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List of Abbreviations (GPO Style Manual 1984)

Metric unit letter symbols are set lowercase unless the unit name has derived from a proper name, in
which case the first letter of the symbol is capitalized. The exceptions are the letter L for liter and M for
million. The same form is used for singular and plural. A space is used between a figure and a unit symbol
except in the case of the symbols for degree, minute, and second of plane angle.

3m 25°C But 33 “15'21”
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m meter m? square meter m? cubic meter
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cm centimeter cm? square centimeter cm®  cubic centimeter
mm millimeter mm?  square millimeter mm?® cubic millimeter
Weight Land area Capacity of containers
kg kilogram ha hectare kL kiloliter
hg hectogram’ a are hi hectoliter
dag  dekagram dalL dekaliter
g gram L liter
dg decigram dL deciliter
cg centigram CL centiliter
mg milligram mL milliliter

ug microgram

The following forms are used when units of English weight and measure and units of time are abbreviated,
the same form of abbreviation being used for both singular and plural:

Length Area and volume Time

in. inch in? square inch yr year

ft foot in® cubic inch mo  month

yd yard m# square mile d day
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min  minute
S second
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gr grain gill(s) not abbreviated

dr dram Pt pint

0z ounce qt quart

Ib pound gal gallon

cwt hundredweight pk peck

dwt pennyweight bu bushel

ton(s) not abbreviated bbl barrel

Abbreviations not in GPO:

ac acre

d.b.h. diameter at breast height

Mg metric ton (old abbreviation was t)
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PREFACE

The Tenth Biennial Southern Silvicultural Research Conference was held February 16-18, 1999, at the Holiday Inn
Financial Plaza in Shreveport, LA. This conference was the latest in a series of meetings designed to provide a forum for
the exchange of research information among silviculturists and researchers in related areas, research coordination,
review of research in progress, and new approaches or techniques of general interest. The conference consisted of four
concurrent sessions over 2 days, two poster sessions, and three concurrent field tours on the third day. Presentations
covered a wide array of topics related to silvics and silviculture. They emphasized research in pine, hardwood, and
mixed-species forests in the areas of upland hardwood management, intensive management of bottom-land hardwoods,
hardwood and bottom-land regeneration, site preparation for pine establishment, natural and artificial regeneration of
pines, pine fertilization, biometrics, water and soil hydrology, insects and diseases, landscape management, and
ecological relationships. Field trips included visits to (1) the Crossett Experimental Forest, USDA Forest Service; (2) the
Hill Farm Research Station, LSU Agricultural Experiment Station; and (3) the Bayou Dorcheat Management Area,
International Paper Company, managed cooperatively with the Arkansas Natural Heritage Commission. The conference
was attended by over 350 people and had 141 oral and poster presentations. Daniel D. Angel, President, Stephen F.
Austin State University; and Brian P. Oswald, Arthur Temple College of Forestry, made the welcoming remarks to the
conference.

Sponsors for the conference included Stephen F. Austin State University, Arthur Temple College of Forestry; Historically
Black Colleges and Universities; National Association of Consulting Foresters of America; National Association of
Professional Forestry Schools and Colleges; National Hardwood Lumber Association; Society of American Foresters;
Southern Group of State Foresters; Southern Industrial Forest Research Council; and the USDA Forest Service,
Southern Research Station. Each sponsor provided one or more representatives to the steering committee. This
committee worked numerous hours to review abstracts that were submitted by authors, establish the program for oral
and poster presentations, and make all necessary arrangements for the conference. Steering committee members
included:

Stephen F. Austn State University, Arthur National Hardwood Lumber Association
Temple College of Forestry Dan Meyer, Memphis, TN

Brian Oswald (Local Arrangements Chair) National Association of Professional Forestry Schools and
USDA Forest Service, Southern Research Station Colleges

Robert Doudrick (Conference Chair), Asheville, NC John Adams (Field Trip Coordinator), Louisiana Tech

James Haywood (Program Chair), Pineville, LA University

Tom Waldrop (Past Program Chair), Clemson, SC Brian Lockhart (Conference Evaluations), University of

James Guldin, Hot Springs, AR Arkansas at Monticello

Mike Shelton, Monticello, AR Bob Wittwer, Oklahoma State University

Ken Outcalt (Poster Session), Athens, GA Wayne Clatter-buck, University of Tennessee

John Stanturf (web Site Development), Stoneville, MS Dave Smith, VPI & State University
Historically Black Colleges and Universities Society of American Foresters

Phil Cannon (Special Events), Alabama A&M University Vick Ford (Continuing Education Credits Coordinator),
Southern Group of State Foresters Westvaco, Rubert, Wv

Donald P. Feduccia, Louisiana Office of Forestry Southern Industrial Forest Research Council

J.D. Kushla, Texas Forest Service Bert Cregg, Union Camp Corporation, Savannah, GA
National Association of Consulting Foresters of America Dick Daniels, Westvaco, Summerville, SC

Doug Back, Chartered Foresters, Quingy, FL

Partial funding for the many conference expenses was provided by the Southern Research Station and Louisiana Tech
University. The Southern Research Station is especially grateful to Stephen F. Austin State University, Arthur Temple
College of Froresty, for their diligence in handling the fiscal responsibilities of this meeting as well as funding their
efforts. Special thanks to Tom Waldrop for his advice and guidance; Brian Oswald and Joyce Westmoreland for many
hours of tedious work in making hotel and audio-visual arrangements and handling registration; the students from
Stephen F. Austin State University who worked the audio-visual equipment, ran errands, and drove buses-Sandra
Rideout, Shelley Gardner, Kelly Scott, Hayden Evans, Jacob Clavit, Bryan McElvany, Brett Williams, and Danny Johns;
Kenneth Outcalt, Patricia Outcalt, and Mike Allen for organizing, setting up, and taking down the poster sessions; John
Adams for organizing the field tours and Brian Lockhart, Terry Clason, Mike Shelton, and Jim Guldin for being tour
hosts; Brian Lockhart for compiling the conference evaluations; Vick Ford for keeping tract of the SAF CFE Credits;
Charlene Howell and Beulah Sketo for ordering supplies or working registration; and Phil Cannon for organizing the
sports events.

Special recognition is given to the panel of moderators who led each session-David Van Lear, Dave Smith, Larry
Walker, Sam Foster, Bert Cregg, Phil Cannon, David Lenhart, John Rennie, Graeme Lockaby, Tom Fox, John Hodges,
Dean Gjerstad, Jimmie Yeiser, David Kulhavy, Jim Guldin, Nancy Herbert, and Wayne Clatterbuck.

Special thanks goes to Bertha McAlister who did the word processing needed to get the papers into the proper format.

James D. Haywood
Program Chair
Southern Research Station, Pineville, LA
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VEGETATIVE COMPOSITION OF RIPARIAN FOREST ONCE DOMINATED BY
AMERICAN CHESTNUT

David B. Vandermast and David H. Van Lear®

Abstract-American chestnut (Casfanea denfafa) has often been described as dominating mesic midslopes and xeric
ridges in the southern Appalachians but its former importance in riparian forests of the region has not been documented.
Numerous remnant stumps in riparian forests suggest it played an important role in these sites as well. Riparian forests in
the southern Appalachians may contain abundant and diverse herbaceous vegetation but are often dominated by Great
Rhododendron (Rhododendron maximum). Previous studies suggested, among other reasons, that the spread of
rhododendron is correlated to the demise of chestnut earlier this century. This paper characterizes the importance of
American chestnut in pre-blight riparian forests in the southern Appalachians and describes current composition and
structure of the understory surrounding the remnant stumps. Density of rhododendron cohorts is related to logging
disturbance, suggesting that chestnut salvage operations and other logging activities played a major role in the spread of

rhododendron thickets in riparian forests.

INTRODUCTION

Prior to the chestnut blight (Cryphonectia parasitica),
American chestnut (Casfanea dentata (Marsh.) Borkh.) was
the most common overstory tree from the southern New
England states to northern Georgia, Alabama and
Mississippi (Russell 1987). In the southern Appalachians it
reached its greatest size (Ayres and Ashe 1902, Sargent
1933) and stand density, occasionally approaching 100
percent of overstory composition of some stands (Agrawal
and Stephenson 1995, Spurr 1956). It most commonly grew
in association with other trees, rarely by itself (Zon 1904).
On average, the tree probably represented roughly 40-45
percent of the canopy trees in southern Appalachian forests
(Keever 1953, Reed 1905). It was considered the
predominant tree of the Blue Ridge Mountains (Ashe 1919).

Habitat requirements of the tree have been listed as deep,
loose, moist but well-drained, acid soils which are not
necessarily rich in nutrients (Russell 1987, Society of
American Foresters 1926, Zon 1904). Chestnut is thought to
have been strongly calciphobic (Russell 1987). Nor was it
found on poorly drained alluvial soils (Hawley and Hawes
1925). Although the tree was restricted to the Piedmont and
mountains in the southern part of its range (Russell 1987), it
reportedly grew throughout southern New England and was
even reported overhanging salt water (Metcalf 1914).

Due to sensitivity to frost, glaze and ice (Croxton 1939,
Parker and others 1993, Zon 1904) it was thought to avoid
bottoms of ravines and valleys, and wet or cold soils (Zon
1904). It is most often listed as a dominant species on

ridges (Abrams and Ruffner 1995) and mid-slope areas
(Reed 1905, Whittaker 1956, Zon 1904). While chestnut has
been recognized as a member of cove forests (Ayres and
Ashe 1902, Lorimer 1980), and is known to contribute large
woody debris to streams (Hedman and Van Lear 1995,
Hedman and others 1996, Muller and Liu 1991), it has never
been quantitatively identified in riparian forests.

Trees commonly associated with chestnut included oaks:
chestnut (Quercus prinus), northern red (Q. rubra), white (Q.
alba), black (Q. velutina), and scarlet (Q. coccinea), as well
as yellow-poplar (Liriodendron tulipifera), hickories (Carya

spp.), black gum (Nyssa sylvatica), black birch (Betula
lenta), basswood (7ilia ameficana), sugar maple (Acer
saccharum), and beech (Fagus grandifolia) (Foster and
Ashe 1908, Society of American Foresters 1926). Braun
(1950) noted Rosebay rhododendron and mountain-laurel
(Kalmia latifolia) shrub synusia were common in oak-
chestnut forests. There is some evidence that downed
chestnut debris is important in the regeneration of black
birch, a mixed mesophytic species (Collins 1962, Good and
Good 1972). Chestnut associated with far more trees and
shrubs in the southern Appalachians than in the northern
part of its range (Frothingham 1924).

Many researchers have studied the change in forest
composition and structure since the demise of American
chestnut (Agrawal and Stephenson 1995, Keever 1953,
McCormick and Platt 1980, Retan 1918, Woods and Shanks
1959). These studies have all focused on replacement of
chestnut by other canopy tree species with the findings split
between evidence for succession to an oak-hickory forest
and an oak association forest. Rarely have effects of
chestnut demise on the shrub and herb synusia been
studied (Keever 1953). Few studies have considered the
ecological significance of the loss of chestnut (Shugart and
West 1977).

Chestnut was an important species in any area in which it
grew due to its prolific sprouting ability from the root crown
(Paillet 1982, Zon 1904), growth rate (Ayres and Ashe 1905,
Graves 1905), overall growth in height (Zon 1904), longevity
(Zon 1904), durability (Scheffer and Cowling 1966, Spalding
1929), tolerance to shade when young (Paillet 1982, Zon
1907), ability to grow on poor soil (Zon 1904), and mast
production (Zon 1904). A recent study indicates chestnut is
more drought tolerant than oaks, maintaining greater tissue
elasticity and leaf turgor at a low relative water content
(Abrams and others 1990). Latham (1992) found chestnut
had the greatest competitive ability over the broadest range
of resource combinations when compared to co-occurring
tree species. The demise of chestnut as a canopy tree has
been implicated in the spread of rhododendron thickets in
the southeast (Phillips and Murdy 1985). The role of this tree
as an ecological dominant (Odum 1971) and the effects of

"Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

z Research Assistant and Professor, Clemson University, Department of Forest Resources, 261 Lehotsky Hall, Clemson, SC 29684, respectively,



the eventual loss of decaying chestnut wood in riparian
ecosystems are unknown.

OBJECTIVE

The objective of this paper is to document American
chestnuts presence in riparian forests of the southern
Appalachians and provide a preliminary analysis of the
vegetative community developing following the chestnut
blight.

METHODS

Sites

Field reconnaissance and USDA Forest Service data were
used to locate southern Appalachian riparian forest sites
containing identifiable American chestnut stumps. For
purposes of this study, riparian forest was considered to be
an area extending 30.5 meters up slope on either side of a
perennial steam.

Four sites were located in the Blue Ridge Physiographic
Province of the southern Appalachians. They were: Slatten
Branch, Andrew Pickens Ranger District, Sumter National
Forest, South Carolina; Thomas Creek on Rabun Bald,
Tallulah Ranger District, Chattahoochee National Forest,
Georgia; headwaters of the Tallulah River, Southern
Nantahala Wilderness, Wayah Ranger District, Nantahala
National Forest, North Carolina; Little Santeetlah Creek,
Joyce Kilmer/Slickrock Wilderness, Cheoah Ranger District,
Nantahala National Forest, North Carolina.

Two of the sites (Thomas Creek and Tallulah River) showed
signs of chestnut salvage logging activity in the past. Old
logging roads were present and while chestnut stumps were
present, there was little chestnut coarse woody debris on the
ground.

The other two sites (Slatten Branch and Little Santeetlah
Creek) are considered remnant old-growth stands. Carison
(1995) lists Slatten Branch as a high quality old-growth
stand and Lorimer (1980) cites the remoteness of the Little
Santeetlah Creek area as a reason it was never cut. Both of
these sites contain the classic indicators of an old-growth
forest and they contain abundant downed chestnut debris
which indicates a lack of salvage logging in the area.

American Chestnut  Sampling

Once a site was located, each chestnut stump was
numbered, measured for diameter at ground line, and where
possible, diameter breast height (dbh). Microsite

descriptions such as aspect, slope and stump distance from
stream were recorded. For trees where no dbh
measurement was possible, estimates were obtained by
formulating a regression equation from trees that did have a
measurable dbh. Diameters were then used to calculate
relative basal areas as a measure of the importance of
chestnut on each site. Differences in diameter and basal
area among sites were analyzed using an Analysis of
Variance (ANOVA) program (SAS 1987).

Vegetation ~ Sampling

Fifty-eight plots were located on the four sites for the
purpose of vegetation sampling. Ten plots were located on
Slatten Branch, 19 on Thomas Creek, 18 on Tallulah River,
and 11 on Little Santeetlah Creek.

Ten percent of chestnut stumps on each site were randomly
selected for vegetation sampling. Trees, saplings, seedlings
and shrubs were sampled using the Braun-Blanquet method
on 0.04 ha plots. Trees were measured for dbh, which was
used to calculate basal area for comparison between sites
and to chestnut basal area. Herbaceous vegetation was
intensively sampled in five 1-m? quadrats randomly selected
from a 7x7 m? area around the stump. The number of
aboveground stems was tallied. Data from sites with heavy
rhododendron coverage was then compared to data from
sites with little or no rhododendron.

Rhododendron Sampling

Rhododendron density and age data were obtained by
counting the number of stems within each 0.04 ha plot.
Differences in density for unlogged sites were compared to
logged sites with ANOVA.

RESULTS AND DISCUSSION

American  Chestnut

A linear total of 3.1 kilometers stream was surveyed on the
four southern Appalachian riparian forest sites. Along this
distance, 589 American chestnut stems were identified on
16.4 ha for an overall average of 35.9 chestnut trees/ha.
Stems of chestnut tallied at each site show the species to
have had a range of densities from 25 to 49 trees/ha. At this
abundance level chestnut would have represented between
6.1 and 11.7 percent of the forest when compared to current
tree densities (table 1). As a consequence of 60 years of
decay, only large chestnut trees were found and recorded. It
is likely that these data are conservative and under
represent actual chestnut abundance in these forests.
Additionally, current live stem densities are probably higher

Table |-Density and average diameter (d.b.h.) of American chestnuts and
currently living trees on four Southern Appalachian rlparian forest sites

Chestnut Live

Site Chestnut Live d.b.h. d.b.h.

Stems/ha Stems/ha cm cm
Slatten Branch 30.4 331.1 56.2b 26.2a
Thomas Creek 48.7 414.9 43.9¢ 26.9a
Tallulah River 39.1 440.1 53.6b 27.6a
Little Santeetlah 25.4 415.5 73.7a 28.6a




than in pre-blight times as the forests are still recovering
from the loss of chestnut and, in two cases, logging.

A better representation of the importance of chestnut to pre-
blight riparian forests is a comparison of the dbh and basal
area values of chestnut to current forest diameter structure.
Average chestnut dbh was 1.6 to 2.6 times larger than the
average dbh of live trees on each site (table 1), Even taking
into account that the current forest is denser, with relatively
smaller dbh values than in pre-blight times, chestnut was
probably still the largest tree in these riparian forests (Ayres
and Ashe 1902, Zon 1904). Basal area analysis also shows
chestnut to be the dominant tree in these forests. Table 2
shows chestnut basal area per stem to be 2.5 and 5.4
greater than the average basal area of live stems. Chestnut
basal area ranged from 8.4 to 12.3 m%ha, suggesting that
chestnut represented between 25 and 40 percent of the
basal area in these stands if basal area of the previous
riparian forests was similar to current conditions. This
estimate is similar to that of Keever (1953).

Numerous chestnut stumps in the riparian forest have cat-
faces, fire scars, and charcoal remains indicating fire was a
factor.

Vegetation Analysis

Rhododendron was the predominant plant on each of the
four sites occurring in over 80 percent of plots (table 3).
Rhododendron thicket densities were significantly (p=0.01)
greater on the two logged sites than on the two unlogged
sites, although stem densities among sites were not
significantly different. Stem densities on Thomas Creek and
Tallulah River were 1378.8 and 1524.6/ha, respectively. In
comparison, mean stem densities on Slatten Branch and
Little Santeetlah Creek were 800.6 and 726.5/ha,
respectively (table 3).

More importantly, the percent of plots where rhododendron
Importance Value (IV) was greater than 50 (on a 0 to 100
scale) was 45.5 on Little Santeetlah Creek and 50 on Slatten
Branch, the two old-growth sites. In comparison, the percent
of plots with rhododendron IV>50 on cutover sites was 73.7

Table 2-Mean basal area (ecm?) of American chestnuts and live stems and per
hectare (m? on four Southern Appalachian rlparian forest sites

Basal area
Site Chestnut Live Chestnut Live
_«_ Perstem_____ - - - - Per hectare - - - - -
Slatten Branch 2918.6b 686.1a 8.88 22.70
Thomas Creek 1717.7¢c 693.2a 8.37 28.76
Tallulah River 2555.0b 748.7a 9.99 32.95
Little Santeetlah 4843.8a 902.4a 12.3 37.49

Analysis of the mean dbh and basal area of chestnut stems
from old-growth forest shows them to be significantly larger
than those from cutover forests. Little Santeetlah Creek
chestnuts were significantly larger than the other three sites.
Chestnuts from Slatten Branch and Tallulah River were
significantly larger than those from Thomas Creek but not
than each other (tables 1 and 2). Live stem dbh values were
not significantly different between sites, although basal area
values were (tables 1 and 2).

Although it no longer exists as an overstory tree, chestnut
continues to contribute to ongoing ecological processes of
these forests. It is one of the dominant components of
coarse (CWD) woody debris on the forest floor in areas
where there was no salvage logging. As CWD, chestnut
provides wildlife habitat (McMinn and Crossley 1996) and
affects soil formation (Harmon and others 1986, Kimmins
1987). Chestnut stumps and downed debris provide a litter-
free substrate for the germination of rhododendron and
birch. Chestnut logs sometimes dominate CWD loadings in
southern Appalachian streams (Hedman and others 1996).

on Thomas Creek and 66.7 on Tallulah River, suggesting
that herbaceous diversity and tree regeneration could be
limited on cutover sites where rhododendron reestablishes
itself or invades rapidly. Rhododendron seed is very small
and it seems unlikely that it could germinate and survive on
a forest floor layered with leaf litter. Supporting this view is
the observation that on unlogged sites rhododendron does
not seem to be expanding its range or increasing its density
as rapidly.

The dominant live tree species in these riparian forests was
eastern hemlock (Tsuga canadensis). Hemlock was also the
most important regenerative element in rhododendron
thickets. Its importance value on many rhododendron-
influenced plots was 100 percent, meaning it was the only
tree species in the sapling or seedling stage of
development.

Herbaceous diversity was affected by rhododendron
presence. Little of the vegetation found in open forest
conditions exists in rhododendron thickets. The most



Table 3-Rhododendron stem densities on two cutover (Thomas Creek and Tailuiah
River) and two uncut (Siatten Branch and Little Santeetiah) sites in Southern

Appalachian riparian forests

Plots Plots
Site Mean Mean with stems (IV >50)
Stems/plot Stems/hha ~ -a----- Percent - - - -« --
Siatten Branch 32.4a 800.6 90.0 50.0
Thomas Creek 55.8a 1378.8 89.5 73.7
Talluiah River 61.7a 1524.6 88.9 66.7
Little Santeetlah 29.4a 726.5 81.8 455

abundant herbs in rhododendron thickets were galax (Galax
aphylla) and false ginger (Hexastylis arifolia). One rare
species, an orchid called Appalachian twaybiade (Listera
smallii), was found only in dense rhododendron thickets and
only on the Taliuiah River site. Although its fidelity to
rhododendron thickets was high, its frequency was low.
Vegetative diversity and tree regeneration in all classes and
among species was significantly higher on sites without
rhododendron.
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OAK REGENERATION FOLLOWING THREE CUTTING TREATMENTS ON
MOUNTAIN SLOPES IN NORTHERN ALABAMA’

Michael S. Golden, Mark R. Dubois, and Jeffery L. Stockman?

Abstract-EarIy regeneration success of upland oaks (Quercus spp. L.) was compared for three regeneration cutting
treatments in the Sandstone Mountain Region of northern Alabama. Two 4-acre replications each of block clearcutting,
strip cutting, and deferment cutting were established on north-facing slopes. The three harvesting treatments were applied
in midsummer. Regeneration subplots were reinventoried in both the first and second autumns following harvest. Major
oaks present were chestnut oak (Q. prinus L.), white oak (Q. afba L.), and northern red oak (Q.rubraL.). Milacre plot
stocking of oak reproduction after the second season was related to advance reproduction stocking, topographic position,
cutting treatment, harvesting damage, and cover of logging slash. Both small advance reproduction (less than 1 ft tall) and
post-harvest germination contributed substantially to the post-harvest stocking of oaks.

INTRODUCTION

Oak-hickory forests cover 35 percent (7.7 million acres) of
Alabama’s timberland and is the principal forest type in the
mountain regions in the northern part of the state
(McWilliams 1992). As a group, oaks are highly desirable for
landowners of this region, both as timber and for wildlife
food production. However, dependable regeneration of oaks
is often a problem (Smith 1993).

The objective of this study was to identify important factors
that influence early regeneration success of oaks in
mountain-slope mixed hardwood stands in northern
Alabama. More specifically, we compared regeneration
results from block clearcutting, narrow strip clearcutting, and
“deferment cutting” (a form of irregular sheltetwood).

METHODS

Study Site

The study site is located on a forest industry tract in
Lawrence County, AL, at 35 degrees 25 minutes north
latitude. It is in the Sandstone Mountain Forest Habitat
Region (Hodgkins and others, 1979). The treatments and
measurement plots were placed in an upland mixed
hardwood stand located on north-facing ridge shoulders and
slopes of a large ridge complex oriented roughly east-to-
west. Elevation within treatment areas range from about 650
to 800 ft above mean sea level. Soils are primarily residual
from sandstone on the ridge shoulders and some mixture of
residuum and colluvium from sandstone or a sandstone-
shale mixture on the slopes. Common soil series include
Apison, Albertville, Bankhead, Gorgas, Sipsey, and Townley.
Slope steepness ranges from less than 5 percent on the
shoulders to more than 60 percent on some middle and
lower slopes. Narrow benches and short rocky drop offs
(less than 10 ft drop) occur on some slopes.

Study Design

Six rectangular treatment blocks of 4 acres (400 by 440 ft)
each were established along north slopes of the ridge
complex, with the long axis of each block oriented roughly
perpendicular to elevation contours (i.e., down slope, south
to north). Two replications of each of three harvesting
treatments were randomly assigned to the six blocks.

The block clearcutting treatment (CC) consisted of cutting all
trees in each block larger than 1.5 inches d.b.h. For the strip
clearcutting treatment (SC), all stems larger than 1.5 inches
d.b.h. were felled in alternate strips approximately 120 ft
wide (uncut strips the same width were left between each
cut strip), oriented roughly along contours. For deferment
cutting (DC), trees totaling approximately 26 ft2 per acre of
basal area were marked and not cut in the two blocks.
Criteria used in marking the reserved trees were that they
were evenly distributed and where possible, good quality
codominant oaks. For distribution, where oaks were not
present, a small number of other species were marked and
left. Commercial harvesting was conducted during July and
early August. Trees were felled using chain saws and
merchantable logs were skidded to loading decks on the
main ridge using grapple skidders. Most of the limbing and
topping was done at the felling site. Non-merchantable trees
greater than 1.5 inches d.b.h. were felled and left.

Pre-Harvest ~ Measurements

Before harvest, a system of reproduction plots was
established consisting of three equally spaced belt transects
in each block, each 6.6 ft wide, extending from upper to
lower edge of the block. Each belt transect was divided into
6.6 ft square segments (1 milacre), and alternate segments
(odd-numbered) were established as reproduction
measurement plots. Plot corners were marked with pin flags
which were later replaced with %-inch conduit after
harvesting was completed. During late spring before
harvesting, all trees within each reproduction plot were
counted by species and by size classes divided as follows:
less than 6 inches tall, 6 inches to 11.9 inches tall, 1 ft to 3 ft
tall, taller than 3 ft to 1.5 inches d.b.h., and more than 1.5
inches d.b.h. The d.b.h. was recorded for trees of the largest
class. All oaks in each milacre measurement plot were
tagged with plastic poultry bands, color-coded so that each
individual tree was identifiable. Additionally, all trees of all
species in the southwestern quarter of each milacre plot
were similarly tagged for identification. The height of each
tagged tree taller than 12 inches was recorded.

To characterize the preharvest mid- and overstory trees
(those larger than 1.5 inches d.b.h.) of each block, three

f Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

% Associate Professor, Assistant Professor, and Graduate Research Assistant, respectively, School of Forestry, Auburn University, AL 368489.
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33-ft wide strips, one centered on each reproduction plot
transect, were inventoried. Each tree’s location was mapped
to a grid of quarter-milacre cells, with species, crown
classification, and d.b.h. recorded. The heights of trees in
every sixth cell were measured.

Slope angle and azimuth were measured for each
reproduction plot. Initially all the plots were classified into
one of seven microsite classes. These were later
consolidated into four major topographic classes, namely
lower slope, midslope, upper slope, and ridge shoulder.

Post-Harvest Measurements

After harvesting was completed, soil and site impacts of
harvesting were rated for each measurement plot. This
included a rating of the degree of litter cover and surface soil
movement, amount of bare soil exposed, the amount and
depth of rutting from skidder traffic, and the percentage of
the plot affected. Logging slash density, percent coverage,
and depth were also assessed for each plot.

In autumn after harvest, the reproduction plots were
relocated and marked with conduit stakes. Reproduction
counts for plots were repeated as for the preharvest
inventory. The apparent fate of all tagged stems was
determined, and heights remeasured, including that of
stump sprouts. All new oak seedlings, and sprouts and new
stems of all species in the southwestern plot quarter-milacre
were measured, tagged, and recorded. Multiple sprouts from
a single stump were treated as one tree, with the tallest
stem height recorded. This remeasurement and tagging was
repeated during the second autumn, approximately 15
months after harvest.

Data Analyses

In all reproduction data analyses reported here, only the
reproduction plots that were located in the cut areas of the
SC treatment were used. All plots in the CC and DC
treatments were included, for a total of 488 plots. Preharvest
mid- and overstory information was derived from the full 25
percent sample of the treatment blocks.

Simple descriptive statistics were computed using PROC’s
MEANS and FREQ of the Statistical Analysis System (SAS
Institute Inc. 1990a). To utilize individual reproduction plot
data, presence within each plot of one or more established
oaks (those taller than 6 inches) at the 15-month
measurement time was the criterion used to assess early
regeneration success, with a plot being either “stocked” or
“non-stocked”.

PROC LOGISTIC of the Statistical Analysis System (SAS)
for Windows, release 6.12, was used for performing logistic
regression analyses (SAS Institute Inc. 1990b, 1997).
Overall model fit was assessed by the chi-square probability
from the log-likelihood ratio test (Hosmer and Lemeshow
1989, Menard 1995), by the proportion of variation explained
as interpreted by an adjusted R? (Nagelkerke 1991), and by
the Hosmer and Lemeshow (1989) goodness-of-fit test (SAS
Institute 1995).

For stepwise logistic regression analyses, all potential
measured explanatory variables available for individual plots
were tested in the initial model. These included various
variable forms of oak advance reproduction (AR), slope
steepness (percent), aspect (cosine transformation of Beers

and others 1964), topographic position, treatment type,
logging disturbance, and logging slash.

Oak AR (all oak species included) was tested as an
explanatory variable in quantitative and binary forms, with
various size categories examined. Number of oak AR per
plot was tested in three forms: for all sizes combined, for
only those taller than 6 inches, and for only those taller than
1 ft. Three binary forms of simple stocking (presence) using
the same three size classes were tested. Topographic
position and treatment type effects were tested in both
“dummy” and ordinal forms. For the ordinal form,
topographic position was coded as lower slope = 1,
midslope = 2, upper slope = 3, and ridge shoulder = 4.
Treatment type was coded as CC =1, SC = 2, and DC = 3.
Logging disturbance and slash were tested both as their
separate components (exposed bare soil, amount and depth
of rutting; density and depth of slash) and as an ordinal
variable reflecting increasing degree of logging disturbance
or expected slash impact on shading (where 1 = lowest, 3 =
highest).

All of the various forms of each variable were examined in
multiple runs of forward stepwise selection. In all cases, the
results and apparent interpretations were similar whether the
quantitative, dummy, or ordinal form of variables were used.
Since the binary (for advance reproduction) and ordinal
forms are easier to report and describe, they will be reported
in the results.

RESULTS AND DISCUSSION

Pre-Harvest Tree Composition

Results of the tree inventory for all six treatment blocks
combined are shown in table 1. Overall, canopy-sized trees
(5 inches and larger d.b.h.) averaged 138 stems per acre
and 118.3 ft? in basal area. Oaks (Quercus spp. L.)
comprised the largest group, with 39 percent of basal area
and 30 percent of stems. Most abundant among these were
chestnut (Q. prinus L.), white (Q. alba L.), and northern red
oaks (Q. rubra L.). Abundance of the oaks was very high on
ridge shoulders and noticeably declined on lower slopes.
Hickories, including red (Carya ovalis (Wangenh.) Sarg.),
shagbark (C. ovata (Miller) K. Koch), and mockernut (C.
tomentosa (Poiret) Nutt.), comprised 25 percent of basal
area and 26 percent of stems. Although rare in Alabama,
sugar maple (Acer saccharum Marsh.) was present in low
numbers (8 per acre) in the overstory, and exclusively on
lower slopes (table 1). Most of the oaks appeared to be
approximately 65-70 years old, with scattered older trees.
Site indexes (age 50) for upland oaks (Olson 1959) ranged
from about 65 to more than 100 ft. Ridges and upper slope
site indexes were mostly 70-80 ft and mid- and lower slopes
85-1 00 ft.

Composition of the subcanopy/understory stratum (trees 1.5
to 4.9 inches d.b.h.), which averaged 176 stems per acre,
was markedly different (table 1). Sugar maple and American
beech (Fagus grandifolia Ehrh.) were most abundant (21
and 18 percent of stems, respectively), though this
abundance was most evident (even dominant) on lower
slopes. Oaks, on the other hand, were scarce in the
subcanopy/understory, averaging only 5 per acre. Most of
these were chestnut oaks on ridge shoulders. Black tupelo
(Nyssa sylvatica Marshall) and eastern hophornbeam
(Ostrya virginiana (Miller) K. Koch) were also common in this
stratum, both averaging 30 stems per acre (table 1).



Table I-Preharvest basal areas and stem densities of the canopy
(>4.9 inches d.b.h) and densities of the subcanopy (154.9 inches

d.b.h), harvested areas only

Canopy
Subcanopy
Species Basal area Density density
Ft/ac Stems/ac Stems/ac

Chestnut oak 22.0 20 4
White oak 12.7 13 !
Northern red oak 8.5 6 0
Black oak 1.8 ! 0
Southern red oak 1.3 0 0
Scarlet oak 3 0 0

All oaks combined 46.6 41 5
Hickories® 29.0 36 7
Yellow-poplar 9.7 7 !
American beech 8.5 10 32
Sweetgum 6.8 10 4
Black tupelo 44 9 30
Sugar maple 4.3 8 37
Red maple 2.2 4 7
Cucumber-tree 1.9 4 3
Ashes* 1.8 4 5
American hornbeam .6 2 30
Elms® 4 1 3
Othercanopyspecies 1.6 ! !
Other subcanopy species 5 2 9

Total 118.3 138 176

# Red (C. ovalis), shagbark (C. ovafa), and mockernut (C. tomentosa).
b Mostly green (F. pennsylvanica), some white (F. americana).
¢ Winged (U. alata) and American (U. americana).

Advance Reproduction and Potential Sprouts

Since all of the hardwood species here have the potential to
sprout from cut stumps, all trees were considered as
potential reproduction on the site after harvesting. So, all
size classes that were present within the miiacre plots were
included in table 2, reflecting the full “advance reproduction”
(AR) potential present before harvest (Johnson 1993).

All commercial species together averaged 14,982 stems per
acre in broadly-defined advance reproduction (table 2). An
additional 967 per acre of non-commercial species (eastern
hophornbeam, flowering dogwood (Cornus florida L.),
eastern redbud (Cercis canadensis L.), American hornbeam
(Carpinus coroliniana  Walter), and sourwood (Oxydendrum
arboreum (L.) DC.)) were present. All oaks together
averaged 2,523 AR per acre, but only 222 per acre of these
were in the highly desirable large seedling and sapling sizes
(1 ft tall to 4.9 inches d.b.h.). Of the oaks, white oak had the
highest overall numbers of AR (994 per acre), but 87
percent of these were less than 6 inches tall, and just 18 per
acre were present in the large seedling/sapling sizes (table
2). Most of the white oaks were in one block. Northern red
oak was highest in numbers among oaks in the large
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seedling/sapling sizes (117 per acre), but had less than half
that of chestnut oak over all sizes (414 compared to 844 per
acre).

For ail sizes combined, sugar maple had the highest
numbers of AR of any species, averaging 7,447 per acre
overall (table 2). it was also more heavily represented in the
large seedling/sapling sizes than any other species,
averaging 1,264 per acre. Red maple (Acer rubrum L) was
present in moderate numbers overall (1,273 per acre) and in
the large seedling/sapling sizes (414 per acre). Although not
high in small seedling numbers, American beech and black
tupelo had fair numbers in the large seedling/sapling sizes
(229 and 312 per acre, respectively; table 2).

Factors Affecting Oak Stocking at 15 Months

Presence of any oak (taller than 6 inches) in a plot at 15
months after harvest (miiacre stocking) was the response
variable in the logistic regression analysis. The final model
was highly significant and the Hosmer and Lemeshow
goodness-of-fit test was non-significant (thus the hypothesis
of good fit cannot be rejected). The adjusted R? indicated
that the model accounted for about 40 percent of variation.



Table 2-Advance reproduction and cut trees in reproduction plots in the harvested areas
(from 488 plots), by size class

Height D.b.h.

All sizes

Species <6” 6" -1 1-3 » 15 16 -49 >4.9 combined

-unlu-'ll-IulullllluNumberperacfe-lllnunuluullln-ullulnl

White oak 869 94 18 0 0 12 994
Chestnut oak 611 156 41 16 4 16 844
Northern red oak 117 178 109 4 4 4 416
Other oaks 170 72 20 4 0 2 268
All oaks 1,766 500 189 25 8 35 2,523
Sugar maple 5,260 910 752 477 35 12 7,447
Hickories 977 55 150 27 4 39 1,551
Red maple 568 285 289 119 6 6 1,273
Other commercial 129 125 129 53 6 16 459
Black tupelo 53 72 133 148 31 16 453
American beech 47 78 61 135 33 6 361
Ash 39 64 13 37 4 2 258
Yellow-poplar 0 0 2 0 2 4 8
Total
Commercial 9,135 2,598 1,926 1,053 131 137 14,982
Non-commercial 156 164 348 260 37 2 967

Advance reproduction-Five explanatory variables,
milacre stocking of advance reproduction more than 6
inches tall (AR stocking), cutting treatment, topographic
position, degree of logging disturbance, and logging slash
cover were significant at a chi-square probability of less
than 0.03. The most influential factor was the presence of
oak AR taller than 6 inches. Its parameter estimate and odds
ratio were high relative to the other factors (even when scale
differences are considered). In other models tested using
stocking or numbers of all AR sizes or of just those taller
than 1 ft, the model test statistics and the AR variable
parameters were significant, but model R®s and variable
influence parameters were smaller than when the size
division was at 6 inches.

With a relatively large and highly significant parameter
estimate and a high odds ratio, AR stocking was the most
influential factor tested. At 15 months after harvest, 38
percent of all plots in the cut areas were stocked with oaks
taller than 6 inches (table 3), which is only 1 percent lower
than overall preharvest reproduction stocking. Based on this
close match, one might infer that post-harvest reproduction
stocking was affected primarily by AR stocking. However, a
detailed examination of individual plot stocking showed that
33 percent of the plots stocked with AR taller than 6 inches
did not remain stocked at 15 months after harvest. Similarly,
19 percent of plots that were not stocked preharvest were
stocked with at least one oak (taller than 6 inches) at 15
months after harvest. So, both mortality of AR and post-
harvest germination influenced the 15-months stocking
levels.

Treatment-Cutting treatment type was also identified as a
highly significant factor by the logistic regression analysis.

The positive slope parameter and the nature of the coding
appeared to indicate an increased probability of oak
stocking in the DC treatment, which was assigned the
highest coded value. This influence is clearer when percent
stocking was compared for pre- and post-harvest among the
three treatments (table 3). By chance, the preharvest
stocking among the CC reproduction plots was much lower
(approximately one-half) than for the other two treatments.
However, 11 percent of the CC and 15 percent of the SC
preharvest stocked plots were no longer stocked at the post-
harvest assessment, compared to a gain in stocking of 8
percent for the DC treatment. These numbers imply that
higher mortality occurred in the CC and SC treatments and
higher post-harvest establishment occurred in the DC
treatment. The higher mortality was likely a result of damage
from logging, further discussed below. Earlier analysis found
that the clearcut, strip cut, and deferment cut areas had 25,
13, and 9 percent exposed bare soil, respectively (Dubois
and others 1997). In addition to lower mortality due to less
logging disturbance, there was enough post-harvest
establishment from germination in the DC treatment to
exceed oak stocking losses that were incurred through
mortality.

Topographic  position-Slope position was also a
significant factor in the logistic regression model. The AR
levels were strongly correlated with topographic position,
increasing from lower slope to ridge (table 3).

No consistent pattern was evident among slope positions
however, when preharvest to post-harvest changes were
examined (table 3). Fewer oaks were present in both the
overstory and understory strata of lower and midslope areas
before harvest. This was likely due somewhat to the high
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Table 3-For oaks, change in stocking of milacre plots from preharvest (AR) to 15 months after
harvest, compared for factors having a significant effect on oak regeneration success

Stocking
Change,.
Factor # plots Preharvest At 15 months Change’ as % of AR?
« =« Percent (number) «ae ... Percent-......

AR stocking

Overall 488 39(191) 38(185) -1 -3
Cutting treatment

Clearcut 200 27(54) 24(48) -3 -11

Strip 88 52(46) 44(39) -a -15

Deferment 200 46(91) 49(98) +4 +a
Topographic position

Lower slope 177 29(52) 29(51) -1 -2

Midslope 190 33(62) 36(68) +3 +10

Upper slope 103 61(63) 50(52) -11 -17

Ridge shoulder 18 78(14) 78(14) 0 0
Logging disturbance

Light 267 37(98) 44(118) +7 +20

Medium 145 41(60) 37(53) -5 -12

Severe 76 43(33) 18(14) -25 58
Logging slash

Light slash 303 43(129) 43(131) +1 +2

Medium slash a9 36(32) 33(29) -3 -9

Heavy slash 96 31(30) 26(25) -5 -17

@ As proportion of total plots in the class.
As proportion of plots that were stocked at preharvest.

abundance of shade-tolerant tree species in the
understories of lower and midslopes and their comparative
scarcity on ridges. In sizes from 3 ft tall to 4.9 inches d.b.h.,
preharvest sugar maple and beech stems averaged 1,042
and 946 stems per acre on lower and midslopes,
respectively, but 111 per acre on ridge shoulders. This
negative relationship of oak reproduction success with more
mesic and higher quality sites is consistent with that
reported for oaks in other regions (Kays and others 1985,
Sander and others 1984), with competition from mesic
species usually cited as the major reason.

It is apparent that slope position has and will continue to
correlate strongly with oak stocking on these north-facing
slopes. At the 15-month measurement, the effect was
primarily through influence on AR, but in the future
developing stand the negative effect of intense competition
from mesic species on the middle and lower slope positions
may become evident. This will come from established
rootstocks of tolerant species such as sugar maple and
beech, and from recent seedlings of yellow-poplar. At 15
months, more than 2,400 stems per acre of sugar maple and
more than 3,200 per acre of yellow-poplar taller than 1 ft
were present in the lower slope plots. These will likely
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overtop and shade out a substantial proportion of existing
oak reproduction.

Logging effects-The regression model indicated that
increasing levels of logging disturbance, as evidenced by
bare soil and rutting, had a significant negative impact on
oak regeneration success. This is reinforced by the changes
in numbers of stocked plots from pre- to post-harvest (table
3). Where logging disturbance was light or absent, there
was a 20 percent increase in number of post-harvest
stocked plots over those stocked preharvest, contrasting
with a 58 percent decrease where logging disturbance was
severe. The apparent mechanism for this negative effect
was direct damage or destruction of stems and root
systems. First-season oak seedling survival for this study
was earlier reported to be negatively related to percent
exposure of bare mineral soil (Dubois and others 1997).

The other significant factor found was residual logging slash
level. The effect on regeneration stocking was negative with
increasing density and depth. As used, the rating placed
more emphasis on density than depth. Based on changes in
stocking, pre- to post-harvest, most of the effect occurred
between the light and medium slash levels, with a slight



increase in stocked plots for the light slash level, but a
reduction of 9 and 17 percent for the medium and heavy
slash levels, respectively (table 3). Presumably, the negative
effect was due to shading of seedlings by increasingly
denser and deeper slash.

Effects of Advance Reproduction Size and Post-Harvest
Establishment

In order to determine the effects of post-harvest
establishment and also size of AR on oak milacre stocking,
data from all three measurement times for the tagged oaks
(taller than 6 inches) present in each plot at the 15-month
inventory were examined. The “origin” of stocking for a plot
was classified as being from either AR of one of the five AR
size classes, or else from post-harvest germination (PHG)of
seed from one of the two possible seed crops. If any of the
oaks had been present before harvest, the plot stocking was
considered to have originated from AR, and the plot stocking
origin was further classified by the size of the oak AR at
preharvest. If oaks from various sizes of AR had survived,
the plot was classed by the largest AR size. If the only oaks
present at 15 months in a plot had been first tagged after
harvest, stocking was classed as originating from post-
harvest germination of seed. By examining the time when
seedlings were first tagged, it was possible to determine
whether stocking from PHG had originated from acorns
present before the harvest or from acorns of the first fall
after harvest. If seedlings originating from both seed crops
were present, plot stocking origin was classed as being from
the earlier time.

Of the 185 stocked plots overall (38 percent milacre
stocking), 40 percent (74) owed their stocking to AR
seedlings less than 1 ft tall, and 32 percent (60) were
stocked due to PHG. Only 6 percent (12) originated from
preharvest trees taller than 3 ft, with stump sprouts
comprising most of this (4 percent). Two-thirds of the PHG
stocking (22 percent of the stocked plots) came from the
acorn crop following harvest (second season). The acorn
crop for most oaks on the site appeared to be heavy that fall.

The 38 percent milacre stocking for oaks at 15 months
compared very closely to preharvest AR milacre and
overstory basal area stocking levels, both at 39 percent, and
was higher than the 30 percent of preharvest overstory stem
density. At this early time, it is impossible to predict the
number of these plots that were stocked at 15 months that
will contribute to the overstory stratum 30-40 years later,
when many surviving oaks will be producing acorns and
available for timber utilization. For 91 percent of the stocked
plots, the tallest oak was still less than 3 ft tall. Stump
sprouts produced the tallest reproduction, with all plots
stocked from sprouts having trees taller than 3 ft. However,
this comprised only 4 percent of the stocked plots.

