty dolomite that were excessively well drained and

acidic (Fletcher and McDermott 1957).

Today, shortleaf pine in its native range often accounts for less than 10 percent of stocking (Kabrick and
others 2002), having been displaced by black oaks (Quercus velutina Lam.) and scarlet oaks (Q. coccinea
Muenchh.) following extensive timber harvesting and subsequent land clearing and frequent burning
during the early 1900s. These two species of oaks are particularly susceptible to oak decline as they mature.
Consequently, hundreds of thousands of acres of declining oak forests throughout the Missouri Ozarks are

now found on sites where shortleaf pine or pine-oak mixtures were formerly prominent.

There is renewed interest in restoring shortleaf pine throughout its native range in the Ozark Highlands.

Restoring shortleaf pine on former pine and oak-pine sites is viewed as a long-term strategy for mitigating
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chronic oak decline (Law and others 2004). There also is an increasing interest in restoring the native oak-pine

woodland communities where they once were abundant.

In the Missouri Ozarks, methods for establishing and recruiting shortleaf pine in plantations and natural
stands were evaluated from the 1930s through the 1960s. U.S. Forest Service scientists conducted
considerable research in the former Clark National Forest, in the Mark Twain National Forest, and on the
Sinkin Experimental Forest in southeastern Missouri. This research included studies of natural and artificial
regeneration (Phares and Liming 1960, Seidel and Rogers 1965), an examination of the effects of stand
density on growth and tree quality (Brinkman and Liming 1961, Brinkman and Rogers 1965), and the
development of yield and volume tables for shortleaf pine stands (Brinkman and Rogers 1965, Brinkman
1967). Most of the findings were summarized in two pivotal management publications, 7imber Management
Guide for Shortleaf Pine and Oak-Pine Tjpes in Missouri (Brinkman and Rogers 1967) and Managing Shortleaf
Pine in Missouri (Brinkman and Smith 1968). These guides emphasized establishing and managing even-
aged shortleaf pine-dominated stands. Consequently, guidelines recommended controlling or removing all
undesirable hardwoods, particularly in the overstory, using a combination of prescribed fire, herbicides, and
mechanical removal with a bulldozer (Brinkman and Smith 1968).

However, foresters are increasingly seeking or are required to select methods for regenerating or re-establishing
shortleaf pine other than the ones recommended by Brinkman and Rogers (1967) and Brinkman and Smith
(1968). These alternative methods often include leaving moderate to high densities of residual oaks and pines
in the overstory of harvested stands either for aesthetic reasons or to meet other natural community or habitat

goals.

Past research (Brinkman and Liming 1961) indicates that leaving a residual overstory is likely to reduce the
survival or growth of shortleaf pine seedlings. However, there are few quantitative estimates of the magnitude
of these survival and growth reductions. The objective of this study was to quantify the survival and growth
reductions of shortleaf pine seedlings due to overstory stocking compared to stands having no residual
overstory. Findings from this study will allow foresters to anticipate the survival and growth of shortleaf pine

seedlings under various levels of overstory stocking to meet desired stocking goals for pine reproduction.

METHODS
STUDY AREA

The study was conducted in the Sinkin Experimental Forest in southeastern Missouri on sites suited for
managing shortleaf pine or pine-oak mixes. Study sites were located on summit and shoulder slope positions
on soils derived from sandstones (Roubidoux formation) or cherty dolomites (Gasconade formation) and
were deep (> 4.9 ft), were moderately-well to excessively-well drained, and had low cation supply. Soil series
included Nixa (Loamy-skeletal, siliceous, active, mesic, Glossic Fragiudults) and Coulstone and Clarksville

(each Loamy-skeletal, siliceous, semiactive, mesic, Typic Paleudults).

Before the study began, forests were mature and fully stocked. Species in the overstory by proportion of basal
area were as follows: black oak (34 percent), white oak (Q. a/ba L., 27 percent), shortleaf pine (17 percent),
scarlet oak (6 percent), post oak (Q. stellata Wangenh., 5 percent), hickories (Carya spp. Nutt., 5 percent),
and other hardwoods (6 percent).