The finding that advance reproduction was important in
determining oak reproduction was no surprise, for this is
generally accepted as the key for upland oaks (Johnson
1993). However, analyses from upland stands have usually
concluded that only large, well-established advance
reproduction is dependable in contributing to the future
stand {Loftis 1990, Sander 1972). For seedling heights,
studies from the Missouri Ozarks for assessing adequacy of
oak advance reproduction have used 1 ft (Sander and
others 1984) or even 4.5 ft (Sander and others 1976) as
minimums for adequacy. Using 1 ft as the minimum height,

only 10 percent of the oak advance reproduction measured
in these plots (table 2) would have qualified.

Additionally, although oaks originating from seeds after
harvest have been reported important in some bottomland
stands(Golden 1995, Loewenstein and Golden 1993) this
source has generally been considered unreliable in upland
stands (Loftis 1990). Although the stocking from seedlings
that germinated after harvest was substantial on this site,
their ability to survive and contribute to the future overstory
is uncertain. PHG contributed strongly to early stocking, but
the ability of these late-starting seedlings to survive as
competing vegetation develops is questionable. Only 5
percent of the plots stocked by PHG had oaks more than 3 ft
tall.

CONCLUSIONS

The presence of at least one oak taller than 6 inches prior to
harvest was the factor most strongly related to post-harvest
stocking. Topographic position was related to oak
reproduction stocking, but this appeared to be due to the
strong effect of topographic position on stocking of advance
reproduction. Cutting treatment affected reproduction
stocking also, with the DC treatment resulting in a post-
harvest increase in stocking and the CC and SC treatments
leading to declines. This was possibly due to higher logging-
induced mortality in the CC and SC, and higher post-harvest
germination in the DC treatment. Logging disturbance and
residual logging slash both reduced post-harvest
reproduction stocking of oaks, presumably through causing
direct mortality of AR. Both small AR (less than 1 ft tall) and
post-harvest germination contributed substantially to the 15-
month milacre stocking, although the contribution of these to
the future overstory is uncertain.
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OAK ADVANCED REGENERATION FOLLOWING SEASONAL PRESCRIBED
FIRES IN MIXED HARDWOOD SHELTERWOOD STANDS’

Roderick D. Cooper, David H. Van Lear, and Patrick H. Brose?

Abstract-Regeneration of oaks (Quercus) on productive upland sites is a long-standing silvicultural problem due to
aggressive competition from faster growing indeterminant species. We hypothesized that a single prescribed fire 3-5 years
after an initial sheltenvood cut would increase the competitive position of oak regeneration. Three productive oak-
dominated shelterwood stands in the Virginia Piedmont were divided into control, spring-,summer-, and winter-burn
treatments. Density and stocking of competitive oaks were greater in burned areas than in the unburned control, especially
where medium to high intensity burns occurred during the spring and summer. Oak regeneration was evenly distributed
over the burned areas while yellow-poplar (Liriodendron tulipifera L.), oak’s primary competitor on these sites, occurred in
small clumps. Results of this study indicate that areas receiving a single prescribed burn of medium to high intensity during
the growing season will develop into oak-dominated stands. Other combinations of fire intensity and season-of-burn will

produce mixed hardwood stands with varying proportions of oak.

INTRODUCTION

Regeneration of oaks on productive upland sites is a long
standing problem in the hardwood forest of eastern North
America (Beck and Hooper 1986; Pallardy and others 1988;
Hix and Lorimer 1991). Harvest of mixed hardwood stands
on higher quality mesic sites often results in a shift of
species composition favoring non-oak indeterminate
hardwoods (Beck and Hooper 1986, Loftis 1983, McGee
1979). Some of the contributing factors to oak regeneration
failure are acorn supply, seedling density, insects, disease
and animal depredation (Loftis and McGee 1992). The
primary cause of oak regeneration failure is thought to be
the slow growth of oak reproduction relative to aggressive
intolerant species (Beck and Hooper 1986; Johnson and
others 1989; Loftis and McGee 1992). In the early years of
development, oak regeneration allocates more
photosynthate to root development while intolerant species
such as yellow-poplar (Liriodendron tulipifera L) alocate
more to shoot development (Kolb and others 1990). These
differing growth strategies result in oaks being suppressed in
the shaded understory while intolerant species move to
dominance of the overstory.

If oaks are to be regenerated as the dominant component of
a future stand, managers must develop silvicultural
prescription to favor oaks. Loftis (1983) found that
sheltetwood harvests alone would not produce oak-
dominated stands. Carvell and Tryon (1961) found that
burned areas possess greater reservoirs of oak
regeneration. Hannah (1987) suggested prescribed fires as
a follow-up treatment for shelterwood harvests.

Johnson and others (1989) proposed that the key to oak
regeneration might be competition control rather than long
regeneration periods. Sander (1988) stated that multiple
understoty burns at 2-3 year intervals might be required for
effective control of hardwood competition. The frequency of
fire is thought to be as important as fire intensity for
reducstion of fire-susceptible species (De Selm and others
1973).

Recent research indicates that prescribed fire a few years
after a shelterwood harvest can enhance the competitive
position of oak regeneration (Keyser and others 1996, Brose
and Van Lear 1998). Brose and Van Lear (1998) found that
oak (Quercus) and hickory (Carya) regeneration vigorously
resprout with improved stem form after such burns while
yellow-poplar (Liriodendron tulipifera) and other competitors
succumbed more easily. This current study is a follow up to
Brose and Van Lear's (1998) original study of oak advanced
regeneration using a shelterwood cut followed several years
later by seasonal prescribed fires. In this study we examined
the competitive status of advanced oak regeneration in
1997, three years after the 1995 treatments of seasonal
prescribed fires of varying intensities described in Brose and
Van Lear (1998). We attempted to define those conditions of
fire intensity and timing of burn that would result in adequate
free-to-grow oak regeneration in an oak dominated
shelterwood stand.

STUDY SITE

This study was conducted in the Piedmont of central Virginia
and located in the Horsepen Wildlife Management Area.
This land is owned and managed by the Virginia Department
of Game and Inland Fisheries. Topography consists of broad
gently-rolling hills between 150 and 180 m elevation. Mean
annual precipitation is 110 cm, distributed evenly throughout
the year. The average growing season is 190 days. Mean
annual temperature for the area is 14°C with a January
mean of 4°C and a July mean of 24%.

The study area consists of three mature oak dominated
hardwood sands with a white oak site index 75 (base age
50). The stands are similar in site characteristics and
species composition. Qverstory trees in the preharvest stand
numbered approximately 200/ha, with approximately 75
percent being upland oaks [white oak (Quercus alba L.),
northern red oak (Q. rubra L.), Black oak (Q. Velutina Lam.),
scarlet oak (Q. coccinea Muenchh.), and chestnut oak (Q.
prinus L.)]. The remaining 25 percent were yellow-poplar,
pignut nckoy (Carya glabra (Mollier) Sweet), and
mockernut hickory (C. tomentosa (Poiret) Nuttall). Common
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midstory hardwoods included red maple (Acer rubrum L.),
blackgum (Nyssa sylvatica Marshall), American beech
(Fagus grandifolia Ehrhart), American hornbeam (Carpinus
caroliniana Walter), and sour-wood (Oxydendrum arboreum
L.). There were approximately 2500 stems/ha with most
species represented although beech, dogwood, hornbeam,

and red maple were most abundant (Brose and Van Lear
1998).

These stands had grown in an undisturbed condition for over
30 years until two of the stands were shelterwood cut in

1990 and the third in 1992 removing 50 percent of each
stands overstory. Fifty to 75 dominant oaks and hickory were
retained with residual basal areas averaging 13 m%ha. Each
stand was previously divided into four 2-5 ha treatment
areas and subjected to winter, spring, and summer burns in
1995. One treatment area in each stand was left unburned
as a control.

STUDY DESIGN AND MEASUREMENTS

This study was conducted in a randomized complete block
design using the same treatments as Brose and Van Lear
(1998) to examine the density, stocking and spatial pattern
of oak and yellow-poplar. The design replicates the four
treatments: 1) winter burn, 2) spring burn, 3) summer burn,
and 4) unburned control in each of the three shelterwood
stands. Thirty plots (2.6 m diameter) were systematically
located in each treatment area with a plot density of 6-15
plots/ha. We set size and stem form sampling requirements
for oak and yellow-poplar because we were interested in the
oaks that would have optimal growth and competitiveness.

An acceptable oak had a straight stem and was >1.37 m tall
in the control and winter burn treatments, >1.0 m tall in the
spring burn treatment, and >0.7 m tall in the summer burn
treatment. Sanders and other (1976) showed that oak
regeneration must be >1.37 m tall to be competitive after
release. Our height specifications vary as a result of
differences in the amount of growing time due to seasons of
burning. An acceptable yellow-poplar was at least half the
required oak height for the treatment (0.7, 0.5, and 0.35 m
tall in winter and control, spring, and summer treatments,
respectively). These height requirements were allocated
because of yellow-poplar's ability to outgrow oak on these
sites (Beck and Hooper 1986, Johnson and other 1989).

Densities (stems/ha) were obtained by counting all
acceptable oak and yellow-poplar stems in each plot.
Stocking of oak and yellow-poplar was measured by
determining the proportion of plots containing an acceptable
representative. The T-square sampling method was used to
determine the spatial pattern of oaks and yellow-poplar in
the treatment area (Ludwig and Reynolds 1988). An index
was calculated separately for oak and yellow-poplar using
distance measurements (+- 0.1 m) from plot center to
nearest species and then to next nearest species to
determine if regeneration was clustered, random, or
uniformly distributed.

Competition of the present advance oak regeneration was
measured in the different treatment areas. We examined
these inter-species spatial relations using a modified Heygi
competition index (Clinton and others 1997). The largest
most competitive oak was visually selected and its height
recorded. Heights of all competitors and their distance from
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selected oak were measured within a 3-m radius of the

target oak. These measurements were used to calculate a
competition value.

A competitor was defined as a yellow-poplar seedling at
least half the height of the oak located within a 1.5-m radius
of the oak and any yellow-poplar stump sprout within a 4.5-
m radius. A competitor will also be any of the following
species that are of equal or greater height and within a 3-m
radius of the oak: hickory, cherry (Prunus serotina Ehrhart ),
sweetgum (Liquidambar styraciflua L.), yellow-poplar,
loblolly pine {Pinus taeda L.), ash (Fraxinus L.), locust
(Robinia L. ), and red maple stump sprouts with a 2 inch or
greater ground-line diameter. Species that only occupy
midstory upon maturity such as blackgum, flowering
dogwood, and hornbeam, were not considered major
competitors because oak will eventually surpass them .(Nix
1989, Waldrop 1997).

A 3-m radius was used because it corresponded to Heygi's
index and provides at least 50 percent of the growing space
needed at maturity for the target oak. Target oaks with no
competitors were considered free-to-grow (Nix 1989).

Due to varying fire intensities within treatments (Brose and
Van Lear 1998), plots in the burned treatment areas were
assigned to one of four levels of fire intensity. Fire intensities
were based on fuel consumption during the prescribed
burns. Brose (1997) documented fire behavior, fire intensity,
and changes in fuel loading within each treatment area as
follows. Low-intensity fires (flame lengths <0.3 m) partially
consumed litter and small woody debris (<0.6 cm diameter),
and top-killed <75 percent of the advanced regeneration.
Low-medium-intensity fire (flame lengths between 0.3 and
0.75 m) completely consumed litter and small fuels and top-
killed 75-100 percent of the regeneration. Medium-high-
intensity tire (flame length 0.75-1 .2 m) top-killed all
regeneration, visibly reduced loading of 2.5-7.5 cm diameter
fuels, caused approximately 50 percent mortality of midstory
trees, and scorched bark on occasional overstory trees.
High-intensity fire (flame lengths >1.2 m) visibly reduced
woody debris >7.5 cm diameter, killed most midstory trees,
charred bark on most overstory trees, and caused
occasional mortality of an overstory tree. A 3x4 factorial
design, with three fire seasons and four fire intensity levels,
was used to examine the effects of different fire-intensity
levels.

STATISTICAL ANALYSIS

Analysis of variance with Student-Newman-Kuel mean
separation test was used to compare season-of-burn
treatments for differences in density and clustering of oak
and yellow-poplar regeneration (SAS Institute 1993).
Competitive condition of oak was tested with analysis of
covariance and least-squares mean separation with
regeneration age as the covariate (SAS Institute 1993).
Analysis of variance with least-squares mean separation
was used to test for differences among these variables as
fire intensity interacted with season-of burn (SAS Institute
1993). Chi-square analysis was used to compare differences
in stocking among treatments and among fire intensities
within season-of-burn (SAS Institute 1993). In all tests,
0=0.05 and data were rank-transformed as needed to
correct unequal variances and non-normality of residual
values.
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Figure I-Density of oak and yellow-poplar advanced regeneration
after seasonal prescribed fires in shelterwood stands in the Virginia
Piedmont. Bars with different uppercase letters are different for that
species (alpha=0.05). Bars with different lowercase letters are
different for that treatment (alpha=0.05).

RESULTS

Density

Oak density was significantly greater in the bum treatments
with three times as many oak stems (fig. 1). The burned
treatments had half as many yellow-poplar as the unburned
control. In the burned areas yellow-poplar and oak had
equivalent densities while in the unburned control yellow-
poplar out-numbered oak 8:1.

Oaks were most abundant in high intensity spring and low-
to-medium intensity summer burns (Table 1). Yellow-poplar
had significantly higher densities in the low intensity areas of
all seasons of burn, especially in the winter burn. Oak and
yellow-poplar density were equivalent in the medium
intensity areas while oak was significantly greater in high
intensity tires.
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Figure P-Stocking of oak and yellow-poplar advance regeneration
after seasonal prescribed fires in  shelterwood stands in the Virginia
Piedmont. Bars with different uppercase letters are different for that
species (alpha=0.05). Bars with different lowercase letters are
different for that treatment (alpha=0.05).

Stocking

Oak stocking was significantly higher than yellow-poplar in
the burn treatments while yellow-poplar stocking was
significantly higher in the unburned control (77 percent)
(fig. 2). The spring burn treatment had the highest oak
stocking (66 percent).

Highest stocking of oak was in the low-medium summer
burn areas (79 percent), while the high intensity summer
burn (42 percent) had the lowest stocking (Table 2). Oak
varied little between other season-of-bum and fire intensities
(47-67 percent). Yellow poplar had highest stocking in low
intensity burn areas (72-92 percent) and decreased as fire
intensity increased. Yellow-poplar equaled or exceeded oak
stocking in low intensity fire while oak stocking was greater
in high intensity fires.

Table [-Density (mean stems/ha #1 se) of oak and yellow-poplar regeneration after four different

levels of fire intensity in the Virginia Piedmont

Fire intensity levels

Species Low Low medium Medium high High
Spring burn b
Oak 1694£600C°b 1709571 B%" 2385+571AB%b? 4160+511A%"
Yellow-poplar 5567+1887AB%a" 27761682B%a° 3685+1047A%" 11344699C°b"
Summer burn
Oak 27241813BC%° 4945+1077A%"° 2043+701AB%b° 2389+499B%°
Yellow-poplar 4051 +1037B%a° 3631 +1158AB? 11341921B8%b° 573%131C°°
Winter bum
Oak 2006£737C%" 1955+436B°b° 19611:538ABab: 3111+402B%°
Yellow-poplar 9077+2418A%a° 2823+714AB°b" 1470£647B°bc 865+694Cc°
& Means with different uppercase letters are different within that column ( 05).

a=0.
Means with different lowercase letters are different within that row (a = 0.05).
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Table 2-Stocking percent (mean £1se) of oak and yellow-poplar regeneration after four

different levels of fire intensity in the Virginia Piedmont

i

Fire intensity levels

Species Low Low medium Medium  high High
Spring burn
Oak 64125ABaaEb 63+13AB%ab’ 53t0Bb 48+15Aa
Yellow-poplar 83+27AB% 58+16AB%b®  44+10B%b 21+15CD%°
Summer burn
Oak 54+8B%h° 79:t1lAaa: 56418B°b® 42420BC%p?
Yellow-poplar 72+12B%° 45:12B% 13+D°%° 10£10D%b"
Winter burn
Oak 50+8B°b” 47£118%° 67+5A%° 52+14B%°
Yellow-poplar 9218A%a" 5616B°b” 49+5C%c° 14114D°c?

® Means with different uppercase letters are different within that column (a = 0.05).
Means with different lowercase letters are different within that row (a = 0.05)

Intra-Species Spatial Pattern

The spatial arrangement of oak and yellow poplar
regeneration differed from each other in all the treatments.
The oaks scored between 0.27-0.39 on a O-l spatial index
indicating that oak regeneration was uniformly distributed
over all treatments. Yellow-poplar scored between 0.64-0.73
indicating that yellow-poplar regeneration was clustered. The
spatial patterns within species were not affected by
treatments or fire intensities.

Intra-species  Competitive  Relationship

Oaks in the burn treatments had significantly lower
competition (Hegyi index=0.24) than oak in the unburned
control (index~0.35) (Table 3). The number of competitors
was highest in unburned control and lowest in the spring and
summer burn treatments. Distance to nearest non-oak

competitors was also significantly closer in the unburned
treatment than in the burned treatments. There was no
difference in competition between seasons of burn. As fire
intensity increased within the burned treatments density of
competitors decreased.

There were significantly more free-to-grow oak in the spring
and summer burn treatments (425 and 363 stems/ha,
respectively) than in the winter burn and unburned control
(62 and 141 stems/ha, respectively) (fig. 3). The high
intensity spring burn areas (632 stems/ha) had the most
free-to-grow oaks. The medium intensity summer burn areas
(551 and 453 stems/ha) had the next largest quantity of free-
to-grow oak followed by the medium intensity spring fires
(321 and 373 stems/ha). Free-to-grow oaks were nearly
absent in the low intensity spring and winter burn areas with

Table 3-Competitive status (mean £1se) of oaks 3 years after seasonal prescribed fires In

shelterwood stands in the Virginia Piedmont

Distance to Heygi

Oak Number of Competitor nearest competition
Treatment height competitors height competitor index

m Stems/plot m m
Control 2.4+1A%° 7.6£0.8A° 2.9:0.1A%°  0.8£0.18° 0.35A°
Spring burn 1.6£1C%° 5.340.3C° 20£0.1C%°  1.3:0.1A° .25B°
Summer burn 1.1£1D%°  4.7:0.3C° 15¢1.0D%°  13:0.1A° 23B*
Winter burn 1.9+1B°%° 6.0+0.1B° 2.5+0.18%"° 1.2£0.1A° 25B°

& Means followed by different uppercase letters are different within that column (a = 0.05).
Height means followed by different lowercase letters are different from each other within that row (a = 0.05).
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Figure 3-Density of free-to-grow oaks among treatments and among
fire intensity levels within season-of-burn in shelterwood stands in the
Virginia Piedmont. Bars with different uppercase letters are different for
that species (alpha=0.05). Bars with different lowercase letters are
different for that treatment (alpha=0.05).

less than 5 stems/ha. There were 101 and 173 stems/ha in
the medium intensity winter burn areas and 259 stems/ha in
the high intensity winter areas.

Stocking of free-to-grow oak were higher in the spring and
summer burn (24 and 20 percent, respectively) than in the
winter burn and control (8 and 4 percent, respectively) (fig.
4). The high intensity spring burn areas had the highest
stocking (46 percent) while the low intensity area in the
spring and winter burn had the lowest stocking (1 percent).
The two medium and high intensity burn areas in the
summer burn had equivalent stocking.

DISCUSSION

Disturbance of the stand and increased lighting of the forest
floor after shelterwood harvest results in tremendous
numbers of yellow-poplar. Preburn densities of yellow-poplar
in our study area reached 10,000 stems/ha while oak was
around 2,000 stems/ha in all treatments (Brose and Van
Lear 1998) Yellow-poplar seed banks can remain viable in
the forest floor up to seven years (Beck 1981) and profusely
germinate upon disturbance.

Prescribed fire drastically reduced the density and stocking
of yellow-poplar in all burn treatments while increasing that
of oak. Burning reduced competition in the stand and
resulted in smaller clusters of yellow-poplar.

Acorns are usually buried by animals and have hypogeal
germination (cotyledons remain in seed) which places the
root collar and its dormant buds below the surface. Yellow-
poplar seeds have epigeal germination, generally placing
the root collar and its accompanying dormant buds above
the soil surface (Beck 1981). This difference in germination
strategy makes yellow-poplar more susceptible to lethal
temperatures at or above ground level. Oaks also allocate
more carbon to development of a large tap root in their early
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Figure 4—Stocking of free-to-grow oaks among treatments and among
fire-intensity levels within season-of-burn in shelterwood stands in the
Virginia Piedmont. Bars with different uppercase letters are different for
that species (alpha=0.05). Bars with different lowercase letters are
different for that treatment (alpha=0.05).

years while yellow-poplar allocates carbon to stem growth.
This difference in growth strategy gives oak a more
favorable root/shoot ratio for vigorous resprouting after being
top killed by fire.

Fire intensity, season of burn, and varying growth strategies,
affect the composition of regeneration. Medium to high
intensity growing season burns resulted in lower densities
and stocking of yellow-poplar with abundant free-to-grow
oaks and reasonable stocking.

CONCLUSION

Oaks were adequately stocked in burned areas. However,
free-to-grow oaks were only adequately stocked in medium-
high to high intensity burned areas in the spring burn. The
number of yellow-poplar saplings were greatly reduced by
burning and were in smaller clusters while oaks were
uniformly distributed over the stands. Competition of oak is
also lower in burned areas and decreases as fire intensity
increases. We recommend a medium-high to high intensity
burn a few years after the initial shelterwood cut to
regenerate oak on productive upland sites. If the fire
intensity is not maintained at a consistent medium-high to
high intensity level then a second burn will likely be required.
Otherwise, a mixed hardwood stand with varying proportions
of oak will develop.
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GROWTH OF OAK REPRODUCTION

INCREASED BY SHELTERWOOD

TREATMENTS IN NORTHERN ARKANSAS’

David L. Graney?

Abstract-Nine-year survival and growth of oak (Quercus alba L., Q. rubra L., and Q. velutina Lam.) reproduction was
evaluated in upland oak stands representing a range in site quality, residual overstory stocking, and  understory treatments.
Analysis of variance was used to test for differences in establishment, survival, and growth of oaks and other species
groups as affected by site quality, overstory stocking, and intensity of understory treatment. Establishment of new oak
reproduction was not significantly affected by study treatments. However, survival and growth of new and original oak
reproduction and change in oak stocking values were significantly affected by the intensity of  understory treatment.

INTRODUCTION

Mixed oak types occupy most of the upland commercial
forest in northern Arkansas, and oaks are the dominant
timber species. However, oak reproduction may not
adequately replace present stands, especially on the more

productive sites (Graney 1989, Graney and Rogerson 1985).

Although declines in oak dominance may result in greater
species diversity, the oaks are prized for their timber and
wildlife values.

Commercially desirable fast-growing species such as
yellow-poplar (Liriodendron tulipfera L.) do not occur in
western Arkansas, and valuable species such as black
walnut (Juglans nigra L.), black cherry (Prunus serotina
Ehrh.), and white ash (Fraxinus americana L.) occur
infrequently and primarily on the more productive sites.
Because most associated species in these upland stands
are either slower growing or of lower economic value than
the oaks, it is important to ensure that oaks will be a major
component of new stands after harvest.

The oak component of future hardwood stands depends on
sprouts from cut overstory stems and large oak advance
reproduction present at time of harvest (Loftis 1990a,
Sander and Clark 1971, Sander and others 1984). Newly
established oak seedlings grow too slowly to compete
successfully after harvest (Sander and Clark 1971). In
contrast, large oak advance reproduction grows rapidly after
harvest and has a high probability of becoming dominant in
the new stand (Loftis 1990a, Sander and others 1984).

Upland hardwood stands in the Boston Mountains of
northern Arkansas may have more than 1,000 stems per
acre of oak advance reproduction, but most are <1 ft tall and
larger reproduction is often absent. Many of these stands
are mature and fully stocked and have well-developed
understories of shade-tolerant noncommercial species.
Given the size and status of existing reproduction, new
stands that develop after harvest will almost certainly
contain a low proportion of oak. Researchers are trying to
stimulate the growth of small advance reproduction using
shelter-wood treatments with light to medium overstory
cutting plus partial to complete understory control (Graney
1989, Loftis 1990b, Sander 1987, Sander and Graney
1993).

Variants of the shelterwood method for regenerating oaks
have shown promise in the Missouri Ozarks (Schlesinger

and others 1993), and the Southern Appalachians (Loftis

1990b). In these studies, development of oak reproduction
on medium and good quality sites has been enhanced.

Graney and Murphy (1995) described the 8-year height
development of individual white oak (Quercus alba L.),
northern red oak (Q. rubra L.), black oak (Q. velutina Lam),
white ash, and black cherry stems as influenced by study
treatments and initial stem size. This paper reports the 8-
year effects of the various overstory and understory
shelterwood treatments on mortality and density of original
reproduction of oaks and other species groups and the
growth and mortality of new oak reproduction established
after treatment. The effects of the shelterwood treatments on
changes in oak regeneration stocking values over the 9-year
period are also evaluated.

PROCEDURES

Study Region

The Boston Mountains are the highest and most southern of
the Ozark Plateaus physiographic province. They form a
band 30 to 40 mi wide and 200 mi long from north-central
Arkansas westward into eastern Oklahoma. Elevations
range from about 900 ft in the valley bottoms to 2,500 ft at
the highest point. The plateau is sharply dissected, with
most ridges flat to gently rolling and generally <0.5 mi wide.
Mountainsides consist of alternating steep simple slopes
and gently sloping benches.

Soils on mountaintops and slopes usually have shallow to
medium depth and are represented by medium-textured
members of the Hartsells, Linker, and Enders series (Typic
Hapludults). They are derived from sandstone or shale
residuum, and their productivity is medium to low. In
contrast, soils on mountain benches are deep, well-drained
members of the Nella and Leesburg series (Typic
Paleudults). They developed from sandstone and shale
colluvium, and their productivity is medium to high. Rocks in
the area are alternating horizontal beds of Pennsylvanian
shales and sandstones. Annual precipitation averages 46 to
48 in., and March, April, and May are the wettest months.
Extended summer dry periods are common, and autumn is
Iusually dry. The frost-free period is normally 180 to 200 days
ong.
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Study  Description

Six mature upland hardwood stands were selected for study
at three locations in the Ozark National Forest. Three stands
are on upper north- or east-facing slopes with site indices of
57 to 63 ft (mean=60 ft) for northern red oak, base age 50
years. The other three stands are on north- or east-facing
mountain benches with northern red oak site indices of 72 to
80 ft (mean=75 ft). Mean age for upper slope stands was 74
years (range=72-84 years), while stands on mountain
benches averaged 78 (range=70-84) years. Six plots
(approximately 1 acre in size) were established in each
stand. Overstory (stems »1.6 in. d.b.h.) densities were
reduced to either (1) 40 or (2) 60 percent relative stocking
density (Gingrich 1967). Understory (stems <1.6 in. d.b.h.)
treatments were: (1) kill all competing stems (intensive), (2)
kill all competing stems »5,( ft tall (partial), or (3) no
understory treatment. The six overstory-understory
treatment combinations were randomly assigned to each
plot.

Pretreatment overstory stocking for all plots averaged 106
percent and basal area averaged 118 ff? per acre (table 1).
The overstory was cut from below. After all subcanopy
stems > 1.6 in. d.b.h. were removed, the overstory canopy
was cut to the prescribed stocking goal. Stumps of all |ess-
desirable (slow growing or noncommercial) overstory stems
were sprayed with 2,4-D plus picloram to reduce sprouting.
Overstories on all plots were predominantly oak. Northern
red, black, and white oaks accounted for 80 percent of the
overstory stocking before treatment and more than 90
percent after treatment. Ash and cherry represented less
than 1 percent of the stocking on all plots.

Understory control treatments were imposed by cutting
target stems near ground level and spraying stumps with the
2,4-D plus picloram herbicide immediately after cutting.

Understory treatments were completed in May 1980, and
overstories were cut May through July 1980. Understories
on upper slope sites (site index 60) were dense mixtures of
tolerant brushy or less-desirable species such as red maple
(Acer rubrum L), serviceberry (Amelanchier arborea Michx.
F. Fern), redbud (Cercis canadensis L.), and blackgum
(Nyssa sylvatica Marsh.). Dogwood (Comus florida L.),
hophornbeam (Ostrya virginiana (Mill.) K. Koch.),pawpaw
(Asimina triloba L.), and sugar maple (Acer saccharum
Marsh.) were common on bench sites (site index 75).

Reproduction was measured on a series of sixteen 1/735-
acre subplots systematically distributed across the interior
0.25 acre of each plot. On each subplot, all reproduction
<1.5in. d.b.h. was tallied by species and I-ft height classes.
In addition, all oak stems were identified and mapped for
remeasurement. For these stems, height and basal diameter
(1 in. above groundline) were measured to the nearest 0.1 ft
and 0.1 in., respectively. Reproduction was measured
before treatment and 1, 3,5, and 9 years after treatment.

Data Analysis

The study was laid out as a randomized block split-plot
design. There were three locations or blocks, with the upper
slope of each block corresponding to site index of 60 and
the lower slope to site index of 75. Within each site index
(whole plot) area, six subplots were established and
randomly assigned one of the six experimental treatment
combinations. The treatment combinations involved the
residual stocking density (40 and 60 percent) and understory
control (intensive, partial, and no control). Analysis of
variance was used to compare expressions of reproduction
response and stand conditions among treatments.
Differences among treatment means were isolated by using
the Ryan-Einot-Gabriel-Welsch Multiple Range Test
(x=0.05) (SAS Institute 1989).

Table 1-~Overstory values per acre for original stand after treatment and 9 years after treatment

Original stand After treatment Year 9
Basal area Stocking Basal area Stocking Basal area Stocking
Stocking mean mean mean mean mean mean
treatment range rangea range range® range range‘a
Ft* Percent F* Percent F¥ Percent
Site Index = 60 feet
40 percent 118 (110-127) 108 (110-115) 51 (45-54) 41 (40-42) 63 (57-69) 50 (45-53)
60 percent 119 (107-126) 108 (98-115) 72 (69-76) 59 (57-61) 84 (77-88) 67 (63-70)
Site index = 75 feet
40 percent 114 (110-124) 103 (100-108) 51 (45-54) 40 (38-42) 59 (53-67) 47 (42-51)
60 percent 118 (112-130) 106 (102-120) 73 (69-81) 58 (57-60) 82 (75-93) 64 (60-70)

? Based on stocking equation from Gingrich (1967).
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RESULTS AND DISCUSSION

Advance Reproduction Before Treatment

The pretreatment height distribution of advance reproduction
on study plots was typical of well stocked mature upland oak
stands in the Boston Mountains (table 2). Total oak, ash,
and cherry reproduction and advance reproduction >1 ft tall
are greatest on less productive upland sites. Large advance
reproduction {>5 ft} is often sparse or absent. Most of the
oak reproduction is <1ft tall and few stems are >2 ft tall. Ash
and cherry reproduction is highly variable throughout the
Boston Mountains but is usually most abundant on medium
to good sites. Although ash and cherry are minor
components of the overstory in these upland stands, they
represent the majority of the desirable species reproduction
>2 ft tall.

the 1980 growing season. While most overstory mortality
occurred in 1980, some stems that survived in poor
condition died over the next 2 to 4 years. As a result of this
mortality, stocking in the 40 percent treatment increased
from 40 percent in 1980 to 50 percent in 1988 while the 60
percent stands increased from 59 percent to 66 percent over
the same period.

Control of competing understory stems produced the
greatest response in oak reproduction height development
of all the study treatments. Stands receiving the intensive
and partial understory treatments produced significantly
more oak stems in the medium and large reproduction
height classes than stands receiving no understory control
(table 3). Numbers of ash and cherry stems in the small,

Table 2—Mean height distribution per acre of reproduction by

species group before treatment

Height class (feet)

Species <1 2 3 4 5 >5
. Number of stems « « e e s v v uuun

Site index = 60

Oaks” 1,959 106 15 13 5 0

Ash & cherry 930 222 143 72 41 5

Other species 4,341 2,910 1,346 1,187 905 1,569
Site index = 75

Oaks’ 1,243 61 18 8 5 0

Ash & cherry 452 179 74 38 31 5

Other species 4,813 2,387 1,523 1,153 1,160 1,408

‘White, black, and northern red oaks.

The other species group (table 2) is dominated by tolerant,
brushy, and noncommercial species; hickories (Carya spp.);
and other less common species that would be considered
acceptable stocking on selected sites.

Reproduction ~ After  Treatment

Nine years after shelterwood cutting, reproduction size and
abundance indicated little or no response to site quality or
the overstory density treatments. Number of small (<1.1 ft)
oak and other species stems were greater in stands cut to
60 percent overstory stocking but number of stems in the
larger height classes were not affected by the 40- or 60-
percent overstory stocking densities (table 3). Graney (1989)
reporting 5-year response to the overstory density
treatments found that numbers of ash, cherry, and other
species stems in the 1 .1+ 5.0 and >5.0 ft height classes
were significantly greater in stands cut to 40 percent
stocking. However, this initial response did not persist
through the 9-year period. The effect of overstory density on
reproduction development may have been modified by
overstory mortality that resulted from the severe drought in

medium, and large height classes did not differ significantly
among the three understory treatments. After 9 years,
effects of understory control on numbers of other species
were only apparent in the large height class. Stands
receiving the most intensive understory treatment had
significantly fewer stems >5 ft tall than those receiving
intermediate and no control treatments (table 3).

The primary objective in applying the shelterwood method in
mature upland oak stands is to develop a sufficient amount
of oak advance reproduction large enough to successfully
compete after overstory removal. This objective may be
accomplished through establishment and growth of new
seedlings, enhanced development of small pre-established
stems, or both. In this study, the overstory/understory
density control treatments increased the average size of
oak, ash, and cherry reproduction. The numbers of oak
stems >1 ft tall also increased from about 100 per acre
before treatment to more than 1,000 per acre in stands with
partial or intensive treatment. The number of ash and cherry
stems >1 ft tall increased by 400 to 600 per acre after
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Table 3-Reproduction 9 years after treatment as affected by residual stocking and understory treatment

Residual  stocking

(percent) Understory treatment
Species
an_d Mean
height Pretreat- square
class ment 40 60 P>F 12 2 3 P>F error
Feet  ce e Numberof stems - - - = === == - e o oo oL
Oaks®
<1.1 1,601 1,030 1,750* 0.03 1,440 1,496 1,323 0.77 8.95E5
1.1-5.0 115 590 919 .23 1,054* 897~ 313 .05 6.33E5
>5.0 0 95 92 .93 139* 123* 19 01 9.32E3
Ash
and cherry
<1.1 691 368 140 34 155 124 483 40 4.90E5
1.1-5.0 400 726 484 21 684 501 629 71 3.08E5
>5.0 5 432 256 .09 360 335 337 97 8.67E4
Other
species
<11 4,577 1,350 1,855* .05 1,513 1,592 1,703 .81 5.13E5
1.1-5.0 6,286 5,285 5,911 .28 5,571 5,762 5,461 91 2.90E6
>5.0 1,488 4,389 3,621 A1 2,879 4,528’ 4,609* .05 191 E6

41 = All stems treated; 2 = stems 5 ft treated: 3 =no treatment.

Y White, black, and northern red oaks.

‘Stocking or understory means in rows followed by *

treatment. Most of the increase in oak reproduction >1 ft tall
resulted from smaller pretreatment stems and new
reproduction growing into the 2- and 3-ft height classes
(table 4). Height development of surviving pretreatment oak
and ash reproduction was significantly affected by initial
stem height and intensity of understory control. Greatest
height growth was produced by large (4 to 5 ft) stems on
plots with the intensive control treatment. However, small
oak and ash stems (<1 ft) also responded to understory
control and grew into the 2- or 3-ft height classes over the 9-
year period (Graney and Murphy 1995).

Black cherry produced the greatest height growth response
to the overstory and understory treatments. Cherry
reproduction >5 ft tall developed from pretreatment
seedlings and seedling sprouts >1 ft tall. Stems in the 2- to
5-ft classes developed from stems <1 ft tall before treatment
and from new seedlings established after treatment (table
3). While no study treatments were statistically significant in
terms of total numbers of stems by height class groups
(table 3), height growth response of individual pretreatment
cherry stems was strongly influenced by overstory and
understory treatments as well as site quality. Nine-year
height growth ranged from about 3 ft for the smallest stems
in stands on the most productive sites thinned to 60 percent
overstory stocking with no understory control to >12 ft for
large stems on average sites thinned to 40 percent stocking
with intensive  competition control  (Graney and  Murphy
1995).
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are significantly different at a = 0.05.

Redevelopment of the competing understory varied
considerably with the intensity of the overstory and
understory treatments. On plots cut to 60 percent stocking
with the intensive understory treatment, redevelopment of
competing understory was very slow. Stems of desirable
species in all size classes were essentially free to grow for
the first 5 years after treatment. Although numbers of
competing stems increased considerably over the 9-year
measurement period only the smallest desirable stems were
overtopped after 9 years. However, on plots cut to 40
percent stocking, the intensive control treatment was
effective only for about 5 years. By the end of the fifth year,
most of the small oak stems were overtopped and by the
ninth year only ash and cherry stems initially >3 ft tall were
free to grow.

The partial (>5 ft) understory control increased growth of oak
reproduction, but its effect probably will not continue much
beyond the ninth year. Understory development was most
pronounced on plots cut to 40 percent stocking where all
small oak stems and most large stems were overtopped by
competing stems:

Overstory cutting (stems 2 1.6 inches) resulted in height
growth response of ash and cherry reproduction but only the
largest oak stems increased in height. After 9 years, all oak
and most of the ash and cherry reproduction were
overtopped by competing stems.




Table 4-Mean height distribution per acre of original and new oak reproduction 9 years after understory

treatment
Height class (feet)
Understory
treatment? <1 2 3 4 5 >5
--------------------------- Numberof stems - - - -==wccmme oo

Original oaks
Pretreatment 1,601 84 16 10 5 0
1° 414 361 90 67 39 88
2 414 295 103 54 47 61
3 341 161 42 27 4 0

New oaks*
! 1,026 389 93 12 4 51°
2 1,082 369 17 8 4 62
3 892 72 7 0 0 19

21 = All stems treated; 2 = stems >5 ft treated; 3 = no treatment.

b White, black, and northern red oaks present before treatment.

“White, black, and northern red oaks established after treatment.

New oaks stems >5 feet are stump sprouts.
New oak reproduction-Establishment of new oak oak stems in stands receiving no understory treatment

reproduction  after the shelterwood treatments was erratic
and varied greatly among stands and plots within stands.
Although some new oak seedlings were inventoried during
each measurement, most of the new oak seedlings were
associated with the good local acorn crops of 1980, 1986,
and 1987. Nine-year oak seedling establishment ranged
from 500 to 7,000 per acre and averaged 1,640 per acre on
medium sites (site index 10) and 2,170 in site index 75
stands. Northern red and black oak made up 50 percent of
the new oak stems in site index 60 stands and 95 percent in
site index 75 stands. The amount of new oak reproduction
was not related to site quality, overstory density, or
understory ~ control.

Mortality of oak reproduction-Mortality of pretreatment
oak reproduction occurred throughout the 9-year period but
the greatest losses were associated with the drought of
1980 when 30 percent of the original oak stems died the first
year after treatment. Over the 9-year period, mortality of
original oak stems was not significantly influenced by site
quality or overstory stocking but was strongly affected by
understory density control. Loss of original oak stems was
50 percent in stands receiving the intensive treatment, 69
percent in those receiving the partial treatment, and 71
percent in stands with no understory control (table 5).
Mortality was primarily concentrated in the stems in the <1-ft
height class and only about five percent of the original oak
stems >1 ft tall were lost.

Mortality of new oak stems established between 1980 and
1984 was also affected significantly by understory
treatments. Losses of new oak stems in stands receiving the
intensive and partial control treatments were about the same
averaging 20 and 32 percent, respectively. Mortality of new

averaged more than 50 percent (table 5). Mortality in terms
of number of stems was greatest for the red oaks, but losses
in terms of percent of total stems were about the same for

red oaks and white oak for each understory treatment.

Oak regeneration stocking values-Although the
shelterwood treatments applied in this study resulted in an
increase in the numbers of oak stems >1 ft tall over those in
the pretreatment stands, abundance of advance
reproduction alone is not a good indicator of whether oaks
will be a major component of a new stand after harvest.
Reproduction size and distribution  should also be
considered in evaluating oak regeneration potential. Site
quality should also be considered because height growth of
competing species will be greater on the more productive
sites.

Sander and others (1984) developed a procedure to
evaluate the regeneration potential for oak advance
reproduction on upland sites in the Missouri Ozarks. The
method evaluates the probability of individual oak
reproduction  stems  becoming dominants or codominants  at
new stand age 20 years. An oak stocking value of 30 for
reproduction in the present stand will develop to C-level
stocking in the new stand at age 20 years.

Subsequent research indicated that the 1984 prediction
system produced very conservative estimates of oak
stocking values for upland stands in the Missouri Ozarks.
Consequently, a comprehensive regeneration simulator was

developed for more reliable regeneration prediction in the
Ozark Highlands Region (Dey and others 1996). Although
the new system is recommended for regeneration prediction

in the Missouri Ozarks, the more conservative method
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Table 5—Mortality of original and new oak reproduction as affected by understory treatment

Original oak reproduction®

New oak reproduction®

Error Error
Understory mean mean
treatment Mortality square P>F Mortality square P>F
Number of stems
1° 1,014 249
2 1,365 1.49E6 0.88 387 1.58E5 0.27
3 1,278 521
Percent of total
1¢ 50 20
2 69* 3.26E2 01 32 4.03E2 .01
3 71* 53*
é Original oak reproduction present before treatment.
New oak reproduction established afler treatment.
€1 = All stems treated; 2 = stems >5 ft treated; 3 = no treatment.
Mortality values in columns followed by * are significantly different (a = 0.05).
Table 6-Calculated oak stocking values for oak reproduction present before treatment and 5 and 9
years after treatment as affected by understory treatment
Oak stocking value?/understory treatment?
Error
Year ! 2 3 mean square P>F
« » =« -Mean stocking values (x70) =« «««--
1979 12.72 16.36 11.36 9.01El 0.1149
1984 39.70* 57.42** 19.15 3.62E2 .0004
1988 72.31* 97.26" 26.18 1.18E3 .0002

"Stccking value is the contribution of oak reproduction to future stand stocking at stand age 20 years (Sander and others 1984).

1 = All stems treated; 2 = stems >5f{t treated; 3 =no treatment.

¢ Understory means in rows followed by * or ** are significantly different at a = 0.05 and 0.01, respectively.

Sander and others 1984) was used to predict oak stocking
values for the Boston Mountain stands in this study. The
1996 Missouri Ozark system was developed for a
physiographic region having a different array of major
competing understory species and a lower density of
competing stems than are common to upland stands on
medium and good quality sites in the Boston Mountains.

Calculated oak stocking values for pretreatment stands
demonstrate that oak advance reproduction in present
undisturbed upland oak stands on medium and good sites is
currently inadequate to ensure a significant oak component
in the new stands after harvest (table 6). While the mean
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oak stocking value for all plots averaged 1.4, stocking values
averaged 2.1 (range = 0.5 to 3.2) on medium sites and a
mean of 0.6 (range = 0.1 to 2.2) on good sites. After
treatment, stocking values increased on all plots but
stocking values 5 and 9 years after treatment were
significantly greater in stands receiving the partial and
intensive understory control treatments (table 6). Stands
receiving partial treatment produced the greatest initial
response, but after 9 years, the stocking values of stands
receiving the partial and intensive treatments did not differ
significantly. Overstory stocking did not affect oak stocking
values. Plots cut to 40 percent overstory density produced
average stocking values of 5.6 while stands cut to 60




percent averaged 7.5. Site quality did not significantly affect
oak stocking values but the difference between medium and
good sites should be silviculturally significant. Plots in site
index 60 stands receiving the intensive and partial
treatments produced oak stocking values of 11 .0 and 14.6,
respectively.

Plots on the good oak sites (site index 75) had oak stocking
values of 35 and 4.9 for intensive and partial treatments,
respectively. Based on calculated stocking values for
advance reproduction in stands on medium sites with the
intensive and partial treatments would require  approximately
140 and 115 stump sprouts per acre, respectively, to attain
the 30 percent stocking goal. Stands on site index 75 with
complete and partial treatments would require about 195
and 185 sprouts per acre, respectively, to reach the 30
percent stocking value (Sander and others 1984). Predicted
stump sprouting for residual stands in this study would
average only about 20 per acre.

Ash and cherry reproduction will supplement the deficiency
in oak stocking and will result in adequate stocking in stands
on medium sites. However, on good sites, predicted
stocking values for oak, ash, and cherry reproduction would
still be less than one-half the recommended target. On both
medium and good upland sites, the overstory treatments
with  partial or intensive understory control  significantly
increased the numbers of oak, ash, and cherry stems
between 1 and 5 ft in height over the 9-year period. Graney
and Murphy (1995) found that oak, ash, and cherry
reproduction in the |- to 5-ft classes produced the greatest
response to the understory treatments. Thus, the first
treatment developed a pool of advance reproduction that is
now in the height range to produce a significant height
growth response to a second understory treatment. A
second understory treatment is especially required on the
good  sites.

MANAGEMENT IMPLICATIONS

On medium and good upland sites in the Boston Mountains,
oak advance reproduction is plentiful, but most oak stems
are too small to successfully compete with less-desirable
species after harvest. Consequently, the overall
regeneration potential of the oaks is inadequate. Overstory
thinning plus removal of midcanopy stems >1 .6 in. d.hb.h.
increases growth of oak advance reproduction >3 ft tall, but
few stems of this size are present in these mature upland
stands. To enhance development of existing small stems
and ensure survival and growth of new oak stems
established after treatment, intensive  understory treatment
will be required. Removal of all or most of the competing
understory will be necessary if oaks initially 1 to 2 ft tall are
to survive and attain adequate size before final overstory
removal. In fact, two understory treatments may be required
to insure adequate numbers of large stems in these upland
stands on medium sites and will certainly be required on
good upland sites. Understory treatments can he done
chemically or mechanically or by using fire. Treatment by fire
may be desirable because it would mimic disturbance
dynamics of the past.

Small ash and cherry reproduction is also stimulated by
intensive  understory control, and one treatment would
appear sufficient. Large advance ash and cherry
reproduction  require only overstory and midcanopy  density
reduction to compete successfully with other reproduction.
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AN ASSESSMENT OF RESIDUAL STAND CONDITIONS FOLLOWING

SHELTERWOOD-WITH-RESERVES CUTS

IN APPALACHIAN HARDWOODS’

James E. Johnson, Gary W. Miller, John E. Baumgras, and Cynthia D. West?

Abstract-In recent years foresters managing hardwoods in the Southern Appalachians have been investigating a variety
of regeneration methods that lead to the development of a two-aged stand. The reserved trees that make up the older age
class usually meet a variety of objectives such as timber, wildlife food and cover, and aesthetic values. A series of 20
operational cuts in Appalachian hardwood stands was evaluated 2 to 5 years post-logging. Residual stand characteristics
such as species composition, density, volume, grade, and damage were investigated to determine the early fate of the
reserve trees. Residual stand density across the 20 stands averaged 39 ft/ac, the number of residual trees per acre
averaged 47, and the residual stand volume averaged 3,210 bd. ft./ac (Int. ’/4”). Most of the residual stands were classified
as low-risk (69 percent), and only 8 percent of the trees per ac were either standing dead or blown down 2 to 5 years

following the harvest.

INTRODUCTION

For many vyears, foresters have recommended the use of
clearcutting as a method of regeneration for Central
Appalachian  hardwoods.  Clearcutting,  followed by site
preparation to remove residual small or noncommercial
stems, results in a high light environment favorable for the
regeneration of many commercial species such as yellow-
poplar (Liriodendron tulipifera), northern red oak (Quercus
rubra), and black cherry (Prunus serotina). However, public
dissatisfaction with the aesthetics of clearcutting, coupled
with the desire to manage forests for multiple objectives or
on an ecosystem basis, have led to the investigation of
alternative  practices  (Bartuska 1994,  Heissenbuttel  1996).

In recent years, a method of cutting that leaves a light,
residual overstory of 15 to 20 codominant trees occupying
10 to 20 ft* of basal area per ac has emerged. This method
has been called deferment cutting (Smith and others 1989),
and leads to the development of a two-aged stand (Beck
1986). The cut is heavy enough to stimulate seed
germination and sprouting so that regeneration resembles,
in both species composition and numbers, that which would
be expected following clearcutting (Miller and Schuler 1995,
Miller and others 1998). The residual overstory trees
mitigate the visual impact of the logging, provide a
continuing source of seed, provide food and cover for
wildlife, and continue to grow into larger and more valuable
trees for future harvest. The regeneration eventually
develops into a second age class, hence the term ‘“two-aged
stand.” The residual overstory may remain in place for as
long as the entire next rotation, typically 80 years, or may be
gradually removed along with regular thinnings when the
younger age class develops to a merchantable size, typically
40 vyears. This practice, by current definition, is known as
shelterwood-with-reserves.

A recent inventory of commercial timber harvests in West
Virginia has shown that, while partial cuts are common,

planned shelterwood seed or removal cuts are not (Fajvan
and others 1998). In a random survey of 99 harvests, only

about 20 percent were associated with a planned
silvicultural ~ application. ~ Nevertheless, — shelterwood-with-
reserves is being used by the U.S. Forest Service
Monongahela National Forest, and to a lesser extent on
forest industry and private nonindustrial lands. This study
was established to investigate the residual stand
characteristics and regeneration  following 20  such
operational cuts on the Monongahela National Forest in
West Virginia. This paper will report only the stand-level
characteristics, individual tree quality characteristics and
regeneration having been reported elsewhere (Johnson and
others 1998).

METHODS

Study Area

During 1996, 20 tracts were identified on the Monongahela
National Forest in West Virginia (table 1). The stands had all
received a shelterwood cut two to five growing seasons prior
to measurement. Previous studies have shown that butt log
epicormic  branches and logging wounds appear within two
years after cutting, and change little over the next eight
years (Smith and others 1994, Miller 1996); thus, it was felt
that an evaluation after two growing seasons would be
sufficient to evaluate residual quality. The study tracts were
located on four ranger districts, and were part of the ongoing
timber sale program on the forest. Tracts ranged from 8 to
33 ac in size and occurred in two physiographic provinces
and three forest cover types (table 1). Residual stands were
generally left to meet aesthetic, timber, and wildlife
objectives.  Site preparation, which entailed cutting all stems
greater than 1 in dbh, but less than 5 in dbh, was completed
during or soon after logging in each stand.

Residual Stand Measurements

Both stand level and individual tree measurements were
made in each stand. In each stand, BAF 10 prism points
were systematically established, at a density of one per ac
up to a maximum of 25 per stand. All trees 5.0 in dbh and
larger were tallied. From the point sampling data, number of
trees per ac, basal area per ac, and International %" bd. ft.

1 Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

2 professor of Forestry, College of Forestry and Wildlife Resources. Virginia Polytechnic Institute and State University, Blacksburg, VA 24061;
Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Parsons, WV 26287; Research Forest Products Technologist,
USDA Forest Service, Northeastern Forest Experiment Station, Morgantown, WV 26505-3101; and Research Forest Products Technologist,
USDA Forest Service, Northeastern Forest Experiment Station, Virginia Polytechnic Institute and State University, Blackshurg, VA 24061,

respectively.
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Table I-General description for 20 shelterwood cuts on the Monongahela National Forest

Ranger Physiographic Site Year of  Management
Stand District Area Province Forest cover type index?  harvest objectives
Acres

! Greenbrier 15 Allegheny Mts. Beech-cherry-maple 78 1993 TWA
2 Greenbrier 13 Allegheny Mts. Beech-cherry-maple 89 1994 TWA
3 Greenbrier 15 Allegheny Mts. Beech-cherry-maple 80 1992 TWA
4 Greenbrier 10 Allegheny Mts. Beech-cherry-maple 70 1993 TWA
5 Greenbrier 10 Allegheny Mts. Beech-cherry-maple 89 1993 TWA
6 Greenbrier 13 Allegheny Mts. Beech-cherry-maple 81 1992 TWA
7 Greenbrier 22 Allegheny Mts. Beech-cherry-maple 69 1993 TWA
8 Greenbrier 13 Allegheny Mts. Beech-cherry-maple 74 1992 TWA
9 Greenbrier 25 Allegheny Mts. Mixed Appal. hdwds. 72 1995 TWA
10 Potomac 24 Allegheny Mts. Mixed Appal. hdwds. 85 1993 TA
1 Potomac 14 Ridge & Valley Mixed oaks 60 1993 T

12 Potomac 14 Ridge & Valley Mixed oaks 65 1992 T

13 Potomac 13 Ridge & Valley Mixed oaks 60 1992 T

14 Potomac 8 Allegheny Mts. Beech-cherry-maple 58 1992 WA
15 Potomac 33 Ridge & Valley Mixed oaks 54 1994 TA
16 Potomac 13 Allegheny Mts. Beech-cherry-maple 58 1992 W

17 Potomac 9 Allegheny Mts. Beech-cherry-maple 58 1992 W
18 Cheat 10 Allegheny Mts. Mixed Appal. hdwds. 65 1994 T

19 Cheat 10 Allegheny Mts. Mixed Appal. hdwds. 75 1994 W
20 Marlinton 24 Allegheny Mts. Mixed Appal. hdwds. 58 1994 WA

? Site index is average ht. in ft of dominant and codominant trees at 50 yrs of age.
b Management objectives are timber (T), wildlife (W), and aesthetics (A).

volume per ac were computed by species, risk class, and
potential use. Risk classes used were: 1 = low risk of death
or blowdown within 10 years; 2 = moderate risk; 3 = high risk
of death or blowdown within 10 years; 4 = standing dead
with death occurring after the cut; and 5 = blown down after
the cut. Trees with low forks, severe lean, weak crowns,
and/or advanced decay were generally classed as high risk.
Potential use classes were timber or wildlife/aesthetic.
Wildlife/aesthetic trees were residual trees of non-
commercial species or commercial species that were of
such poor quality before logging as to render them non-
merchantable. Timber trees were of a commercially
desirable species and contained merchantable volume for
pulpwood or sawtimber.

RESULTS

Four of the ranger districts on the Monongahela National
Forest have adopted the shelterwood-with-reserves method
as a standard practice. The oldest of the cuts surveyed was
completed in 1992, while the most recent were completed in
1995 (table 1). Harvest tracts ranged from 8 to 33 ac in size,
and occurred in three primary forest cover types —— beech-
cherry-maple, mixed Appalachian hardwoods, and mixed
oaks. The beech-cherry-maple cover type occurs at the
higher elevations in the Allegheny Mountains, and consists
of American beech (Fagus grandifolia), black cherry, sugar
maple (Acer saccharum), sweet birch (Betula lenta), yellow

birch (B. alleghaniensis), and red maple (A. rubrum). Lesser
amounts of white ash (Fraxinus americana) and eastern
hemlock (Tsuga canadensis) occur. Site index averaged 73
feet at base age 50 years. The mixed Appalachian
hardwoods also occur west of the Allegheny Front, but at
lower elevations. Typical species include yellow-poplar,
northern red oak, sugar maple, white ash, and American
basswood (Tilia americana), and site index averages 71
feet. The mixed oaks occur on the drier sites in the Ridge
and Valley Physiographic Province east of the Allegheny
Mountains. Site index for the mixed oak stands surveyed in
this study averaged 60 ft. at 50 years (table 1). Typical
species include white oak (Q. alba), chestnut oak (Q.
prinus), black oak (Q. velufina), scarlet oak (Q. coccinea),
and various hickories (Carya spp.). Management objectives
for the harvested tracts varied somewhat by ranger district
(table 1). For example, on the Greenbrier Ranger District,
the multiple objectives of timber production, wildlife habitat,
and aesthetic concerns controlled the selection of reserve
trees. Timber production alone was an objective for three
stands on the Potomac Ranger District, and one stand on
the Cheat Ranger District (table 1). The decision to adopt
the shelterwood-with-reserves method and create two-aged
stands was mainly driven by wildlife and aesthetic concerns,
but was made easier because the method had been
researched from a timber management perspective (Miller
and others 1997).
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There are usually several objectives to be met by the
shelterwood-with-reserves  method. The cut must be heavy

enough

to allow for adequate regeneration of desirable

species, the residual stand must be dense enough to insure
that visual quality is maintained, and the residual trees
should remain healthy to maintain visual quality and satisfy

future

timber and wildlife needs. It is important, therefore,

that the cut lead to adequate regeneration of a new age

class,
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and the residual stand remain intact with minimal

mortality, blowdown, or grade loss. General characteristics
for the 20 stands measured in this study are presented in
Tables 2 and 3. Residual basal area ranged from 6 to 75 ff
per ac, and averaged 39 ft* per ac. Current guidelines call
for two-aged residual basal areas to range from 10 to 40 ft?
of basal area per ac. Half the stands in this study fell within
that range, with most of the rest above. The residual trees
per ac numbered, on average, 47, with a range of 8 to 74.
This total includes both pulpwood and sawtimber-sized

Table P-Residual stand characteristics for 20 shelterwood cuts on

the Monongahela National Forest

Stand Basal area Number of trees Volume/acre
Ft? per acre Trees per acre Int. %" bf
1 58 63 5,920
2 75 74 6,020
3 40 43 3,540
4 47 48 3,640
5 29 46 1,330
6 39 32 3,600
7 31 40 2,190
8 70 66 6,250
9 58 67 5,220
10 32 38 2,520
11 46 58 3,790
12 51 72 3,730
13 23 26 2,090
14 12 21 570
15 42 47 3,400
16 14 22 750
17 6 8 520
18 44 81 3,250
19 35 34 3,770
20 31 59 1,880
Means 39 47 3,210

Table 3-Residual basal area, number of trees, and volume by risk classes following two-aged

cutting of 20 tracts on the Monongahela National Forest

Basal area Number of trees Volume per acre

Risk Standard Standard Standard
class? Mean error Range Mean error Range Mean error Range

------ FPperacre===----- -----Treesperacre----- ~~====== Int. B"bf --------
1 26.9 3.0 4.0-48.8 30.4 3.2 5.1-53.2 2,490 336 1,280-3,150
2 5.9 7 .0-120 8.4 1o .0-19.4 380 59 130- 550
3 3.4 8 .0-14.0 4.5 9 .0-14.0 160 37 50- 170
4 15 4 .0- 6.0 1.8 .5 .0- 6.1 80 24 o- 130
5 1.4 4 .0- 6.0 2.1 7 0117 100 32 0- 160
Total 39.1 b - 472 - - 3,210 - —

8 Risk classes: 1 = low; 2 = moderate; 3 = high; 4 = standing dead with death occurring after cut; 5 = blown down after cut.

No value.




trees. Volumes ranged from 520 to 6250 bd. ft. per ac, with
an average of 3210. Across all stands the dominant risk
class was low. For example, 69 percent of the basal area
and 64 percent of the trees were classified as low-risk. Loss
due to standing mortality and blowdown was also low. On
average, only 7 percent of the basal area and 8 percent of
the trees per ac fell into these classes. If high-risk trees
eventually die, mortality may rise to 16 percent (table 3).

As trees were sampled, any that had commercial value due
to size, species, and quality, were classified as timber trees.
Culls, trees with cavities, and noncommercial trees with hard
or soft mast potential are examples of trees that were
classified as wildlife trees. The distribution of trees by use
class is presented in Table 4. A relatively small proportion of
the residual trees did not have commercial value. For
example, the basal areas and volumes shown for wildlife
trees in Table 4 represent only 9 to 20 percent of the

residual basal area, and 9 to 11 percent of the residual

board foot volume. It is also important to point out that many
trees, such as all the oaks, can meet both objectives.

The species distribution of reserve trees is shown in Table 5.
In the beech-cherry-maple type, American beech comprised
the majority of the residual basal area. This species, while
having low commercial value, has a high wildlife value due
to hard mast production. Additionally, many of the larger, old
beech trees also have cavities. Interestingly, 18 percent of
the residual basal area in this type is comprised of black
cherry, the highest-value species. In the mixed Appalachian
hardwood type, northern red oak and sugar maple
dominated the residual stand, while in the mixed oak type
northern red oak and chestnut oak comprised the majority of
the residual basal area (table 5). The mast-producing oaks,
important to wildlife, comprised 41 percent of the residual
basal area in the mixed Appalachian hardwood stands and
45 percent in the mixed oak stands in the Ridge and Valley.

Table 4-Distribution of basal area, number of trees, and volumes by use classes for 20 residual
stands following two-aged cutting on the Monongahela National Forest

Basal area Number of trees Volume

Ranger
District n Timber Wildlife Timber Wildlife Timber Wildlife

---Ft peracre - - - - - Trees per acre «» = » Bd. ft. per acre «
Greenbrier 9 39.7 9.7 43.2 9.9 3,770 420
Potomac 8 24.2 4.0 31.9 4.6 1,930 250
Cheat 2 35.9 3.7 54.1 3.3 3,190 320
Marlinton 1 27.8 3.7 52.1 9.4 1,710 180

Table 5—Dominant species composition, expressed as a percentage of basal area, in 20
residual stands following two-aged cutting on the Monongahela National Forest

Physiography and forest cover type

Allegheny Mountains Allegheny  Mts.  mixed Ridge & Valley
beech-cherry-maple Appalachian hardwoods mixed oaks
Species (n=11) (n =5 (n=4
--------------------- «Percent e«ceaearmcciinnacann
American beech 36 5 0
Black  cherry 18 3 0
N. red oak ! 26 19
Sugar maple 21 20 8
Red maple 12 7 9
Yellow-poplar 1 2 6
American basswood 0 8 0
White oak 0 8 8
Chestnut oak 0 7 18
Other species® 1 15 31

& Other species include red spruce (Picea rubens), eastern hemiock white ash, sweet birch, yellow birch, ~misc.
hickories, serviceberry (Amelanchier arborea), scarlet oak, black oak, black walnut (Juglans nigra), blackgum
(Nyssa sylvatica), black locust (Robinia pseudoacacia), slippery elm (Uimus rubra), and pitch pine (Pinus rigida).
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DISCUSSION

The purpose of this study was to evaluate reserve
shelterwood stands from a timber perspective. This is still a
relatively new practice, and future applications will depend
upon knowledge and experience developed by the current
practitioners. Nine of the 20 stands, or 45 percent, were left
with a residual overstory above the original goal, indicating
that foresters are reluctant to mark the stands heavily. In
some stands, clumps of trees were left for wildlife purposes.
In these areas the potential for regenerating shade-intolerant
species is relatively low. Maintaining a large residual
overstory is likely to be detrimental in the long run, and
certainly the 40 ft¥/ac basal area should be considered an
upper limit. For example, if 40 trees, each 14" in dbh, were
left per acre as a residual, the stand would be at the upper
limit of 40 ft¥ac basal area. Assuming no mortality and an
average growth rate of two inches per decade, after 40
years each tree will have a dbh of 22 in, or a basal area of
2.64 2. This represents a stand basal area of 106 ft/ac, a
fully stocked conditon with no room for a younger age class
struggling to reach the main canopy. In a case like this, it is
obvious that some intermediate treatments in the residual
stand will be necessary to create more growing space for
the new age class of trees.

Although the intent of this study was not to evaluate the
wildlife or aesthetic values of the stands, subjective
observations indicate that these goals will be met as well
Large proportions of the residual stands are comprised of
soft and hard mast-producing species like black cherry,
American beech, northemn red oak, white oak, and chestnut
oak. A recent evaluation of several 10- to 15-year-old two-
aged stands in West Virginia has shown that the practice
results in a diversity of woody species and vertical
structures. Songbird density counts were higher in the two-
aged stands than in adjacent even-aged stands over a two-
year observation period (Miller and others 1995). Further
evaluation of the wildlife implications of two-aged cuts is
progressing.

Two-aged cuts appear to mitigate the visual impact of timber
harvesting, at least after several years. Figure 1 shows a
background, middleground, and foreground sequence of a
two-aged cut on the Potomac Ranger District, taken during
late spring. The area is not highly visible from a distance,
and has the appearance of a heavily thinned area up close.
Figure 2 shows an interior view of a two-aged stand four
years following the cut. Site preparation, which removes
stems from 1 to 5 in dbh, increases the visual penetration.
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Figure |-(A) A two-aged cut on the Potomac Ranger District viewed
from background; (B) A two-aged cut on the Potomac Ranger District
viewed from middleground; (C) A two-aged cut on the Potomac
Ranger District viewed from foreground.




Figure 2-Interior view of a two-aged stand 4 years following the cut.
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RESPONSE OF VASCULAR PLANT COMMUNITIES TO HARVEST IN
SOUTHERN APPALACHIAN MIXED-OAK FORESTS: TWO-YEAR RESULTS’

Bryan W. Wender, Sharon M. Hood, David Wm. Smith,
Shepard M. Zedaker, and David L. Loftis?

Abstract-A long-term study has been established to monitor the effects of seven silvicultural prescriptions on vascular
flora community attributes. Treatments include a control, understory vegetation control, group selection, two levels of
shelterwoods, leave-tree, and clearcut. Second growing season, post-treatment results are compared to pre-harvest values
for residual basal area, residual mean diameter, and species richness. Species richness is a count of species per defined
unit of area. Species richness is reported for tree, shrub, and herb strata, as well as at an overall treatment level. Following
treatment, mean residual basal area and diameters are within or near cutting specification ranges for all treatments. Tree
stratum species richness declines with increasing canopy disturbance. Shrub stratum species richness appears unaffected
by treatment. Similarly, richness of woody species in the herb stratum does not change in response to treatment. An

increase in richness of non-woody species in the herb stratum is detectable at a large sampling scale, but not at finer

scales.

INTRODUCTION

The management of forested lands for wood products and
the maintenance of biological diversity are often not
perceived as compatible. The ongoing discussion  between
forest managers and a public that is increasingly critical of
commercial forestry practices-most notably timber
harvesting-warrants greater consideration for
understanding ecosystem condition in future management
regimes. Already land management agencies, the forest
industry, and professional forestry organizations have taken
steps toward achieving this end. The National Forest
Management Act of 1976 mandates the preservation of
diversity on all federally managed lands. A task force
assembled by the Society of American Foresters (1991)
extended its recommendations for maintaining, and where
appropriate,  enhancing diversity, to all professional foresters
working on both public and private lands. The framework,
however, for developing a national strategy to achieve these
goals did not exist in the early 1990's, and as yet is only in
the development stages (Salwasser 1990). Fundamental to
that framework, but noticeably lacking, is experimental data
demonstrating how natural patterns of diversity and species
composition are affected by forest management practices
(Roberts and  Gilliam ~ 1995).

In May of 1993, the Virginia Polytechnic Institute and State
University, College of Forestry and Wildlife Resources, in
cooperation with the Jefferson National Forest, the Southern
Research  Station, and the Westvaco Corporation initiated a
long-term  study entitled, “The Impacts of Silviculture on
Biodiversity in the Southern Appalachians”. The objective of
this undertaking is to quantify changes in floral and
salamander community attributes over time in response to
seven silvicultural treatments. The short-term response  of
salamanders has been reported elsewhere (Harpole and
Haas 1999); this report addresses only changes in the
vascular plant community. Specifically, we examined short-
term changes in woody and herbaceous plant species
richness in response to different levels of canopy removal
associated  with  seven silvicultural  treatments.

STUDY AREA

Each of the three 14-ha study sites is located within the
Ridge and Valley physiographic province of southwest
Virginia.  Site selection criteria  were stand age, site quality,
elevation, aspect, forest type, and recent disturbance
history. Sites were to represent south-facing, moderately
productive, mixed-oak stands at elevations of 600-1 200 m.
Sites were to be composed of a contiguous, harvestable
stand whose dominant trees were age 60-120. Only sites
that appeared to be free of silvicultural disturbance for the
previous 15 vyears were selected. Sites were established on
the Jefferson National Forest; the Blacksburg 1 (BB1) and
Blacksburg 2 (BB2) sites are located in the Blackshurg
Ranger District, while the New Castle (NC) site is located in
the New Castle Ranger District.

METHODS

Study Design

A randomized complete block (RCB) experiment with sub-
sampling was established with three replicate sites. Each
14-ha study site is divided into seven 2-ha treatment plots to
which  the seven silvicultural prescriptions were applied.
Treatment application was completed in March 1995 for BB1
and June 1996 for both BB2 and NC. Treatments include a
control, understory  vegetation control, group  selection
harvest, two levels of shelterwood harvests, a leave-tree
harvest, and a clearcut. Understory vegetation control was
achieved via streamline basal applications of Garlon 4 and
Stalker to undesirable midstory stems. The objective of the
chemical control was to favor advance regeneration of
preferred  species, particularly oaks (Quercus spp.). The
group selection treatment consisted of up to three harvest
groups whose diameters were not to exceed twice the height
of the adjacent canopy. The stand was thinned between
groups. The two shelterwood harvests differed in the basal
area and size distribution of residual stems. The high-leave
shelterwood retained 12-14 m?ha of dominant canopy basal
area. The low-leave shelterwood retained 4-7 m#ha of pole
timber basal area. The residual stands in each shelterwood
treatment may be harvested as deemed necessary following

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

! Graduate Research Assistants and Professors, College of Forestry and Wildlife Resources, Virginia Polytechnic Institute and State University,
Blacksburg, VA 24060; and Project Leader, USDA Forest Service, Southern Research Station, Asheville, NC 28806. respectively.
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future stand evaluation. The leave-tree harvest was not to
exceed 4-6 mha in sawtimber trees intended to remain
throughout the rotation. All stems to 5 cm diameter at breast
height (dbh) were removed in the clearcut treatments.

Vegetation was sampled using a nested plot design.
Species composition lists of all vascular flora were compiled
by conducting a 100 percent walk through inventory of each
2-ha treatment plot. Nested within each treatment plot are
three randomly located 24x24 m tree plots. The species,
dbh, canopy position, and spatial location were recorded for
each tree within a tree plot. The tree stratum was defined as
all stems >5 m. Tree plots were further divided into sixteen
6x6 m shrub plots. Three randomly selected shrub plots
were used to record crown diameter and number of
rootstocks by species within the shrub stratum. Shrubs were
defined as those stems I-5 m in height. The herbaceous
stratum was sampled in 1x1 m herb plots systematically
nested along the perimeter of tree plots. Of the eight herb
plots per tree plot, six were randomly selected and sampled.
Attributes measured in herb plots were number of individuals
and percent cover by species. The herb stratum includes all
woody and non-woody stems <1 m in height. Herb plot
sampling and treatment plot walk through inventories were
performed in mid-May to early June and again in early
August in order to account for differences in early and late
season species assemblages. Shrub and tree plots were
sampled only once in June. Pre-treatment sampling was
conducted on all sites the growing season immediately prior
to treatment application. BB1, therefore, was first sampled in
1993 while BB2 and NC were sampled in 1995. Post-
treatment sampling was conducted the second full growing
season following treatment application: BB1 in 1996, BB2
and NC in 1998. Pre- vs. post-harvest comparisons allowed
for an initial assessment of treatment effects on plant
community attributes.

Data Analysis

Species richness is calculated as the number of species per
unit of area. Richness values are not comparable across
different units of area. Changes in woody, herbaceous, and
total species richness were evaluated by stratum and at the

2-ha treatment level. Tree species richness was tallied as
the mean number of species per 576-m' tree plot. Shrub
plots within each tree plot were pooled and averaged across
tree plots to determine number of shrub species per 108 m?,
Similarly, herb plots were pooled and averaged across tree
plots to determine number of herb-stratum species per 6 m?.
Analysis of variance (ANOVA) for a RCB experiment and
Tukey's Multiple Comparison Test were used to determine
those treatments in which mean pre- vs. post-treatment plot
richness values differed significantly (a=0.10).

RESULTS AND DISCUSSION

Canopy Removal

Prior to treatment, mean basal area for three sites ranged
from 23.6 to 29.6 m%ha for the seven treatments (table 1).
Mean tree dbh ranged from 13.7 to 157 cm. Treatment
application resulted in residual basal area and dbh values
that are consistent with treatment specifications. Values in
the control and understory vegetation control treatments
remained largely unchanged. Approximately half of the total
treatment plot basal area was removed in the group
selection treatment. The high-leave  shelterwood  plots
retained only slightly less basal area than desired and
exhibited an expected increase in mean dbh. The low-leave
shelterwood treatment also retained slightly lower than
anticipated basal area, but exhibited an expected decrease
in dbh. Basal area for the leave-tree treatment was within
the target range, and the large increase in mean dbh reflects
the selection of saw-timber trees as residuals. Basal area
within  the clearcut treatment was negligible. Treatments
effectively represent a variable range of canopy
manipulation and stand  structure, and consequently
represent a full range of light conditions on the forest floor.
Meier and others (1995) cited changes in forest floor light
conditons as a mechanism for change in species diversity
for harvested Appalachian hardwood stands.

Species Richness

In the pre-treatment condition, mean number of tree species
per 576 m? tree plot ranged from 8.9 to 11 species (table 2).
Significant  reductions in tree species richness were
observed in treatments associated with the highest levels of

Table I-Pre-treatment vs. post-treatment mean basal area (m*ha) and diameter at
breast height (cm) for each of seven silvicultural treatments. Mean of Blacksburg 1,
Blacksburg 2, and New Castle study sites on Jefferson National Forest, southwest VA

Pre-treatment

Post-treatment

Treatment Basal area D.b.h. Basal area D.b.h.
Control 23.6 13.7 23.9 13.7
Understory herbicide 27.3 14.0 28.9 16.0
Group selection 27.8 14.5 12.6 16.3
High-leave shelterwood 28.0 14.0 11.7 18.3
Low-leave shelterwood 28.9 15.7 3.0 14.5
Leave-tree 28.0 14.7 2.8 22.4
Clearcut 29.6 14.2 0.5 9.1
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Table 2-Changes in tree stratum species richness, 2 years post treatment for each
of seven silvicultural treatments. Mean of Blacksburg 1, Blacksburg 2, and New Castle
study sites on Jefferson National Forest, Southwest VA

Species richness (per 576 m?)?

Treatment Pre-treatment Post-treatment Net change
Control 9.3 9.9 0.6
Understory herbicide 10.6 9.8 -0.8
Group selection 10.6 7.6 -3.0
High-leave shelterwood 9.2 6.6° -2.6
Low-leave shelterwood 10.8 3.9° -5.7
Clearcut 9.9 1.8° 8.1

4 Number of species per 576-m’ tree plot.

Post-treatment species richness significantly lower than pre-treatment values (a = 0.1).

canopy disturbance. The clearcut, leave-tree, and low-leave
shelterwood treatments respectively retained only 1.8, 3.2,
and 3.9 species/576 m? Absence of species from the tree
plot does not reflect an absence of a species from the
treatment plot, and may be a function of changes in species
evenness, rather than a treatment level change in richness.
Additionally, the absence of a species in the tree stratum
does not preclude its existence in the shrub or herb strata.

Neither the richness of woody species or non-woody species
in the herb stratum was affected by treatment. Number of
woody species ranged from 11.6 to 14.0 species/6 m? before
treatment (table 4). The number of non-woody species
ranged from 4.1 to 11.4 species/6 m? (table 5). Species
richness was anticipated to increase within the herb stratum
in response to canopy manipulation. The apparent lack of
such a tendency does not mean that richness did not

increase, but only that it was not detectable at such a small

Shrub  species richness in pre-treatment plots ranged from scale of sampling.

6.2 to 9.2 species/l08 m? (table 3). No change in shrub

species richness in response to treatment was observed. Results from the 2-ha walk through inventories support the
While harvesting reduced richness of the main canopy in the claim that herb stratum species richness increased following
tree plots, there is no reason to suspect that the shrub canopy removal. Significant increases in  non-woody  species
stratum would be similarly affected. richness were observed in the group selection, high-leave

Table 3-Changes in shrub stratum species richness, 2 years post treatment for each
of seven silvicultural treatments. Mean of Blacksburg 1, Blacksburg 2, and New Castle
study sites on Jefferson National Forest, southwest VA

Species richness® (per 108 m?)°

Treatment Pre-treatment Post-treatment Net change
Control 9.2 7.4 1.8
Understory herbicide 9.1 6.9 2.2
Group selection 7.7 7.9 0.2
High-leave shelterwood 7.0 6.3 0.7
Low-leave shelterwood 7.0 5.7 1.3
Leave-tree 9.0 6.2 2.8
Clearcut 6.2 4.8 1.4

? No significant difference between pre- and post-treatment species richness for any treatment (a=0.1).
b Number of species per three 36-m? shrub plots.
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Table 4-Changes in woody species richness in the herb stratum, 2 years post
treatment for each of seven silvicultural treatments. Mean of Blacksburg 1,
Blacksburg 2, and New Castle study sites on Jefferson National Forest, southwest VA

Species richness? (per 6 m?)°

Treatment Pre-treatment Post-treatment Net change
Control 13.6 15.4 1.8
Understory herbicide 12.9 14.0 11
Group selection 13.7 16.8 3.1
High-leave shelterwood 12.3 16.8 4.5
Low-leave shelterwood 11.3 16.2 4.6
Leave-tree 13.3 15.4 2.1
Clearcut 14.0 16.9 2.9

 No significant difference between pre- and post-treatment species richness for any treatment (a = 0.1).
® Number of species per six 1-m? herb plots.

Table 5—~Changes in non-woody species richness in the herb stratum, 2 years post
treatment for each of seven silvicultural treatments. Mean of Blacksburg 1,
Blacksburg 2, and New Castle study sites on Jefferson National Forest, southwest VA

Species richness?® (per 6 m?)°

Treatment Pre-treatment Post-treatment Net change
Control 10.4 10.3 -0.1
Understory herbicide 8.8 8.0 -0.8
Group selection 11.3 6.3 19.6
High-leave shelterwood 5.1 9.6 -5.0
Low-leave shelterwood 6.6 12.7 6.8
Leave-tree 11.4 18.2 4.5
Clearcut 4.1 23.7 6.1

% No significant difference between pre- and post-treatment species richness for any treatment (a o 0.1).
¥ Number of species per six 1-m? herb plots.

shelterwood, leave-tree, and clearcut treatments (table 6). manipulation.  Significant  increases in  non-woody  species
Extreme variability in the response of the three replicates to richness were observed at a treatment plot level, but not at
the low-leave shelter-wood precluded that treatment from the finer herb plot level.
exhibiting  significant  results.  Results suggest that small area
sampling plots may be inappropriate for detecting changes The reported results represent only two growing seasons of
in species richness for herbaceous species. what is intended to be at least a 50-year undertaking. To
date, seven sites have been established and treated in the
Walk through inventories revealed no significant changes in Ridge and Valley and Allegheny Plateau physiographic
the number of woody species at the treatment plot level. regions of Virginia and West Virginia. Expansion to the
Number of pre-treatment species ranged from 32 to 39 Piedmont region of Virginia is being considered. The initial
species/2 ha (table 7). Tree species not detected at the tree post-treatment  vegetation sampling will be complete on all
plot level on highly disturbed treatments were observed at treated sites by August of 2000. Study sites will continue to
the treatment plot level. be sampled at periodic intervals to monitor long-term
changes in plant community attributes. By coupling the
CONCLUSION vascular flora and salamander components of this study, the
Iniial analyses of changes in species richness demonstrate resulting data on rates and magnitudes of changes within
a reduction of species in the tree stratum for high- these communities will serve as an assay of ecosystem
disturbance  treatments.  Shrub  stratum  species  richness conditions and recovery from disturbance resulting from
appears unaffected, regardless of level of overstory forest management practices.

37



Table S-Changes in non-woody species richness per treatment plot, 2 years post
treatment for each of seven silvicultural treatments. Mean of Blacksburg 1,
Blacksburg 2, and New Castle study sites on Jefferson National Forest, southwest VA

Species richness (per 2 ha)®

Treatment Pre-treatment Post-treatment Net change
Control 51 78 27
Understory herbicide 44 11 27
Group selection 50 115° 65
High-leave shelterwood 35 92° 57
Low-leave shelterwood 52 150 98
Leave-tree 36 138° 102
Clearcut 43 124° 98

2 Number of species per 2-ha treatment plot.
Post-treatment species richness significantly higher than pre-treatment value (a = 0.1).

Table 7—Changes in woody species richness per treatment plot, 2 years post treatment
for each of seven silvicultural treatments. Mean of Blacksburg 1, Blacksburg 2, and
New Castle study sites on Jefferson National Forest, southwest VA

Species richness® (per 2 ha)®

Treatment Pre-treatment Post-treatment Net change
Control 37 38 |
Understory herbicide 36 39 3
Group selection 39 44 5

7
Hogih branee - Sineslttermwanald 33 34 9
Leave-tree 38 43 5
Clearcut 35 41 6

& No significant difference between pre- and post-treatment species richness for any treatment (a = 0.1).
Number of species per 2-ha treatment plot.
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AN EVALUATION OF BIOLOGICAL CONSTRAINTS TO THE EARLY
GROWTH OF NATURAL HARDWOOD REGENERATION ON NORTH

CAROLINA PIEDMONT CLEARCUTS’

Mark A. Romagosa and Daniel J. Robison?

Abstract-Replicated 10 m? plots were installed on three clearcuts in the Piedmont to release hardwood regeneration from
various biological constraints. Treatments consisted of, 1) control, 2) hand weeding, 3) insecticide + fungicide + mammal
repellent (the “pesticide” treatment), and 4) hand-weeding + the pesticide treatment. Treatments were applied regularly
throughout the first and second growing seasons (1997 and 1998). Heights (h), basal diameters (d), and
survival/recruitment of hardwood regeneration were assessed monthly. By the end of the second growing season, the d?h

volume index for individual stems was significantly greater (p

< 0.05) for the hand weeding + pesticide treatments than on

control plots for all three sites. These differences ranged from 3 to 25 times greater among the three sites. Additionally,
during year two, paired 10 m? plots consisting of fenced exclosures and unprotected areas were installed to estimate  white-
tailed deer (Odocoileus virginianus) browse pressure. The d*h volume index was three times greater in the exclosure

treatment.

INTRODUCTION

Hardwood regeneration may be the most important and
complex phase of natural hardwood forest management. In
some regions, decline in the regeneration of valuable
hardwood species is of particular concern to forest
managers and has become a widespread problem in the last
50 years (Lorimer 1993). Especially confounding are
situations where viable seeds, seedlings, and sprouts are
abundant in even-aged regeneration, yet subsequent losses
prevent adequate stand establishment of desirable species.
Biological constraints such as fungi (Korstian 1927), insects
(Galford and others 1991), weeds, and browsing mammals
(Brenneman 1983, Von Althen 1983), in addition to tree-tree
competition, have been cited as reasons for insufficient
hardwood  regeneration; however, these constraints remain a
relatively —poorly understood component of the regeneration
process.

Stanosz  (1994) provided some insight into the constraining
effects of fungal and insect pests on hardwood regeneration
when he demonstrated increased survival of sugar maple
seedlings by using systemic pesticides (fungicide and
insecticide) to control pests. Weeds have been recognized
by foresters as a hindrance to the regeneration process
since the early 1900's (Walstad 1981). Moreover,
competition from weeds is often considered the biological
constraint that is most threatening to successful hardwood
regeneration. Browsing of young trees by deer can lead to
substantial  declines in height growth for many important
hardwood timber species (Harlow and Downing 1970,
Tierson and others 1966). Furthermore, browse pressure
has recently intensified due to rapidly increasing deer
populations over the past 50 vyears (Michael 1989).

These hiological constraints may lead to changes in species
composition, inadequate stocking, and diminished growth
and productivity, all of which contribute to delayed stand
establishment and/or development. In order to effectively
manage for adequate regeneration that will meet the timber

demands on hardwood forests, a more complete
understanding  of biological constraints to  hardwood
regeneration is  essential.

The objectives of this study were to examine the growth and
survival responses of natural hardwood regeneration
(seedling and sprout origin) during the first and second
years following clearcutting, and to experimentally
manipulate these responses by limitng some of the
biological determinants of regeneration success. Replicated
treatments on three sites were applied to mimic the effects
of competition with non-hardwood species, browsing insects
and mammals, and fungal diseases, and to measure
regeneration  success under various combinations of these
treatments.

METHODS

Site  Descriptions

Three clearcuts (Sites A, B, and C) on two forests in the
lower Piedmont were selected as research sites. The
forests, Schenck Memorial (Wake County) and Hill
Demonstration  (Durham  County), are properties of the
Department of Forestry at North Carolina State  University.
The sites were salvage clearcut during the winter of 1996/97
in response to impacts from Hurricane Fran (September 6,
1996). Clearcutting provided the sites with rising, putatively,
one-year-old regeneration for this  study.

Sites A and B are located within Schenck Forest and Site C
is within Hill Forest. Site A was 2.5 hectares (ha) and was
principally comprised of a natural stand of 89-year-old
loblolly pine (Pinus taeda) before clearcutting. Site B was
14 ha and was principally comprised of a natural stand of
88-year-old hardwoods (predominantly Quercus species)
prior to cutting. Site C was 1.2 ha and was principally
comprised of a 42-year-old loblolly pine plantation prior to
cutting. A summary of regenerating stand data is presented
in Table 1.

f Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18. 1999.
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Table I-Regenerating stand data recorded at the start of the study in July 1997

Seed No. of Three most
Site Stems/ha origin species dominant species
Percent Percent of total stems
A 5,323 93 13 Liriodendron  tulipifera (6 1)
Acer rubrum (24)
Liquidambar styracifiua (6)
B 15,477 94 11 Liriodendron tulipifera (70)
Acer rubrum (13)
Quercus alba (5)
C 6,751 49 17 Acer rubrum (23)

Liriodendron tulipifera (20)
Cercis canadensis (16) (redbud)

Experimental Design and Sampling

Fungi, insects, weeds, and browsing

mammals-Beginning in July, 1997, four treatments were
applied during the first two growing seasons-(l) Pesticide
Treatment = every six weeks a foliar/stem application of Ro-
pel® animal repellent in 1997 and Deer-Away@ repellent in
1998; and biweekly a tank mixture of the broad-spectrum
insecticide acephate (Orthene® at 1 .16 g/L water) + the
broad-spectrum  fungicide benomyl (Benlate® at 0.69 g/L
water), (2) Weeded Treatment - biweekly shear weeds (all
non-hardwoods) at ground level with hand-pruners, (3)
Pesticide + Weeded Treatments, and (4) Untreated Control.

Treatment plot dimensions were 3.16 m x 3.16 m (10 m?).
Plot size was established by constructing species/area and
density/area curves. These relationships suggested that a
10 m? plot would adequately capture all hardwood species
present on the sites, but not necessarily provide an accurate
estimate of stem density. However, it was decided that 10
m? was a logistically limiting size, and stem density findings
would have to be evaluated with this consideration.

Plots were installed in randomized complete blocks. Blocks
were established to minimize the effects of slope and soil
changes across the sites. Site A had sufficient space to
accommodate four replications (blocks) of all four
treatments. Sites B and C were somewhat space-limited,
and therefore included only four replications of treatments 1
and 4, and 1, 3, and 4, respectively.

Measurements were taken on a monthly basis throughout
the two growing seasons- (1) Heights -from ground-line to
the terminal bud (£ 0.1 cm) of every stem (including
individual stems within coppice clumps), (2) Diameters = at
ground-line with calipers (x 0.1 mm), and (3) Stem

Densities — stem count per 10 m? plot.

Deer exclosures-In June 1998, four replications of two
additional treatments were installed at Site B. Treatments
were, (1) weeding + deer exclusion and, (2) weeding only
(control). Weeding consisted of shearing weeds (al nhon-
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hardwoods) at ground level with hand-pruners monthly from
June to September. Fenced exclosures were constructed to
prevent deer browse. To frame the exclosures, galvanized
electrical conduit was cut to 1.5 m lengths and driven into
the ground at the corners of the plots. Galvanized poultry
wire was stretched around the conduit frame and across the
top of each plot. The same measurements, as previously
described, were taken on these plots.

Data Analyses

Diameter (d) and height (h) were used to calculate a volume
index (d®h) for each measured stem. Means for each nplot
were obtained for the volume index and the stem density
data. These means were analyzed with a repeated
measures analysis of variance within the General Linear
Models (GLM) procedure of Statistical Analysis System
(SAS). Means were separated according to the Ryan-Einot-
Gabriel-Welsch (REGWQ) multiple comparison procedure.

RESULTS AND DISCUSSION

Fungi, Insects, Weeds, and Browsing Mammals

By September of the first growing season {1997), volume
index at Sites A, B, and C began to differ (p<0.05) by
treatment. By September of the second growing season,
stems receiving the pesticide + weeded treatment averaged
33, 11, and 2 times greater volumes than stems in control
plots for Sites A, B, and C, respectively (fig. 1). Also by
September of the second growing season, stems receiving
the weeded treatment (Site A only) averaged 13 times
greater volume than stems in control plots. The pesticide
treatment (Sites A and C) did not differ (p > 0.05) from the
control. However, figure 1 suggests the combination of
pesticides and weeding results in a synergistic effect on
volume growth when compared to weeding and pesticide
treatments separately.