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 278



EXPERIMENTAL UNITS AND TREATMENTS

We established 48 one-acre experimental units. In the center of each experimental unit we placed a circular
0.2-acre plot for the inventory of all trees > 2 inches in diameter at breast height (d.b.h.) and a circular
0.001-acre plot for the inventory of all trees < 2 inches d.b.h. After pretreatment inventories were completed,
the density of each of the 48 experimental units was adjusted to a single stocking level (sezsu Gingrich 1967,
Rogers 1983) ranging from 0 to 80 percent. To achieve the target stocking levels, stems were removed “from
below,” creating a shelterwood structure. To facilitate marking to a specified stocking level, a marking guide
was created that expressed the target stocking level in units of basal area that could be verified with a 10-BAF
prism. Once the experimental units were marked, the merchantable timber was harvested commercially and

all other stems marked for removal were felled.

After harvesting, trees > 2 inches d.b.h. were re-inventoried on all experimental units. In the 0.2-acre circular
vegetation plots 30 1-0 bareroot shortleaf pine seedlings were hand-planted on a 12-foot by 24-foot spacing
during the first week of April. Seedlings were produced by the George O. White State Tree Nursery in
Licking, MO. Planting within the 0.2-acre plot ensured a buffer of at least 52 feet from the experimental

unit boundary to the nearest planted seedling. After planting, a numbered metal tag attached to a wire was
placed next to each seedling so that they each could be relocated for subsequent determination of survival and
growth. The initial basal diameter (measured one-half inch above the root collar) and shoot length of each
seedling were recorded after planting. The 1,440 seedlings that were planted initially had an average basal
diameter of 0.13 inches and an average shoot length of 8.5 inches. One growing season later, the shoot length
and basal diameter of all living seedlings were re-measured. We also recorded the condition of each seedling

and noted browse or other forms of animal and insect damage.

ANALYSIS

We used logistic regression (LOGISTIC procedure, SAS version 9.1, SAS Institute, Inc., Cary, NC) to analyze
the survival probability and the probability of browse occurring as a function of initial basal diameter (and
initial height for browse) and overstory stocking. We then used linear regression (REG procedure, SAS version
9.1) to examine the change in basal diameter or shoot length as a function of overstory stocking and the initial
basal diameter or initial shoot length. These models included both browsed and non-browsed seedlings. The
significant parameters of these models were used to estimate survival probabilities and growth rates for the
range of initial basal diameters and shoot lengths of seedlings planted in our study.

RESULTS

The first-year survival rate was 76 percent and the survival probability largely was a function of initial

basal diameter (Table 1, Fig. 1). Seedlings with a basal diameter > 0.4 inches had survival probabilities that
exceeded 0.90, and those seedlings were 1.2 times more likely to survive than those that had basal diameters
< 0.2 inches. On average, seedlings on plots beneath greater residual overstory stocking had slightly higher
survival rates, but the effect was small in magnitude and not significant (Table 1).

Increasing the residual stocking of the overstory significantly decreased both the basal diameter growth and
the shoot growth of underplanted shortleaf pine seedlings (Table 1, Figs. 2 and 3). Each additional 20-
percent increase in overstory stocking decreased the shortleaf pine basal diameter growth by 0.01 inches and
the shoot growth by 0.7 inches compared to seedlings grown under no overstory canopy. Seedlings grown
under stocking levels greater than 50 percent had decreased basal diameters because of shoot dieback and

resprouting. Initial seedling size did not significantly alter the growth response to overstory density (Table 1).
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Table 1.—Model parameters?® for estimating survival probability, basal diameter growth (in inches),
and height growth (in inches).