These findings suggest that competition from weeds was the
primary constraint on growth, and that the impacts of fungi,
insects, and mammals are more difficult to understand.
While there was substantial deer browse, it did not

contribute to stem mortality, and browsed stems continued
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Figure I-Mean volume index for hardwoods (all species; seed- and
sprout-origin) during the first and second growing seasons following
clearcutting under different treatments on three North Carolina
Piedmont sites; lines followed by different letters are significantly
different by repeated measures ANOVA and separated by the
REGWQ procedure, p <0.05.

to grow, particularly in diameter. There was also evidence of
limited insect defoliation and fungal leaf spot disease, but o
at severe levels. Analyses of treatment effects on stem
density are inconclusive, as was likely due to plot size
limitations  (as  described  previously). However, had fungus,
insect, or browsing mammal populations been higher, the
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Figure 2-Mean volume index growth of hardwoods during their
second growing season after clearcutting under different treatments
(exclusion from deer browse) on a North Carolina Piedmont site
(Schenck Forest Site B).

treatments may have influenced survivallrecruitment in
measurable ways.

Deer Exclosures

The volume index for stems within exclosures and in control
plots diverged continuously throughout the measurement
period (fig. 2). The final measurement (taken in September
1998) showed the greatest difference (p = 0.07) between the
treatments. If the deer exclusions were maintained for a few
more seasons during the early stages of stand development,
it is likely that the treatments will continue to diverge (Harlow
and Downing 1970).

CONCLUSIONS

Competing  vegetation was a significant constraint to the
growth of hardwood regeneration. Weeding activities were
shown to be relatively more important than pesticide
applications (evaluated at Site A only). Release from
competition alone provided a 13-fold increase in volume
index (Site A only). The general effect of pesticides on the
growth of hardwood regeneration with low pest levels is
unclear; however, where the pesticide + weeded treatment
was applied, growth was 2- to 33-fold greater than in the
control.
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EFFECTS OF TREE SHELTERS ON GROWTH OF HARDWOOD SEEDLINGS
AFTER SEVEN GROWING SEASONS’

Wayne K. Clatterbuck?

Abstract-Bare-root seedlings of six hardwood species - northern red oak, (Quercus rubra L.), cherrybark oak (Q. pagoda
Raf.), green ash (Fraxinus pennsylvanica Marsh.), persimmon (Diospyros virginiana L.). black walnut (Juglans nigra L.)
and yellow-poplar (Liriodendron tulipifera L.) were planted with and without tree shelters during the 1991-1992 planting
season on an agricultural field adjacent to the Cumberland River near Carthage, TN. Annual measurements were taken
through the 1998 growing season, i.e., seven growing seasons. Paired tree analysis was used to determine the effect of
tree shelters on seedling survival, growth and development. Sheltered seedlings exhibited significantly greater height

growth after two growing seasons as compared to the controls regardless of species. There was no significant difference in
survival rates. Most sheltered seedlings had emerged from the tubes after two years. However, after seven growing
seasons, heights of the sheltered and unsheltered seedlings for yellow-poplar, cherrybark oak and persimmon were not
significantly different. Measurements for the other three species, green ash (Fusicoccum spp. canker fungus), black walnut
and northern red oak (excessive deer damage) were discontinued after the fifth growing season. This study indicates that
although height growth is initially greater for seedlings in shelters, this growth advantage is not maintained once the

seedlings emerge from the shelters.

INTRODUCTION

Use of plastic tree shelters has been promoted in recent
years as a method to enhance development of seedlings in
highly ~ competitive ~conditions in  both urban (Jones and
others 1996) and rural environments (Kittredge and others
1992, Lantagne and others 1990, Smith 1993a). Tree
shelters provide two functions: (1) physically protecting
seedlings from animal (primarily deer and small mammals),
mechanical, and herbicide damage, and (2) improving
survival and increasing the juvenile height growth of
seedlings such that seedlings are more competitive with
residual  vegetation.  Shelters have been investigated
extensively as a technique to enhance the typical slow early
height growth of oak seedlings (Lantagne 1996, Schuler and
Miller 1996, Smith 1993b, Tuley 1985).

Several studies have indicated that early height growth of
seedlings is improved because of the environment inside the
shelter. A mini-greenhouse effect is created with increased
temperatures (Manchester and others 1988) and increased
humidities that reduce the possibility of moisture stress
(Minter and others 1992, Potter 1988). Increased levels of
carbon dioxide relative to ambient conditions will also
augment growth (Mayhead and Jones 1991).

Although, the literature reports increased initial height
growth as a result of shelters, little information is available to
report if this height growth advantage is maintained. Schuler
and Miller (1996) suggest that once the seedlings emerge
from the top of the shelters, height growth typically will slow
down and return to the rates typical of unsheltered

seedlings. This study was designed specifically to compare
heights  between sheltered and unsheltered seedlings for
several years using paired tree analysis. This paper reports
differences and similarities in  height growth between
sheltered and unsheltered seedlings of six species after
seven growing seasons.

STUDY AREA

The study was conducted in Smith County, Tennessee,
about 12 miles northwest of Carthage, TN at the confluence
of Dixon Creek and the Cumberland River. Soils are Cumulic
Hapludolls ~ (Arrington ~ series) and  Ultic  Hapludalfs ~ (Armour
series), formed in old alluvium overlying or in residuum
derived from limestone. Soils are deep, nearly level to rolling
with a loamy surface layer and a loamy to clayey subsoil.
Arrington  soils are  well-drained, but occasionally flooded,
while  Armour soils are on gently sloping terraces near
drainages. Annual precipitation is 51 inches, usually evenly
distributed in all seasons. Average site index (base age 50)
ranges from 80 feet for upland oaks to 95 feet for yellow-
poplar (Prater and others 1997).

The study area was a former agricultural field that was last
cropped in tobacco and corn in 1990. The field was fallow
during 1991. During the fall of 1991, the site was prepared
for planting the following year. The site was Cross-
directionally disked followed by ripping in one direction. No
herbicide was wused during site preparation.

METHODS

The 1-O0 seedlings were obtained from the Tennessee Dept.
of Agriculture, Division of Forestry nursery near Delano, TN.
Seedlings were lifted in late January, stored in refrigerated
coolers, delivered and planted on February 20,1992. Only
seedlings greater than 3/8 inch at the root collar were
planted. Seedlings were planted at a 10-ft by IO-ft spacing.
Six species were planted: northern red oak, cherrybark oak,
yellow-poplar, persimmon, green ash and black walnut in
blocks of 62 seedlings per species for a total of 372
seedlings. A 4-foot, brown Tubex® tree shelter was placed
on every second seedling creating 31 pairs of seedlings
(with and without shelters) for each species.

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.
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The only competition control used during the study was
mowing the plantation once or twice a year. The shelters
were removed in 1996 following the fifth growing season.

Total height of each seedling was measured after each
growing season through 1998. A paired t-test was used to
compare height differences between sheltered and
unsheltered seedlings by each species for the 1993 998
growing seasons. Data were collected for the initial (1992)
growing season by species block and treatment, not the
designated seedling pairs. Paired t-tests of the height data
for the first growing season could not be calculated and only
the mean height values are presented.

Measurements on green ash, northern red oak and black
walnut were discontinued after the 1996 growing season.
The green ash block was infected with the Fusicoccum
canker fungus that caused many seedlings to die back,
resprout and eventually die. The canker was first detected in
1995 and affected survival and height growth the following
growing season. Northern red oak and black walnut were
damaged excessively by deer either from rubbing or grazing.

RESULTS AND DISCUSSION

Survival

Survival was greater than 95 percent for each of six species
after five growing seasons. No significant difference was
detected between survival of sheltered and unsheltered
seedlings.  After seven growing seasons, survival remained
greater than 95 percent for cherrybark oak, yellow-poplar
and persimmon and greater than 82 percent for black walnut
and northern red oak regardless of the shelter treatment.
Green ash seedlings were affected by the Fusicoccum
canker with total survival of less than 40 percent after seven
years. Although damage from periodic cicada (1998), deer
browsing and rubbing, mowing, and Fusicoccum fungus
influenced the height growth of individual seedlings, these
seedlings were tenacious and continued to resprout with
new flushes of growth during the present or successive
growing seasons.

Height Growth

Height of sheltered and unsheltered pairs of seedlings was
significantly different (t, .5 level) for each species for the
second (1993) and third (1994) growing seasons (table 1).

Table I-Mean heights of sheltered and unsheltered seedlings for six species over seven growing seasons

Mean height
Species 19927 1993 1994 1995 1996 1997 1998
------------------------------ Feet---mmmmm e e e

Northern red  oak b b b b

Sheheledea 28 33 13 47 3 = —
Cherrybark oak b b

Sheltered 2.7 43 6.0 6.9 9.1 11.4 14.5

Unsheltered 1.4 2.4 4.1 6.1 8.2 11.0 15.1
Green ash

Sheltered 32 4.8° 6. 76° 8.0° L o

Unsheltered ' ' 4. 5.5 6.1 -— -_—
Persimmon b b b b

Sheltered 3.4 4.8 59 6.6 7.3 8.9 10.4

Unsheltered 1.9 2.6 3.8 4.8 5.9 7.5 9.6
Yellow-poplar 5 b

Sheltered 3.5 47 6.8 10.4 14.5 17.7 20.9

Unsheltered 2.5 2.8 5.2 9.2 13.7 17.8 22.0
Slack walnut b b .

Sheltered 2.4 34 4.2 4.9 5.1 __CC —

Unsheltered 1.2 1.7 2.5 3.7 47 — =

@ Statistical comparisons could not be calculated for the initial (1992) growing season because data were not collected by paired seedlings.

b Height of sheltered and unsheltered pairs was significantly different

€ Measurements discontinued because of deer damage.

(toos level) with the paired t-test.

Measurements discontinued because of infection from Fusicoccum fungus.




Most (greater than 94 percent) of the sheltered seedlings of
each species had emerged from the shelters by the second
growing season. However, for cherrybark oak and yellow-
poplar, the difference in heights between sheltered and
unsheltered seedling pairs narrowed and was statistically
the same for next four growing seasons (19951998).
Persimmon  heights remained different until the 1998 season
when there was no significant height difference between
pairs. The heights of green ash and northern red oak pairs
remained  statistically ~ different until measurements  were
discontinued in 1997. Heights of black walnut pairs were not
different after the 1994 growing season.

After emergence from the shelters, the height growth
advantage of tree shelters appears to diminish. The height
growth rate of sheltered seedlings is the same or decreases
compared to unsheltered seedlings. Many hardwood

species have decurrent crown forms that promote crown
expansion rather than strong terminal growth once seedlings
emerge from the shelters. Thus, the height growth rate of
emerging hardwood seedlings will tend to decrease. The
ability of seedlings to continue strong terminal growth after
emergence from tree shelters may be dependent on
competing vegetation that will regulate the rate of crown
spread and force more terminal height growth.

The unsheltered seedlings, with slower rates of height
growth initially, increase or maintain their rate of height
growth over time. After seven growing seasons, the heights
of unsheltered seedlings of cherrybark oak, yellow-poplar
and persimmon are similar to their sheltered pairs. Whether
the unsheltered seedlings will surpass and become
significantly greater in height than the sheltered seedlings is
unknown. However, this study indicates that the initial height
advantage of sheltered seedlings is not maintained after
emergence from the shelter when compared to the
unsheltered controls.

Protection

An advantage of tree shelters is protection of seedlings from
animal and mechanical damage. Although deer were

present throughout the study and did browse on both
sheltered and unsheltered seedlings, that damage did not
become substantial until the shelters were removed in 1996.
Seedlings were damaged both by deer rubs and browsing.
Northern red oak and black walnut had the most severe
damage that height measurements were discontinued after
1996. Both of these planted species blocks were at one end
of the plantation where deer were more prevalent. Although
the other species did incur some deer damage, that damage
was not as severe.

Some of the height differences between sheltered and
unsheltered paired seedlings for all species during the first
three growing seasons might be explained by deer browse
reducing growth of unsheltered seedlings. However, our
observations indicate otherwise. Few of the unsheltered
seedlings  sustained browse damage during those early
years. Most damage by deer did not occur until the shelters
were removed. Seedlings of cherrybark oak, yellow-poplar,
green ash and persimmon were the tallest (table 1) and
sustained less browsing damage.

Four-foot tall tree shelters were used in this study. Other
research in areas where deer populations are greater have
used five-foot shelters (Schuler and Miller 1996, Smith
1993a). The taller shelters provide less chance of deer

browse, but also take longer for seedlings to emerge
from the shelters.

Shelters also provide some protection from damage by
equipment, such as mowing in this study, or physical
damage from herbicide application for vegetation control.
Shelters are easy to see and allow operators to avoid those
seedlings when various treatments are taking place as well
as relocating seedlings for data collection.

costs

Tree shelters are expensive. The reported cost of shelters,
installation and maintenance can vary from $200 to $750 per
acre depending on the number of seedlings planted per acre
(Kays 1996, Schuler and Miller 1996, Crothers 1991).
Generally, with such a high cost and considering ownership
objectives and rate of success, a 20-foot by 20-foot spacing
or about 100 seedlings per acre is optimal. Other native and
natural regeneration usually will fil in the gaps between
shelters. Thus, the sheltered seedlings will probably
compose a proportion of the future stand. For further
reference, Kays (1996) gives an excellent summary of the
cost of plantation establishment with tree shelters for further
reference.

Tree shelters also must be maintained at least several times
a year, which adds to the cost. Poor stake durability or
improper initial installation of the shelter contributes to
shelters listing, being wedged, or falling over which
influences the growth and form of seedlings. The rigidity of
the shelter also causes stem abrasion once the seedling
emerges from the top of the shelter and begins to sway in
the wind. The abrasion is more apparent the longer the
seedling is left in the shelter and the greater the diameter of
the stem. No sign of Tubex® shelter photodegradation was
evident after five growing seasons causing additional costs
of cutting, removing, and disposing of shelters.

CONCLUSIONS

The results of this study suggest that although height growth
is initially greater for seedlings in shelters, this growth
advantage is not maintained once the seedlings emerge
from the shelters. Given the high cost and the short duration
of this height growth advantage, the use of shelters may not
be justified unless the protection from damage provided by
tree shelters outweigh the associated costs.
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THE INFLUENCE OF EARLY THINNING ON STEM TAPER IN PIEDMONT
UPLAND HARDWOOD STANDS’

Halil I. Cakir, and Larry E. Nix?

Abstract-The influence of early thinning (stand density) on stem taper in an upland hardwood forest was investigated in
the Clemson Experimental Forest in the Piedmont of South Carolina. Taper measurements were taken by using a tripod-
mounted pentaprism equipped with a clinometer. The stem profile model of Bennett and others(1978) and Farrar(1987)
was used to fit these taper data to the trees measured. Effects of low thinning and nurse tree thinning were analyzed. Stem
taper of thinned crop trees was compared to that of crop trees of unthinned plots. Stem taper rates differed statistically
among the trees of the thinned plots and unthinned plots. Finally, the stem profile model was integrated for prediction of
the volume between any two heights on a stem. Percent volume differences among the trees of the thinned and unthinned
plots were then analyzed. Results indicated that thinning effects on tree form should be considered when evaluating
volume prediction equations where stem taper is integrated into the equations. Low thinnings in the poor quality, upper one
third slope sites, and nurse-tree thinnings in the good quality, lower one third slope sites, improved the stem form in the
lower boles of crop trees growing in the conditions of the upland hardwood forest that was investigated.

INTRODUCTION

Upland  Hardwoods

Upland hardwoods occur on a variety of sites in the
Piedmont of South Carolina. These stands usually are
characterized by low quality stems and poor species
composition resulting from past abusive cutting, such as
high-grading and uncontrolled fire (Kays and others 1988).
Most of the stands contain important oak species such as
white oak (Quercus alba L), black oak (Quercus velutina
Lam.), scarlet oak (Quercus coccinea Muench.), and
southern red oak (Quercus falcata L). Black gum (Nyssa
Sylvatica Marsh.), sweet gum (Liquidambar styracifiua L.),
red maple (Acer rubrum L), and vyellow poplar (Liriodendron
tulipifera L) are also present or locally abundant. Some of
the understory species are sourwood (Oxydendrum
arberoum L), dogwood (Comus florida L) and various shrub
species.

Early Thinning and Taper

One of the main purposes of early thinnings in hardwood
stands is to increase growth rate, bole quality and future
merchantable volume. The response of the crop tree
depends on the type and intensity of thinning the stand
receives (Smith 1966, Marquis and others 1992). There are
wide variations in the form of the main stem of trees due to
variations in taper caused by the growing conditions in the
stand. Taper, which contributes to variation in volume, varies
with  species, diameter, stocking, age, and site quality
(Husch, Miler, and Beers 1982). Minimizing tree taper
produces the maximum merchantable volume for a given
height and diameter. The difference of one unit of Girard
Form Class amounts to approximately three percent in terms
of merchantable volume (Avery and Burkhart 1994).

Volume and Taper Equations

Thinning effects on tree growth are usually evaluated in
terms of volume increment. Measurements of growth
response can be biased and misleading if treatment effects
on stem form are not considered. Meng (1981) noted that
stem form, and thus the stem volume equation, may be
significantly affected by “heavy” thinning. It was shown by

Lositskii  (1947) that stem form is reduced by heavy thinning
and tree class (size and quality) interacts with thinning
intensity.  Nix and Ruckelshaus(1991) studied effects of
thinning on stem taper of old-field plantations of loblolly pine
in the Piedmont and noted that thinning at heavy or
moderate levels will not greatly reduce bole quality as
measured by stem taper, and may improve form in the lower
more valuable portion of the tree. Hilt and Dale's 1979 study
indicated that stocking levels after thinning do not have a
significant effect on the stem form of young upland oaks.

Barker(1980) noted the correlation between patterns in  ring
width increment along the bole and bending stress and
crown growth activity. He found that bending stress
appeared to regulate growth in the upper 20 percent of the
bole and crown growth factors dominated in the lower bole.
The application of crown ratio data to volume equations has
been discussed by Farrar and Murphy(1987). Using tree
crown class ratio for both loblolly and slash pine, tree
volumes were determined by integrating taper equations
between two points. For a given dbh and total height, a
higher crown ratio was associated with less volume in the
section of the stem above breast height.

Taper (stem-profile) functions are presented for natural
shortieaf pine (Pinys echinata Mill) trees in the West gulf
area by Farrar and Murphy(1987). These functions, when
integrated, permit the prediction of volume between any two
heights on a stem and, conversely by iteration, the volume
between any two diameters on a stem. The integrated
equations generally predict cubic-foot volumes that are
within 1 cubic foot of observed volume and account for at
least 97 percent of the variation in the volume. They noted
that Crown Ratio (CR) could be incorporated into the taper
functions as a continuous variable. Their study indicated that
a higher CR class generally suggests lower stem volume
due to greater taper in the long crown section. Even though
a high CR implies low volume, in certain lower stem sections
of a high CR tree the predicted taper is less than that of a
similar low CR tree and, hence, a greater volume relative to
dbh and height is suggested for these sections.

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

: Graduate Assistant, North Carolina State University, Raleigh, NC; and Associate Professor, Department of Forest Resources, Clemson

University, Clemson, SC 29634, respectively.
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Demaerschalk  (1973) discussed the desirability and the
advantages of deriving taper equations from existing volume
equations. It is demonstrated that the most common types of
volume equations can be converted to compatible taper
equations. These mathematical stem profile  expressions
yield tree volumes for any desired stump height and top
diameter outside bark from inputs of diameter breast height
outside bark and total height. He stated the necessity of a
system that should be simple, accurate and flexible enough
to calculate all parameters based on only a few tree
characteristics which are important and easy to measure,
such as diameter breast height outside bark and total height.

Segmented polynomial regression models were also applied
to taper equations by Max and Burkhart(1976). They stated
that the segmented polynomial models with estimated join
points provided an improved description of tree taper when
compared to a single quadratic taper model used throughout
the stem length M’Hirit and Postaire (1985) noted that
accurate estimates of individual tree volumes are needed to
determine the potential value of standing trees for use as
solid wood products, fiber, or fuel and also Nyland (1996). It
is the intent of this research to examine such effects in
young upland hardwoods on the Clemson Experimental
Forest in the Upper Piedmont of South Carolina and to
relate them to alternative strategies for choosing the best
thinning methods and volume equations.

MATERIAL AND METHODS

Study Area

The study area is an upland hardwood stand in the Clemson
Experimental Forest in the Piedmont of South Carolina. The
stand was regenerated naturally as a result of clearfelling
and partial burning in 1943 and thinned in 1983 at age 40
with three methods, a heavy low thinning, a “nurse” or
“trainer” tree thinning and unthinned controls (Myers 1984).
The stand occupies low, medium and high site quality
classes relative to slope position. All trees measured were
53 years old and most of the stems were sprout origin.

White oak, southern red oak, black oak, scarlet oak, black
gum, sweet gum, red maple and yellow poplar are the most
common species. A total of 83 standing hardwood trees
were measured. Measured trees were randomly drawn from
nine study plots. Three plots were located on excellent sites
(Upland oak SI=75 to 85 at age 50 on lower slopes), on
good sites(Upland oak SI=65 to 75 ), and on poor sites
(Upland oak Si=55 to 65). Treatment plots were randomly
drawn from each site group in an attempt to reduce the
effect of site quality on the study variables.

Field Measurements

Diameter measurements were taken at breast height (4.5
feet or dbh) using a diameter tape and at 4 to 5 additional
heights using an optical dendrometer (Wheeler pentaprism).
The dendrometer was equipped with a clinometer for
calculating the height of the optical measurement at 66 feet
distance. Tests of the Wheeler pentaprism caliper indicate
that upper stem diameters as high as 50 ft above ground
may be read to an accuracy of 0.2 to 0.5 inch (Nix and
Ruckelshaus, 1991). Selected trees were single stemmed,
reasonably free of crook or sweep, visibly undamaged, and
commercially  desirable species. The number, species, and
diameter of all woody plants were recorded on each plot
within - 52.7 feet radius.
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Data Analysis

Multiple regression (SAS 1989) was used to fit taper data
and height data to the stem-profile model given by Bennett
and others( 1978) and Farrar and Murphy (1987). Predicted
values of stem-diameter above breast height at given
heights and tree Dbh and total height were compared
among thinning intensities based on the following stem-
profile  model:

g-D(H=h)  [(H-h)(h-4.5)] , | D(H-h)(h-4.5)
1 2
H-48 | A2 |1 Hr
[Dz(H-h)(h—4.5) b [(H-h)(h-4.5)(2H-h-4.5)
4]

+b.
H? | H® ,

Where b, are parameters to be estimated

d= predicted stem-diameter (inch), at height (h)
h="height above ground (feet)

D= diameter at breast height (inch)

H= total tree height, ground to tip of bud (feet)

Stem taper was then compared using Duncan's multiple
comparison procedure (SAS 1989). Predicted values of
taper were used to obtain tree volumes throughout. The
stem cross-sectional area is integrated over the length
desired. If one assumes that the cross sections are circular
in shape, then the area in square feet when diameter is
measured in inches would be as follows:

Area—"7__0 00542
4(144)

Integrating the expression for area in square feet over the
length desired in feet will give the volume in cubic feet for
that segment. That is, where h, and h, denote the limits of
integration:

V(ft3)=0.0054 f Md2dh
hy

RESULTS AND DISCUSSION

Average tree diameter and height for each plot are shown in
table 1. Note that, average tree diameter and height is
greatest in the low thinning excellent site and is the lowest in
the control poor site. It is expected that low thinned trees
should have greater tree volume because of the greater tree
diameter and height, but less relative volume because of
the higher taper due to increased wind sway and crown ratio
(Barker  1980).

Growth characteristics are different for every species. As
seen in table 2, yellow poplar is the dominant tree on the
excellent sites, likewise scarlet oak on the good sites and
southern red oak on the poor sites. Note also scarlet oak is
common on the excellent and poor sites. Stem taper models
shown in table 3 are significant at the 0.05 level of

probability with coefficients of determination of 0.99 for all
thinning  treatments and control groups. This implies that
upper stem functions as a continuous variable. These



Table |-Average tree heights and diameters in young
upland hardwood thinning study plots in SC Piedmont

Average Total Site

Treatment d.b.h, height index’
Excellent  site

Low thinning 14.96 102.16 17

Nurse tree thinning 12.92 94.40 79

Control 12.14 98.15 77
Good site

Low  thinning 10.00 75.40 67

Nurse tree thinning 10.02 79.81 66
Control 10.85 84.00 69
Poor site

Low  thinning 9.54 70.22 60
Nurse tree thinning 9.68 69.00 63
Control 9.04 66.11 63

4 0ak site index, base age 50.

Table P-Distribution of species by site in young
upland hardwood thinning study in the SC
Piedmont (from Myers 1984)

Number of species

Site classes®

Excellent Good Poor
Species (75-85) (65-75) (55-65)
Yellow-poplar 12 5 0
Black oak 3 l 0
White oak 4 8 5
Southern red oak 0 1 12
Scarlet oak 7 10 I

8 Dak site index, base age 50.

Table 3-Regression statistics and coefficients for Bennett and others (1978) and Farrar (1987) upper
stem profile models for young upland hardwood thinning study in the SC Piedmont

Treatments RMSE” R# b, b, b,
Excellent  site

Low thinning 0.44074 0.9990 -6.451786 4.991250 -0.14821 -10.78102
Nurse tree .54130 .9978 -14.35003 7.038501 « 27203 -15.66397
Control

Good site 69700 9957 1.661020 5.838840 « 26770 -16.26987
Low thinning 39279 .9981 -4.431198 3.505529 « 12115 -9.257663
Nurse tree .34030 .9986 -36.80051 10.077324 - 49791 -5.489679
Control

Poor  site 67307 .9951 -105.8306 24.460978 -1.10006 -15.66545
Low thinning .38156 .9980 9.612383 596372 - .03458 -5.548567
Nurse tree 44385 .9974 64.221166 -12.00016 .659245 -5.673576
Control .39840 9975 -25.79712 13.010324 - 70109 -19.18149

¥ Residual mean square error (RMSE) and R? statistics.

b b, coefficients were estimated by using multiple regression analysis.

results confirm the conclusion of an earlier study (Farrar and
Murphy 1897) concerning the taper functions for predicting
product volumes in natural shortleaf pine. Taper curves for
the treatments produced from the model are shown in figure
1 for the excellent sites, figure 2 for the good sites and figure
3 for the poor sites. Although curves of unthinned stands
seem to show less taper than the others, they are not
statistically ~different.

Profiles for each of the three thinning treatments (low, nurse
tree, and unthinned ) are shown starting at 4.5 foot height.
On excellent sites, tree dbh is 12 inches and total tree height
is 98 feet for each of the treatments. On the good sites, dbh
is 10 inches and total tree height is 80 feet. On the poor
sites, dbh is 10 inches and total tree height is 70 feet.
Although average dbh and total tree height are different for
every treatment, the same dbh and total tree height were—
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Figure I-Taper curves for thinning treatments as estimated by
upper stem profile equations in the excellent sites. Legend indicates
thinning treatments, low thinning, and nurse-tree thinning and
unthinned.
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Figure P-Taper curves for thinning treatments as estimated by
upper stem profile equations in the good sites. Legend indicates
thinning treatments, low thinning, and nurse-tree thinning and
unthinned.

chosen to more clearly distinguish the effects of thinning on
taper. As shown in figures 4, 5 and 6, rates of taper
(inchesffeet) show treatment differences. On the excellent
sites trees of the low and nurse tree thinning exhibit more
taper than do those of unthinned plots. Although the average
taper rates of low and nurse tree thinning trees are
significantly ~ different from those of unthinned trees at the
0.05 level of probability, these differences in rate of taper are
more significant among trees of low thinning and control
groups at taper step one, six and seven. However, the
differences in the rate of stem taper at taper step six and
seven, that is, 60 to 70 feet height, are not important, the
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Figure 3-Taper curves for thinning treatments as estimated by
upper stem profile equations in the poor sites. Legend indicates

thinning treatments, low thinning, and nurse-tree thinning and
unthinned.
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Figure 4-Rates of stem taper at each taper step for different

thinning levels at age 53 for upland hardwood stands in the excellent
sites (taper measurements were taken on every 10 feet of the stem;
legend indicates thinning treatments and control (unthinned ) plots).

differences in the valuable lower and middle part of the
stems are.

Figure 5 shows that on good sites, trees of the nurse tree
thinning have less taper than others until taper step four.
Between taper steps three and four (approximately 35 feet
height), unthinned trees exhibit greater taper. Low thinning
trees exhibit greater rates of taper than the others on the
good sites. The mean rates of stem taper for low thinning is
different from those of unthinned and nurse tree thinning
stands in the good sites at the 0.05 level of probability.
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Figure 5—Rates of stem taper at each taper step for different
thinning levels at age 53 for upland hardwood stands in the good
sites (taper measurements were taken on every 10 feet of the stem;
legend indicates thinning treatments and control (unthinned ) plots).
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Figure 6-Rates of stem taper at each taper step for different
thinning levels at age 53 for upland hardwood stands in the poor
sites (taper measurements were taken on every 10 feet of the stem;
legend indicates thinning treatments and control (unthinned) plots).

Especially among the low thinning and unthinned stands,
these differences are more significant at taper steps five and
six. At taper step one, low thinning and nurse tree thinnings
exhibit significant differences in rates of stem taper at the
0.05 level of probability.

In the poor sites, the rates of stem taper for trees of low
thinning and of nurse tree thinning follow an increasing
pattern (fig. 5). In the poor sites, trees of the low thinning
treatments have less taper than the others on the lower part
of the stem. Trees of the nurse tree thinning plots

unexpectedly exhibit more taper than the others, e.g. trees
of the low thinning and unthinned stands. At the 0.05 level of
probability, the mean rates of stem taper are significantly
different. This difference is most significant at taper step
four.

To show the volume differences caused by taper, or
indirectly, by thinning treatments, tree segment volumes for
4.5 ftto tip, 4.5ftto 32 ft, 4.5t to 16 ft and 16 ft to 32 ft
segment were calculated based on the integrated taper
functions for every treatment. There were significant volume
differences, which were produced by the taper among the
treatments. However, thinning may increase the diameter
and height growth because of the reduced competition in
terms of light, nutrition, water, etc. Taper induced volume
differences were segregated by calculating volumes for the
tree of same dbh and height for every treatment. Percent
volume changes are also presented for the hypothetical
example trees.

In the excellent sites, the hypothetical low thinning “tree” had
3 percent less volume in the 4.5 ft to 16 ft segment of the
stem, compared to the unthinned ‘tree”. In the 16 ft to 32 ft
segment, this difference was 6 percent. Total tree volume
above breast height differed approximately 11 percent
between the low thinning and unthinned plots. However, in
the second segment (16 ft to 32 ft) difference was 2.8
percent which was an important merchantable volume
difference.

In the good sites low thinning volume above breast height
was 5.2 percent less than that of the control group and the
lower boles showed little volume difference compared to
those of the excellent sites. The nurse tree thinning on this
site caused an interesting result, unlike it did in the excellent
sites, the nurse tree thinning trees had more volume than
those of the unthinned control in the lower and middle
segments. There was a 4.1 percent increase in volume in
the 45 ft to 32 ft segment of the nurse tree thinning. There
was a 2 percent increase in the 4.5 ft to 16 ft segment and a
6.2 percent increase in the 16 ft to 32 ft segment. Total tree
volume of the nurse tree thinning above breast height was
only 0.2 percent less than that of the control.

In the poor sites, trees of the nurse tree thinnings had 19.3
percent less total volume than those of the unthinned plots.
Volume differences were 8 percent for the 45 to 32 ft
segment, 3.3 percent for the 45 to 16 ft segment, and 128
percent for the 16 to 32 ft segment of the bole. Taper
caused notably large differences (less volume) in every part
of the nurse tree thinning boles in the poor sites. Also in the
poor sites, 2.2 percent more volume was calculated for the
low thinning in the lower part of the bole (45 ft to 16 fti)
compared to the control bole. Examining figure 6 again, it
appears that the low thinning has the lowest taper rate until
taper step two. Rates of taper for trees of low thinnings then
become greater than those of the unthinned plots just after
taper step two, which is at about 22 feet height on the bole.
This point is the change where trees of the control begin to
show significantly more volume relative to diameter than
those of the nurse tree thinnings.

CONCLUSIONS

Two problems were encountered during this attempt to
determine the effects of early thinning on upland hardwood
tree form. Species compositon was a major problem. When
dealing with hardwoods, species distribution is very different
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for major changes in site quality. Yellow poplar dominated in
the excellent sites and responded differently to thinning than
did the oaks. Thinning seemed to slightly reduce lower hole
quality for vyellow poplar while improving it in many cases for
the oaks. Second, there was the effect of site quality on the
distribution of tree growth along the bole. On good sites
thinning seemed to provide extra resources for trees to
respond. On poor sites there seemed to be so little
resources available that even heavy low thinning could not
provide more to remaining crop trees. On the excellent sites
thinning seemed to do little to promote better distribution of
growth, but this may have been a species interaction
problem as vyellow poplar is strongly excurrent. These
problems were not entirely eliminated by setting up the
same treatment and control plots for each of the site
classes. Site quality interacted with thinning intensity on the
good and poor sites where oaks dominated.

As found in this study, tree form is strongly influenced by
thinning treatments. As a result of thinning, changes in taper
promoted volume differences along the tree bole. In  many
cases early thinning caused more volume relative to
diameter in the more valuable lower part of the tree and
improved the bole quality. These results indicate that
thinning treatments or, in most practical cases, its effects on
wind sway and crown ratio{CR) must be considered when
developing the taper and volume equations in hardwoods.

The early thinnings done in this study were merchantable
and have not decreased stem quality appreciably in the past
11 years. Early thinnings give opportunities to landowners
for producing much needed income and larger more
valuable trees to enjoy later. We hope that this study will be
helpful to hardwood managers in their decisions concerning
early thinning in upland hardwoods.
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THE SPATIAL DISTRIBUTION OF DEAD TREES
ACROSS ARKANSAS TIMBERLANDS’

Martin A. Spetich and James M. Guldin?

Abstract-Dead trees are an important part of the forest ecosystem and their attributes have been studied at the stand
scale. However, their distribution over a large region has rarely been examined. In this study, the distribution and dynamics
of sound wood in dead trees and the ratio of dead to live trees across the Arkansas landscape were analyzed using U.S.
Department of Agriculture, Forest Service, Forest Inventory and Analysis data. These data showed that deadwood volumes
followed patterns of potential timberland productivity. Values were lowest in the northwestern portion of the State and
increased to the south and east. For potential timberland productivity in the range of 20-49 ft’ per acre per year, mean
deadwood volume was 52 ft° per acre. Where potential site productivity was high (range = 165-224 ft* per acre per year),
mean deadwood volume was 177 ft® per acre. The ratio of the number of dead trees to number of live trees was not
statistically significant among potential site productivity classes. Across all sites the ratio of dead to live trees was 0.089 (95
percent confidence interval = £ 0.009). Because this ratio appears to be relatively consistent over a wide range of forest

conditions, it may have value as a forest health monitoring tool.

INTRODUCTION

Dead trees serve as habitat for wildlife and provide structural
diversity. According to a study in southern hardwood and
pine forests (Lanham and Guynn 1996), 45 bird species use
standing dead trees. In the Southeastern U.S., at least 23
mammal species use standing dead trees (Loeb 1996).
Forest Inventory and Analysis (FIA) surveys rated the
greater density of dead trees in bottomland hardwood
community types compared with pine in Arkansas (Rudis, in
press), Louisiana (Rudis 1988a), and east Texas (Rudis
1988h). Reptiles and amphibians are associated with coarse
woody debris, and their diversity may be linked with the
quality and quantity of coarse woody debris (Whiles and
Grubaugh 1996). Despite the importance of dead trees, little
is known about their statewide distribution and dynamics.

An increase in deadwood volume across a gradient of
increasing forest productivity (productivity for all trees > 5 in.
dbh. to a 4-in. top) has been documented for the four-State
region of Indiana, lllinois, Missouri, and lowa (Spetich and
others 1999). However, the ratio of the number of standing
dead trees to standing live trees remained relatively
consistent across that gradient. These patterns have not
been established for Arkansas forests.

Findings for Indiana, Illinois, Missouri, and lowa have
implications  for forest health monitoring. Any quantifiable
consistencies in number, volume, or the ratio of dead to live
trees could be used as part of monitoring efforts to identify
spatial and temporal forest health trends. Observed values
that fall outside normal ranges could be used as indicators
of change in forest tree health. Thus, a quick examination of
inventory data could help identify potential health problems
in a timely manner.

This study examines deadwood abundance and its
relationship to potential timberland productivity in  Arkansas.
The four objectives in this study follow: (1) illustrate the
spatial  distribution  of potential timberland  productivity across
the Arkansas landscape wusing a variation of the Delaunay
triangulation method; (2) quantify the net volume and spatial

distribution of dead trees across the State; (3) determine
what trends, if any, exist between deadwood and potential
forest productivity: and (4) examine similarities and/or
differences of these results with other studies.

METHODS

The 1995 statewide forest inventory database for Arkansas
was used in this analysis (London 1997). Data used in this
study were restricted to trees 2 5 in. db.h. in stands of
sawtimber size and of natural origin as defined in the
Eastwide Forest Inventory Data Base: Users Manual
(Hansen and others 1992). We limited data to stands of
natural  origin, thereby excluding planted stands. Planted
stands in Arkansas are typically managed in ways that are
not conductive to natural snag development. The resulting
sample included 1,402 forest inventory plots from across the
State. Mean forest conditions were computed for all plots in
a county. Countywide means were used to quantify the
statewide distribution in dead tree volume, potential forest
site productivity, and the relationship of dead to live trees.

Mean values for forests in each county were plotted across
the State using the mean latitude and longitude values for all
plots within each county. Statewide contour maps of
potential forest site productivity, dead tree volume, and the
ratio of the number of all dead to live trees were created
using commercially available software (RockWare Utilities
1995).

Additionally, means of deadwood volume and the ratio of
dead trees to live trees were calculated for each of six forest
site  productivity classes. Kruskal-Wallis one-way analysis of
variance on ranks test was used to test the hypothesis that
dead tree abundance does not differ among productivity
classes.

RESULTS

Potential wood productivity followed a gradient across
Arkansas (fig. 1). Lowest productivity values (< 65 ft® per
acre per year) were located in the northwest and increased
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Figure I-Patterns of potential productivity of live commercial tree
species for forests of sawtimber size and of natural origin. Isolines
were calculated from site productivity (ﬂ3 per acre per year) for each
county [Source - FIA data (London 1997)],
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Figure 2-Ecological sections of Arkansas as defined by Keys and
others (1995).

to the south and east. With the exception of the Arkansas
River Valley, calculated productivity values correspond  with
the expected relative productivity of the ecological regions in
the State, (Keys and others 1995) (figs. 1 and 2). Other
factors may also influence this trend.
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Figure 3-Dead tree volume (ft3 per acre) for trees » 5 in. d.b.h. in
stands of sawtimber size and of natural origin.

With the exception of the Arkansas River Valley and parts of
northwestern  Arkansas, total volume of dead trees in these
forests increased with increasing site productivity (fig. 3).
Mean deadwood volume was as low as < 50 per acre in
northwest Arkansas and increased to > 160 ft® per acre in
south-central Arkansas.

Mean deadwood volumes were grouped by each of the six
potential  wood  productivity  categories.  Deadwood  volume
differed significantly among several of the six potential wood
productivity ~groupings (fig. 4). Deadwood volume clearly
increased  with increasing potential  productivity  (fig. 4).

The mean ratio of the number of dead trees divided by the
number of live trees (fig. 5) ranged from 0.06 to 0.12 over
most of the State (up to 0.21 in the northeast corner and
ranging from 0 to 0.24 for county means). This is not as
clearly related with site productivity (fig. 1). Visually, this
ratio appears to increase with increasing productivity in the
south-central portion of the State. However, the ratio did not
differ significantly among the six site productivity classes
statewide.

DISCUSSION

In a study of deadwood character of upland forests, Spetich
and others (1999) reported a trend in forest productivity for
the Midwest. They theorized that similar gradients exist
throughout  the  country.  Their regional productivity —gradient
illustrated what had only been an intuitive concept based on
field and experimental experiences. This study is further
proof that these productivity gradients exist across other
forests of the United States. These trends in forest
productivity  should be particularly useful in  developing
hypotheses of trends in forest character because of the
integrating  effect of productivity. Productivity is a
fundamental integrator of the effects of soil quality,
disturbance, climate, potential evapotransporation,
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Figure 4-Relationship of potential timberland productivity classes to
mean dead tree volume. Site productivity classes of values included
(f® per acre per year) are indicated by the range. Mean dead tree
volumes are among all plots within that range. Bars with the same
superscript do not differ significantly at the 0.05 level (based on
Kruskal-Wallis one-way analysis of variance on ranks). Cross bars
represent the 95 percent confidence interval (Cl) for snag volume
within each productivity range. The Cls for ranges 165-224 and 225+
are wider because sample sizes were smaller (84 and 16 plots
respectively).
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Figure 5—Ratio of dead to live trees for trees » 5 in. d.b.h. in stands

of sawtimber size and of natural origin. Isolines were calculated from
mean ratio for all qualifying plots within each county.

topography, geology, organisms and all other factors that
impact forest tree growth and the overall character of the
forest ecosystem. Therefore, trends in regional site
productivity should continue to be a useful tool in the
prediction and examination of change in forest character
over a region.

That dead tree volume increased with increasing potential
productivity is not surprising. Forests with high productivity
values should accumulate large amounts of hiomass, which
in tumn, should lead to large dead tree volumes. The amount
of coarse-woody-debris base energy has been described as
a functional component of forest productivity (Huston 1996).
In comparing dead tree volume (fig. 3) with the productivity
trend (fig. 1) dead tree volume does not increase with
increasing site productivity in the northeastern portion of the
State. The most obvious factor that would potentially
influence this trend is the region’s proximity to Memphis, TN.
Low dead tree volume may be related to the cutover
character and high value of bottomland hardwoods in
proximity to this urban center, or firewood use and other
demands. This low deadwood volume is also notable,
because when all high productivity plots (> 120 ft® per acre
per year) are compared (fig. 4), volume of sound wood in
dead trees is significantly greater than for the three lowest
productivity ranges (all < 119 ft* per acre per year). Even a
cursory examination of the productivity map illustrates
potential site productivity values > 160 ft* per acre per year
near the Memphis area, but dead tree volume ranges from
90 to 100 ft* per acre.

The two 50 ft* per acre lines are notable in that they also do
not follow productivity trends well.  Lower-than-expected
values of dead wood volume are difficult to interpret. One
plausible explanation is that the active management tactics
in the area preclude development of deadwood, either
through management that keeps trees alive longer or
through closer utilization of trees prior to mortality. Other
explanations may be equally plausible.

The ratio of dead to live trees in northern Arkansas is
comparable to values reported in a study of undisturbed
second-growth  sites in  southern  Missouri  (Spetich and
others 1999). In that study the mean snag-to-live-tree ratio
among eight Missouri Ecosystem Project forests was 0.08.
Figure 5 shows the same ratio for Northwestern Arkansas
and within 2 percent for most of the remaining area of
northern Arkansas. This ratio of dead snags to live trees
may also be related to forest type. At P<0.05 the hardwood
forest type differed significantly from the pine forest type.
However, the oak-pine forest did not differ significantly from
either the hardwood or pine forest types. It should also be
noted that the Arkansas study includes all trees that died
since the last inventory and, therefore, is likely to include
some trees that have fallen to the ground.

The consistency of the ratio of dead to live trees may he
useful in  monitoring forest tree health. Forest managers
could use this information to screen inventory data for
dead/live tree ratios that indicate a potential forest tree
health problem. Statewide, the mean dead/live ratio was
0.089 (95 percent confidence interval = +0.009). On similar
sites with large inventories, dead/live ratios significantly >
0.1 may indicate potential forest tree health problems, which
could prompt further investigation.
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COMMUNITY COMPOSITION IN CANOPY GAPS AS INFLUENCED BY
PRESENCE OR ABSENCE OF RHODODENDRON MAXIMUM’

Christopher T. Rivers, David H. Van Lear, Barton D. Clinton, and Thomas A. Waldrop?

Abstract-The process of gap formation and recolonization plays an important role in the structure and composition in
southern Appalachian forests. The understory composition existing before a disturbance will shape successional patterns
of the future stand. Rhododendron maximum is native to the southern Appalachians and exists as a major understory
component in cove forests. Its frequency of occurrence has been increasing over the past century due to the demise of the
American Chestnut, heavy logging at the turn of the century, and suppression of fire. Increasing densities of R, maximum
reduced species richness and coverage in the regeneration layer and reduced recruitment into understory and  midstory
strata. Woody and herbaceous species regenerated poorly, if at all, under R, maximum’s dense canopy. Only shade-
tolerant woody species like Tsuga canadensis, and Acer rubrum regenerate in R.maximum thickets, and their densities

are markedly decreased.

INTRODUCTION

In the southern Appalachians forest canopy disturbance
occurs  frequently  (Runkle 1982). Magnitude of disturbance
varies greatly from hurricanes removing complete stands to
a single limb dying. Removal of part of the canopy layer
creates a void in the integrity of the canopy, which Barden
(1989) defines as a canopy gap. The process of canopy gap
formation and recolonization plays a substantial role in
determining  structure and  composition of  southern
Appalachian ~ forests.  Understory  composition  existing  before
the disturbance will shape successional patterns of the
future stand (Clebsch and Busing 1989).