Parameter df Estimate Standard error P-value

Survival probability
Full model (Hosmer and Lemeshow goodness of fit = 0.10)

Intercept 1 0.410 0.279 0.142

Initial basal diameter 1 4.851 2.032 0.017

Percent stocking 1 0.003 0.002 0.184
Partial model® (Hosmer and Lemeshow goodness of fit = 0.57)

Intercept 1 0.536 0.262 0.040

Initial basal diameter 1 4.854 2.028 0.017

Diameter growth
Full model (Adjusted R-square = 0.26)

Intercept 1 0.063 0.048 0.192
Initial basal diameter 1 -0.080 0.371 0.830
Percent stocking 1 -0.0006 0.001 <0.001
Partial model° (Adjusted R-square = 0.28)
Intercept 1 0.053 0.006 <0.001
Percent stocking 1 -0.0006 0.001 <0.001
Shoot growth
Full model (Adjusted R-square = 0.38)
Intercept 1 4.759 1.647 0.006
Initial shoot length 1 -0.076 0.185 0.683
Percent stocking 1 -0.033 0.006 <0.001
Partial model® (Adjusted R-square = 0.39)
Intercept 1 4.093 0.283 <0.001
Percent Stocking 1 -0.033 0.006 <0.001

@Model form: Y=B+B,X, + B,X,, where Y is the logit of survival probability, diameter growth, or shoot growth, B is the intercept,
B, is the parameter for initial diameter or shoot length, and B, is the parameter for percent stocking.

bPartial models contain the intercept and significant parameters of the full model and are to be applied by foresters for predicting
survival probability, diameter growth, or shoot growth of planted shortleaf pine seedlings.

Survival probability
O O O O O O o o o = B
O o oo N4 1 o o w W o O

A . exp(0.536 + 4.854 x diameter)
Survival = -
1 (1 + exp(0.536 + 4.854 x diameter)
0 0.1 0.2 0.3 0.4 0.5 0.6

Basal diameter (inches)

Figure 1.—First-year survival probability of shortleaf pine seedlings as a function of initial basal diameter and
overstory stocking.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 280



About 11 percent of the seedlings exhibited some degree of browse damage by animals. The browsing partially
removed some of the leader or the ends of the branches. The shoot length of seedlings that were browsed was,
on average, about 2 inches shorter than those that were not browsed. Browsed seedlings had significantly

(P < 0.01) reduced shoot growth compared to those that were not browsed, but the diameter growth of
browsed seedlings was unaffected. According to the analysis, browsing was not related to the initial basal

diameter or shoot length, or the amount of harvesting (i.e., the residual overstory stocking).
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Figure 2.—First-year basal diameter growth as a function of overstory stocking.
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Figure 3.—First-year shoot growth as a function of overstory stocking.
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DISCUSSION

The first-year survival rates of shortleaf pine seedlings were consistent with survival rates reported for bareroot
seedlings planted elsewhere in the Missouri Ozarks (Gwaze and others 2006) and in the southern United
States (Barnett and Brissette 2004). Seedlings with larger basal diameters had significantly greater survival than
smaller ones, much like has been reported for oak seedlings (Johnson and others 2009). Larger shortleaf pine
seedlings generally have a more balanced root:shoot ratio (Barnett and Brissette 2007), which was reported to

increase shortleaf pine seedling survival (Mexal 1992).

We found no significant relationship between overstory stocking and seedling survival. Because of shortleaf
pine’s shade intolerance, we hypothesized that the increased light levels resulting from a lower overstory
stocking (Fig. 4) would increase the seedling survival probability. Shelton (1995) noted that overstory
density did not appear to be limiting to the establishment of natural shortleaf pine seedlings and suggested
that newly-established pine seedlings may be moderately shade-tolerant and become less tolerant with age.
Moreover, the canopy growing space requirement of a 1-0 pine seedling is less than a square foot and initially
can be accommodated by a small canopy gap. This adaptability may explain why shortleaf pine seedlings can
persist under a partial or full overstory for a short time (Shelton and Cain 2000). Blizzard and others (2007a)
reported that overstory density had little effect on the establishment of natural shortleaf pine seedlings
elsewhere in the Missouri Ozarks. As seedlings grow, we anticipate a significant effect from overstory density
on growth and competitive status (see below), which will eventually manifest itself in reduced long-term pine

seedling survival with increasing overstory density, other factors being equal.