R. maximum is native to the southern Appalachians (Bowers
1960) and exists as a major understory component. Its
frequency of occurrence has been increasing over the past
century due to changes in natural and anthropogenic
disturbance  factors (McGinty 1972; Philips and Murdy
1985). Its increase in abundance and range is reducing
species richness and altering patterns of succession (Baker
and Van Lear In Press).

Effects of various sized forest gaps on understory vegetation
have been studied extensively (Runkle 1982, Canham 1989,
Clebsch and Busing 1989, Poulson and others 1989, Phillips
and Shure 1990, Runkle and others 1992). However, litle is
known regarding the effects of R. maximum on gap
succession in the southern Appalachians (Hedman and Van
Lear 1994).

The most comprehensive and detailed investigations of R.
maximum have occurred at the Coweeta Hydrologic
Laboratory near Franklin  North Carolina (McGinty 1972
Monk and others 1985; Phillips and Murdy 1985). McGinty
(1972) suggests R. maximum did not occur as frequently in
the early 1900's as it does now. Native Americans initially
used fire as a management tool (Cronon 1983), which may
have controlled the occurrence of R. maximum. European
settlers continued this practice for clearing land and driving
game. Exclusion of fire in this century is considered a
disturbance and a change in historical management, since

fire was historically present throughout the landscape (Monk
and others 1985, Phillips and Murdy 1985 MacCleery 1992,
Baker and Van Lear In Press) and may have contributed to
the up slope migration of R. maximum.

Historically, R. maximum occurred primarily in riparian  zones
out of competitive necessity, but fire suppression and other
factors allowed it to spread up slope, often to ridge tops. Fire
probably top killed R. maximum and allowed other species a
chance to grow ahead of its resprouting. Frequent fire,
especially in the growing season, could have completely
kiled individual stems (Baker and Van Lear 1998).

As a result of the increasing abundance of R. maximum,
southern ~ Appalachian  cove forests will probably  experience
a significant structural and compositional change over the
next century (Hedman and Van Lear 1994, Clinton 1995,
Baker and Van Lear In Press). R. maximum often has by far
the highest importance value of all understory species in the
southern Appalachians (Hedman and Van Lear 1994, Baker
and Van Lear In Press). Although scattered overstory and
midstory trees are found in the regeneration layer under R.
maximum canopies. Vigorous thickets of R. maximum are
capable of suppressing this regeneration. However, Acer
rubrum and Tsuga canadensis are sometimes capable of
establishing and competing under a R. maximum canopy
(Clinton and others  1994).

The objective of this study was to determine effects of R.
maximum on community composition and species richness
in various-sized canopy gaps in cove forests of the southemn
Appalachians.

METHODS

Study Site Locations

This study was conducted in the Blue Ridge Mountain
Physiographic province of the southern Appalachian
Mountains. Sites were located in Andrew Pickens Ranger
District of Sumter National Forest in Oconee County, South
Carolina along Slatten Branch in the Ellicott Rock
Wilderness  Area; Tallulah Ranger District of the
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Chattahoochee ~ National Forest in Rabun County, Georgia
along Thomas Creek; Pisgah Ranger District of the Pisgah
National Forest in Transylvania County, North Carolina
along Pigeon River and Looking Glass Creek in the Shining
Rock Wilderness; Wayah Ranger District of Nantahala
National Forest in Clay county, North Carolina along the
Tallulah River and Beech Creek; and in Towns County
Georgia, along Mill Creek in the Southern Nantahala
Wilderness. Elevation of study sites ranged from 518 to
758 m.

Historical Land Use

In this study most gaps were located in United States Forest
Service Wilderness areas. There is no vegetation
management, with the exception of fire suppression,
allowing natural processes to determine the composition and
distribution  of plant  species.

Plot Delineation and Physical Characteristics
Reconnaissance of the southern Appalachian area was
conducted in the spring of 1998 to locate gaps in which to
determine effects of R. maximum. Sites selected contained
wind-thrown trees in the riparian area that created canopy
gaps. To determine the effect of different densities of R.
maximum on species richness in the regeneration layer, R.
maximum thicket densities were classified into separate
density categories (table 1), as described by Baker (1994).

Table |-Density and basal area of R. maximum by
thicket density category (Baker and Van Lear in press)

Thicket Basal Number
density area of stems
m’/ha x 1000/ha
High 11-22 8-17
Medium 5-11 510
Low 2-5 3-6
Scarce 0-2 0-3

In this study no gaps were sampled with a “High” density
rating. Gaps met the following criteria: 1) gap-making tree(s)
must have been upper canopy trees at the time of gap
formation, 2) gaps must be naturally occurring, 3) gaps must
be less than 7 years old, 4) gaps must occur on only one
site type, ie., mesic, and 5) gaps were restricted to a linear
zone no greater than 35 m from a stream. Gap age was
estimated by examining the internodal growth of previously
suppressed  growth-determinant  individuals  within ~ the  gap.

Twenty-two gaps of varying size were selected, with eleven
containing R. maximum with a minimum density of 2000
stems/ha and eleven where this species was mostly absent.
Gap size was measured using the extended gap method
suggested by Runkle (1982). Distance across the widest
part of the gap, and a shorter distance perpendicular to the
first, coinciding with the center of the disturbance were
measured. Using the formula for the area of an ellipse gap
area was determined. Gap size (40 m*-286 m’) ranged from
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one-tree openings to larger gaps made from the death of six
trees.

Vegetation Sampling

Vegetation was sampled during the summer and fall of

1998. Bases of gap-surrounding trees were at least 1 O-cm
ground line diameter (gld), denoting that they were no longer
saplings. Vegetation was sampled along two gradients: 1)
longest distance across the gap, and 2) a shorter distance
perpendicular to the first with the intersection of the two
gradient lines coinciding with the center of the disturbance.
Advanced regeneration and new seedlings were inventoried
in 1 -m wide transects located along each of the two principle
gradient lines. These transects were further divided into I-m
lengths where frequency was recorded to distinguish
vegetative preference from the center of the gap towards the
undisturbed forest. Percent cover of R. maximum was
visually estimated and placed into Braun-Blaunquet category
classes for the individual 1-m? sections and averaged to
determine total percent cover for that gap. Percent cover
classes were determined using Barbour and others (1987).
The area of the gap was determined using the formula for an
ellipse.  Species nomenclature followed Radford and  others
(1968).

All stems ¢l 0 cm (to the nearest cm) gld were considered
understory and all stems >10 cm gld were considered either
midstory or overstory. Stems <1cm were considered part of
the regeneration layer. Species densities (stems/ha) and
basal areas (m%¥ha) were recorded to calculate Importance
Values of each understory species using relative density and
relative  frequency. Midstory Importance Values were
determined from relative density and relative basal area.
Importance value combines density and size to a weighted
contribution per species to community composition.

In this study most individuals in sample plots were identified
to the species level. When species level could not be
determined, identification was made to the genus level,
which was consistent across all plots.

Data Analysis

The relationship of site characteristics and R. maximum
density (stems/ha, BA/ha) was determined using linear
regression analysis. Linear regression was also used to
determine relationships and compare seedling height in
gaps with R. maximum present and absent. The relationship
of species richness and density to percent cover of R.
maximum was determined using non-linear regression
analysis. Differences among absent, scarce, low, and
medium thicket density plots were tested for significance
using analysis of variance (ANOVA; SAS 1987) followed by
t-tests. All statistical comparisons were conducted at the a
= 0.05 significance level.

RESULTS AND DISCUSSION

Gap Vegetation

In the Southern Appalachian Mountains R. maximum is the
dominant subcanopy species, occupying approximately 30
milion ha (Nilsen and others 1998). Expansion of this
species is a concern for ecologists and hardwood forest
managers because recruitment of canopy tree seedlings s
inhibited under cover of R. maximum. Potential causes
include reduced seed rain by R. maximum foliage. Nilsen
and others (1998) found that seedling presence and fitness
were affected by low light, indirect effects of inhibited



mycorrhizal ~ synthesis, lower bacterial or invertebrate activity
and competition for resources. A limited number of
competing species can exist under a canopy of R.

maximum, but usually only at low population levels. It is
debatable whether or not in the absence of disturbance they
can grow through the dense R. maximum canopy.

Midstory Vegetation

Stems >1cm gld-Gaps containing R. maximum had little
midstory vegetation other than this thicket-forming
ericaceous  shrub. Tsuga canadensis, Halesia Carolina, Tilia
americana, and Hamamelis virginiana, in  descending  order,
were next most important in gaps containing R. maximum.
Adjacent overstory species composition differs from these
species and demonstrates non-random replacement under a
canopy of R. maximum. Barden (1980) found a similar trend

in his study of replacement in cove forests in the southern
Appalachians.

Gaps where R. maximum was absent contained Hamamelis
virginiana, Tsuga canadensis Acer saccharum and Fagus

grandifolia in descending importance. Hamamelis virginiana
was usually found as stump sprouts with very rapid growth.

It had a high frequency of occurrence in plots, contributing to
its overall high importance value.

Species richness and density were significantly lower in
gaps containing a midstory dominated by R. maximum.
Species richness averaged 18.7 species in gaps with R.
maximum and 51.9 without (fig. 1), while density averaged
9.1 individuals/m? in gaps with R. maximum, significantly
lower than 50.9 individuals/m?in gaps without (fig. 2).
Average midstory species richness decreases  significantly
from 7.7 species in open gaps to 1 .1 species in R. maximum
gaps (fig. 1) demonstrating that advanced regeneration was
not present at the time of gap formation and subsequent
seediing growth was inhibited. Average midstory density was
also significantly lower, 1 .0 and 0.1 for gaps without and with
R. maximum, respectively (fig. 2). Shade-intolerant midstory
species were almost completely eliminated and shade-
tolerant species were severely reduced to levels where little
to no recruitment into the overstory could occur. Total tree
regeneration was higher in gaps containing litle to no R.
maximum than in gaps containing R. maximum, which
agrees with the findings of Phillips and Murdy (1985) and
Clinton and others (1994).

5

ST9A
50

45 ——
. OAbsent |
40 ‘

. M Present ]

e
S 5

~
G

Species Richness

(%)
=3

Midstory Woody Understory  Herbaceous Understory Total
Vegetation Stratum
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Understory  Vegetation

Woody species-Acer rubrum, Liriodendron tulipifera,
Betula fenta, and Tsuga canadensis were the most
important  woody species in gaps containing R. maximum.
Acer rubrum, Betula Jenta, Liriodendron tulipifera, and
Quercus rubra in gaps without R. maximum were most
important.  Brokaw (1985) found that shade tolerant species
were dense in all gap sizes, which agrees with our findings.

Average woody-species richness and density in gaps with R.
maximum were not significantly lower than open areas.
Richness decreased from 8.7 species to 6.1 and density
decreased from 2.9 individuals/m? to 2.2 from open to R.
maximum gaps, respectfully (fig. 1 and 2). Acer rubrum,
Liriodendron tulipifera, and Betula /enta are the three most

important species in gaps whether or not R. maximum was
present.

Lack of significance in species woody richness is probably
due to high germination percentages of understory woody
species which are capable of sprouting in small transient
patches of light. However, species density data show that
few of these sprouting individuals are capable of survival in
gaps dominated by R. maximum.

Acer rubrum seedlings may be able to grow into the midstory
with less difficulty than the other species due to their greater
shade tolerance. The species is currently present in the
midstory. Most other seedlings present, including Betula and
Liriodendron  seedlings, will likely succumb to detrimental
effects of R. maximum and never reach mid- to upperstory
positions.

Herbaceous species-Most important herbaceous species
in gaps containing R. maximum were Tiarella cordifolia,
Smilax  rotundifolia,  Polystichum  acrosticoides,  Mitchella
repens and Viola blanda. Gaps with R. maximum absent
contained Tiarella cordifolia, Thelypteris noveboracensis,
Polystichum  acrosticoides, ~ Thalictrum  clavatum, and
Solidago curlisii, in decreasing order of importance. Al
these species are typical mesic constituents, and are
moderately shade tolerant.

Herbaceous species were most adversely affected by

increases i R. maximum density with average richness
decreasing significantly from 36.5 to 11.5 species as R.
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maximum density increased (fig. 1). Average species density
decreased from 47.0 to 6.7 individualsim? (fig. 2).

Vegetational Relationships

As R. maximum density increased the number of potential
overstory  species decreased.  Similarly, richness and density
of potential midstory and understoty species decreased.
Herbaceous species experienced the most dramatic
decrease (fig. 1 and 2). These findings indicate that future
diversity of Appalachian cove forests will be reduced as R.
maximum coverage increases. The high density of
herbaceous species in the lower density thickets diminishes
the relative importance of midstory and overstory species.
Herbaceous vegetation may also be a detriment to
regenerating  overstory  species.

CONCLUSIONS

In gaps where R. maximum dominated the shrub layer,
mid/understory development and diversity were restricted.
Species richness and density were significantly lower in
gaps containing R. maximum and richness and density of
the herbaceous layer was also dramatically reduced. Tsuga
canadensis and Acer rubrum were the most dominant
species inventoried in gaps with R. maximum.

Species of varying degrees of tolerance to understory
conditions are capable of establishment in small to medium
size canopy openings in the absence of an evergreen
understory.  Continued and increasing presence of R.
maximum in the mid-story will eventually contribute to the
decrease of species richness in the overstory and alter
forest structure and  composition.
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THIRTY YEARS OF SHORT-ROTATION HARDWOODS RESEARCH’

Klaus Steinbeck*

Addressing the meeting’s theme “Silvicultural Research-A Retrospective,” the following invited
paper presents a history of short-rotation hardwoods research.

Abstract-Thirty-four years afler its conception, short-rotation hardwood forestry is going operational. This paper traces
the history of the concept, from when it was dubbed “Silage Sycamore” to today's intensively managed plantings. Initially
conceived as an efficient means of producing fiber, it also aroused interest as an alternate energy source. A summary of
sycamore and sweetgum yields under different management regimes is presented. With the increased demand for fine
paper, short rotation hardwood plantations are operational in the western USA. In the Southeastern US, hardwoods are
being planted increasingly on upland sites which remain trafficable in wet weather.

HISTORICAL OVERVIEW

The occasion was the 8th Southern Forest Tree

Improvement  Conference which was held in Savannah, GA
in June 1965. A field trip to the Plant Introduction Station,
where kenaf and bamboo were being evaluated as new fiber

sources, was part of the program. Four Georgia foresters (C.

L. Brown, A. M. Herrick, R. G. McAlpine, and H. E. Ruark)
met after hours in Herrick's hotel room for a libation. Thus
fortified, they wondered why we should import bamboos
when we had fast-growing, native hardwood species which
regrew rapidly after they were cut. They could be planted
and harvested like an agricultural row crop. “Silage
sycamore” was born  (McAlpine and others 1966), although
officially it was named Project JB 545 because Jim Beam is
what they were drinking in Room 545 of the old DeSoto
Hotel in Savannah that night.

As a result of this brainstorming, University of Georgia and
US Forest Service researchers established a series of
hardwood plantations in 1966 on a variety of sites. They
began to screen species, to evaluate spacings, and different
rotation lengths (Steinbeck and others 1972). But hardwood
pulpwood was plentiful and cheap in the late 1960's and
eary 1970's and the research generated little interest.

In 1973 the OPEC cartel turned off the world's oil spigots
and thereby stimulated assessments of alternate energy
sources. Wood emerged as one of several promising
alternatives to oil. The Energy Research and Development
Administration  (ERDA), a forerunner of the Department of
Energy, sponsored research to estimate total biomass
production  rates, conversion efficiencies and other factors
relating to wood as an energy source. The Department of
Energy then initiated its Short-Rotation Woody Crops
program,  sponsoring feasibility ~studies and research
throughout the United  States.

The 1990's brought increased demands for fine paper,

especially ~ computer  printout  paper.  Several  wet-weather
winters and increased regulations affecting operations in
wetlands created spot hardwood shortages. Those forest
industries which had to have hardwood fiber for their

particular products began planting hardwoods, often on
sites which remain operable in winter. Boise Cascade and

Potlatch Corporation each manage more than 20,000 acres
of short-rotation, irrigated and fertilized  cottonwood
plantations in eastern Washington. More than thirty years
after its conception, short-rotation forestry has become
operational.

EXPERIMENTAL FINDINGS

Initial Species Screening and Spacing Studies

Three species were selected for study in Georgia at the
outset. Yellow poplar (Liriodendron tulipifera), sweetgum
(Liquidambar styracifiua), and American sycamore (Platanus
occidentalis) were chosen for their thin bark, disease
resistance, and ability to grow on a wide range of sites
(Steinbeck and Brown 1976). Bare-root, 1-O seedlings were
planted at 1 x4, 2x4 and 4x4 foot spacings on an upland
Piedmont site and harvested at 1, 2, and 4 vyear intervals.
Yellow poplar grew slowly on this upland site and was
eliminated from further consideration at that time. However,
with today's intensive cultural practices it deserves a second
look. It is resistant to many herbicides which would facilitate
competition control. Sweetgum also grew slowly during its
first 3 years in the field and was deemed unsuitable for
rotations of less than 4 vyears. In later years we planted red
maple (Acer rubrum) on a small scale and found that it
survived well but initiated height growth very slowly and
erratically.  Black locust (Robinia pseudoacacia) was
devastated by the locust borer (Megacyllene robiniae).

Sycamore and sweetgum emerged as the most promising
species. Sycamore sprouts consistently grew about 7 feet in
height annually. Its stumps usually produced about 2 dozen
sprouts, which thinned themselves naturally to <5 during the
first growing season. The number of sycamore sprouts
which ultimately survived on each stump increased with the
spacing and decreased with rotation length. Yields of woody
biomass (stems, branches, and bark) averaged 2.9 oven-dry
tons/acre/year and increased with increasing rotation length
(up to 4 years) and wider (4x4 foot) spacings. Bark content
was high, it ranged from 19 percent of the total dry weight for
the one-year-old sprouts to 13 percent for the four-year-old
ones (Steinbeck and Brown 1976). Kraft pulping evaluations
showed that the fiber produced by these young trees was
suitable for the production of fine paper (Steinbeck and
Gleaton 1974).

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

2 Professor, Daniel B. Warnell School of Forest Resources, University of Georgia, Athens, GA 30602.
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Rootstock mass for sycamore stumps which were coppiced
annually averaged only 7.1 ovendry tons/acre, whereas
those coppiced on 2-year and 6-year rotations averaged
10.2 and 11.2 tons/acre, respectively (Steinbeck and
Nwoboshi  1980). Annual harvests led to depleted root
stocks, low yields above ground, and high nutrient removals
in the harvested material. Therefore very short rotations at
very close spacings made litle sense. Sycamore and
sweetgum emerged as viable for short-rotation
management.

Second Generation Studies: Effects of Different
Harvesting Cycles on Woody Biomass Yields

In 1978 a trial was initiated to determine the effects of
different harvesting cycles on woody biomass yields.
Sycamore and sweetgum were planted at a 4x8 foot spacing
on a broad upland ridge in the upper coastal plain in Tattnall
County, Georgia. The soils on the site were Leefield and
Fuquay loamy sands with very acid, friable sandy loam B-
horizon at about 24 inches. These soils are low in natural
fertility (Site Index, 83 feet for slash pine) and organic
matter  (Anon.  1980).

By today's standards, cultural treatments were modest. The
trees were fertiized with 800 Ibs/acre of 10-10-10 in each of
the first two years after planting and with 500 Ibs in the
fourth year. Since the soils were low in phosphorus, 80 Ibs
of elemental P were also added during the first year. Both
mechanical and chemical weed control was attempted
during the first growing season but was only partially
successful.

Three harvesting cycles were evaluated during the 15 years
following planting: 1) Allow trees to grow uncut for 15 vyears;
2) Harvest at ages 4 and again at age 15; and 3) Harvest at
ages 4, 10, and 15 years.

Sweetgum produced significantly more woody biomass than
sycamore, an average of 2.1 oven-dry tons/acrelyear
compared to 1.57 tons for sycamore. Regardless of whether
the stands were allowed to grow uncut or were cut three
times during the 15-year nperiod, total above-ground woody
biomass yields did not vary significantly within species.
Crown closure generally occurred during the first growing
season after coppicing sycamore and in the second season
for sweetgum. Therefore the duration of complete site
occupancy was high, even in the plots which were harvested
frequently. This may account for the uniform biomass yields
across harvesting treatments. At any rate, short-rotation
hardwood culture emerged as flexible system with regard to
harvest scheduling. This flexibility could prove to be
especially valuable when upland short-rotation  stands are
used as ‘“emergency” stands for wet weather harvests. They
can be stored on the stump if not needed or harvested
sooner when supplies are short.

Effects of Harvest Season on Subsequent Yields

Wood must be available to feed a pulp mil or power plant
throughout the year. This means that some stands may
have to be cut at times of the year when resprouting will not
be optimal. Every forestry student leamed in basic silvigult-
ure that the best time to cut hardwoods to minimize regrowth
is late spring and early summer. But little research has been
done to quantify the degree of loss or to see whether the
extent of the decrease differs among species. When
sweetgum and sycamore were harvested monthly
throughout the year, those which were cut in May, June and
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July produced less woody biomass than trees cut in the
other nine months of the year. One year after harvest in the
May to July timespan sycamore produced 40 percent and
sweetgum 23 percent less woody biomass than trees cut
during the rest of the year. These differences narrowed
somewhat over time. But five years after harvest sycamore
yields were still down by 23 percent and sweetgum's by 14
percent  (Steinbeck, in press)

Yields of Sycamore and Black Locust Mixtures

Nitrogen fixing species have been used as nurse crops to
increase the growth of the main crop species. Increases in
total soil N have been demonstrated under plantations which
were at least 15 years old (Mcintire and Jeffries 1932;
Chapman 1935). When sycamore and black locust were
grown in both pure plots and in mixture in the Georgia
Piedmont, the four-year mean annual increments in pure
plantings of either species was about 2 tonsf/acrelyear. The
mixed plots vyielded only 1.3 tons (Dickmann and others
1985). Two-thirds of the woody biomass production of the
mixed plots consisted of black locust. Apparently young
black locust coppice grew so rapidly that it used not only the
nitrogen it fixed but also competed successfully for other soil
N. lke and Stone (1958), also could not demonstrate
increases of total soil N beneath 5- to 1 O-year-old black
locust stands. The strategy of mixing two intolerant species
with  similar growth rates failed to increase total biomass
production. Mixing fast growing intolerants with  slower
growing, tolerant species may be more successful in
increasing  total  production.

Energy Balances

In order to be a viable alternative energy source, the energy
production of forest stands must exceed energy inputs.
There was little difference in the caloric content of the wood
of different tree species on a dry weight basis. The wood of
nine hardwood species averaged 4,777 calories/gram  with a
range of less than 4 percent between the species with the
highest (Acer negundo) and lowest (Liquidambar styraciflua)
dry weight caloric content (Neenan and Steinbeck 1979).
This uniformity  simplifies  species selection for energy
plantations-the species with the highest dry weight
production/acre/year will also yield the most energy. When
the energy expenditures in site preparation, planting,
fertilization, disking etc. were added up and compared to the
energy content of the wood produced while still on the
stump, sycamore averaged about 15 g-calories of energy
output for every g-cal input (Steinbeck 1981). This was very
similar to the energy out/in ratio of 16 achieved by

intensively managed cottonwood in the Lake States
(Zavitkovski 1979).

Third Generation Studies: Yields under Intensive Culture
Demand for fine paper skyrocketed with the advent of the
Personal Computer and its appetite for print-out paper. Log
trucks loaded with hardwoods have become a common sight
and hardwood pulpwood actually is worth something. But
hardwoods are located mostly in the mountains and pulp
mills in the distant coastal plains. Many private landowners
don't want their hardwoods cut, even though they are
perfectly willing to regard pines as a crop and cut them. Wet
winter weather renders many hardwood sites inaccessible
for harvest. These dual pressures of decreasing availability
and increasing demand dictate that methods for growing
more hardwood fiber on fewer acres be developed. Due to
management  restrictions and  operability  limitations  on
typical  bottomland  hardwood  sites,  short-rotation  culture



should be practical on less than optimal, i.e. upland sites.
Therefore a field trial to investigate the biomass production
potential of sycamore and sweetgum under putative
optimum nutritional and soil moisture conditions was
initiated.

The site in Tattnall County was clearcut and sprout growth
iniiated in early 1994. A drip irigation system was installed
through ~ which liquid fertilizer dissolved in the irrigation water
(fertigation) could be applied. Four treatments were
installed: 1) No irrigation with estimated optimum fertilization
(500 Ibs of 20-I O-l Olacre + minor elements annually) 2) No
irrigation  with  fertilization at double the estimated optimum
annual rate; 3) Irrigation with estimated optimum fertilization
(100 gal of 1 0O-5-5 liquid per acre plus minor elements)
annually; and 4) Irrigation with fertilization at double the
estimated optimum rate annually. The irrigated plots
received about 60 inches of well water during the growing
season in additon to the natural rainfall.

Over a b5-year span (1994-1998) sycamore consistently
produced an average about 5.6 oven-dry tons and
sweetgum about 4.4 tons/acrelyear of woody biomass.
Therefore the wood production of sycamore under intensive
cultivation more than tripled and that of sweetgum more than
doubled compared to the previous, less intensive cultivation
regimen on the same site. This also represented a reversal
in the ranking of productivity of the two species, because, in
the 2nd generation study, sweetgum had been more
productive under less intensive cultivation than  sycamore.

Somewhat  surprisingly, neither irrigation nor the higher
fertilizer rate affected yields significantly. Even though the
site  experienced month-long summer droughts in 1995 and
1996, soil moisture seems not to have been limiting growth
on the non-irrigated plots. This may have been due to the
heavier textured B-horizon. And even though minor
elements were applied, it is possible that one of them
became limiting when the major ones were provided at the
higher  level.

SUMMARY

Thirty-four years have gone by since the idea of short-
rotation hardwood culture was conceived by four foresters
who were able and wiling to think unconventionally. The
system they imagined has proven feasible, even though the
very close spacings and very short coppicing cycles they
initially ~ envisioned were impractical. The system proved
flexible in terms of consistent yields under various spacings
and rotation ages. The fiber produced is suitable for fine
paper production. Energy outputs of short-rotation
plantations exceeded energy inputs. Both sycamore and
sweetgum reacted favorably to fertilization on an upland site.
Cottonwood fiber farms are operational in the Pacific
Northwest and short-rotation hardwood system is also
eliciting interest in the Southeast.
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ECONOMICS OF AFFORESTATION WITH EASTERN COTTONWOOD
(POPULUS DELTOIDES) ON AGRICULTURAL LAND IN THE LOWER
MISSISSIPPI ALLUVIAL VALLEY’

John A. Stanturf and C. Jeffrey Portwood?

Abstract-Higher prices for hardwood stumpage and changes in agricultural policies may favor afforestation on sites in
the Lower Mississippi Alluvial Valley (LMAV) which are suitable for Eastern cottonwood (Populus deltoides Bartr.). We
examined the potential returns to a landowner growing cottonwood on three soil classes common to the LMAV. We
specified the conditions under which we think such afforestation projects will be successful. Afforestation with cottonwood
was a profitable investment under most conditions. Including federal cost-share, available under the Conservation Reserve
Program (CRP), greatly increased profitability. Landowners interested in establishing oak-dominated forests can offset
costs by interplanting cottonwood and red oak. Long-term management for cottonwood pulpwood can he profitable if
coppice is included. On lower productivity sites, coppice is probably necessary.

INTRODUCTION

The Lower Mississippi  Alluvial Valley LMAV has undergone
the greatest conversion of bottomland hardwood forests to
agriculture in the United States. Forest clearing occurred as
recently as the 1960 and 1970's in response to increasing
prices for soybeans (Sternitzke 1976). Today, some land
that was cleared is available for afforestation. The Wetlands
Reserve Program (WRP) and Conservation Reserve
Program (CRP) are two federal programs that provide cost-
sharing and easement payments for afforestation. Only the
CRP, however, routinely allows planting cottonwood. The
economics of cottonwood plantations has changed in the 15
years since Anderson and Krinard (1985). Advances in
chemical weed control technology have made it possible to
grow stands on heavy clay soils to pulpwood rotations.
Nevertheless, landowners must be committed to carrying out
the full suite of site preparation and cultural practices to
insure establishment of a fully stocked stand.

DATA AND METHODS

The methods for culturing cottonwood considered here are
used operationally by Crown Vantage at the Fitler Managed
Forest in Issaquena County, Mississippi. These techniques
were developed from research (McKnight 1970) and
experience. Costs are typical for nonindustrial landowners in
the LMAV and based on our experience.

Site  Preparation

Afforestation in the LMAV generally occurs on land
converted from soybeans. Ideally, site preparation begins
immediately following soybean harvest. If soybeans are
combined with chopping and shredding, plant residues are a
fine debris and pose no problems for afforestation. The first
step in site preparation is double discing (discing in two
passes, each perpendicular to the other). The cost of $5 per
acre per pass only includes operator wages and fuel, as we
assume that the landowner is a farmer and already has the
needed equipment. Next, the soil is ripped in the planting
row with a straight shank to facilitate planting. Cost is
estimated at $10 per acre. If a traffic pan has developed,
subsoiling must be done in the previous year. The distance

between plants within a row (12 ft) is marked by puling a bar
in another pass perpendicular to the planting row. This
treatment is necessary to insure uniform spacing within and
between rows to allow effective cultivation during the
growing season. Marking costs $5 per acre. Nitrogen
fertilizer as a liquid is added to the planting slit made by the
ripping shank in the same pass. This requires specialized
equipment to place the fertilizer 18 to 20 in. deep in the slit.
Currently this costs $15 per acre for 80 Ibs. of nitrogen. Site
preparation should be completed in the fall. On Sharkey
(Vertic Haplaquepts) and other expanding clay soils,
undergoing several wetting and drying cycles is essential for
the slit and drying cycles (from precipitation) in order for fine
particles to fill the slit. Otherwise, soil drying in the spring
and summer will cause the soil to crack along the planting
slit, exposing tree roots to desiccation. These treatments,
including fertilization, cost $40 per acre.

Planting

Cottonwood cuttings of 16- to 18-in. lengths are planted by
hand from December through March. Espacement for 12 ft
by 12 ft results in 302 stems per acre. Improved cuttings are
available for ~approximately $200 per thousand cuttings.
Material costs are $60.40, and labor costs are $18 per acre
for  planting.

Cultural ~ Treatments

Control of competing vegetation is critical during the first
growing season because cottonwood is  extremely intolerant
of shading. A pre-emergent herbicide is sprayed in a 3-ft
band centered on the planting row. This should be done
over the top of dormant cuttings, between December and
mid-February. Chemicals presently used are Goal 2XL, 64
oz per acre and Gramoxone Extra (non-crop label), 32 oz
per acre. These chemicals cost $10.88 and $2 per acre,
respectively, in 1998-99. Chemicals can be applied in a tank
mix with 80-20 nonionic surfactant, 1 percent solution,
costing $0.25 per acre. This can applied with ground
equipment, such as a rubbertired, 90 horsepower farm
tractor. Readiness to spray is critical, as sufficient dry
periods are scarce at this time of year. A banded spray of

1 Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

2 Research Ecologist and Project Leader, USDA Forest Service, Southern Research Station, Center for Bottomland Hardwoods Research,
Stoneville, MS 38776; and Forest Manager, Crown Vantage, Vicksburg, MS 39180, respectively.
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Goal at 32 OZ per acre ($5.44) is used for emergent
broadleaves later in the spring.

Beginning May 1, mechanical competition control  begins.
A treatment consists of two passes perpendicular to each
other. Mowing, discing, and bush hogging are equally
effective, and each cost $5 per acre per pass. Two
treatments in the first growing season are likely to be
needed. As many as four treatments may be required.

Johnson grass (Sorghum halepense (L) Pers) is a serious
competitor and additional steps may be needed for its
control. Cottonwood leaf beatle (Chrysomela scripta F.) may
defoliate  young plants and cause mortality. Spot applications
for both these pests may be sufficient during the first year,
but costs are estimated for banded application. For control
of these pests, over the top application of Fusilade (for
control of Johnson grass) at 24 oz per acre ($6) and Sevin
XLR Plus (for control of cottonwood leaf beatle) at 16 o0z per
acre ($3.75) is effective. These chemicals can be applied in
tank mixture with 80-20 nonionic surfactant at 1 percent
($0.25). With application costs of $5 per pass included,
costs of cultural treatments the first year total $63.57.

In the second growing season, mechanical competition
control by cross discing will be needed if cottonwood plants
are less than 6 ft tall. If cottonwood is greater than 8 ft tall,
then discing may be unnecessary. Plants between 6 ft and 8
ft tall may benefit from discing in the second year. Estimated
costs for two passes were $10 per acre.

Interplanting

The primary objective in afforestation for many nonindustrial
landowners is enhancing wildlife habitat, particularly for
game animals and waterfowl (Jones and others, In press).
We believe it is possible to accomplish this quickly by
interplanting  suitable red oak species between every other
row of cottonwood (Schweitzer and others 1997, Stanturf
and others 1998, Twedt and Portwood 1997). Because
mechanical weed control for 1 or 2 years is necessary to
establish cottonwood, we delay planting the red oak until the
beginning of the third growing season. If height growth of the
cottonwood is sufficient the first year, however, oaks can be
interplanted  at the beginning of the second growing season.
Interplanting  between every other row of cottonwood allows
directional felling of the cottonwood at the end of the
pulpwood rotation and avoids damage to the oak seedlings.
Because the oak is on a 12 ft by 24 ft spacing (151 stems
per acre), labor costs for hand planting are estimated at half
that of cottonwood ($18 per acre). Cost of oak seedlings has
increased with greater demand in recent years but we
estimate that bareroot 1-O Nuttall oak (Quercus nuttallii
Palmer) seedlings can be purchased for $0.25 per seedling,
thus material costs are $37.75 per acre.

Coppice

For some landowners, allowing harvested stumps to
resprout will be advantageous, as a second rotation on the
same root system can be obtained for a small investment.
Because of multiple sprouting, thinning stumps back to two
sprouts in the winter after the third growing season has been
customary. Up to 10 sprouts are removed from each stump.
Recently, Crown Vantage has harvested every other row in a
plantation in the winter, which encourages sprouting. After
sprouting has clearly been successful, usually one or two
growing seasons, the residual trees are harvested in the
summer to discourage resprouting. On small ownerships,

this may not be cost effective, so we estimated hand pruning
at $32 per acre.

Taxes and Administration

Property tax rates are greater for agricultural than forest land
and vary considerably among and within the States in the
LMAV. We wused estimates provided by Amacher and others
(1997): $4.50 for Arkansas, $1.83 for Mississippi, and $1.44
for Louisiana annually per acre. Administration costs were
assumed to be $1 per acre annually. We assume timber
severance taxes are the responsibility of the timber buyer or
harvester.

Cutover

If the landowners objective is to grow pulpwood through
several rotations, greater site preparation costs will be
incurred for cutover land than for afforestation of agricultural
land. Higher costs will result from shearing stumps close to
the ground, piling into windrows, and burning. Site
preparation discing with the heavier equipment needed for
cutover land is also more expensive. Costs for these
operation are $190 for shearing, piling, and buming and $35
per acre for site preparation discing. This allows the
necessary mechanical weed control with lighter farm
equipment and avoids damage to young plants from flying
chunks of wood, as well as damage to cultivators and discs.
Subsequent cultural treatments are the same as those
previously listed.

Production Data

Yield data for cottonwood plantations are from the Fitler
Managed Forest in northwest Mississippi. We selected three
stands which represent soils suitable for growing
cottonwood but varying in productivity. These stands are all
on old field sites, protected by the river levee, with good
survival. Al were planted with the technology previously
described: improved planting stock, fertilized at site
preparation, and treated with the new herbicide technology.
The stand on the Commerce soil (Aeric Fluvaquents)
represents the highest productivity sites. The medium
productivity sites are represented by the Tunica-Bowdre
soils  (Vettic  Haplaquepts-Fluvaquentic ~ Hapludolls).  The
Sharkey soil represents the lowest productivity sites. Stand
characteristics are described in detal in Table 1.

Growth and Yield

The best available growth and yield model for plantation
cottonwood is that of Cao and Durand (1991). This is a
compatible growth and vyield model that uses the Sullivan
and Clutter (1972) equation form for predicting cubic-foot
volume vyield and projecting volume from site index, initial
age, and basal area. The model was the basis for an Excel
spreadsheet called Cotton, prepared by Cao for Crown
Vantage in 1994, We used this software to estimate volume
to a 3-inch top and vyield of green tons per acre for each
stand for pulpwood rotations of 10 and 11 years. No model
exists for coppice rotations but experience at Fitler suggests
that merchantable vyield from a coppice is about half that
from planting because multiple sprouts result in small,
unmerchantable stems. We disregarded any timber value of
the interplanted oaks, assuming the landowner's interest
would be creating wildiife habitat only.

Prices and Cost Sharing

Stumpage price for cottonwood was centered at $10 per
green ton, the average price paid by Crown Vantage. This is
higher than the average hardwood stumpage as reported in
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Table [|-Characteristics of the stands we selected to represent soil/site productivity classes and their
estimated yields at rotations of 10 and 11 years; stands were age 3 years when measured

Tunica-
Commerce Bowdre Sharkey
Site Index (base age 10), ft 80 73 66
Basal area, ft? per acre 29 17 15
Stems per acre 276 252 260
Survival, percent 91 83 86
Tons per acre, age 10 68.58 50.24 42.05
Cumulative annual increment (green tons per acre), age 10 7.52 6.29 5.36
Mean annual increment (green tons per acre), age 10 6.86 5.02 4.21
Tons per acre, age 11 75.42 56.05 47.01
Cumulative annual increment (green tons per acre), age 11 6.84 5.81 4.96
Mean annual increment (green tons per acre), age 11 6.86 5.1 4.27

Timbermart South but reflects the lower cost of pulping
cottonwood as compared to other hardwoods in the process
used by Crown Vantage. In our analysis, we varied the value
for stumpage at $8, $10, and $12 per green ton.

Afforestation is seldom attractive without the cost-sharing
available through the CRP because of the initial capital
costs, the lack of an annual return, and greater perceived
risk. Although the CRP is federally financed, reimbursement
rates and allowable practices are set by individual States.
We gathered current information on CRP cost sharing for
Mississippi, Louisiana, and Arkansas from their respective
State offices of the Natural Resources Conservation
Service. They all customarily reimburse a landowner up to
50 percent of establishment costs. Reimbursement rates are
summarized in Table 2.

Analyses

Our interest was in both short- and long-term evaluations.
For short-term investment analysis, we used Net Present
Value (NPV) and Internal Rate of Return (IRR) to compare
several scenarios for every combination of soil type (yield)
and State (taxes and cost share reimbursement). Our base
case assumed a real discount rate of 4 percent (Clutter and

Table 2-Conservation Reserve Program

reimbursements

others 1992) and no inflation. Internal rate of return was
estimated using a 10 percent cost of capital. We examined
the impact of rising costs and stumpage by inflating
stumpage and costs equally at 3 percent annually, and a
scenario where stumpage grew faster than costs (5 percent
versus 3 percent). In another set of scenarios, we adjusted
for risk by using a discount rate of 8 percent. Analyses were
performed using the Project Investment Analysis template
available in Lotus 1-2-3- Release 5.

For long-term analyses, we examined three management
scenarios which began with afforestation without cost share
under the CRP. In the most intensive scenario, the
landowner cleared and planted after each rotation. In the
moderately intensive scenario, coppice followed
afforestation, but thereafter the landowner cleared and
planted after each rotation. The least intensive scenario
assumed the landowner coppiced for a rotation, then cleared
and coppiced. To allow sufficient time for all harvesting and
site preparation activities, we assumed a I-year delay
between harvest and replanting. Land expectation value or
bare land value (BLV) was derived for each scenario (Clutter
and others 1992).

in Arkansas, Mississippi, and Louisiana per

acre; total cost share is for establishment costs, reimbursed at the rate of 50 percent of expenses for 303

stems per acre

Arkansas Louisiana Mississippi
------------------ Dollars -« =~ eveveeamanaa--
Site preparation 21 .00 10.00 16.00
Planting .20/seedling . 70.00
Seedling material .26/seedling
Herbicide 22.00
Total cost-share reimbursement for establishment 40.80 55.39 43.00
Annual soil payment 35.00 45.00 44.00
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RESULTS

Base Case

Afforestation with cottonwood appears to be profitable under
most conditions (tables 3, 4, 5). The combination of low
productivity Sharkey soil, stumpage at $8 per green ton and
higher land taxes in Arkansas, however, result in negative
NPVs (table 5). When the real interest rate of 4 percent is
doubled to account for risk, even the moderately productive
Tunica-Bowdre soils have negative NPV when stumpage is
low (tables 3, 4, 5). Internal rates of return for Sharkey soil
with medium stumpage level range from 6.32 percent in
Arkansas (highest taxes) to 7.75 percent in Louisiana
(lowest taxes).

Interplanting is included as an expense. Under most
conditions of low productivity (Sharkey or Tunica-Bowdre
soils), low to mid stumpage ($8-$10 per ton), high taxes
(Arkansas), or combinations, including interplanting lowers
NPV to negative values. Including cost share payments
under the CRP makes NPV positive under all the conditions
we assumed (data not shown). Cost share payments were
assumed to be made for 9 of the 11 years of the rotation (no
payments made in year 0 when site preparation occurs, or in
harvest year) and totaled more than the costs accrued under
the base case (no inflation or risk adjustment).