Maintaining a residual overstory had an immediate negative effect on basal diameter growth and on shoot

growth. For an average-size seedling, both diameter growth and shoot growth were reduced by 8 percent. Our
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Figure 4.—Relationship between overstory stocking, canopy closure (dashed line), and photosynthetically active
radiation (solid line) expressed as percent of full sunlight, and canopy closure for the study area. Adapted from
Blizzard and others (in press).
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findings were consistent with those of Liming (1946), who reported that the height growth rate of shortleaf
pine increased significantly when the overstory density was reduced to or below 27 square feet per acre, which
is about 20-percent stocking in our study region. Shelton (1995) also reported growth reductions in 1-year-
old shortleaf pine seedlings with increasing overstory density in the Ouachita Mountains of western Arkansas
and southeastern Oklahoma although direct comparisons cannot be made to our data because of differences in
the respective studies. These shortleaf pine seedling growth reductions are likely to persist and eventually favor
the hardwoods as Blizzard and others (2007a) noted that increasing the residual overstory density decreased
the probability of producing dominant or codominant pine reproduction 5 years after harvesting. These
growth reductions are attributed to the reduction in light levels in plots retaining a residual overstory (Tappe
and others 1993). Blizzard and others (in press) demonstrated that even minor increases in residual stocking
such as from 0 to 30 percent decreases the photosynthetically-active radiation from 92 to 50 percent of full
sunlight in our study area (Fig. 4).

Collectively, our findings and those of others examining the growth of shortleaf pine seedlings are compatible
with many of the methods recommended for regenerating shortleaf pine in the Missouri Ozarks. Because of
the noted growth reductions under residual overstories, shortleaf pine guidelines recommended managing
pines in even-aged stands using clearcutting with hardwood competition control as the preferred regeneration
method (Brinkman and Rogers 1967, Brinkman and Smith 1968). These recommendations were intended to
minimize the rotation length by maximizing the survival and growth rate of the desired pine reproduction and
thereby maximizing the economic return (Brinkman and Rogers 1967).

However, maximizing the economic return is seldom the primary management goal for much of the publicly
and privately owned land in the Ozark Highlands (Butler 2008) and there are many situations in which
foresters elect to retain some residual overstory when managing or regenerating shortleaf pine or pine-oak
mixes. For example, retaining some pines and oaks in the overstory may help promote a healthy ground

flora community comprising legumes, forbs, and grasses that otherwise would be lost to competition by
hardwood seedlings and seedling sprouts should the entire overstory be removed (Nelson 2005). Public land
management agencies are increasingly retaining partial overstories during harvesting for aesthetic reasons
(Blizzard and others 2007b). Uneven-age management of shortleaf-loblolly pine mixtures has been practiced
successfully for many decades in the southern United States (Shelton and Cain 2000), suggesting that with
attentive management, pines can successfully be regenerated and recruited under partial overstories. Although
significant, the small growth reductions in shortleaf pine seedlings caused by retaining a residual overstory
may be overcome by other management interventions to control hardwood competition. Forest managers are
increasingly interested in the application of prescribed fire and periodic release of understory trees to favor
shortleaf pine seedlings when hardwoods appear to be gaining dominance (Blizzard and others 2007a).

The application of these management interventions will be examined in future years during this study.

LITERATURE CITED

Barnett, J.P; Brissette, ].C. 2004. Stock type affects performance of shortleaf pine planted in the Ouachita
Mountains through 10 years. In: Connor, K.E, ed. Proceedings, 12th biennial southern silvicultural
research conference. Gen. Tech. Rep. SRS-71. Asheville, N.C.: U.S. Department of Agriculture, Forest
Service, Southern Research Station: 420-422.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 283



Barnett, ].P; Brissette, J.C. 2007. Regenerating shortleaf pine: results of a 5-year cooperative research
initiative. In: Kabrick, ].M.; Dey, D.C.; Gwaze, D., eds. Shortleaf pine restoration and ecology in the
Ozarks: proceedings of a symposium; 2006 November 7-9; Springfield, MO. Gen. Tech. Rep. NRS-P-15.
Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station:
105-111.