Table 3-Net present value of afforestation scenarios in Arkansas by soil/productivity class, values are

without cost-share incentives from CRP

Values

Sharkey Tunica-Bowdre Commerce

Stumpage 8 10 12 8 10 12 8 10 12

------------------------- Dollarg - - - === ccmemcmacaaaaaan
Base 8) 46 101 34 100 165 130 219 308
Base, risk adjustment (4%) (62) (26) 10 (34) 10 53 29 88 147
Base + interplant 1) 53 52 117 82 m 260
Inflate 3% 66) 129 202  (13) 200 288 240 360 480
Inflate 3%, interplant 5% 76 150 162 148 236 188 308 428
Inflate costs 3%, stumpage 5% 117 206 295 187 293 399 342 487 632
Inflate costs 3%, stumpage 5%, 65 154 243 135 241 347 290 435 580

and interplant

Table 4-Net present value of afforestation scenarios in

without cost-share incentives from CRP

Louisiana by soil/productivity class, values are

Values

Sharkey Tunica-Bowdre Commerce

Stumpage 8 10 12 8 10 12 8 10 12

------------------------- Dollars - - - --==cccmocmceiicca -
Base 19 73 128 61 126 192 156 245 335
Base, risk adjustment (4%) (40) 4) 32 (12) 31 74 51 110 169
Base + interplant (29) 26 80 13 79 144 109 198 287
Inflate 3% 86 159 233 143 231 319 271 391 511
Inflate 3%, interplant 34 107 181 91 179 267 219 339 459
Inflate costs 3%, stumpage 5% 150 239 328 219 326 432 374 519 664
Inflate costs 3%, stumpage 5%, 96 185 274 166 272 378 321 466 611

and interplant
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Table 5—Nat present value of afforestation scenarios in Mississippi by soil/productivity class, values are
without cost-share incentives from CRP

Values
Sharkey Tunica-Bowdre Commerce
Stumpage 8 10 12 8 10 12 8 10 12
------------------------- Dollars = === == =eeacacmaacanmaan--
15 70
Base (43) (m 124 (15) 123 188 153 242 331
Base, risk adjustment (4%) (33) 30 29 72 48 107 166
Base + interplant 22 7 10 75 141 105 194 284
inflate 3% 82 155 229 87 227 315 267 387 507
inflate 3%, interplant 30 103 177 214 175 263 215 335 455
Inflate costs 3%, stumpage 5% 144 233 322 320 426 369 514 659
inflate costs 3%, stumpage 5%, 92 181 270 162 268 374 317 462 607
and interplant
inflation ~ Scenarios rate, there is little difference in BLV between management
inflating costs and stumpage without changing the discount regimes. At the highest inflation rate (5 percent), the most
rate made all scenarios profitable (tables 3, 4, 5). Actual intensive regime (clearcut and plant every rotation) produces
stumpage yields increased 34 percent when inflated at 3 the highest BLV.
percent annually, and increased 63 percent when inflated at
5 percent annually. The effect on NPV depended upon DISCUSSION
productivity, with a proportionally greater increase on the Under most conditions, it is profitable to afforest with
lower productivity Sharkey soil. For example, in Louisiana cottonwood. Stumpage, volume yields, and taxes all
when stumpage is based on the initial rate of $10 per green influence profitability in the short and long-terms. Cost share
ton, the percentage increase in NPV for Sharkey is 118 programs such as the CRP, considerably enhance
percent for 3 percent inflation and 227 percent for 5 percent profitability, especially on lower productivity sites. Cost share
inflation. On the higher productivity Commerce soil, the NPV can offset risk as well as provide an annual income. A
increases are 60 percent and 112 percent for the 3 and 5 landowner interested in afforestation primarily for wildlife
percent inflation factors, respectively. should consider interplanting cottonwood and oak: the yield
from one cottonwood pulpwood rotation can offset the costs
Long-Term  Timber  Management of afforestation even without cost share.
After the initial afforestation of agricultural land, the
landowner interested in long-term timber management is Long-term timber management for pulpwood can be
faced with the decision of whether to include coppice profitable if coppice is included. On lower productivity sites,
rotations. The results of the three scenarios we evaluated coppice is probably necessary. A landowner has more
are shown by State and soil series in tables 6, 7, 8. The high options, however, on the higher productivity sites. Sawtimber
cost of site preparation of a cutover forest stand, as management is a possibility although Anderson and Krinard
compared to afforestation of bare agricultural land, greatly (1985) were not optimistic unless real stumpage increased.
affects profitability. On the low productivity Sharkey soil Profitability could be increased by increasing the
(tables 6, 7, 8), positive BLV is obtained only when merchantable yield of coppice. Lowering the cost of site
stumpage is high or coppice rotations are included. Even preparation on cutover land would probably do the most to
when inflation is included, the highest BLV occurs when increase attractiveness of converting agricultural land to
management is alternating clearcut and plant with coppice timber management. Two potential developments that may
(data not shown). increase profitability are new herbicides that can be applied
during the growing season or transgenic clones with
On the medium productivity Tunica-Bowdre soils, alternating herbicide tolerance. in either case, mechanical cultivation for
clear and plant with coppice produces positive BLV even at weed control would no longer be necessary, and expensive
the lowest stumpage rate. If costs and stumpage are inflated site preparation could be avoided.
3 percent annually, the highest BLV are still produced by
alternating clearcutting with coppice. if stumpage is inflated Two potential sources of income were omitted from our
at 5 percent annually, the highest BLV is obtained with just analysis. Annual payments for hunting leases could more
one coppice rotation following afforestation. than offset annual costs for taxes and administration. Fee
_ . _ hunting leases for forest land in the “delta” area of northwest
The higher productivity Commerce soils can be managed Mississippi average approximately $5 to $7 per acre per
profitably with the most intensive practices (tables 6, 7, 8) year (Personal communication. Stephen C. Grado. 1999.
but the choice of management regime with the highest BLV Assistant Professor of Forest Economics, Mississippi State
is sensitive to stumpage prices. At the highest stumpage University, P.O. Box 9681, Mississippi State, MS 39762).
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Table 6-Bare land value (BLV) for long-term timber management scenarios in Arkansas by soil
productivity classes, values are for the base case with no inflation in cost or stumpage

Values
Sharkey Tunica-Bowdre Commerce
Stumpage 8 10 12 8 10 12 8 10 12
------------------------- Dollars - - - ==« e e e e cceeeeee o
18  (173) 14
Clear and plant (294) -(138) (53) 200 99 354 608
Coppice once (162) (22) 119 115 282 190 418 646
Alternate coppice (70) 59 188 30 184 338 252 462 671
and clear and plant
Table 7-Bare land value (BLV) for long-term timber management scenarios in Louisiana by soil
productivity classes, values are for the base case with no inflation in cost or stumpage
Values
Sharkey Tunica-Bowdre Commerce
Stumpage 8 10 12 8 10 12 8 10 12
------------------------- Dollars - - ---------cececcemnnaan
Clear and plant (218)  (62) (97) 90 276 175 430 684
Coppice once (85) 55 24 191 359 266 494 722

Alternate coppice 7 136
and clear and plant

107 261 415 329 538 747

Payments for carbon sequestration have been made in the
Tropics, in anticipation of a market for trading carbon credits
by industries that produce greenhouse gases (Amacher and
others 1997).
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Table 8-Bare land value (BLV) for long-term timber management scenarios in Mississippi by soil
productivity classes, values are for the base case with no inflation in cost or stumpage

Values

Sharkey Tunica-Bowdre Commerce
Stumpage 8 10 12 8 10 12 8 10 12
e mEEBAds e ceeer e ——————-- Dollarsn-llll.lluln------------n
Clear and plant (228) (72) 84  (108) 80 266 166 420 674
Coppice once (95) 45 185 14 181 349 257 485 713
Alternate coppice (3) 126 255 97 251 405 319 528 738
and clear and plant
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PRE- AND POSTEMERGENT APPLICATIONS OF IMAZAQUIN FOR
HERBACEOUS WEED CONTROL IN EASTERN COTTONWOOD
PLANTATIONS: SECOND YEAR RESULTS

Andrew W. Ezell, Jeff Portwood, and Harry Quicke?

Abstract-Eastern cottonwood (Populus deltoides) is capable of rapid growth and commercial production. However, this
species is extremely sensitive to competition and requires some form of competition control throughout the first growing
season. Imazaquin is a herbicide which demonstrates a wide spectrum of herbaceous weed control and could be an
excellent option for use in young cottonwood plantations. Preemergent applications are required for early season control
and will typically maintain a first-year planting until May or June. At that time, a postemergent application or mechanical
cultivation is required. In this project, imazaquin was applied in both preemergent and postemergent screening trials at
three rates. The result of these replicated studies were the basis for the 1997 and 1998 field trials which included
postemergent applications of imazaquin alone and in a tank mix with pendamethalin. All applications were over-the-top of
the planted cottonwoods. Results from the screening trials demonstrate that imazaquin gives excellent competition control
with no damage to the cottonwoods. Postemergent applications of imazaginlpendamethalin mixtures resulted in slight foliar
phytotoxic symptoms, but had no negative effects as a preemergent application. When postemergent applications are
made to areas which have not received preemergent treatment, competition control is drastically reduced. Imazaquin has
excellent potential for both pre- and postemergent application over young cottonwoods, but preemergent treatment is
essential if postemergent applications are to be most effective.

INTRODUCTION

Eastern cottonwood is a tree species capable of rapid
growth when planted on appropriate sites and given
sufficient cultural treatment to ensure establishment and
early development. This species is extremely sensitive to all
forms of competition, and one of the greatest threats to
successful establishment of cottonwood plantations is
competition from undesirable vegetation. The successful
establishment of eastern cottonwood plantations depends
on a wide variety of factors including sufficient site
preparation, critical attention to spacing, use of properly
prepared cuttings, and competition control. In addition to
competing for the resources of the site, undesirable
vegetation also increases the difficulty of early cultivation by
decreasing the operator’s ability to see the planted row.
Historically, mechanical cultivation was the only competition
control used in cottonwood plantations and while this form of
cultivation may be important for soil aeration and
competition control, it can result in serious injury and/or
mortality to young cottonwood sprouts. Any delays in
mechanical cultivation which are caused by inclement
weather and unacceptable site condition only result in
greater growth and development of competing vegetation
and concomitant increased growth loss and damage to the
eastern cottonwood.

Previous studies have demonstrated the efficacy of
preemergent herbicide applications for eastern cottonwood
plantations and the impact on first-year survival. This paper
will discuss the efforts to develop alternatives for both pre-
and postemergent competition control.

Imazaquin is a herbicide which has demonstrated control on
a wide spectrum of herbaceous plants. This material also
had great potential for crop tolerance by the cottonwood.
This paper reports on the initial screening trials and
subsequent field examinations regarding the use of

imazaquin in either pre- or postemergent applications over
planted eastern cottonwood cuttings.

STUDY OBJECTIVES
The objectives of these combined field studies were as
follows:

(1) to evaluate the efficacy of imazaquin for herbaceous
weed control in either preemergent or postemergent
applications.

(2) to evaluate the crop tolerance response of eastern
cottonwood to various rates of imazaquin applied at
either preemergent or postemergent timings.

MATERIALS AND METHODS

Study Sites

All screening trials were conducted on Fitler Managed

Forest which is approximately 30 miles north of Vicksburg,
MS. The 1997 postemergent field trials were installed both at
Fitler Managed Forest and on Westvaco Corporation land
which is located near Wickliffe, Kentucky, and the 1998 trials
were installed on private land approximately 10 miles south
of Vicksburg, MS.

Treatments

Between 1992-1995, imazaquin was applied in the form of
Scepter herbicide at the rate of 0.125, 0.25, and 0.50 Ib ae/A
in both pre- and postemergent screening trials (hereafter
referred to as “screening trials”). In the 1997 postemergent
field'trials, imazaquin was applied in the form of Scepter 70
DG at the rate of 0.11, 0.22, and 0.44 lb ae/A. In addition, a
tank mix of 0.22 Ib ae/A imazaquin and 2 Ib ai/A
pendamethalin was applied in 1997. In 1998, the tank mix of
imazaquin and pendamethalin was repeated as a
preemergent application followed by imazaquin application
(0.25 Ib ae/A) at “first flush” and 60 days after treatment

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

‘Professor, Department of Forestry, Mississippi State University, Mississippi State, MS; Forester, Crown-Vantage Corporation, Vicksburg, MS;

and Market Development Specialist, American Cyanamid Company, Auburn,

AL, respectively.

73



(DAT) timings. All treatments in all studies were replicated
three times with each treatment applied over-the-top of the
planted cottonwoods. Preemergent applications were
completed in January (applied prior to bud break), and
postemergent treatments were applied in mid-May (applied
after leaves developed and actively growing).

Applications  were  completed with a CO,-powered backpack
sprayer utilizing a TK2.5 Floodjet nozzle in the screening
trials and a 4-nozzle boom with 8002 tips in the 1997 and
1998 field trials. All treatments used a total spray volume of
20 gallons per acre, and no surfactant was added to any of
the mixtures. Each treatment plot was a swath 6 feet wide
and 300 feet long with the planted cottonwoods serving as
the center line of the treated plot.

Evaluation

Plots were evaluated at 30, 60, 90, and 120 DAT in the
preemergent  screening trials for both  competition control
efficacy and crop tree damages. In the postemergent trials,
evaluations were completed at 7, 30,45, 60, and 90 DAT for
the same variables. All evaluations were completed by
ocular estimates, and crop trees were examined closely for
any damage symptoms including foliar discoloration or
necrosis, fasciculation, rosetting, stunting, or terminal die
back.

RESULTS

Screening  Trials

None of the treatments damaged the cottonwoods in any
test. Al the treatments provided good competition control
with the 025 and 050 Ib rates providing excellent control for
90 DAT (table 1). A rate response was evident by the 90
DAT evaluations, and after that time, residual control in the
050 Ib treatment was significantly greater than the other
rates in the preemergent trials. The 0.25 and 0.50 Ib rates
both exhibited greater residual activity in the 90 DAT
evaluations for the postemergent screening trial (table 1).

Table I-Percent clear ground in imazaquin screening
plots over eastern cottonwood (average all reps)

Evaluation timing (DAT)?

Treatment 30 60 90 120
Lb ae/acre . Percent - - - - ------
Preemergent
0.125 73 70 53 13
.25 77 75 60 20
.50 80 80 67 33
Postemergent
125 70 66 27 -
.25 80 66 43 -_—
.50 85 66 50 —_

& pAT = days after treatment.
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The level of competition control at 60 and 90 DAT is a
significant item for comparison to the 1997 study. The
postemergent screening trial was installed on an area which
had received operational preemergent treatment. In 1997,
the study was installed on areas which had not received any
preemergent applications at either study location.

1997 Field Trial

Weed control in the 1997 study was poor when compared to
the earlier screening trials. At 60 DAT, average percent clear
ground ranged from 20 to 33 percent at Fitler and 10 to 17
percent at Wickliffe for the imazaquin treatments (table 2).
Adding pendamethalin increased competition control, but
could result in a negative growth response when applied to
actively growing cottonwoods. When compared to the 60-70
percent clear ground at 60 DAT in the screening trials, the
importance  of  preemergent  applications is  clearly
demonstrated if optimum efficacy is to be obtained.

Table P-Percent clear ground in the 1997 imazaquin
field trials at 60 DAT? evaluation time (average all reps)

Location

Herbicide Rate Fitler  Wickliffe

Lb/acre ---Percent---
Scepter 70 DG 011 ae 20 17
Scepter 70 DG 22 ae 20 10
Scepter 70 DG 22 3¢
+ Pendamethalin 2.00 ai 56 32
Scepter 70 DG 44 ae 33 33

? paT = days after treatment.

1996 Field Trials

The competition control results for 1998 were strongly
influenced by river flooding and Johnsongrass (table 3). At
60 DAT, the plots were 43-50 percent clear with some
broadleaves and the onset of Johnsongrass infestation.
Grass control in cottonwood plantations is usually not
considered a problem and is successful using grass
herbicides such as Fusilade®, Vantage@, or Select@ over
the top of cottonwoods. However, the Mississippi River
flooded in May 1998 making plots inaccessible. This flooding
did not inundate the plots and Johnsongrass thrived. By 100
DAT, Johnsongrass covered 75-80 percent of the plot
surfaces. The imazaquin had done an excellent job of
controlling competition other than Johnsongrass on the site.



Table 3-Percent clear ground in 1998 imaraquin field trials (average all reps)

Evaluation time

Herbicide Rate 60 DAT® 100 DAT? 120 DAT?
Lb/acre @~ = = o—————————————-- Percent---—————————-

Scepter 70 DG 0.25ae

+ Pendulum® 2.00 ai 43.3 16.7 28.3

Base treatment

+ Scepter 70 DG 0.25 ae 50.0 13.3 21.7

(first ~ flush)

Base treatment

+ Scepter 70 DG 0.25 ae 46.7 13.3 15.0

(60 DAT)

4 DAT = days after initial treatment.
Plots occupied by johnsongrass.
Base treatment for all imazaquin plots.

SUMMARY

Overall, imazaquin has demonstrated an exceptional
combination of competition control and crop tolerance in
these field studies. Scepter now has an approved label for
use in cottonwood plantation management.

Specific points of interest from these field tests include:

(1) Imazaquin did not damage eastern cottonwood in
preemergent or postemergent applications.

either

(2) A slight rate response was evident, but 0.22 Ib ae/A
provided adequate control.

(3) Preemergent control is essential if optimal results are to

be obtained from postemergent applications.

(4) Grass control
competitive

is essential when these species reach
levels.

(5) Tank mixes with pendamethalin should be used as
preemergent  applications  for  best  results.
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IRRIGATED AND UNIRRIGATED EASTERN COTTONWOOD AND WATER
OAK IN A SHORT ROTATION FIBER SYSTEM ON A FORMER
AGRICULTURAL SITE’

Jimmie L. Yeiser?

Abstract-Seedlings from an open-pollinated family of water oak (Quercus nigra L) and cuttings from Populus clones of
eastern cottonwood (Populus deltoides Bartr. ex Marsh) and hybrid poplar (P. trichocarpa Torr. and Gray X P. deltoides
Bartr. ex Marsh.) were tested on a Perry clay soil in east central Arkansas (St Francis County). The test site received a
preplant application of 100 pounds of nitrogen per acre and weed control for two growing seasons. Unirrigated and
irrigated test families were monitored for survival and growth through age two. Some  Populus clones survived best when
irrigated and other clones when unirrigated. All test material exhibited significantly more volume per planted tree when
irrigated. After two growing seasons, irrigated exceeded unirrigated saplings with enhanced mean performance for height,
diameter, and volume per planted tree of 3.1 feet, 0.6 inches and 19.9  feet®, respectively. Hybrid poplars exhibited more

uniform early growth.

INTRODUCTION

In the Northwest, environmental and political factors plus
Japanese competition in domestic markets have contributed
to record demands and prices for hardwood and softwood
fiber. With limited fiber supply there, national and
international demand shifted to southern forests. This has
contributed to record demands and prices for pine and
hardwood timber and fiber.

The 1996 Farm Bill reduces the support price of various
agricultural  commodities over the next seven years.
Marginal, fine textured soils, that were traditionally in
soybean production, may become less profitable and in
need of an alternative crop. Short rotations of eastern
cottonwood (Populus delfoides Bartr. ex Marsh) are a
possible alternative to soybeans and have the potential for
integrated, ~ agroforestry  production as  well.

Over 3 milion acres of fine-textured “Sharkey-clay-type”
soils occur in the Mississippi Delta with the potential for
conversion to short rotation fiber systems. Most intensive
plantations in cottonwood production today are on highly
productive sites. Research is needed that examines the
potential of eastern cottonwood on marginal sites receiving
intensive  culture such as furrow irrigation.

OBJECTIVE

The objective of this study was to compare the survival and
growth of furrow irrigated and unirrigated Populus  clones
and water oak seedlings growing in an intensive short-
rotation on a fine textured, moderately drained, former
agricultural  site.

METHODS

The study was installed on a remote 15-acre site in east
central AR (St. Francis County) near Pine Tree. The soil
there was a Perry clay (Gray and Catlett 1966). This site had
been in a crop rotation system for soybeans, wheat-
soybeans, and grain sorghum since 1981.

One-half of the area was bedded, planted, and furrow
irrigated. The second half of the study plots was subsoiled
and planted without irrigation. Levees were constructed to

furrow irrigate 7.5 acres, protect the remaining 7.5 acres
from irrigation water, and secure the entire study from other
unwanted waters. Data for soil type, crop planting date,
program activation date, daily temperature, and rainfall were
entered into a soybean irrigation scheduler (Tacker et al
1996) to predict soil moisture deficits. Clones were irrigated
when a 2-inch soil moisture deficit existed, i.e. when two
inches of rainfall were required to bring the top 12 inches of
soil to field capacity. The study was irrigated three times
during each of the 1997 and 1998 growing seasons.

A one-time application of fertilizer (100 pounds of nitrogen
per acre) was injected approximately 20 inches in depth in
the unirrigated area. An equivalent amount of liquid fertilizer
(100 pounds of nitrogen per acre) was surface-sprayed in a
two-foot band and covered with a 20-inch bed on the
irrigated portion of the study area. Early competitors were
controlled with a preplant, broadcast application of
oxyfluorfen+glyphosate (Goal®+Roundup® 5 pints+1 quart).

Test clones included cuttings from hybrid poplar (P.
trichocarpa Torr. and Gray X P. deltoides Bartr. ex Marsh.)
clones 49-1 77 and 1529, from Texas cottonwood clones
$13C20 and S7C15, as well as from Stoneville, MS clones
ST72, ST1 24, ST1 63, ST148 or Delta View (a mixture of
Stoneville clones). An open-pollinated family of water oak
(Quercus nigra L) was also planted for testing. Cuttings
were planted on a 1 O-feet X 1 O-feet spacing in treatment
plots containing eight rows and seven trees in a row. Internal
to each treatment plot was a measurement plot of six rows
with five trees per row, leaving one row of border trees
around each plot.

Mechanical weed control was maintained for two growing
seasons hy disking down row middles. Weeds around
seedlings were removed by hand or hoe or treated with
directed  applications of glyphosate  (Roundup@) or
glufosinate (Finale@).

The study was installed according to a split-plot design. The
whole plot effect was irrigation and the split-plot effect was
water oak and Populus clone. Six randomized complete
blocks were installed perpendicular to slope with clones
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assigned randomly within each block. Treatment effects
were analyzed using an analysis of variance with means
separated using Duncan’s New Multiple Range test. All tests
were conducted at the p=0.05 level.

Clones were measured initially and at the end of each
growing season for total height and diameter (dbh).
Analyses were conducted to detect differences in survival,
height, diameter, and volume per planted tree. Height and
diameter measurements were expressed in feet and volume
computed as volume=height*dbh?. Dead trees and trees
less than 4.5 feet tall were assigned a volume of zero.

RESULTS AND DISCUSSION

First-year survival (1996) was low and considered
unacceptable {< 50 percent) for imigated and unirigated
plots of clones ST1 63, S7C15, ST72, Delta View, and
ST148. For these plots surviving stems were rogued and
stump cut surfaces treated in February with .001 quarts of
concentrated Garlon 3A per inch of diameter. Plots were
replanted with the same clone. On opposite sides in the bed
row and two feet from the newly planted cutting, holes were
punched with a [O-inch dibble. Holes were filled with
ammonia nitrate at 50 pounds of nitrogen per acre and
covered. Weed control in newly planted plots was
maintained as described above. Control of unwanted ramets
by Garlon 3A was excellent with 100 percent control. This
effort improved survival overall by about 10 percent across
all  clones.

The analysis that follows is for data comparing survival and
growth for the same age since planting, although some first-
year clone measurements were from 1996 or 1997 growing-
seasons. Year effects are confounded but may not be too
serious since competiton was controlled and fertilizer and
water applied.

Survival

The main effect, irrigation, did not significantly influence
survival at age one (1997) or two (1998) (tables 1 and 2).
Survival averaged 64 percent for irigated and unirrigated
plantings. The clone by irrigation interaction was statistically
significant for hybrid poplar 49-177, which survived 18
percent better if irrigated than unirrigated. Cottonwood
clones ST1 24 and ST1 63 each exhibited 10 percent better
survival if unirrigated. High investments in intensive cultures
render large initial stocking differences highly  undesirable.
Data, at age two, suggest planting hybrid poplar clones (49-
177, 1529) provides better stocked stands than planting
cottonwood clones from Texas (S13C20, S7C15) or
Stoneville (ST 124, ST-163, ST-148 or Delta View).

Growth

For height and diameter, irrigation was a significant source
of variation at age one and two (tables 1 and 2). After one
growing season, furrow irrigation provided more Populus
height than no irrigation by 2.1 feet. Height growth
differences increased to 3.1 feet by the end of two growing
seasons.  Similarly, Populus imigated clones yielded 0.18
inches more diameter at age one and 0.6 inches more dbh
after two growing seasons than unirrigated clones. All
clones, except Delta View, exhibited larger diameters at age
one when irrigated than when not irrigated (table 1). At age
two, diameters for all clones including Delta View, were
greater when irrigated than  unirrigated.

Volume per planted tree at age one was best for the hybrid
poplar, 1529. The Texas clone, S§7c¢15, the Stoneville clone,
ST124, and the hybrid poplar clone, 49- 77 were
intermediate. The Texas clone, S13C20, and Stoneville
clones St72, ST1 63, ST148 and Delta View exhibited the
least Populus growth. Oak growth was the least of all test
material.

Clone rank for growth at age two changed litle from age one
with the exception of hybrid poplar 49-1 77 which moved
from the fourth best performer at age one to the second best
performer at age two. At ages one and two, volume per
planted tree was enhanced by irrigation for all clones. At age
two, irrigated out performed unirrigated test material with
enhanced mean performance for height, dbh and volume of
3.1 feet, 0.6 inches and 19.9 feet® per tree, respectively.

The most significant result to date may be in survival and
early stand development of cottonwoods versus hybrid
poplars. For example, the hybrid poplars survived and
performed best when irrigated. Thus, of the 180 ramets of
49 77 planted, 159 survived and 151 of these exceeded
45 feet in height after one growing season (table 1). Similar
values were observed for irrigated hybrid poplar 1529. In
contrast, cottonwood clones ST124, ST163 and ST148
survived and performed best when unirrigated. Even there,
only 53 of 95, or 23 of 133 or 6 of 116, respectively,
unirrigated ramets survived and exceeded 4.5 feet in height
at age one. Clearly, the hybrid poplars survived and initiated
more desirable early stand development than the clones of
eastern  cottonwood, regardless of  origin.
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Table I-Age one mean survival, height (n=number of trees), diameter (n=number of trees),
and volume per planted tree for an open-pollinated water oak family and for cottonwood and
hybrid poplar clones growing with and without furrow irrigation near Pine Tree, AR

Survival Height®
Clones Irrigatedb Unirrigatedb Irrigatedb Unirrigatedb
------- Percent «suusas Feet No. Feet No.
49-1717 88.3a 71.1abc 7.1b 159 5.5¢ 127
1529 72.8b 78.9a 8.2a 131 6.5a 142
S13C20 61.1¢c 61.1cde 7.0b 110 6.1b 110
ST72 67.8bc 67.8bc 5.5¢d 122 2 4ef 122
S7C15 67.2bc 64.4bcd 5.5¢d 121 2.7e 116
ST124 42.2e 52.8e 7.9a 76 4.9d 95
ST1 63 64.4bc 73.9ab 5.0e 116 2.7e 133
ST148 59.4cd 64.4bcd 5.5de 107 2.2f 116
Delta View 50.6de 55.6de 5.7c 91 2.5ef 100
Oak 69.4bc 51.7e 1.6f 125 1.5f 93
Mean® 64.3a 64.2a 5.8a 3.8b
Diameter® Volume®

Inches No. Inches No.  mme---- F--em--
49-1 77 0.53cd 151 0.32cd 96 1.87¢ 0.39bc
1529 .69a 124 A4ab 117 3.32a 1.22a
S13C20 S51cd 104 .39bc 79 1.27d 61b
ST72 .48d 81 .28d 16 .93de .04e
S7C15 .63b 64 A45ab 16 2.59b .29¢cd
ST124 .73a 73 37bc 53 2.13bc 44bc
ST163 .52cd 51 .29d 23 .87de .07de
ST148 A42e 71 .28d 6 S1ef .02e
Delta  View 53¢ 59 49a 10 .83de .10de
Oak .00 0 .00 0 .00 .00
Mean® 56a .38b 1.43a 32b

¥ migated versus unirrigated means for Delta View dbh. is not significantly different (Duncan's New Multiple Range
Test, p = 0.05). All other irrigated versus unirrigated contrasts by clone for height, d.b.h., and volume are
significantly different (Duncan’'s New Multiple Range Test, p = 0.05).

b Means within a column sharing a letter are not significantly different (Duncan’s New Multiple Range Test, p  =0.05).

C Attribute means within a row and sharing the same letter are not significantly different (Duncan's New Multiple
Range Test, p = 0.05).



Table 2-Mean survival, height (h=number of sample trees), diameter (hn=number of trees), and
volume per planted tree at age two for an open-pollinated water oak family and for cottonwood
and hybrid poplar clones growing with and without furrow irrigation near Pine Tree, AR

Survival Height?

Clones Irrigatedb Unirrigatedb Irrigated” Unirrigatedb

aw--=Percent-... Feet No. Feet NO.
49-177 88.3a 70.5ab 16.2b 159 14.1b 127
1529 72.8b 78.9a 19.8a 131 15.7a 142
$13C20 60.6¢d 61.1bcd 15.1d 109 12.3¢ 110
ST72 67.8bc 67.8bc 12.1de 122 8.5f 122
S7C15 62.2cd 63.3bc 12.5d 112 8.7¢f 114
ST124 42.2¢ 51 .Ide 16.6b 77 11.4d 92
ST163 61.1cd 70.6ab 11.8e 110 9.2e 127
ST148 56.1d 64.4bc 12.1de 101 7.99 118
Delta View 50.6cd 55.6¢cd 11.8de 104 8.6f 105
Oak 62.2cd 47.8e 3.9f 112 2.2h 86
Mean® 63.10a 64.0a 13.3a 10.2b

Diameter” Volume?
Inches No. Inches NO. o mmmmam-- [

49-177 2.0b 158 1.7b 127 58.31b 34.94b
1529 2.5a 131 1.9a 142 98.14a 54.27a
S13C20 2.0b 108 1.5¢ 108 39.80c 23.60c
ST72 1.4cd 118 be 118 24.84de 3.0ef
S7C15 1.5¢ 105 .7d 106 28.34d 5.06e
T124 2.3a 77 1.4¢ 90 42.13¢c 16.92d
ST163 1.3d 106 .7d 121 19.52¢ 4.43ef
ST148 1.3cd 98 .be 113 16.60e 2.53¢f
Delta View 1.3cd 99 .6de 92 19.13e 3.35¢f
Oak 3e 8 .0d 4 .00 .00
Mean® 1.7a I.1b 34.68a 1481 b
& All irrigated versus unirrigated means per clone are significantly different (Duncan’s New Multiple Range test,
p = 0.05).
b Means within a column sharing a letter are not significantly different (Duncan’s New Multiple Range Test,
p = 0.05).

¢ Attribute means within a row and sharing the same letter are not significantly different (Duncan’s New Multiple
Range Test, p = 0.05).

REFERENCES Tacker, P.L; Ashlock, E; Vories, L. [and others]. 1996. Field
Gray, J.L; Catlett, V.R. 1966. Soil survey of St. Francis County, demonstration of Arkansas irrigation scheduling program.
Arkansas. U.S. Department of Agriculture, Soil Conservation Proceedings international conference on evapotranspiration and

Service. Washington, DC: US Government Printing Office. 139 p. irrigation  scheduling. San  Antonio, TX: 974-979.
In cooperation with Arkansas Agricultural Experiment Station.
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STAND STRUCTURE AND SPECIES COMPOSITION IN BOTTOMLAND
HARDWOOD FORESTS OF EAST TEXAS’

A. Gordon Holley, Leslie A. Dale, Brian P. Oswald, and Gary D. Kronrad?

Abstract-Bottomland hardwood forests, growing on the flood plains of rivers and streams, comprise about 14 percent

(1.6 million acres) of the total commercial forest land in East Texas. These stands represent high values for a variety of
forest uses such as timber production and wildlife habitat. However, information on these forests is not as complete as that
of the southern U.S. For this study, data from 445 ten-factor variable radius inventory points were used to characterize

stand structure, species composition and the general condition of bottomland hardwood forest throughout East Texas. The
importance of this information and its impact on management practices is discussed.

INTRODUCTION

Bottomland  hardwood forests, growing on the flood plains of
rivers and streams, comprise approximately 14 percent (1.6
million acres) of the total commercial forest land in East
Texas. Properly managed, these forests could provide
quality lumber, veneer and pulp, along with providing good
wildlife habitat for a variety of species. Historically,
bottomland hardwood forests of East Texas have been
declining in area at an average annual rate of 0.8 percent.
This lose is primarily due to conversion to pine plantations,
increased logging  activities, and land development. The
Conservation Reserve Program has helped limit this decline
by encouraging landowners to reforest their bottomlands
(Sims 1989). Within the last 15 vyears the southern United
States has seen an increase in the demand in hardwood
products for both domestic and export markets. Since 1975,
the world demand for US hardwood logs, veneer, and
lumber has quadrupled (Araman 1989).

Historically, East Texas bottomland forests had been
subjected to high-grading practices leaving forest composed
of primarily undesirable tolerant species and trees of poor
form. Bottomland hardwoods in East Texas have long been
considered low-quality, with little or no commercial value. As
such, the majority of these forests have received little or no
management since high-grading years before. The increase
in hardwood markets has helped in changing the outlook for
these resources. Several forest products industries are now
beginning to look more seriously at their bottomland
hardwoods. However, the low quality stigma remains. Most
of the research performed on bottomland hardwoods in the
south often did not involve stands in East Texas and
consequently little is actually known about the structure or
composition of these forests. The objective of this paper was
to explore the stand structure and species composition of
the bottomland hardwood forests of East Texas.

METHODS

During the summers of 1993, 1994, and 1995 bottomland
hardwood ~stands were sampled within ownership of Temple-
Inland, Champion, International Paper and USDA Forest
Service. Sample stands were located in Angelina, Anderson,
Cherokee, Hardin, Houston, Jasper, Nacogdoches, Newton,
Orange, Sabine, San Augustine, Shelby, and Trinity
counties.  Eighty-four study sites were chosen to represent
bottomland hardwood stands common to the region. Within

these stands 443 temporary sample points were
systematically located using a three by five chain grid. All
trees being recorded as “in” using a 1 O-factor prism were
utilized in this study. Data such as species, diameter at
breast height (d.b.h), total tree height, merchantable height,
crown width, and log grades were recorded. An increment
core was also extracted for age determination and growth
analysis.

Analysis included estimates of stocking using Goelz’s (1995)
stocking guide for southern bottomland hardwoods and
Putnam and others (1960) stocking classification  system.
Goelz developed the stocking guide using the data of
Putnam and others (1960). The form of the guide was taken
from Gingrich (1967), except the B-line is based on
Putnams's suggested residual stocking rather than minimum
full stocking. Putnam’s classification system is based on
species preference, log grade, crown class, and tree vigor.
In use, the system classifies trees as preferred stock,
reserve stock, cutting stock, or cull stock. These classes can
then be used to establish the cutting priority in commercial
thinnings or other partial cuttings.

RESULTS

A total of 4913 trees from 34 general species were sampled
during the three year measurement period. Table 1 shows
the number of samples and the percent of occurrence for
each of the 34 species. Because of low observations for
some of the species, the sample was reduced to seven
overall species groups of Oaks, Sweetgum, Blackgum, Elm,
Ash, Pine, and Miscellaneous (table 2). The Miscellaneous
category is made up primarily low occurrence and non-
commercial species. As shown in table two, over 61 percent
of the sample is made up of oaks. If the oaks and sweetgum
are combined, over 75 percent of the bottomland hardwood
forests are composed of the most commercially viable
species. The miscellaneous group is the only other group
containing ten percent or more of the total number of
species. This group is composed mainly of understory
commercially undesirable species.

The 3027 trees in the oak group was divided into their
individual species to show the distribution (table 3). Sixty-
eight percent of the oak population is made up of willow,
cherrybark, and water oaks. These three oak species are
also some of the most commercially desirable oaks in the
region.
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Table I-Number of trees and percent of total sample by species observed

Number Percent Number Percent
Species of trees of sample Species of trees of sample
Ash 109 2.22 Magnolia 4 0.08
Basswood 3 0.06 Maple 88 1.79
Beech 19 0.39 Nuttall oak 10 0.20
Black walnut 4 0.08 Overcup oak 285 5.80
Blackgum 243 4.95 Pawpaw 2 0.04
Cherry bark oak 565 11.50 Pine 94 191
Cypress 22 0.45 Post oak 10 0.20
Eastern redbud | 0.02 Red oak 5 0.10
Elm 110 2.24 River  birch 13 0.26
Gum bumelia 5 0.10 Sugarberry 27 0.55
Hawthorne 3 0.06 Cow oak 142 2.89
Hickory 126 2.56 Sweetbay 13 0.26
Holly 32 0.65 Sweetgum 813 16.55
Honey locust 3 0.06 Sycamore 8 0.16
Hophorn beam 33 0.67 Water oak 540 10.99
Horn beam 111 2.26 White oak 101 2.06
Laurel oak 350 7.12 Willow oak 1,019 20.74
Total 4,913 100.00
Table P-Number of trees and percent of total by
reduced species groups
Number Percent of
Species group of - rees occurrence Table 3-Number of trees and percent of total of
oak species
Oaks 3,127 61.6
Sweetgum 813 16.5
Blackgum 248 5.0 . Number Percent of
Elms 110 24 Species of trees occurrence
Ash 108 2.2
Pine 94 1.9
Miscellaneous 513 10.4 .
Willow oak 1,019 33.7
Cherrybark oak 56 18.7
Total 4913 100.0 Water oak 540 17.8
Laurel oak 350 11.6
Overcup oak 285 9.4
Cow oak 142 4.7
White oak 101 3.3
Nuttall oak 10 3
Post  oak 10 3
) , Southern red oak 5 2
The number of trees sampled by one inch diameter classes
is shown in Figure 1. A high percentage of the sample is
from sawtimber size trees. This number could be somewhat Total 3,027 100.0

misleading due to the sampling method of using prism

points which may discriminate against smaller diameter
trees. When these numbers are converted to per acre
values the expected ‘reverse J shaped” curve indicative of

an uneven or all aged forest occurs (fig. 2). The
aforementioned size discrimination is evident on the extreme
left side of Figure 2, where there appears to be a smaller
number of smaller diameter trees.
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Figure P-Trees per acre values by one inch diameter classes.

Average trees within each species group are all within
sawtimber size (table 4). Pine, oaks, and sweetgum had the
largest average diameters and the greatest heights. With the
exception of the pine group, ranges for both diameter and
height spanned from small, probably young trees to large
fully mature trees. The smallest pine tree sampled was in
the sawtimber diameter class. The elm and miscellaneous
groups contained the smallest diameters and shortest trees.

Stocking

Stocking estimates were calculated for each of the 84
sampled stands wusing the following equation developed by
Goelz (1995):

Stocking=0.01373(TA)+0.096(TA[DgMean)) )
+0.00378(TA[DgMean?])

Where:
TA = Trees per acre
DgMean = Quadratic mean diameter

Fifty percent of the stands sampled had greater than 100
percent stocking (table 5). Almost 36 percent of the stands
were stocked at a level between 80 and 99 percent,
meaning approximately 86 percent of the stands were either
fully or overstocked.

Tree Classification

Each tree in the sample was classified using Putnam and
others (1960) tree species classification system. Over 75
percent of the trees in the sample were in the class A
species group and 16 percent in the class B Group. The
class A group can be composed of species such as water,
willow, white or cherrybark oaks, Pines, and sweetgum.
Class B groups might be composed of overcup and southern
red oaks, blackgum, or Tupelo. Approximately seven percent
of the trees sampled fell into the less or undesirable C and D
groups.

Each tree within each of the 84 stands was subjected to the
species classification system to determine the mean
stocking level by species class (tables 6 and 7). The
average stand in the East Texas bottomland hardwood

Table 4—Means and ranges for DBH and heights by species groups

Mean Mean
Species groups d.b.h. Range height Range

....... Inches sassuva- cesmsmafFEOtacennnun
Oaks 19.79 2.570.5 89.67 8- 163
Sweetgums 15.65 2.9-61.0 83.77 16 « 141
Blackgum 13.37 21 -39.1 66.10 15-135
Elm 11.96 3.0.28.5 58.22 16 - 125
Ash 14.69 2.635.4 74.42 25- 150
Pine 21.74 9.6-34.9 97.97 50 « 133
Miscellaneous 12.12 1.6-38.8 58.10 9-127

85



Table 5—Stocking levels of all stands sampled

Number Percent of
Stocking of stands sample
Percent
> 100 42 50.0
80-99 30 35.7
<80 12 14.3
Total 84 100.0

Table 6-Number of trees and percent of sample
within four species classification groups

Tree
classification Number Percent of
group of trees occurrence
A 3,757 76.5
B 808 16.4
C 172 3.5
D 176 3.6
Total 4,913 100.0

forest contains just under 76 percent of the most
commercially desirable class A tree species and
approximately 16 percent of the class B species. Less than
17 percent of the average stand is comprised of the class C
and D species. Also the average stand is overstocked with a
mean stocking percentage of approximately 109 percent.

DISCUSSION

It appears that most bottomland hardwood stands in East
Texas are overstocked and are in need some management
decisions. Although these stand may be overstocked they at
least appear to be overstocked with more commercially
desirable species. The myth of East Teas bottomland
hardwood being undesirable and of poor quality may be in
jeopardy. Although this study did not address tree quality
issues, at least with high quality species there should be an
adequate seed source for future stands. Good seed sources
combined with proper management decisions may lead to
improved stand and tree quality.
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Table 7-Mean stocking by species classification

) Percent
Species Mean of mean
class stocking Range stocking

-lnlll-nnluulPercentlIllllll--.

A 75.95 39.10 - 127.18 69.75
B 16.27 2.11 « 54.94 14.95
C 6.77 95 . 35.67 6.22
D 9.90 1.25 » 30.45 9.09

Total 108.89 100.00

Bottomland stands in East Texas are commonly referred to
as “mixed” bottomland hardwoods. With 80 percent of the
trees sampled being oaks and gums, perhaps “oak-gum”
forest may be a better descriptor.
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THIRD-YEAR GROWTH AND BOLE QUALITY RESPONSES TO THINNING IN
A RED OAK-SWEETGUM STAND ON A MINOR STREAMBOTTOM SITE IN
WEST-CENTRAL ALABAMA’

James S. Meadows and J.C.G. Goelz?

Abstract-Four thinning treatments were applied to a red oak-sweetgum (Quercus spp.-Liquidambar styracifiua L.) stand
on a minor streambottom site in west-central Alabama in 1994: (1) unthinned control: (2) light thinning to 70-75 percent
residual stocking; (3) heavy thinning to 50-55 percent residual stocking; and (4) B-line thinning to desirable residual

stocking for bottomland hardwoods, as recommended by Putnam and others (1960). The thinning operation was a
combination of low thinning and improvement cutting to remove most of the pulpwood-sized trees as well as  sawtimber-
sized trees that were damaged, diseased, of poor bole quality, or of an undesirable species. Prior to treatment, the stand
averaged 196 trees per acre with a basal area of 121  f&® per acre. Quadratic mean diameter was 10.7 in., while stocking
averaged 107 percent across the 24-acre study area. Light thinning reduced stand density to 83 trees and 82 ft of basal
area per acre, increased quadratic mean diameter to 13.5 in., and reduced stocking to 69 percent. Heavy thinning reduced
density to 49 trees and 64 ff? of basal area per acre, increased quadratic mean diameter to 15.5 in., and reduced stocking
to 52 percent. B-line thinning produced stand characteristics intermediate between those resulting from light and heavy
thinning. Thinning increased 3- year diameter growth of residual trees, across all species, but there were no significant
differences among the three levels of thinning. Thinning also increased diameter growth of codominant trees, but not
dominant trees, when averaged across all species. All levels of thinning, except heavy thinning, increased the production
of new epicormic branches on the butt log, across all species, but all levels of thinning resulted in fewer than four new
branches afler 3 years. All levels of thinning increased epicormic branching on sweetgum, but only B-line thinning

increased epicormic branching on red oak and only light thinning increased epicormic branching on hickory (Carya spp.). In
general, the production of new epicormic branches on the butt log was greatest on low-vigor, lower-crown-class trees.

INTRODUCTION

Thinning  regulates  stand density and dramatically increases
diameter growth of residual trees. Growth of individual trees
has been improved in several hardwood forest types such
as central upland oaks (Hilt 1979, Sonderman 1984b),
Allegheny cherry-maple (Prunus spp.-Acerspp.) (Lamson
1985, Lamson and Smith 1988), and mixed Appalachian
hardwoods (Lamson and others 1990). In general, the
heavier the thinning, the greater the diameter growth
response of individual trees. However, very heavy thinning
may reduce residual stand density to the point where stand-
level basal area growth and volume growth are greatly
diminished.  Site occupancy is less than optimum because
the stand does not fully realize the potential productivity of
the site. Recommended minimum residual stocking levels
necessary to maintain satisfactory stand-level growth and to
ensure full occupancy of the site are 46 to 65 percent in
central upland oaks (Hilt 1979) and 45 to 60 percent in
cherry-maple  stands (Lamson and Smith 1988). Residual
stand density equivalent to 52 percent stocking in a young
water oak (Quercus nigra L. plantation appeared to be
sufficient to promote adequate stand-level basal area growth
following thinning, whereas a residual stocking level of 33
percent created a severely understocked stand that will be
unable to fully occupy the site for many years to come
(Meadows and Goelz, in press).

Degradation of bole quality of residual trees is also
sometimes  associated with increased thinning intensity. In
upland oaks, the number and size of live and dead limbs on
the boles of residual trees increased significantly as residual
stocking decreased (Sonderman 1984a). On the other hand,
Sonderman and Rast (1988) found that the production of
epicormic  branches on residual oak stems decreased with

increasing  thinning intensity. The proportion of dominant and
codominant trees in the residual stand increases as the
intensity  of thinning increases. These vigorous, upper-
crown-class trees are less likely to produce epicormic
branches than are less vigorous, lower-crown-class trees
(Meadows 1995). Consequently, a properly designed
thinning  should improve average bole quality throughout the
residual stand. In many stands, however, there may be a
trade-off between improved diameter growth and the
potential for adverse effects on bole quality of residual trees
as thinning intensity increases and residual density
decreases.

In most mixed-species hardwood forests, a combination of
thinning and improvement cutting is also used to improve
species composition of the residual stand (Meadows 1996).
In general, the goal is to decrease the proportion of low-
value trees and thus increase the proportion of high-value
trees. Although most important at the first thinning,
improvement  of species composition and residual  bole
quality should also be a major consideration at all
subsequent  thinnings in  mixed-species  stands.

These four components of thinning-increased diameter and
volume growth of individual trees, increased stand-level
basal area and volume growth, maintenance or

enhancement of bole quality, and improved species
composition-are critically important for the profitable
management of hardwood stands for high-quality sawtimber
production.  Thinning regimes should ideally be designed to
optimize value of the stand, thereby synthesizing these four
components.  However, because maximization of all four
components is not likely, some compromises or trade-offs in
expected benefits must be accepted.

" Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

2 Principal Silviculturist and Principal Forest Biometrician, USDA Forest Service, Southern Research Station, Stoneville, MS 38776, respectively.
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Research on thinning in southern bottomland  hardwood
forests is lacking. General guidelines, such as those
recommended by McKnight (1958), Johnson (1981),
Meadows (1996), and Goelz and Meadows (1997) are
available, but are based more on experience and
observation rather than on specific research results. To
effectively manage southern bottomland hardwood stands
for high-quality ~sawtimber production, we need quantitative
thinning  guidelines that include recommendations on: (1)
timing of thinning, (2) intensity of thinning, and (3) marking
guidelines designed to optimize value of the stand.

This study is the first in a series of thinning studies in red
oak-sweetgum stands on minor streambottom  sites  across
the South. The series will consist of at least 12 studies
installed over 1 O-l 5 vyears; all studies in the series will use
similar study designs, treatments, and methods. This initial
study, as well as all individual studies within the series, was
designed to determine the effects of several levels of
thinning on: (1) growth and bole quality of individual trees
and (2) stand-level growth, development, and yield. The
results from the entire series of studies will be combined to:
(1) develop practical guidelines for the intermediate
management of southern bottomland hardwood stands; (2)
evaluate the applicability of several levels of recommended
residual stocking across a wide variety of site and stand
conditions: and (3) develop a growth and yield model for
managed stands of southern bottomland hardwoods.

METHODS

Study Area

The study is located within the floodplain of the Tombighee
River in northeastern Sumter County, near Aliceville, in
west-central  Alabama. This bottomland tract is near Lake
Hollalla and is owned by Gulf States Paper Corporation. The
site is subject to flooding during the winter and spring
months, but floodwaters generally recede in a few days.

Soils across most of the study site belong to the
Ochlockonee series, but there are small areas of Falaya
soils in the lower areas. The Ochlockonee soils are well-
drained, but the Falaya soils are somewhat poorly drained.
Infiltration and permeability rates are moderate to rapid
across the site. Both soils have moderate-to-high natural
fertility and high available water capacity. Texture in the
upper soil horizon across the study area is silt loam to fine
sandy loam. Soil pH is very strongly acid and ranges from
45 to 55 across the site.

The study area is located on a highly productive site suitable
for the production of high-quality hardwood sawtimber.
Broadfoot (1976) reported average site indexes of the
Ochlockonee soils to be 110 ft at 50 years for water oak and
112 ft at 50 years for sweetgum, and estimated site index for
cherrybark oak (Quercus falcata var. pagodifolia Ell.) to
range from 100 to 120 ft at 50 years. The Falaya soils are
only slightly less productive. Site indexes are reported to
average 101 ft at 50 years for water oak, 111 ft at 50 years
for sweetgum, and 108 ft at 50 years for cherrybark oak
(Broadfoot 1976).

The study area is entirely within a 74-acre stand composed
primarily of red oak, sweetgum, and hickory. The stand was
about 60 years old at the time of study installation and
exhibited no evidence of previous harvesting activity. Based
on an inventory by company personnel in 1993, sawtimber
volume averaged 6,520 bd ft per acre (Doyle scale), of
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which 81 percent was red oak, and pulpwood volume
averaged 12.5 cords per acre (Personal communication.
Sam Hopkins. 1993. Research Manager, Gulf States Paper
Corporation, P.O. Box 48999, Tuscaloosa, AL 35404). We
classified the study area to consist of a small-sawtimber
stand on a high-quality site, with high initial stocking.

Plot Design

Plot design followed the recommendations for standard plots
for silvicultural research, set forth by the USDA Forest
Service Northeastern Forest Experiment Station (Marquis
and others 1990). Each individual treatment was uniformly
applied across a 2.0-acre, rectangular treatment plot that
measured 4 by 5 chains (264 by 330 ft). One 0.8acre,
rectangular measurement plot was established in the center
of each treatment plot. Each measurement plot was 2 by 3
chains (132 by 198 ft), providing a I-chain buffer around
each. The entire study covered an area of 24 acres.

Treatments

Based on the stocking guide for southern bottomland
hardwoods developed by Goelz (1995), we wused four levels
of residual stocking as the treatments in this study: (1) an
unthinned control: (2) light thinning to 70 to 75 percent
residual stocking; (3) heavy thinning to 50 to 55 percent
residual stocking; and (4) B-line thinning to desirable
residual  stocking following partial cutting in  well-managed,
even-aged southern bottomland hardwoods, as
recommended by Putnam and others (1960).

A combination of low thinning and improvement cutting was
used to remove most of the pulpwood-sized trees as well as
sawtimber-sized trees that were damaged, diseased, of poor
bole quality, or of an undesirable species. Modified

hardwood tree classes (Meadows 1996, Putnam and others
1960) formed the cutting priority for each treatment. Trees
were removed from the cutting stock and cull stock classes
first and then from the reserve growing stock class when
necessary, until the target residual stocking was met.

Three replications of the four levels of thinning were applied
in a randomized complete block design to the 12 treatment
plots (experimental units) in September 1994. A contract
logging crew directionally felled all trees with a mechanized
feller and used rubber-tired skidders to remove the
merchantable products in the form of longwood. Most of the
material cut was marketed as pulpwood.

Measurements

We conducted a preharvest survey to determine species
composition and initial stand density on each 0O.&acre
measurement plot. We recorded species, diameter at breast
height (d.b.h.), crown class, and tree class on all trees
greater than or equal to 3.5 in. dbh. Based on hardwood
tree classes as defined by Putnam and others (1960) and
modified by Meadows (1996), we marked the stand for
thinning to the target residual stocking prescribed for each
treatment. The length and grade of all sawlogs, as defined
by Rast and others (1973), and the number of epicormic
branches on each 16-ft log section were recorded on those
trees designated as ‘leave” trees. We also measured
merchantable height, height to the base of the live crown,
and total height on a subsample of leave trees. Crown class,
d.b.h., and the number of epicormic branches on each 16-ft
log section were measured annually for the first 3 years after
thinning. ~ First-year responses to the thinning treatments
were reported by Meadows and Goelz (1998).



RESULTS AND DISCUSSION

Stand Conditions Prior to Thinning

We found no significant differences among treatment plots
in any preharvest characteristics. Prior to thinning, the stand
averaged 196 trees and 121 f# of basal area per acre, with a
guadratic mean diameter of 10.7 in. The average stocking of
107 percent exceeded the level (100 percent) at which
thinning is recommended in southern bottomland hardwood
stands (Goelz 1995). Although the stand was dense, most of
the larger, upper-crown-class trees were healthy and
exhibited few symptoms of poor vigor, such as crown
deterioration, loss of dominance, or the presence of
numerous  epicormic  branches along the boles. Little
sunlight reached the forest floor, except in small gaps
created by the death of scattered trees throughout the stand.
In short, the stand needed thinning but was not stressed to.
the point of stagnation at the time of study installation.

The study area was contained within an even-aged, mixed-
species stand dominated by red oak, hickory, and
sweetgum. Several species of red oaks, principally water,
cherrybark, and willow (Quercus pheflos L) oaks with lesser
amounts of southern red (Q. falcata Michx.) and Shumard
(Q. shumardii Buckl.) oaks, accounted for about 45 percent
of the basal area and were found primarily in the upper
canopy. Quadratic mean diameter of red oaks was 16.1 in.
Shagbark hickory [Carya ovata (Mil) K. Koch] and
mockernut hickory [C. tomentosa (Poir.) Nuit] together
accounted for about 25 percent of the basal area. Hickories
were found primarily in the mid-canopy, but scattered
individuals occurred in the upper canopy. Sweetgum
comprised about 12 percent of the basal area and occurred
primarily as  lower-crown-class trees. Other  species
scattered throughout the stand included white oak (C?. alba
L.), overcup oak (Q. lyrata Walt), swamp chestnut oak (Q.
michauxii Nutt.), green ash (Fraxinus pennsylvanica
Marsh.), and various elms (Ulmus spp.). Along with small
hickories and sweetgum, red mulberry (Mows rubra L.,
American hornbeam (Carpinus caroliniana Walt.), and
maples  dominated the  understory.

Stand Development Following Thinning

Light thinning reduced stand density to 83 trees and 82 # of
basal area per acre, increased quadratic mean diameter to
135 in, and reduced stocking to 69 percent. It removed 62

percent of the trees and 31 percent of the basal area. Heavy
thinning reduced density to 49 trees and 64 ftt of basal area
per acre, increased quadratic mean diameter to 155 in, and
reduced stocking to 52 percent. It removed 73 percent of the
trees and 43 percent of the basal area. B-line thinning
reduced stand density to 65 trees and 86 ft* of basal area

per acre, increased quadratic mean diameter to 15.6 in., and
reduced stocking to 70 percent. It removed 68 percent of the
trees and 37 percent of the basal area. B-line thinning was
similar to light thinning in terms of basal area and stocking of
the residual stand, similar to heavy thinning in quadratic
mean diameter of the residual stand, and intermediate
between the two in trees per acre contained in the residual
stand. All thinning treatments produced stand characteristics
significantly ~ different  from the unthinned control. ~ Average
db.h. of trees removed during the logging operation ranged
from 7.1 in. in the light thinning treatment to 8.3 in. in the B-
line thinning treatment. Overall average d.b.h. of trees
removed was 8.0 in.

Thinning also improved species composition of the residual
stand. All thinning treatments increased the proportion of red
oak and decreased the proportions of both sweetgum and
hickory within the residual stand. Most of the sweetgum and
hickory removed from the stand were lower-crown-class
trees.

Stand conditions did not change significantly during the 3
years following thinning (table 1). A few trees died in all of
the plots, except those subjected to heavy thinning where no
mortality occurred. Mortality was greatest after B-line
thinning (9.2 percent over 3 vyears), but was similar following
light thinning (6.0 percent) and in the unthinned control (6.5
percent). A few trees were destroyed during the logging
operation, but most of the mortality occurred as windthrow.
These changes in trees per acre were not significantly
different ~ among  treatments.

Stand-level basal area growth and increases in stocking and
quadratic mean diameter, although not significantly  different
among treatments, indicate that the stand may be

recovering faster from heavy thinning and B-line thinning
than from light thinning (table 1). We observed small
increases in stand-level basal area in the lightly thinned and
unthinned stands (2 f of basal area growth in the 3 years

Table I-Stand conditions and individual tree diameter growth 3 years after
application of four thinning treatments. Means followed by the same letter
are not significantly different at the 0.05 level of probability

Quadratic

Basal mean Diameter

Treatment Trees area Stocking diameter growth
No./ac Sq ft/ac Percent sonnnelNCh-w-canu-a-

Unthinned 172a 119 a 103a 113 b 024 b
Light  thinning 780 84 bc 70h 14.2 ab 46 a
Heavy thinning 49 ¢ 69 c 56 ¢ 16.4 a .56 a
B-line thinning 59 bc 90 b 73 b 16.7 a 61 a

89



following each treatment). However, larger increases of 5
and 4 ff were found as a result of heavy thinning and B-line
thinning, respectively. In fact, basal area growth in the
heavily thinned stand was great enough that its total basal
area is now statistically similar to the total basal area in the
lightly thinned stand, a situation not found 1 year after
treatment (Meadows and Goelz 1998). A similar trend was
observed for the changes in stocking among the four
treatments. Al treatments also produced increases in
guadratic mean diameter, with heavy thinning and B-line
thinning again resulting in the largest increases (0.9 in. and
1 .1 in., respectively), as compared to 0.5 in. and 0.7 in. in
the unthinned and lightly thinned stands, respectively.

Diameter  Growth

For the first time since study installation, we detected
significant  differences  between the thinning treatments and
the unthinned control in cumulative diameter growth of
individual trees, but there were no differences among the
three levels of thinning 3 vyears after treatment (table 1).
Cumulative diameter growth of trees in the thinned stands
averaged about 2 to 25 times greater than the average
diameter growth of trees in the unthinned stand.

Individual ~ species groups varied significantly in their
diameter-growth response to the four treatments (fig. 1).
Three-year cumulative diameter growth of residual red oaks
(primarily ~ water, cherrybark, and willow oaks) in the thinned
stands was nearly twice as great as that in the unthinned
stand and ranged from 0.83 to 0.86 in. across the three
levels of thinning. Thinning also more than doubled diameter
growth of residual sweetgum trees, but response was less
than that observed among red oaks. Diameter growth of
hickory was relatively poor, but the largest increase occurred
in response to heavy thinning.

None of the three levels of thinning increased diameter
growth of dominant trees, when averaged across all species,
but heavy thinning and B-line thinning did increase diameter
growth of codominant trees by about 40 to 45 percent (fig.
2). Both the heavy and B-line thinning treatments more than
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Figure I-Diameter growth of residual trees, by species group,
during the first 3 years after application of four thinning treatments
(RO = red oak, SG = sweetgum, HK = hickory).
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Figure 2—Diameter growth of residual trees, by crown class, during
the first 3 years after application of four thinning treatments (DOM =
dominant, CODOM = codominant, INTER = intermediate, SUP =
suppressed).

doubled diameter growth of intermediate trees. Light
thinning produced no or only small increases in diameter
growth across these three crown classes. Diameter-growth
response of suppressed frees was erratic across treatments
primarily  because thinning removed most of these inferior
trees.

It is clear that all three levels of thinning successfully
increased diameter growth of residual trees within the first 3
years following thinning. At this time, we are unable to detect
any significant differences among these three levels, when
compared across all trees, across species groups, Or across
crown classes. However, heavy thinning and B-line thinning
appear to produce the greatest increases in diameter
growth, at least in some circumstances. Perhaps differences
among the three levels of thinning will become more evident
in the future.

Epicormic Branching

Because we removed most of the trees of poor bole quality
during the thinning operation, residual trees in the thinned
stands, on average, had significantly fewer epicormic
branches on the butt log 3 vyears after thinning than did trees
in the unthinned stand (table 2). However, all levels of
thinning, except heavy thinning, significantly increased the
production of new epicormic branches on the butt log, even
though trees in all treatments averaged fewer than four new
branches during the first 3 years after thinning. Production of
new epicormic branches varied greatly among individual
trees. Some of the high-vigor trees produced no new
branches, while many others produced only a few. Low-vigor
trees, on the other hand, generally produced many new
epicormic  branches. Production of new epicormic branches,
especially on the butt log, seems to be a delayed
consequence of thinning. Meadows and Goelz (1998)
reported that trees in all treatments averaged less than one
new epicormic branch during the first year after treatment in
this study. Our subsequent observations indicate that the
majority of new epicormic branches were produced during
the second year and that production of new branches during
the third year was negligible. However, most new epicormic



Table 2-Number of epicormic branches on the butt
logs of residual trees 3 years after application of
four thinning treatments. Means followed by the
same letter are not significantly different at the
0.05 level of probability

Total New
epicormic epicormic
Treatment branches branches
...... “Number e asasnss
Unthinned 6.9a 1.40
Light  thinning 41D 3.0a
Heavy  thinning 3.2b 2.1 ab
B-line  thinning 5.2 ab 3.5

branches produced during the first and second years
survived through the third vyear.

Among the major species groups, only B-line thinning
increased the production of new epicormic branches on the
butt logs of red oaks and only light thinning increased
epicormic  branching in hickories (fig. 3). In contrast, all
levels of thinning greatly increased the production of new
epicormic branches on the butt logs of sweetgum trees.
Because light thinning retained a high proportion of low-vigor
trees, epicormic branching on sweetgum following this
treatment seemed particularly high. The observation that the
majority of these new branches were produced during the
second year following thinning held true across all three
species groups. It is important to note that heavy thinning
had no significant effect on the production of new epicormic
branches on the butt logs of either red oaks or hickories,
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Figure 3-Number of new epicormic branches produced on the butt
logs of residual trees, by species group, during the first 3 years after
application of four thinning treatments (RO = red oak, SG =
sweetgum, HK = hickory).

even though Meadows (1995) categorized most bottomland
red oaks as highly susceptible to epicormic branching and
speculated that hickories were moderately  susceptible.
Nearly all of the residual red oaks and hickories in the
heavily ~ thinned stand were  high-vigor,  upper-crown-class
trees that are generally less likely to produce epicormic
branches than are trees in poor health.

Production of new epicormic branches on the butt log also
varied among crown classes, across all species (fig. 4). In
general, new epicormic branches were more frequent on the
boles of lower-crown-class trees than on the boles of upper-
crown-class trees, especially for trees in the thinned stands.
We observed the same trend for the total number of
epicormic branches on the butt log (fig. 5). Dramatically
more epicormic branches were found on the boles of
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Figure 4-Number of new epicormic branches produced on the butt
logs of residual trees, by crown class, during the first 3 years after
application of four thinning treatments (DOM = dominant, CODOM =
codominant, INTER = intermediate, SUP = suppressed).
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Figure 5-Total number of epicormic branches on the butt logs of
residual trees, by crown class, 3 years after application of four
thinning treatments (DOM = dominant, CODOM = codominant,
INTER = intermediate, SUP = suppressed).
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intermediate and suppressed trees than on the boles of

dominant and codominant trees, even in the unthinned

stand. This observation indicates that epicormic branches
are often produced in response to increased stress and

reduced vigor, even in undisturbed stands.

These results support the hypothesis advanced by Meadows
(1995) that the tendency for an individual hardwood tree to
produce epicormic branches in response to some
disturbance or stress is controlled by the species and initial
vigor of the particular tree. Meadows (1995) noted that
hardwood species vary greatly in their likelihood to produce
epicormic  branches and provided a classification of the
susceptibility of most bottomland hardwood species to
epicormic branching. Meadows (1995) also hypothesized
that tree vigor is the mechanism that controls the production
of epicormic branches when a tree is subjected to some type
of disturbance or stress. It follows, then, that healthy,
vigorous trees, even of susceptible species, are much less
likely to produce epicormic branches than are trees in poor
health. Our observations in this study that epicormic
branching varied not only by species but also among crown
classes strongly support these  hypotheses.

CONCLUSIONS

None of the treatments significantly affected stand-level
growth and development. However, the stand appears to be
recovering faster from heavy thinning and B-line thinning
than from light thinning. Although none of the increases
were statistically ~ significant, these two treatments produced
greater stand-level basal area growth and greater increases
in stocking and quadratic mean diameter, when compared to
light thinning and the unthinned control.

Thinning increased diameter growth of residual trees, but
there were no significant differences among the three levels
of thinning. The greatest diameter-growth response  occurred
within the red oak group, but all levels of thinning doubled
the diameter growth of sweetgum as well. None of the three
levels of thinning increased diameter growth of dominant
trees, but heavy thinning and B-line thinning increased
growth of codominant trees by about 40-45 percent. Light
thinning  produced only moderate increases in  diameter
growth of codominant trees.

Al levels of thinning, except heavy thinning, significantly
increased the production of new epicormic branches on the
butt logs of residual trees. However, trees in all treatments
averaged fewer than four new branches during the first 3
years after thinning. All levels of thinning increased the
production of epicormic branches on sweetgum, but only B-
line thinning increased epicormic branching on red oak and
only light thinning increased epicormic branching on hickory.
In general, the production of new epicormic branches was
greatest on  low-vigor, lower-crown-class  trees.

Although these third-year results are not definitive, it
appears that heavy thinning produced the combination of
stand density and structure that best promoted rapid stand-
level growth and individual-tree diameter growth, with the
least adverse effect on epicormic branching and bole quality
of residual trees, B-line thinning also promoted rapid stand-
level growth and rapid diameter growth of residual trees, but
had a more detrimental effect on epicormic branching,
particularly of red oaks, that may eventually lead to
reductions in both log grade and stand value. Although light
thinning increased diameter growth of residual trees, it had
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litle or no effect on stand-level growth and development,
and led to large increases in new epicormic branches on

both sweetgum and hickory.

Heavy thinning removed nearly all of the small-diameter,
low-vigor,  lower-crown-class  trees, whereas  B-line  thinning
and, to a greater degree, light thinning retained increasingly
larger proportions of these inferior trees. Consequently,
heavy thinning concentrated diameter growth on large,
healthy trees that contributed greatly to stand-level growth
and minimized the production of new epicormic branches.
Both B-line thinning and light thinning retained sufficient
numbers of lower-crown-class trees to impede stand-level
growth and to increase the risk of epicormic branching.

ACKNOWLEDGMENTS

We express appreciation to Gulf States Paper Corporation
for providing the study site and for its cooperation in all
phases of study installation and measurement. We
specifically thank Sam Hopkins, Dale Larson, John Foster,
John Tiley, Harry Labhart, John Bryant, and Warren
Eatman, al of Gulf States Paper Corporation, for their
continuing  assistance in  this  study.

REFERENCES

Broadfoot, Walter M. 1976. Hardwood suitability for and properties
of important Midsouth soils. Res. Pap. SO-127. New Orleans: U.S.
Department of Agriculture, Forest Service, Southern Forest
Experiment Station. 84 p.

Goelz, J.C.G. 1995. A stocking guide for southern bottomland
hardwoods. Southern Journal of Applied Forestry. 19(3): 103-104.

Goelz, J.C.G.; Meadows, J.S. 1997. Stand density management of
southern bottomland hardwoods. In: Meyer, Dan A., ed.
Proceedings of the 25 annual hardwood symposium: 25 years of
hardwood silviculture: a look back and a look ahead: 1997 May
7-10; Cashiers, NC. Memphis, TN: National Hardwood Lumber
Association:  73-82.

Hilt, Donald E. 1979. Diameter growth of upland oaks after thinning.
Res. Pap. NE-437. Broomall, PA: U.S. Department of Agriculture,
Forest Service, Northeastern Forest Experiment Station. 12 p.

Johnson, Robert L. 1981. Wetland silvicultural systems. In:
Jackson, Ben D.; Chambers, Jim L., eds. Timber harvesting in
wetlands: 30"™ annual forestry symposium; [Date of meeting
unknown]: [Place of meeting unknown]. Baton Rouge, LA:
Louisiana State University: 63-79.

Lamson, Neil 1. 1985. Thinning increases growth of 60-year-old
cherry-maple stands in West Virginia. Res. Pap. NE-571.
Broomall, PA: U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station. 8 p.

Lamson, Neil L; Smith, H. Clay. 1988. Thinning cherry-maple
stands in West Virginia: 5-year results. Res. Pap. NE-615.
Broomall, PA: U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station. 7 p.

Lamson, Neil I.; Smith, H. Clay; Perkey, Arlyn W.; Brock, Samuel
M. 1990. Crown release increases growth of crop trees. Res. Pap.
NE-635. Radnor, PA: U.S. Department of Agriculture, Forest
Service, Northeastern Forest Experiment Station. 8 p.

Marquis, Dave; Smith, Clay; Lamson, Nell [and others]. 1990.
Standard plot layout and data collection procedures for the stand
establishment and stand culture working groups, Northeastern
Forest Experiment Station. Warren, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Forest Experiment
Station. 55 p.



McKnight, J.S. 1958. Thinning stands of water oaks. In:
Management of bottomland forests: Proceedings of the seventh
annual forestry symposium; 1958 April 10-1 1; Baton Rouge, LA.
Baton Rouge, LA: Louisiana State University, School of Forestry:
46-50.

Meadows, James S. 1995. Epicormic branches and lumber grade of
bottomland oak. In: Lowery, Glenn; Meyer, Dan, eds. Advances in
hardwood utilization: following profitability from the woods through
rough dimension: Proceedings of the 23 annual hardwood
symposium; 1995 May 17-20; Cashiers, NC. Memphis, TN:
National Hardwood Lumber Association: 19-25.

Meadows, James S. 1996. Thinning guidelines for southern
bottomland hardwood forests. In: Flynn, Kathryn M.. ed.
Proceedings of the southern forested wetlands ecology and
management conference; 1996 March 25-27; Clemson, SC.
Clemson, SC: Clemson University, Consortium for Research on
Southern Forested Wetlands: 98-101.

Meadows, James S.; Goelz, J.C.G. [In press]. Thinning in a 28-
year-old water oak plantation in north Louisiana: 7-year results. In:
Haywood, James D., ed. Proceedings of the tenth biennial
southern silvicultural research conference; 1999 February 16-18;
Shreveport, LA. Gen. Tech. Rep. Asheville, NC: U.S. Department
of Agriculture, Forest Service, Southern Research Station.

Meadows, James S.; Goelz, J.C.G. 1998. First-year growth and
bole quality responses to thinning in a red oak-sweetgum stand
on a minor streambottom site. In: Waldrop, Thomas A., ed.
Proceedings of the ninth biennial southern silvicultural research
conference; 1997 February 25-27; Clemson, SC. Gen. Tech. Rep.
SRS-20. Asheville, NC: U.S. Department of Agriculture, Forest
Service, Southern Research Station: 188-1 93.

Putnam, John A.; Furnival, George M.; McKnight, J.S. 1960.
Management and inventory of southern hardwoods. Agric. Handb.
181. Washington, DC: U.S. Department of Agriculture. 102 p.

Rast, Everette D.; Sonderman, David L.; Gammon, Glenn L. 1973.
A guide to hardwood log grading. Rev. Gen. Tech. Rep. NE-I.
Upper Darby, PA: U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station. 31 p.

Sonderman, David L. 1984a. Quality response of even-aged 80-
year-old white oak trees after thinning. Res. Pap. NE-543.
Broomall, PA: U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station. 6 p.

Sonderman, David L. 1984b. Quality response of 29-year-old, even-
aged central hardwoods after thinning. Res. Pap. NE-546.
Broomall, PA: U.S. Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station. 9 p.

Sonderman, David L.; Rast, Everette D. 1988. Effect of thinning on
mixed-oak stem quality. Res. Pap. NE-618. Broomall, PA: U.S.
Department of Agriculture, Forest Service, Northeastern Forest
Experiment Station. 6 p.

93



PRECOMMERCIAL THINNING IN A RED OAK-SWEETGUM STAND ON THE
SALINE RIVER FLOODPLAIN’

Sean Blackburn, Brian R. Lockhart, and David Blaylock?

Abstract-Precommercial thinning was conducted in a bottomland red oak (Quercus spp.)-sweetgum (Liquidambar
styraciflua) stand in the Saline River floodplain in south-central Arkansas. Three thinning levels, 125 best trees per acre

(tpa), 250 best tpa, and 500 best tpa plus an unthinned control were replicated four times in 1979 in a

15-year-old stand.

Nineteen-year results showed average diameters and heights were greater for the heaviest thinned treatment compared to
unthinned controls. Few differences existed among the other thinning treatments and the 125 best tpa or controls.
Differences in diameters did exist between thinning and no thinning when only the 50 largest trees per acre were analyzed.
These results indicate that precommercial thinning may be a viable silvicultural tool for managing young bottomland

hardwood stands with a high density of red oak.

INTRODUCTION

Successful management of natural bottomland hardwood
stands for sawtimber production should focus on
maintenance of desired species composition, growth rates
and development of high-quality logs (Meadows 1996).
Precommercial thinning is a potential tool that can be used
to promote good growth and development of bottomland
hardwood stands, especially if the species composition is
heavy to oak early in the stand's life. Pre-commercial
thinning is a silvicultural treatment conducted in a young
stand before it is of a merchantable size (Smith and others
1997). Advantages of a precommercial thinning include: (1)
to provide the opportunity to select desired future crop trees
early in the life of the stand, (2) to help maintain the health of
individual trees, (3) to increase the crown volume (especially
in the oak component) which in turn should increase tree
diameter due to increased leaf area and food production,
and (4) to ease future harvesting operations by creating a
larger area for equipment maneuverability thereby reducing
potential damage to residual crop trees (Smith and others
1997). The primary disadvantage of precommercial thinning
is that it is wusually too expensive for hardwood management,
especially if the objective is quality sawtimber production. A
recent cost estimate for precommercial thinning operations
was about $80 per acre depending on the stand and the
type of equipment used in the operation (Dubois and others
1999). Another disadvantage is the general lack of
knowledge concerning responses of bottomland hardwood
species to precommercial thinning.  Therefore, the objective
of this study was to determine if precommercial thinning will
promote the growth and development of crop trees in a
young bottomland red oak stand. The hypothesis was that
precommercial thinning would increase the growth of the
residual crop trees and that the greater the intensity of
precommercial  thinning, the greater the response.

MATERIALS AND METHODS

Study Site

The study site is located in Grant County, Arkansas on land
owned by the International Paper Company (IPCO). It is
located on a high flat in the Saline River floodplain near the
Arkansas Game and Fish Commission's Lee's Ferry Public

Access. The soils are composed of Ochlockonee very fine
sandy loam (USDA 1966) with a site index for cherrybark
oak (Quercus pagoda) about 115 feet at base age 50.
Common bottomland hardwood species included water oak
(Q. nigra) , cherrybark oak, and sweetgum (Liquidambar
styraciflua) in the overstory and American hornbeam
(Carpinus caroliniana) in the understory (table 1).

History

The area, 267 acres, was clearcut and sheared in 1964
using a K-G blade mounted on the front of a HD-16 tractor.
Prior to this harvest, the area was logged in the 1920's
which released the American hombeam already present in
the understory. American hornbeam, 2-12 inches dbh
(diameter breast height; 4.5 feet above the ground),
averaged 340 stems per acre by 1964. This high density of
American  hornbeam resulted in this study initially being
called the Alronwood Site Conversion@. The original study
objective was to naturally re-establish desirable hardwoods
(primarily red oaks) on this ironwood flat. All stems 14
inches and smaller were severed in the shearing operation
following the 1964 harvesting resulting in a complete
clearcut. Two vyears following the treatment, there were
1,251 stems of natural hardwood reproduction per acre.
Desirable species, including red oaks, comprised 743 (59
percent) stems per acre and the less-desirable species
comprised 508 [41 percent; American hornbeam and
American holly (llex opaca) stems per acre (table 2;
unpublished 1967 IPCO internal report on file at the School
of Forest Resources, University of Arkansas - Monticello).
The desirable species were recognized as rapidly
outgrowing the less-desirable  species in  1966.

Treatments

A precommercial thinning study was implemented on the
site in 1979, 15 years after the clearcut and shearing
operation. Records indicated that a dense stand of red oak
was developing at this time. There were three thinning
treatments plus an untreated control. The treatments were to
thin to the best 125 tpa (trees per acre: 500T), the best 250
tpa (250T), and the best 500 tpa (125T). All treatments were
replicated four times in a completely randomized design.

! Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999,

2 Graduate Research Assistant and Associate Professor, School of Forest Resources, University of Arkansas-Monticello; and Silviculturalist,
International Paper Company, Bainbridge, GA 31717, respectively. This paper is approved for publication by the Director of the Arkansas

Agricultural Experiment Station.
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Table I-Distribution of trees (percent) by species and
codominant crown classification in a pre-commercial
thinning study on the Saline River floodplain, Grant
County, Arkansas

Species Al trees Codominants
Water oak 39 60
Cherrybark oak 23 9
Sweetgum 6 34
Others” 11 18

? Other species include blackgum (Nyssa sylvatica), winged elm
(Uimus alata), American hornbeam (Carpinus caroliniana), green
ash (Fraxinus pennsylvanica), sugarberry (Celtis laevigata), and
sycamore (Platanus occidentalis).

Table 2-Regeneration composition in 1966, 2 years
following clearcutting and shearing operations on
the Saline River floodplain, Grant County, Arkansas

Stems Height Average
Species per acre range height

neswnsfEEfrnnunn

American

hornbeam 499 I- 5 2
Sweetgum 254 I-10 3-5
Green ash 133 2- 6 3
Willow oak 114 I- 5 2-3
Water oak 95 I- 5 2-3
Cherrybark oak 82 I- 5 2-3
Persimmon 22 2-6 4
Overcup oak 19 I- 5 2-3
American holly 9 2- 4 3
Baldcypress 9 - 3 2
Sycamore 6 3-10 5
Winged elm 6 2- 4 3
Sugarberry 3 - 3 3

Total 1,251

The treatments were imposed in 0.2-acre square plots with
an interior O.-acre circular plot in each replicate. The 0.1-
acre plots contained the residual trees to be measured for
response to the treatment, and the remaining acreage
served as a buffer between the treatments. The heaviest
thinning  (125T) was conducted more as a cleaning than a
precommercial thinning because all trees within a nine-foot
radius around the selected crop tree were removed. This
release resulted in more trees than just the 12-13 per 0.10-
acre plot being left on each plot. Details of how trees were
harvested and/or removed for each treatment were not
available. Re-measurements of the study were taken in
1984 and again in 1988; however, this data along with the

1979  pre-treatment data is currently unavailable.  Additional
measurements were conducted in January 1998 and 1999.
Measurements in 1998 included plot relocation, and
distance and azimuth to all trees $3.6 in dbh. A four-inch
dbh class was used as the minimum diameter as these were
the smallest trees which had visible tree tags.
Measurements in 1999 included diameter, crown

classification ~ (dominant, codominant, intermediate, and
suppressed, Smith and others 1997), height, and
merchantable height to a four-inch top diameter. All height
measurements were conducted using a Criterion 3000 laser
surveyor instrument.

Analyses

Analysis-of-variance was used to determine if differences
existed in diameter, total height, and merchantable height
between treatments for all trees, codominant trees,
codominant red oak trees, and the five largest trees by
diameter for each plot. An assumption used in these
analyses was that pre-treatment conditions were similar
across all plots. Only three trees were classed as dominant
trees on the study site so these trees were included with the
codominant trees in analyses concerning the upper canopy.
Analyses of the five largest trees per plot (O.-acre plots)
was used to determine if differences existed in crop trees by
treatment assuming 50 crop trees per acre at maturity.
Significance was determined using an alpha level of .05. If a
significant ~ difference  was found, then Duncan=s Multiple
Range Test was used for mean separation. All analyses
were conducted using PC-SAS (SAS 1985).

RESULTS AND DISCUSSION

Diameter

Precommercial thinning lead to larger average diameters for
the thinned plots compared to the controls (table 3).
Additionally, average diameters for the two higher-intensity
thinnings (1257 and 250T) were larger compared to the
lower-intensity ~ thinning ~ (500T).  These differences  were
expected given that the 500T treatment and the controls
contained smaller, shade-tolerant species including

American hornbeam that were thinned in the 125T and 250T
treatments. However, a response to thinning can be inferred
as the average diameter of the codominant trees in the
heaviest thinned plot (125T) was greater than the unthinned
controls 19 years after precommercial thinning (table 2).

Table 3-Diameter (inches) for all trees, codominant
trees, codominant red oaks, and largest five trees in
diameter by pre-commercial thinning treatment on

the Saline River floodplain, Grant County, Arkansas.

Pre-commercial thinning treatment

125 250 500 Control
Al trees 8.5ab 0.33 8.1b 6.6¢c
All codom. 12.8a 12.1ab 11.7ab 11.1b
Codom. oaks 12.7a 12.2ab 11.8ab [.1b

Five largest  14.0a 13.4a 13.5a 11.8b

Means followed by a similar letter within a row are not different at
p>0.05.
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The two lighter thinned treatments (250T and 500T) were
not different than either the 125T or controls. Similar results
were found with just codominant red oaks. Looking at just
the largest five trees per plot, precommercial thinning did
result in larger average tree diameters compared to not
thinning, 19, 14, and 14 percent for the 125T, 250T, and
500T compared to controls, respectively. Goelz and others
(1998) found a 27-37 percent increase in diameter of water
tupelo (Nyssa aquatica) three years after precommercial
thinning. Smith and Lamson (1983) also found increases of
0.2-04 inches in diameter of Appalachian hardwoods three
years following precommercial thinning. A lower percent
increase in the present study, especially compared to Goelz
and others (1998), may reflect that after 19 years the upper
canopy trees in the 500T and controls are catching up in
diameter to the trees in the heavier thinned treatments.

Height

Precommercial thinning also lead to greater average tree
heights compared to not thinning (table 4). Total heights for
the 250T were greater than the 125T and both these
treatments were greater in height than the 500T and control
treatments. This height difference again reflects the
presence of midstory, shade-tolerant species such as
American hornbeam in the control and 500T treatment as no
difference was found in the heights of only the codominant
trees, codominant red oaks, or the five largest trees per plot.
Lower heights for the 125T compared to the 250T may
reflect too intensive a thinning early thereby allowing trees in
the 125T to expand their crowns early at some expense to
height growth. The lack of any differences in the upper
canopy is not surprising since density generally has little
effect on height growth of upper canopy trees within a range
of densities (Smith and others 1997).

Merchantable  Height

Precommercial thinning also had an effect on the
merchantable height (to a four-inch top) of bottomland
hardwood trees 19 years following thinning (table 5). Trees
in the 125T and 500T had significantly greater merchantable
lengths compared control treatments. Why a difference did
not occur in the intermediate thinning treatment (250T)
compared to any of the other treatments including the
controls is unknown. No difference was found in

Table 4—Total height (ft) for all trees, codominant trees,
codominant red oaks, and largest five trees in diameter
by pre-commercial thinning treatment on the Saline
River floodplain, Grant County, Arkansas

Pre-commercial thinning treatment

Trees 125 250 500 Control
All 67b 72a 61c 59¢
All codominant 82a 82a 82a 8la
Codominant red oaks 82a 82a 83a 8la
Five largest 84a 85a 85a 81a

Means followed by a similar letter within a row are not different at
p=>0.05.
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Table 5—Merchantable height (ft) to a4-inch top for all
trees, codominant trees, codominant red oaks, and

largest five trees in diameter by pre-commercial thinning
treatment on the Saline River floodplain, Grant County,
Arkansas

Pre-commercial thinning treatment

Trees 125 250 500 Control
All 42a 39ab 41a 34b
All codominant 52a 46a 49a 48a
Codominant red oaks 52a 46a 50a 48a
Five largest 54a 47h 52ab 47h

Means followed by a similar letter within a row are not different at

p>0.05.

merchantable heights of the codominant trees and red oak
codominant trees although the heaviest thinning did result in
larger merchantable lengths of the five largest trees
compared to intermediate levels of precommercial thinning
and no thinning.

MANAGEMENT IMPLICATIONS

Precommercial thinning may be a viable silviculture tool in
bottomland red oak-sweetgum stands. Results from this
study showed that differences in diameter still existed 19
years after treatment for the more intensive thinning (125T)
as compared to no thinning. Merchantable height differences
also existed between the intensive pre-commercial thinning
and no thinning, leading to the probably differences in cubic
foot volume, although volumes were not calculated.

A question then arises as to when should a forest resources
manager consider precommercial thinning as a silvicultural
tool in bottomland red oak stands. Stand composition plays
a major role in answering this question. A mixed-species
bottomland hardwood stand can sometimes be beneficial to
red oak growth and development. Various species have
different rates of height growth and different shade
tolerances. Species with rapid early growth will appear to
dominate the stand at the expense of the red oaks (Oliver
1981). Later, red oaks will stratify above these species
through Anormal stand development@ and eventually
dominate the stand (Oliver 1976, Clatterbuck and Hodges
1988, Johnson and Krinard 1988, Kittredge 1988). This
stratification process was observed where river birch (Betula
nigra), sweetgum, and American hombeam were the initial
dominants  following  clearcutting of a bottomland hardwood
stand near the Saline River. After 28 years, bottomland red
oaks including cherrybark oak, water oak, and willow oak
were assuming dominance of the stand along with some
sweetgum (Johnson and Krinard 1988). In this type of stand,
precommercial thinning may not be a viable option if quality
sawtimber is the primary objective. Red oak species will
benefit from this stratification process and eventually assert
themselves above many of the other species and occupy the
dominant crown position. The shading caused by the other
species early in the stand development process help to
shape the desired red oak trees in both merchantable
heights and log quality.



On the other hand, precommercial thinning may be
necessary in young, relatively pure bottomland red oak
stands. In these stands, early intra-specific and intra-genus
competition (competition within a species or genera) exerts
a different type of stratification. Red oaks competing
throughout their life do not necessarily exert dominance
above each other. Continued competition beginning early in
life may increase stress in potential crop trees resulting in
the appearance of epicormic branches, an undesirable
characteristic for optimal log quality. Precommercial thinning
in this situation may alleviate the early crown congestion and
release individual red oak crop trees by providing more
growing space with less competition.
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THINNING IN A 28-YEAR-OLD WATER OAK PLANTATION IN NORTH
LOUISIANA: SEVEN-YEAR RESULTS’

James S. Meadows and J.C.G. Goelz?

Abstract-A 21-acre, 28-year-old water oak {Quercus nigraL.) plantation on an old-field loessial site near Winnsboro. LA,
was subjected to three thinning treatments during the winter of 1987-88: (1) no thinning, (2) light thinning to 180 dominant
and codominant trees per acre, and (3) heavy thinning to 90 dominant and codominant trees per acre. Prior to thinning, the
plantation averaged 356 trees and 86 ft* of basal area per acre, with a quadratic mean diameter of 6.7 in. Thinning reduced
stand basal areas to 52 and 34 ft2 per acre for the light and heavy thinning treatments, respectively. After 7 years, thinning
did not significantly increase stand-level basal area growth, but both thinning treatments produced shifls in stand structure.
Diameter distributions of thinned stands were skewed to the larger diameter classes and crown class distributions of
thinned stands were skewed to the upper crown classes. Both thinning treatments increased diameter growth of residual
trees, but there were no significant differences between the two levels of thinning. Diameter growth of residual trees in the
lightly thinned stand averaged 1.63 in. after 7 years, whereas those in the heavily thinned stand averaged 2.02 in. on this
relatively poor site. Trees in the unthinned stand grew an average of only 1.04 in.

INTRODUCTION

Information on growth and development of southern oak
plantations greater than 20 years of age is lacking. Most
past research on oak plantations emphasized the
development of suitable techniques for successful plantation
establishment (Allen and Kennedy 1989, Kennedy 1993),
but subsequent growth was generally followed for only a few
years.

Through the Conservation Reserve Program and the
Wetland Reserve Program, many thousands of acres of
marginal cropland in the South have been reforested,
primarily to various oak species (Kennedy 1990). As these
oak plantations develop and mature, the demand for
information on how to manage them will increase. Land
managers will need practical guidelines on thinning and
other intermediate  silvicultural  operations.  However,
information on growth and yield, pattern of stand
development, and the response of older oak plantations to
silvicultural ~ operations is  sparse. Consequently, few
guidelines currently exist for successful management of
these  older plantations.

For these reasons, a thinning study was established in the
winter of 1987-88 in two 28-year-old water oak plantations in
north Louisiana. The study was designed to determine the
diameter growth and stand structure responses of water oak
to three levels of thinning. Stand parameters of the
plantations prior to thinning were previously described by
Krinard and Johnson (1988). Meadows and Goelz (1993)
reported  fourth-year  responses to  thinning.

METHODS
Study Area
The plantations were established in 1960 on old agricultural

fields of loessial soil on the Macon Ridge landform in
Franklin Parish east of Winnshoro, LA. The fields were
under continuous cultivation for several decades prior to the
establishment of the oak plantations. The two plantations
encompass 21 acres (a l14.5acre tract and a nearby 6.5-
acre tract). Both tracts are privately owned.

Both fields were planted at the rate of approximately 950
water oak seedlings per acre. Initial spacing was variable,
but appears to have been about 5 x 9 ft. No cultivation or
other means of weed control was conducted after planting at
either  site.

The plantations are located on the Calhoun-Calloway-Loring
soil association (Krinard and Johnson 1988) that developed
from wind-blown silt, or loess. Within these terrace sites,
Calhoun soils occur on the flats and depressional areas,
Calloway soils are found on low ridges, and Loring soils
occur on slightly higher ridges. Well over half of the study
area consists of Calhoun soils, with lesser proportions of
Loring and Calloway soils. The soils are generally poorly to
somewhat poorly drained, but some of the higher ridges are
moderately well-drained.  Permeability is slow across most of
the area. These soils have low-to-medium natural fertility
that has been reduced through many years of use for crop
production. Texture in the upper soil horizon at both sites is
silt loam. Soil pH is very strongly to medium acid and ranges
from 45 to 6.0 across both sites. Calloway and Loring soils
both contain fragipans at depths of 20 to 30 in. that limit
effective rooting depth and hinder tree growth.

The loessial soils of the Macon Ridge are somewhat
unproductive for the growth of hardwood species, when
compared to well-drained alluvial soils or the loessial hills on
the east side of the Mississippi River. Broadfoot (1976)
reported an average site index of 83 ft at 50 years for water
oak on Calloway soils, but did not provide similar information
for Calhoun or Loring soils. Based on the method described
by Baker and Broadfoot (1979), we estimated that site index
for water oak averaged 86 ft at 50 years across the entire
study area, but ranged as high as 90 ft on the higher ridges.

Treatments

In the fall of 1986, the plantations were divided into 12
treatment plots, nine on the larger tract and three on the
smaller tract. Each treatment plot was 150 ft by about 400-
450 ft (45 rows) and covered an area of about 1.4 to 1.5
acres. Three O.l-acre square measurement subplots were
systematically established within each of the 12 treatment

' Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999,

2 principal Silviculturist and Principal Forest Biometrician, USDA Forest Service, Southern Research Station, Stoneville, MS 38776, respectively.
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plots; data were pooled across the three subplots within
each treatment plot.  Diameter-at-breast-height  (d.b.h.) and
crown class were assessed on all trees within each subplot.
Stocking percent was estimated from trees per acre and
quadratic mean diameter, according to the stocking equation
developed by Goelz (1995).

Thinning treatments were originally scheduled for the winter
of 1986-87, but wet soil conditions prevented harvesting
activities. The plantations were not measured again prior to
thinning. Consequently, pre-treatment measurements were
actually taken 1 year prior to thinning.

Four replications of three levels of thinning were applied in a
randomized block design to the 12 treatment plots
(experimental units) during the winter of 1987-88 at age 28
years: (1) no thinning, (2) light thinning to 180 dominant and
codominant trees per acre, and (3) heavy thinning to 90
dominant and codominant trees per acre. Low thinning was
used to remove trees primarily from the lower crown classes.
Logs were removed from the stand and utilized as fuelwood.

RESULTS AND DISCUSSION

Residual Stand Conditions

One vyear prior to thinning, the plantaton as a whole
averaged 356 trees and 86 ft* of basal area per acre, with a
quadratic mean diameter of 6.7 in. (Krinard and Johnson
1988). Stocking averaged 87 percent across the entire study
area. No statistical differences were detected among the
three treatments in any of the stand parameters 1 year prior
to  thinning.