Blizzard, E.M.; Henken, D.; Kabrick, ].M.; Dey, D.C.; Larsen, D.R.; Gwaze, D. 2007a. Shortleaf pine
reproduction abundance and growth in pine-oak stands in the Missouri Ozarks. In: Kabrick, ].M.;
Dey, D.C.; Gwaze, D., eds. Shortleaf pine restoration and ecology in the Ozarks: proceedings of a
symposium; 2006 November 7-9; Springfield, MO. Gen. Tech. Rep. NRS-P-15. Newtown Square, PA:
U.S. Department of Agriculture, Forest Service, Northern Research Station: 138-146.

Blizzard, E.M.; Kabrick, ].M.; Dey, D.C.; Larsen, D.R.; Pallardy, S.G.; Gwaze, D.P. In press. Light, canopy
closure and overstory retention in upland Ozark forests. In: Bragg, D.C., ed. Proceedings of the 15th
biennial southern silvicultural research conference; 2008 November 17-20; Hot Springs, AR. Gen. Tech.
Rep. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station.

Blizzard, E.M.; Larsen, D.R.; Dey, D.C.; Kabrick, ].M.; Gwaze, D. 2007b. The state of mixed shortleaf
pine-upland oak management in Missouri. In: Kabrick, ].M.; Dey, D.C.; Gwaze, D., eds. Shortleaf
pine restoration and ecology in the Ozarks: proceedings of a symposium; 2006 November 7-9;
Springfield, MO. Gen. Tech. Rep. NRS-P-15. Newtown Square, PA: U.S. Department of Agriculture,
Forest Service, Northern Research Station: 153-157.

Brinkman, K.A. 1967. Stand volume equations for shortleaf pine in Missouri. Res. Note NC-24. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Forest Experiment Station. 4 p.

Brinkman, K.A.; Liming, EG. 1961. Oak and pine reproduction responds to overhead release. Journal of
Forestry. 59: 341-346.

Brinkman, K.A.; Rogers, N.E. 1965. Shortleaf pine in Missouri, stand density affects yield. Res. Pap.
CS-14. Columbus, OH: U.S. Department of Agriculture, Forest Service, Central States Forest
Experiment Station. 14 p.

Brinkman, K.A.; Rogers, N.F. 1967. Timber management guide for shortleaf pine and oak-pine types
in Missouri. Res. Pap. NC-19. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North
Central Forest Experiment Station. 15 p.

Brinkman, K.A.; Smith, R.C. 1968. Managing shortleaf pine in Missouri. Station Bulletin 875. Columbia,
MO: University of Missouri, Agricultural Experiment Station. 35 p.

Butler, Brett J. 2008. Family forest owners of the United States, 2006. Gen. Tech. Rep. NRS-27. Newtown
Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 72 p.

Fletcher, PW.; McDermott, R.E. 1957. Influence of geologic parent material and climate on distribution
of shortleaf pine in Missouri. Research Bulletin 625. Columbia, MO: Missouri Agricultural Experiment
Station. 43 p.

Gingrich, S.A. 1967. Measuring and evaluating stocking and stand density in upland hardwood forests in
the Central States. Forest Science. 13: 38-53.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 284



Gwaze, D.; Melick, R.; Studyvin, C.; Hoss, G. 2006. Survival and growth of container and bareroot
shortleaf pine seedlings in Missouri. In: Riley, L.E.; Dumroese, R.K.; Landis, T.D., tech. coords. 2006.
National Proceedings: Forest and Conservation Nursery Associations - 2005. Proc. RMRS-P-43.

Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station:
123-126.