Light thinning reduced stand density to 188 trees and 52 ff
of basal area per acre: heavy thinning reduced stand density
to 103 trees and 34 ft? of basal area per acre. These
residual densities were slightly greater than the target
densities of 180 and 90 dominant and codominant trees per
acre for the light and heavy thinning treatments,

respectively.  Expressed as  percentages, light thinning
removed 47 percent of the trees and 40 percent of the basal
area from the plantation, whereas heavy thinning removed
71 percent of the trees and 60 percent of the basal area.
Light thinning reduced stocking to 52 percent; heavy
thinning reduced stocking to 33 percent. The intensity of
both thinning treatments turned out to be quite severe.

Although low thinning was used to remove the smaller, less-
vigorous trees, primarily from the lower crown classes, no

significant  differences in quadratc mean diameter could be
detected among the three treatments immediately following
thinning. Quadratic mean diameter ranged from 7.1 in. in the
lightly thinned stand to 7.8 in. in the heavily thinned stand.

Quadratic mean diameter in the unthinned stand was 7.3 in.

Stand Development Following Thinning

Prior to thinning, the plantation was a dense stand
composed of small-diameter trees with short boles. The
presence of many dead trees scattered throughout the stand
and the presence of numerous epicormic branches along
the boles of many of the living trees were indicators that the
stand was not healthy and was approaching stagnation.
Bottomland red oaks, when grown in even-aged mixtures
with sweetgum (Liquidambar styraciflua L.), are generally
able to eventually gain a competitve advantage over the
sweetgum, dominate the stand, and develop into large trees
with long, clear boles (Clatterbuck 1987, Clatterbuck and
Hodges 1988, Johnson and Krinard 1988). However, o0aks

do not generally compete well with other oaks when grown
in pure stands (Aust and others 1985), such as these two
water oak plantations. Under these circumstances, it is
difficult for individual oaks to gain a competitive advantage
over neighboring oaks. Consequently, pure oak stands have
a tendency to stagnate quickly after several years of intense
competition among individual trees.

Stand development over the 7-year period following thinning
was characterized by high mortality in the unthinned stand
and by steady recovery in the thinned stands. The number of
trees per acre in the unthinned stand steadily declined from
319 at the time of study installation to 260 in 7 vyears (table
1). This decrease is equivalent to 18 percent mortality over
the 7-year period. In contrast, mortality in the thinned stands
was substantially less, about 7 percent and 5 percent 7
years after light and heavy thinning, respectively. Mortality in
the unthinned stand occurred primarily in the smaller, less-
vigorous, lower-crown-class trees. As expected, we found
significant  differences among treatments in the number of
trees per acre 7 years after thinning.

Table I-Stand conditions 7 yr after thinning in a

28-yr-old water oak plantation. Means followed by

the same letter are not significantly different at the
0.05 level of probability

Treatment Trees Basal area Stocking
No./acre Sqft/acre  Percent
Unthinned 260 a 109 a 102a
Light thinning  175b 75 b 69 b
Heavy thinning 98 ¢ 52 ¢ 47c

Light and heavy thinning greatly reduced stand basal areas
to 52 and 34 ff per acre, respectively, immediately following
thinning. However, basal area increased steadily to 75 and
52 ft* per acre during the 7 years following thinning in the
lightty and heavily thinned stands, respectively (table 1).
Basal area in the unthinned stand increased from 92 to 109
ft? per acre over the same period. Neither thinning treatment
significantly ~ affected stand-level basal area growth rates,
which averaged 3.3, 2.6, and 2.4 ft* per acre per year in the
lightly thinned, heavily thinned, and unthinned stands,
respectively. ~ Although the thinned stands are recovering,
their rates of basal area growth are insufficient to produce
densities that approach that of the unthinned stand.
Consequently, large significant differences in  stand basal
area across treatments still exist 7 years after thinning
(table 1).

We observed a similar trend for changes in stocking among
the three treatments 7 vyears after thinning (table 1). Light

thinning  originally reduced stocking to 52 percent, a value
consistent with the recommended residual stocking level

after thinning, as proposed by Putnam and others (1960), in
stands of similar size and density. On the other hand, heavy
thinning  originally reduced stocking to 33 percent, a value
well  below recommended residual density following  thinning
(Goelz 1995, Putnam and others 1960). Seven years after
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thinning, stocking in the lightly thinned stand rose to 69
percent, a level approaching adequate stocking to promote
satisfactory  stand-level growth and recovery from thinning
disturbance. However, stocking in the heavily thinned stand
increased to only 47 percent, a level stil below
recommended stand density (Goelz 1995, Putnam and
others 1960). Even 7 vyears after thinning, the heavily
thinned stand is still severely understocked. Stocking in the
unthinned stand increased from 91 percent at the time of
study installation to 102 percent over the 7-year period.

Stand  Structure

Prior to thinning, the diameter distribution pooled across the
water oak plantation resembled a bell-shaped curve in which
the most abundant diameter class was 6 in. (fig. 1). Seven
years after study installation, the diameter distributions of
the unthinned stand and the lightly thinned stand were very
similar; both peaked in the 8-in. class. In contrast, heavy
thinning removed most of the trees in the lower diameter
classes and caused a shift in peak abundance to the 10-in.
class. Because the shape of the diameter-distribution curve
of a pure, even-aged stand generally flattens and peak
abundance shifts to the right as the stand develops and
matures, heavy thinning effectively increased the rate of
stand development in this water oak plantation.
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Figure I-Pooled diameter distribution 1 year prior to thinning and
the diameter distributions produced by each treatment 7 years after
thinning in a 28-year-old water oak plantation.

Prior to thinning, 74 percent of the trees in the water oak
plantation were classed as either dominant or codominant
(fig. 2), a proportion indicative of a young stand in the early
phases of the canopy stratification stage of stand
development. However, in additon to a large reduction in
the total number of trees due to mortality in the unthinned
stand over the last 7 years, we also observed a significant
shift in the crown class distribution of the unthinned stand as
many trees moved down one or more classes. Many of the
dominant trees became codominant; many of the
codominant trees became intermediate or suppressed.
Seven vyears after study installation, the proportion of upper-
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crown-class trees in the unthinned stand dropped
dramatically from 74 percent to only 47 percent, indicative of
a stressed stand experiencing severe competition and
intense  canopy stratification. Crowns of individual trees in
the unthinned stand are deteriorating, losing dominance,
and suffering diminished photosynthetic ~ capacity, a situation
leading to reduced tree growth, increased mortality, and
reduced stand productivity. In contrast, both thinning
treatments removed trees primarily from the lower crown
classes and produced stands that have been able to
maintain  high  proportions  of  upper-crown-class trees: 65
percent in the lightly thinned stand and 79 percent in the
heavily thinned stand (fig. 2). Crown subordination of some
trees has occurred in the lightly thinned stand, but was not
widespread. The proportion of upper-crown-class trees in
the heavily thinned stand 7 vyears after thinning is still higher
than in the pre-treatment stand. Both thinning treatments
maintained or enhanced the vigor of most residual trees, as
evidenced by these high proportions of upper-crown-class
trees.

Pre-Thin Control Light Heavy
Treatment

Dominant B Codomi &) i n

Figure P-Pooled crown class distribution 1 year prior to thinning and
the crown class distributions produced by each treatment 7 years
after thinning in a 28-year-old water oak plantation.

Diameter  Growth

Heavy thinning produced a significant increase in  quadratic
mean diameter, but quadratc mean diameters in the lightly
thinned and unthinned stands were nearly equal 7 years
after thinning (fig. 3). Prior to this most recent measurement,
we were unable to detect significant differences among
treatments in quadratc mean diameter, even though it was
generally greater in the heavily thinned stand. As is apparent
in figure 3, quadratic mean diameter of the heavily thinned
stand has been increasing at a more rapid rate than in either
the lightly thinned or unthinned stands since the second or
third year after thinning, and averaged 9.9 in. at the end of
the seventh year. We expect this difference to continue to
increase in the future.

Cumulative diameter growth of individual trees may provide
the most accurate assessment of the effects of the thinning
treatments  (fig. 4). Neither thinning treatment significantly
affected cumulative diameter growth during the first 2 years
after thinning, with growth averaging 0.44 in. across all
treatments. However, a response to thinning was detected
after the third year, when cumulative diameter growth of
residual trees in the heavily thinned stand (1 .00 in.) was
significantly greater than in the unthinned stand (0.58 in.).
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Figure 3—Changes in quadratic mean diameter, by treatment,
following thinning in a 28-year-old water oak plantation.
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Figure 4—Cumulative diameter growth of residual trees, by
treatment, following thinning in a 28-year-old water oak plantation.

This trend has continued since then, with ever-widening
differences  between the thinned and unthinned treatments.

By the end of the seventh year after thinning, surviving trees
in the unthinned stand had grown an average of only 1.04 in.
in diameter. This poor growth is indicative of a low-vigor
stand in which additional mortality of small trees is expected
in the near future. In contrast, residual trees in the lightly
thinned stand grew an average of 1.63 in. in 7 vyears; those
in the heavily thinned stand grew an average of 2.02 in.,
growth rates classified as “medium” for water oak by Putnam
and others (1960). Seven-year cumulative diameter growth
did not differ significantly between the two levels of thinning,
but both produced cumulative diameter growth  significantly
greater than that observed in the unthinned stand. We
anticipate that these differences in diameter growth rate will
continue to widen over the next several years.

Both levels of thinning increased diameter growth of trees in
all crown classes. The effect was most pronounced in the
codominant and intermediate classes, but even dominant
trees responded well to thinning. In fact, light thinning
increased diameter growth of dominants by 32 percent and
codominants by 51 percent. Heavy thinning increased
diameter growth of dominants by 42 percent and
codominants by 86 percent.

CONCLUSIONS

Trees in the unthinned stand are not currently growing in
diameter at an acceptable rate for water oak. Expressed on
a 1 O-year basis, these trees are growing at the rate of 1.5 in.
per decade. More than half of the trees are in subordinate
crown classes and will likely continue to decline in growth,
vigor, and quality if left unmanaged. Mortality will continue to
be high over the next several years. Stand density is simply
too high to promote the development of vigorous, high-
quality ~ trees.

Light thinning increased the average diameter growth rate of
residual trees to an acceptable level of 2.3 in. per decade.
Stand-level basal area growth appears to be sufficient to
promote recovery of the stand to a fully stocked condition in
a reasonable period of time. At its present rate of
development, this stand will achieve 100 percent stocking
when quadratic mean diameter reaches about 11 to 12 in,
in approximately 9 to 10 years. Another low thinning will be
necessary at that time. Among the treatments evaluated in
this study, light thinning promoted the most desirable
combination of individual-tree diameter growth and stand-
level basal area growth.

Heavy thinning increased the average diameter growth rate
of residual trees to 2.9 in. per decade, a value nearly double
that of trees in the unthinned stand. However, heavy thinning
reduced stocking to the point that stand-level basal area
growth is inadequate to allow full recovery of the stand in the
near future. It will not achieve 100 percent stocking until
quadratic mean diameter averages 15 to 16 in., in
approximately 20 years. Although this level of thinning
greatly increased diameter growth of residual trees, it
created a severely understocked stand that cannot fully
occupy the site for many years to come.

Without ~ conducting a much earlier precommercial  thinning
in these two water oak plantations, average initial spacing
(5 x 9 ft) was too narrow to allow satisfactory development of
individual  trees for sawtimber management. The narrow
spacing led to the onset of intense competition among
neighboring trees at an early age. Trees severely competed
with one another for soil moisture, nutrients, light, and
growing space for many years prior to thinning. As a result,
surviving trees in the stand at the time of thinning were

small, low-vigor trees with deteriorating crowns, poor bole
quality, and less-than-satisfactory  diameter —growth rates.
We believe that the diameter-growth response to thinning
observed in this study was diminished largely as a
consequence of this narrow initial spacing that led to the
long period of intense competition prior to thinning. To
alleviate these problems, we currently recommend that initial
spacing in bottomland red oak plantations range from 8 x 9 ft
to 12 x 12 ft, depending on anticipated survival of planted
trees and expected availability of markets for small-diameter
trees.
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The relatively poor site also impaired the ability of residual

trees to respond adequately to thinning. Poor drainage, low-

to-medium fertility, past land use, and the presence of
fragipans on portions of the study site combined to restrict
growth of trees in these plantations. A fragipan greatly
hinders tree growth because it results in a perched high
water table during winter and spring, but limits the effective
rooting depth and leads to severe water deficits during
summer. This situation, coupled with the poor drainage and
slow permeability of the soil above the fragipan, creates a
harsh site that is very wet in the winter and spring months
and very dry in the summer and fall months. Even though

thinning alleviates some of the competitive factors previously

mentioned, the inherent low productivity of the site itself
limits the ability of residual trees to respond to the thinning.
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DEVELOPMENT OF MIXED CHERRYBARK OAK-SWEETGUM
PLANTATIONS PLANTED AT DIFFERENT SPACINGS IN EAST-CENTRAL
MISSISSIPPI AFTER 17 YEARS’

Brian R. Lockhart, Andrew W. Ezell, John D. Hodges, and Wayne K. Clatterbuck?

Abstract-Interest in mixed-species bottomland hardwood plantations has increased in recent years. Benefits from mixed-
species plantations include increased diversity, wildlife habitat, aesthetics, and log-quality of crop trees. But few studies

exist to compare results from mixed-species bottomland hardwood plantations against mixed natural stands. Results from
mixed cherrybark oak (Quercus pagoda)-sweetgum (Liquidambar styraciflua) plantations planted at different spacings and
with different densities of sweetgum indicate that stand stratification patterns in plantations are similar to those found in
natural cherrybark oak-sweetgum stands. At age 8, Sweefgum trees were taller in height and larger in diameter, but by age
17 cherrybark oak trees were at least of similar size as neighboring sweetgum. These cherrybark oak trees are expected to

eventually pass sweetgum in both height and diameter.

INTRODUCTION

Planting mixtures of tree species has only recently been
viewed as an alternative to single-species artificial
regeneration  efforts in  bottomland  hardwoods  (Goelz
1995a). These mixed-species planting efforts generally fall
under one of three objectives. First, mixtures are planted for
wildlife habitat diversity. Oaks (Quercus spp.) and other hard
mast species including sweet pecan (Carya illinoeninsis) are
either planted or direct seeded with the presumption that the
future overstory will contain a mixture of these species. A
second objective for mixed-species regeneration efforts on
flood-prone sites involves the deliberate attempt to
regenerate  oaks. Notable among these efforts are planting
trials of eastern cottonwood (Populus deltoides) and Nuttall
oak (Q. nuttallii) by the USDA Forest Service Center for
Bottomland  Hardwoods Research and industrial  partners. In
short, eastern cottonwood is planted on a 12 foot by 12 foot
spacing. Two or three years later, Nuttall oak is planted
between every other row. The theory is that Nuttall oak, and
most bottomland oaks in general, will benefit from the partial
shade environment provided by eastern cottonwood
(Gardiner and Hodges 1998). The third objective for planting
species mixtures on bottomland sites is to simulate natural
stands using current knowledge of stand development
patterns.  Theoretically, using known stand development
patterns as a management guideline should result in the
development of a more-desirable crop tree, whether it be for
timber and/or wildlife habitat objectives. Clatterbuck and
Hodges (1986) found that the distance of competing
sweetgum (Liquidambar sfyraciflua) had a pronounced effect
on the development of individual cherrybark oak (Q. pagoda)
trees. Depending on the spacing of neighboring sweetgum,
cherrybark oak development patterns were labeled as being
unrestricted, restricted, or overtopped. With these latter
development patterns in mind, a series of mixed cherrybark
oak-sweetgum  plantations of different spacing and
proportions  of sweetgum were established to determine if
development patterns in natural cherrybark oak-sweetgum
mixtures would occur in a plantation setting. Seventeen-
years results are reported.

MATERIALS AND METHODS

Location/Site Description

The study site is located in Oktibbeha County on the
Noxubee National ~Wildlife Refuge in east-central
Mississippi. Soils are Stough very fine sandy loam which is
considered marginal for cherrybark oak (range of site index,
base age 50, is 75-90 feet) due to the presence of a
fragipan. Prior to planting, the site was used for grazing and
hay production.

Planting Design

Three planting arrangements were used on two sites located
approximately 300 feet apart. The first spacing arrangement
involved planting mixtures of cherrybark oak and sweetgum
on an eight foot by eight foot spacing (8x8). This spacing
was the normal plantation spacing for trees in the early
1980's. The first row in this design was planted in sweetgum.
Cherrybark oak and sweetgum seedlings were alternated on
the second row, and the third row was planted to sweetgum.
This planting arrangement resulted in  each individual
cherrybark oak seedling, which was considered plot center,
being surrounded by eight sweetgum seedlings. A total of 35
cherrybark oak and 118 sweetgum seedliings were planted
in seven rows (three rows were alternating cherrybark oak
and sweetgum), excluding buffer trees.

The second spacing arrangement involved planting mixtures
of cherrybark oak and sweetgum on a five foot by five foot
spacing (5x5) using the same row design as the 8x8. The
closer spacing of cherrybark oak and sweetgum would result
in  earlier inter-specific  competition  (competition  between
species). A total of 45 cherrybark oak and 168 sweetgum
seedlings were planted in 11 rows (five rows were

alternating  cherrybark oak and  sweetgum).

The third spacing arrangement involved planting mixtures of
cherrybark oak and sweetgum on a five foot by five foot
spacing (5x5D) similar to the second spacing arrangement.
The one difference is that two rows of sweetgum were
planted on each side of the alternating cherrybark oak and
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sweetgum row for a total of 14 sweetgum seedlings
surrounding each cherrybark oak seedling. The reason for
two rows of sweetgum was, if cherrybark oak could overtop
sweetgum early in this closer spacing, then the second row
of sweetgum would provide additional inter-specific
competition for the cherrybark oak with supposed better hole
quality development in the long run. A total of 27 cherrybark
oak and 182 sweetgum seedlings were planted in 11 rows
(three rows were alternating cherrybark oak and sweetgum).
Al three spacing arrangements were replicated on a second
site (Site 2).

Plantation Establishment

Prior to planting, each site was disked. Seedlings were then
planted on Site 1 in March 1982 and January/February 1983
for Site 2. Cherrybark oak seedlings on Site 1 were 2-O
stock while 1-O stock was used on Site 2. The 2-O stock was
produced in a nursery on the Mississippi State University
campus. For both sites 1-O sweetgum and cherybark oak
stock was purchased from a private nursery. Thirty-four
percent of the cherrybark oak perished on Site 1 following
the 1982 growing season. These seedlings were replaced
with 1-O cherrybark oak stock at the time Site 2 was planted.
After plantation establishment, each site was mowed during
their first two growing seasons.

Measurements

Since this test was designed as a demonstration and not as
a scientific study, only periodic measurements have been
conducted since plantation establishment.  Height and
diameter measurements were conducted on Site 1 in 1989
and on both sites in 1991 and 1998. Height measurements
in 1989 and 1991 were conducted using a height pole while
the 1998 measurements were conducted with a laser-height
instrument.  Diameter (dbh, 4.5 feet above ground) was
measured each time wusing a standard diameter tape.

Analyses

Survival was calculated as the number of seedlings
surviving during each measurement period, including those
cherrybark oak seedlings that were replanted on Site 1 in
1983. Height and dbh of the sweetgum trees within each
cherrybark oak plot were averaged and compared with their
associated cherrybark oak tree using a t-test. An alpha level
of 0.05 was used to determine statistical significance.

RESULTS AND DISCUSSION

Survival

Overall survival for the two plantations was 64 and 96
percent for the cherrybark oak and sweetgum, respectively.
Greater survival for cherrybark oak occurred on Site 1 as
compared to Site 2 due possibly to the use of larger
seedlings (2-O versus 1-0) and the replanting of 36 spots (34
percent) on Site 1 following first-year seedling mortality
(table 1). No changes in survival have occurred on Site 1
since the 1989 measurements. Lower survival on Site 2,
especially for cherrybark oak, may be indicative of
differences in soils. Discussions with those involved in the
establishment of this plantation indicated that soils on Site 2
were more difficult to dig compared to Site 1, even with the
use of a portable post-hole digger, indicating a possible
shallower soil to the inherent fragipan. Changes in survival
on Site 2 have occurred between measurement years,
particularly among the cherrybark oak trees in the 5x5 and
5x5D spacings. These changes in survival may also be a
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Table I-Survival (percent) of mixed-species plantations
of cherrybark and sweetgum by site and spacing

Spacing Species n 1989 1991 1998
Site 1
8x8 Cherrybark oak 35 89 89 89
Sweetgum 138 100 100 100
5x5 Cherrybark oak 45 89 89 89
Sweetgum 168 100 100 100
5x5D Cherrybark oak 27 78 78 78
Sweetgum 182 99 99 99
Site 2
8x8 Cherrybarkoak 35 2 77 71
Sweetgum 137 — 98 98
5x5 Cherrybarkoak 45 —_ 29 11
Sweetgum 168 - 91 88
5x5D Cherrybark oak 27 —_— 93 59
Sweetgum 182 — 95 93

& No data (no measurements were conducted on Site 2 in 1989).

result of density-dependent mortality interacting  with
differences in soil as sweetgum is overtopping cherrybark
oak on this possibly poorer site.

Height

A difference of eight to eleven feet in cherrybark oak height
occurred within a spacing arrangement between the two
sites by end of the 1998 growing season (table 2). Such a
difference would not be expected based on age alone given
that Site 2 trees are only one-two years younger than Site 1.
This difference is more likely the result of soil differences
previously mentioned. Little difference existed in height for
sweetgum between the two sites except for the 5x5D
spacing. In this case, sweetgum trees on Site 1 averaged
about six feet greater in height. Sweetgum, with a more well-
developed taproot than oaks (Kormanik 199Q), appears less
sensitive to the possible shallower soil on Site 2. Another
explanation for the similar heights between sites for
sweetgum is that greater inter-specific competition exists on
Site 1 with the cherrybark oak having a detrimental effect on
the height growth of sweetgum.

Within  spacings, cherrybark oak and sweetgum trees were
taller in height in the 8x8 spacing as compared to the 5x5
and 5x5D spacings for both sites (table 2). Although spacing
usually does not affect height except at the extremes of
density (Smith and others 1997), in this species mixture, the
5x5 and 5x5D spacing appears to result in greater
competition between the trees with a subsequent

detrimental  effect on height growth.

Patterns of height development indicated that, in the 1989
measurement on Site 1, sweetgum trees were significantly
taller than associated cherrybark oak trees (table 2). This
difference  was expected given the rapid juvenile height
growth pattern of sweetgum (Kormanik 1990). After the 1991
measurements, the heights of cherrybark oak on Site 1 in



Table 2-Height (ft) of mixed-species plantations of
cherrybark and sweetgum by site and spacing

Spacing Species 1989 1991 1998
Site 1
8x8 Cherrybark oak 1543 22.8a 42.7
Sweetgum 8.9b 27.4b 40.8
5x5 Cherrybark oak 13.0a 19.2 36.1a
Sweetgum 146b  20.0 28.6b
5x5D Cherrybark oak 1.1a 16.6a 33.8
Sweetgum 13.2b 18.5b 30.3
Site 2
8x8 Cherrybark oak —? 13.2a  33.9a
Sweetgum — 19.5b 42.6b
5x5 Cherrybark oak 17.7 25.1
Sweetgum — 19.6 28.8
5x6D Cherrybark oak = 17.6 23.7
Sweetgum —_ 18.5 24.9

Means followed by different letters within a site, spacing, and year are
different at p>0.05.
& No data (no measurements were conducted on Site 2 in 1989).

the 5x5 spacing were similar to sweetgum. Sweetgum was
still significantly taller than cherrybark oak on the 8x8
spacing on both sites and the 5x5D spacing on Site 1. No
differences in height existed on the remaining two spacings
on Site 2. By 1998 the heights of cherrybark oak and
sweetgum were statistically the same on 8x8 and 5x5D
spacings on Site 1. Cherrybark oak was actually taller than
sweetgum on the 5x5 spacing. No changes have occurred in
height patterns between cherrybark oak and sweetgum from
1991 to 1998 on Site 2 with sweetgum still being significantly
taller on the 8x8 spacing and no differences with the other
two spacings. It should be noted though that considerable
mortality on Site 2 resulted in fewer cherrybark oak trees by
1998 (e.g., n=5 for the 5x5 spacing). Analyses of the
replanted cherrybark oak seedlings on Site 1 showed similar
patterns of height development on the 8x8 and 5x5D
spacings. Replanted seedlings on the 5x5 were not different
than the sweetgum following the 1998 measurements
although sweetgum was taller in the previous two
measurements.

The ascendance of cherrybark oak to a similar height as
sweetgum by age 17, as demonstrated on Site 1, followed
natural stratification  patterns.  Clatterbuck and  Hodges
(1988) found that the spacing of sweetgum trees had a
profound effect on the development of individual cherrybark
oak trees. When sweetgum trees averaged about six to 18
feet from a cherrybark oak tree then the cherrybark oak
exhibited a restricted pattern of development. The
cherrybark oak would, early in life, have a lower height than
neighboring sweetgum. But as long as the cherrybark oak

was not overtopped, i.e., it was receiving some direct
sunlight from above, then the cherrybark oak would
eventually catch up and then, by about age 23-25, surpass
the sweetgum. Clatterbuck (1985) suggested several
reasons for this:

(1) crown architecture = sweetgum exhibits an excurrent
crown form while cherrybark oak exhibits a semi-
excurrent crown form when competing with sweetgum
but changes to a decurrent, spreading, form after
emergence into the overstory,

(2) crown abrasion - sweetgum twigs are smaller and more
britle at a given age as compared to cherrybark oak
twigs thus, during wind events (especially squall lines
associated with frontal storms), the terminal buds and
twigs of sweetgum tend to break when scraped against
twigs of neighboring cherrybark oak stems,

(3) high iniial sweetgum density « a high initial sweetgum
density may delay intra-specific (within species) crown
differentiation thus leading to stagnation (Johnson 1968),
and

(4) phenology - bud break in cherrybark oak, though
occurring several days later than in adjacent sweetgum,
occurs basipetally (from the top of the crown towards the
bottom) while bud break in sweetgum occurs acropetally
(begins at the base of the crown and proceeds to the top)
(Young 1980).

Of particular importance may be the crown abrasion aspects
of inter-specific competition. It was noted in the field that in
those cases where cherrybark oak trees were of similar
height or taller than neighboring sweetgum that the
sweetgum limbs were broken. Subsequent crown
development was from lateral buds opposite from the
cherrybark oak, ie., the sweetgum crown tended to grow
away from the cherrybark oak crown as the cherrybark oak
crown expanded outward.

Clatterbuck and Hodges (1988) also found that when the
average spacing between cherrybark oak and sweetgum
was less than six feet, then the cherrybark oak would usually
become suppressed and eventually perish. Such was not
found in this mixed-species plantation  demonstration,
especially on Site 1. Although cherrybark oak trees in the
5x5 and 5x5D spacings were shorter as compared to those
on the 8x8 spacing, survival and development was excellent
on Site 1. On Site 2 no differences existed in height between
cherrybark oak and sweetgum on the 5x5 and 5x5D

spacings. But considerable mortality had occurred since
plantation established. This mortality was probably the result
of competition between the cherrybark oak and neighboring
sweetgum. Cherrybark oak trees that had perished over the
last several years were in an overtopped canopy position
before death.

Diameter

Diameter growth patterns were similar to height patterns for
cherrybark oak and sweetgum on each site and each
spacing with two exceptions (table 3). On Site 1, no
differences in  diameter existed between cherrybark oak and
sweetgum on the 5x5 spacing in 1989. On Site 2, sweetgum
maintained larger diameters than cherrybark oak on the 5x5
spacing in 1991 and 1998. Otherwise, at age seven (1989)
sweetgum had larger diameters but by 1998 cherrybark oak
had either caught up to the sweetgum or had surpassed
sweetgum in diameter (Site 1 only).
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Table 3-Diameter-at-breast-height (dbh, inches) of mixed-
species plantations of cherrybark and sweetgum by site
and spacing

Spacing Species 1989 1991 1998
Site 1
8x8 Cherrybark oak 1.82a 2.77a 5.49
Sweetgum 2.35b 3.44b 5.14
5x5 Cherrybark oak 1.30 2.05 lla
Sweetgum 1.40 2.05 2.82b
5x5D  Cherrybark oak 098a 1.65a 3.69
Sweetgum 1.30b 201 b 3.11
Site 2
8x8 Cherrybark oak = 1.32a 3.16a
Sweetgum —_ 2.65b 5.89b
5x5 Cherrybark oak —_— 1.52a 2.40a
Sweetgum - 2.18b 4.73b
5x6D  Cherrybark oak — 1.90 3.24
Sweetgum — 1.92 3.95

Means followed by different letters within a site, spacing, and year are
different at p>0.05.
4 No data (no measurements were conducted on Site 2 in 1989).

CONCLUSIONS

Similar patterns of development appear to exist in plantation
mixtures of cherrybark oak-sweetgum as found in natural
stands, both in height and diameter. Early in stand
development sweetgum trees were larger than associated
cherrybark oak trees. By age 17 cherrybark oak trees have
caught up to, and in one spacing on one site surpassed,
sweetgum in both height and diameter. Based on
development in natural stands, the cherrybark oak trees,
especially on Site 1, will be taller and larger in diameter than
sweetgum by age 23-25. Data indicate that these
stratification patterns may even occur a few years earlier in
plantations as compared to natural stands.

While this plantation was installed as a demonstration area
and not as a replicated scientific study, several interesting
guestions arise for future considerations. First, assuming
Site 2 is a lower quality site, it appears that patterns of stand
development in mixed-species bottomland hardwood
plantations are dependent on site quality. Wider spacings
may be necessary between cherrybark oak and sweetgum
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on lower quality sites to increase oak survival and
development. A second question involves the development
of pure stands relative to mixed stands. Such a comparison
could not be made in this study due to a lack of pure
plantations of cherrybark oak and sweetgum planted at the
same time. Future studies should include pure stands to test
stand development, growth, and bole quality issues. Such
an effort is currently underway in green ash, water oak, and
Nuttall oak mixtures (Goelz 1995b).
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COMPOSITION AND DIVERSITY OF GROUND FLORA THREE YEARS
FOLLOWING CLEARCUTTING AND SELECTION CUTTING IN A
BOTTOMLAND HARDWOOD ECOSYSTEM’

James E. Kellum, Eric Sundell, and Brian R. Lockhart?

Abstract-Timber harvesting has occurred in bottomland hardwood ecosystems for over two centuries. Only in the last
twenty years though has there been quantitative data on ecological functions of these areas after harvesting.
Understanding the ecology of bottomland hardwood ecosystems is important in assessing the impacts of harvesting
operations. As part of an integrated study on the impacts of harvesting in a bottomland hardwood ecosystem located near
the Mississippi River we sampled ground flora composition and calculated diversity, evenness, richness, density and
community similarity following clearcutting and selection harvesting. Unharvested controls were also included in the
sampling. Permanent ground flora assessment plots were installed following the Winter 1995/1996 harvesting activities.
Sampling was scheduled for three different time intervals during the 1996, 1997, and 1998 growing seasons (May, July.

and September); although one sampling period was lost in each year due to flooding. There were 67

species'of woody and

herbaceous plants recorded after the 1996 sampling period, 82 species in 1997, and 88 species in 1998. Dominant
herbaceous species included Acalypha rhomboidea Raf., Eupatorium spp., Solidago spp.. Polygonum spp., and vines
such as Vitis spp., Brunnichia ovata (Walt.) Shinners, Rubus spp. and Smilax spp. Ground flora density increased in both
the clearcut and selection treatments as compared to the controls three growing seasons after treatment while species
diversity increased slightly over the same period. Flood depth, timing, and duration played a role in determining species
composition and diversity during each growing season regardless of treatment.

INTRODUCTION

Understanding the structure and functions of bottomland
hardwood ecosystems in the Mississippi Alluvial Plain has
become an important issue in recent years (Hodges 1994).
Bottomland hardwoods provide many important functions
such as fish and wildlife habitat, water quality maintenance,
flood attenuation, recreation, and timber products (Guidice
and Ratti 1995). Wildlife habitat functions also include
browse, cover, and nesting sites for numerous species of
insects, birds, fish, amphibians, reptiles and mammals
(Wigley and Lancia 1998). Alteration of ground flora strata
may have significant impacts on composition and diversity of
wildlife and plant species (Bonham 1989). Management
practices effect some species more than others, therefore a
knowledge of composition and life histories of specific
species is important (Noss 1983). Disturbance of ground
flora using silvicultural treatments and the degree of impact
on floral and faunal communities in bottomland hardwood
ecosystems are not well known (Lockaby and Stanturf
1996). Most studies conducted in bottomland hardwoods
have focused on ftree species composition and regeneration
of commercially valuable species (Baker and Hodges 1997,
Carter and others 1990, Wiseman 1982). Other studies have
been conducted addressing old-field succession in
abandoned agriculture fields in the Mississippi  Alluvial  Plain
(Bazzaz 1975, Bonck and Penfound 1945, Hopkins and
Wilson 1974). Few studies have focused on the effects of
harvesting on ground flora diversity and early succession in
bottomlands. Therefore, the objective of this study was to
evaluate ground flora composition and diversity over time
following harvesting in a bottomland hardwood  ecosystem.

METHODS

The study site was located on Pittman Island, Issaquena
County, Mississippi on land owned by Anderson-Tully
Company. The area was located inside the levee system of
the Mississippi River (batture lands). Tree species

composition of this site was mixed bottomland hardwoods

consisting of sugarberry (Celtis laevigata Willd), green ash
(Fraxinus pennsylvanica Marsh.), and American elm (Ulmus
americana L.). Other species included sycamore (Platanus
occidentalis L.), sweet pecan (Carya illinoensis (Wang.) K.
Koch), bitter pecan (C. aquatica (Michx. f.) Nutt.), Nuttall oak
(Quercus nuttallii Palmer), water oak (Q. nigra L.), overcup
oak (Q. lyrata Wallt.), boxelder (Acer negundo L.), red maple
(A. rubrum L), common persimmon (Diospyros virginiana

L), and honey locust (Gleditsia triacanthos L.). Distribution
of these species was based on physiographic conditions

such as ridge/swale topography (Hodges and Switzer 1979).

Pre-harvest permanent plots were installed during the
summer of 1995 wusing a systematic plot design. Treatment
plots were 20 hectares (ha) in size and each treatment
(clearcut, selection and control) was replicated three times.
Within  each treatment sixteen 0O.[0-ha circular plots were
systematically installed. Eight of these plots were used to
evaluate ground flora composition and diversity using two 1
X 1 meter square plots located in two cardinal directions, five
meters from plot center.

The study site was harvested during the winter of 1995-96.
After harvesting, clearcuts were re-entered and all remaining
stems > 5 cm diameter at breast height (1.4 m above

ground) were felled to establish a complete clearcut.
Selection treatments were harvested according to Anderson-
Tully guidelines with approximately 50 percent of the basal
area removed in single-tree and group selection openings.
Species favored to keep during marking of the stands were
green ash, sweet pecan, Nuttall oak, and well-formed
sugarberry.

Three sampling periods of ground flora were to be
conducted, May, July and September of each year during
this study. However, only two sampling periods were used

f Paper presented at the Tenth Biennial Southern Silvicultural Research Conference, Shreveport, LA, February 16-18, 1999.

2 Research Specialist, Arkansas Forest Resources Center; Associate Professor of Silviculture, University of Arkansas at Monticello, Monticello,
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each year due to inundation of the site during the growing

season. All plants within each 1 x 1 m plot were identified to
species and classified as a forb, composite, legume, grass,
sedge, fungi, vine, or woody stem. Stem counts were also

taken for each species and percent cover was determined

within each plot for individual species.

Calculations included Shannon-Weaver diversity indices
(Shannon and Weaver 1949) which included species
evenness and richness. Species evenness was defined as
the distribution of abundance among different species.
Richness was simply the number of species occurring within
a community (Hunter 1990). Species richness and evenness
are variables used in calculating species diversity within a
community.  Density  (total number of individuals/treatment)
was also calculated.  Sorenson’s  Community  Similarity
equation was used to compare Species composition
between treatments (Mueller-Dombois and Ellenburg 1974).
Importance  values (sum of relative frequency, relative
density, and relative dominance) was also calculated for
each species within each treatment.  Analysis-of-variance
was used to determine if significant differences occurred
between treatments (P <.05 level). Repeated measures
analysis was also used to determine differences between
samples over time. Duncan's Multiple Range Test was used
for mean separation (Litle and Hills 1974). Nomenclature of
tree species followed Duncan and Duncan (1988).
Nomenclature of herbaceous plants followed Smith (1988,
1994), Godfrey and Wooten (1981), and Radford and others
(1968).

RESULTS

Composition

A total of 43 families and 67 species of herbaceous and
woody plants were recorded following the 1996 samples
(May and July). Percent composition was 49 percent forbs,
35 percent woody and herbaceous vines, and 16 percent
were woody stems. Grasses and sedges were < 1 percent
following the first growing season. The 1997 samples (July
and September) resulted in 42 families and 86 species
being recorded. Percent composition was 51 percent forbs,
36 percent woody and herbaceous vines, and 12 percent
woody stems. Grasses and sedges made up only 1 percent
of species recorded. The 1998 samples (July and
September) resulted in 48 families and 88 species being
recorded. Composition was 48 percent forbs, 41 percent
woody and herbaceous vines, 8 percent woody stems and 3
percent grasses and sedges. For a complete species list
refer to Appendix 1.

May 1996

Species diversity was highest in harvested treatments
following the May 1996 sampling (table 1; F = 10.05 P =
0.01, df= 8). Selection treatments and clearcuts were
similar in diversity. There was no difference in species
evenness (F = 3.02, P = 0.12, df = 8) or richness among all
treatments (F = 2.84, P = 0.14, df = 8). No difference also
occurred in density between all treatments (table 1).
Community similarity for May 1996 was highest between the
clearcut/selection treatments followed by control/selection
treatments and clearcuffcontrol  treatments  (table  2).

Species displaying the highest importance values were
opportunistic  annuals and perennials that quickly invaded
the site after disturbance. These included wild parsley
(Trepocarpus aethusae Nutt.) and stinging nettle (Urtica
chamaedryoides Pursh.). Wild parsley had the highest
importance  value in selection and control treatments while
stinging nettle was highest in the ¢learcut treatments
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Table I-Diversity, evenness, richness and density
by treatment for the 1996, 1997, and 1998 sampling
periods on Pittman Island, Issaquena County,

Mississippi
Treatments
Sampling Selection
period Clearcut cut Control
May 1996
Diversity 2.70a° 2.74a 2.34b
Evenness 81 81 74
Richness 28 30 24
Density 488 571 648
July 1996
Diversity 2.02 2.31 1.95
Evenness .80a .76a .69b
Richness 13b 21a 17a
Density 99b 244a 259a
July 1997
Diversity 2.60 2.63 2.62
Evenness .70 71 .79
Richness 41a 41a 28b
Density 1018a 1057a 553b
Sept. 1997
Diversity 2.70 2.67 2.68
Evenness .51ab .70b .79a
Richness 42a 46a 30b
Density 854a 1003a 484b
July 1998
Diversity 2.39%a 2.75a 1.65b
Evenness .67ab .T4a 51b
Richness 36a 4la 26b
Density 1275 1308 1381
Sept. 1998
Diversity 2.43ab 2.75a 1.80b
Evenness .68 .74 .55
Richness 37a 42a 26Db
Density 1333 1395 1254

4 |f no letters are present within a row then no difference existed

between treatments (P ¢ 005

Table P-Sorenson’s Community Similarity Index by
treatment combination for the 1996, 1997, and 1998
sampling periods on Pittman Island, Issaquena

County, Mississippi

Treatment combinations

Sampling Clearcuty ~ Clearcuff Control/
period selection control selection
1996

May 0.71 0.42 0.59

July 46 .38 .66
1997

July .50 .28 41

Sept. .52 .36 43
1998

July A7 19 42

Sept. .46 .23 45




Table 3—Importance values (sum of relative
frequency, relative density, and relative dominance)
for dominant ground flora by treatment for the 1996,
1997, and 1998 sampling periods on Pittman Island,
Issaquena County, Mississippi

Treatments

Species and Selection Uncut
sampling period Clearcut cut control
May 1996

Urtica chamaedtyoides 106 109 76

Trepocarpus aethusae 73 111 149

Celtis  laevigata 58 88 99
July 1996

Celtis  laevigata 54 120 135

Brunnichia ovata 67 84 111

Rubus trivialis 80 99 96
July 1997

Celtis  laevigata 58 88 99

Brunnichia ova ta 38 60 61

Polygonum

pensylvanicum 42 44 20
September 1997

Amaranthus rudis 88 80 88

Polygonum

pensylvanicum 74 73 74

Rubus trivialis 69 120 134
July 1998

Rubus trivialis 77 84 111

Amaranthus rudis 70 108 57

Brunnichia ovata 58 88 99
September 1998

Rubus trivialis 90 99 95

Amaranthus rudis 86 21 0

Brunnichia ovata 38 60 61

(table 3). Wild parsley occurred in controls where there were
openings created by blow-down of single or multiple trees
within - or surrounding a measurement plot.

July 1996

Following the July 1996 sample there was no difference in
species diversity between treatments (table 1; F = 261, P =
0.15, df = 8). A difference was found in species evenness (F
= 379, P = 0.09, df = 8) with the harvested treatments
having greater evenness than controls. Species richness
was higher in selection treatments compared to clearcut
treatments (F = 9.05, P = 0.02, df = 8) while density was
greater in the selections and controls compared to clearcut
treatments (table 1, F= 32.57, P = 0.0006, df = 8).
Community ~ similarity  between treatments was higher for
control/selection  treatments  followed by clearcut/selection
and clearcut/control treatments, respectively (table 2).
Species displaying high importance values after the May
1996 sample were insignificant following the July 1996
sample. These species were replaced by sugarberry,
buckwheat vine (Brunnichia ovata (Walt) Shinners), and
blackberry (Rubus trivia/is Michx.) (table 3). Prior to the July

sample the site was inundated for approximately four weeks.

July 1997

No significant difference in species diversity or evenness
was found following the July 1997 sample (F = 0.03, P =
0.97, df = 8; F = 3.46, P = 0.10, df = 8, respectively). Control
treatments were lower in species richness compared to
harvested treatments (table 1, F = 7.81, P = 0.02, df = 8)
following the July 1997 sample. Density in control treatments
was also lower compared to the harvested treatments (F =
9.64, P = 0.01, df = 8). Clearcut/selection treatments were
most similar in species composition after the July 1997
sample, followed by control/selection treatments and
clearcuffcontrol  treatments  (table  2).

Species displaying the highest importance values after the
July 1997 sample were sugarberry, smartweed (Polygonum
pensylvanicum L.), blackberry, and pigweed (Amaranthus

rudis Saur) (table 3). Again, there was a change in species
of high importance values from the previous year. Pigweed
and smartweed are common wetland plants that are found
on moist soils and, due to the intensity of flooding prior to

sampling, the soil was saturated.

September 1997

No difference in diversity was found following the September
1997 sample among all treatments (table 1). Species
evenness was highest in control treatments and selection
treatments were significantly lower than controls (F = 4.01, P
= 0.08, df = 8). Species richness and density were greater in
the clearcut and selection treatments compared to controls
(table 1; F=8.99, P =0.02, df =8; F =9.25, P =0.01, df =
8, respectively). Community similarity favored
clearcut/selection treatments followed by control/selection
and clearcut/control treatments being the least similar in
species composition  (table  2).

Species displaying the highest importance values after the
September 1997 sample were similar to those in the July
sample. Pigweed had the highest importance value followed
by smartweed, blackberry, and buckwheat vine (table 3).

July 1998

Control treatments were different from selection treatments
in species diversity following the July 1998 sample (table 1;
F = 773 P = 002 df = 8). Species evenness was also
highest in selection treatments compared to controls (F =
6.00, P = 0.04, df = 8) following the July 1998 sample. As
with the previous two sampling periods species richness
was greater in the harvested treatments (F = 9.25, P = 0.01,
df = 8). No difference was found in density between all
treatments after the July sample (table 1). Community
similarity  favored clearcut/selection treatments and
selection/control  treatments  (table  3).

Species displaying the highest importance values were
sugarberry, buckwheat vine, and pigweed. Sugarberry was
highest in control treatments; buckwheat vine was of
importance  across all treatments and pigweed dominated in
clearcuts (table 3).

September 1998

Selection treatments had greater species diversity than
controls  following the September 1998 sample while clearcut
treatments were similar to both selections and controls
(table 1; F=4.51, P=0.06, df = 8). No significant difference
was found in species evenness after the September 1998
sample (table 1; F = 2.62, P = 0.15, df = 8). Control

treatments  were significantly  different  from  selection
treatments in species richness (table 1, F = 9.25, P = 0.01,
df = 8) whil