Johnson, PS.; Shifley, S.R.; Rogers, R. 2009. The ecology and silviculture of oaks, second edition. New
York, NY: CABI Publishing, CAB International. 592 p.

Kabrick, J.M.; Jensen, R.G; Shifley, S.R.; Larsen, D.R. 2002. Woody vegetation following even-aged,
uneven-aged, and no-harvest treatments on the Missouri Ozark Forest Ecosystem Project Sites.
In: Shifley S.R.; Kabrick, J.M., eds. Proceedings of the second Missouri Ozark Forest Ecosystem Project
symposium: post-treatment results of the landscape experiment; 2000 October 17-18; St. Louis, MO.
Gen. Tech. Rep. NC-227. St. Paul, MN: U.S. Department of Agriculture, Forest Service, North Central
Forest Research Station: 84-101.

Law, ].R.; Melick, R.; Studyvin, C.; Steinman, J.R. 2004. Oak decline in Missouri: history revisited. In:
Spetich, M.A., ed. 2004. Upland oak ecology symposium: history, current conditions, and sustainability.
Gen. Tech. Rep. SRS-73. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern
Research Station: 257-258.

Liming, EG. 1946. The range and distribution of shortleaf pine in Missouri. Tech. Pap. 106. Columbus,
OH: U.S. Department of Agriculture, Forest Service, Central States Forest Experiment Station. 4 p.

Mexal, J.G. 1992. Artificial regeneration of shortleaf pine. Put it all together for success. In: Brissette,
J.C.; Barnett, J.P, eds. Proceedings of the shortleaf pine regeneration workshop.; 1991 October 29-31;
Little Rock, AR. Gen. Tech. Rep. SO-90. New Orleans, LA: U.S. Department of Agriculture, Forest

Service, Southern Forest Experiment Station: 172-186.

Nelson, PW. 2005. The terrestrial natural communities of Missouri, revised edition. Jefferson City, MO:
Missouri Department of Natural Resources. 550 p.

Phares, R.E.; Liming, EG. 1960. Comparative development of seeded and planted shortleaf pine on a
forest site in the Missouri Ozarks. Journal of Forestry. 58: 957-959.

Rogers, R. 1983. Guides for thinning shortleaf pine. In: Jones, E.P, Jr., ed. Proceedings of the second
biennial southern silvicultural research conference; November 4-5; Adanta, GA. Gen. Tech. Rep. SE-24.
Asheville, NC: U.S. Department of Agriculture, Forest Service, Southeastern Forest Experiment Station.
217-225.

Seidel, K.W.; Rogers, N.E 1965. Seeding shortleaf pine in the Missouri Ozarks. Res. Pap. CS-21.
Columbus, OH: U.S. Department of Agriculture, Forest Service, Central States Forest Experiment
Station. 12 p.

Shelton, M. 1995. Effects of seed production, seedbed condition, and overstory basal area on the
establishment of shortleaf pine seedlings in the Ouachita Mountains. Res. Pap. SO-293. New
Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern Forest Experiment Station.

13 p.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 285



Shelton, M.G.; Cain, M.D. 2000. Regenerating uneven-aged stands of loblolly and shortleaf pines: the
current state of knowledge. Forest Ecology and Management. 129: 177-193.

Tappe, PA.; Shelton, M.G.; Wigley, T.; Bently, A. 1993. Overstory-understory relationships in natural
loblolly pine-hardwood stands: Implications for wildlife habitat. In: Brissette, ].C., ed. Proceedings
of the seventh biennial southern silvicultural research conference; 1992 November 17-19; Mobile, AL.
Gen. Tech. Rep. SO-93. New Orleans, LA: U.S. Department of Agriculture, Forest Service, Southern
Forest Experiment Station: 613-619.

The content of this paper reflects the views of the author(s), who are
responsible for the facts and accuracy of the information presented herein.

Proceedings of the 17th Central Hardwood Forest Conference GTR-NRS-P-78 (2011) 286




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


