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FOREWORD

The Central Hardwood Forest Conference is a series of biennial meetings that have been hosted by
universities and research stations of the U.S. Department of Agriculture Forest Service in the central
hardwood forest region in the Eastern United States. The objective of the conference is to bring together
forest managers and scientists to discuss research and issues concerning the ecology and management of
forests in the central hardwood region. This, the 16th Conference, includes presentations pertaining to
forest regeneration and propagation, forest products, ecology and forest dynamics, human dimensions
and economics, forest biometrics and modeling, silviculture and genetics, forest health and protection,
and soil and mineral nutrition. The conference consisted of 64 oral presentations resulting in the papers

published herein.
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APPENDIX I: METRIC TO ENGLISH CONVERSIONS

Convert from:

bar (106 dynes/cm?)
bar (bar)

calorie

Centigrade (C)
centimeter (cm)
centimeters, square (cm?)
centimeter, cubic (cm?)
gram (g)

gram (g)

grams/liter (g/L)
hectare (ha)

kilogram (kg)
kilogram/hectare (kg/ha)
kilometer (km)
kilometer, square (km?)
kilometer, square (km?)
liter (L)

liter (L)

liter (L)

liter/hectare (L/ha)

lux (Ix)

meter (m)

meter (m)

meter? (m?)
meter’/hectare (m?/ha)
meter® (m?)

meter? (m?)
meter®/second (m?/s)
meter’/hectare (m?/ha)
milligrams/liter (mg/L)
millimeter (mm)

ton (t) or megagram (Mg)
ton/hectare (t/ha)
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To:

pound/inch?* (psi)
atmosphere (atm)
British thermal units (Btu)
Fahrenheit (F)

inch (in)

inches, square (in?)
inches, cubic (in?)
pound (Ib)

ounces (0z)

percent (%)

acre

pound (Ib)
pound/acre

mile (mi)

miles, square (mi2)
acre

ounce (fluid oz)
quarts (qt)

feet, cubic (ft?)
quarts/acre (qt/acre)
candle-foot? (ft-c)
yard (yd)

feet (ft)

feet2 (ft?)

feet2/acre (ft?/acre)
feet3 (ft)

board feet, International 1/4"
gallons/second (gal/s)
feet?/acre (ft*/acre)
parts per million (ppm)
inch (in)

ton (U.S.)

ton/acre (t/acre)

GTR-NRS-P-24

Multiply by:

14.5
0.9869
0.00397
1.80C + 32
0.394
0.155
0.061
0.002205
0.0353 (for water density)
0.100 (in water)
2.471
2.205
0.893
0.621
0.386
247.1
33.8
1.057
0.0353
0.428
0.0929
1.094
3.281
10.76
4.356 (basal area)
35.31
287.4
264 (flow)
14.29
1.000 (in water)
0.0394
1.102
0.446
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STUMP SPROUTING OF OAK SPECIES IN THREE SILVICULTURAL
TREATMENTS IN THE SOUTHERN APPALACHIANS

Chad J. Atwood, Thomas R. Fox, and David L. Loftis'

Abstract.—Harvesting practices in the southern Appalachians have been moving towards
partial harvests, which leave some desired species as residuals after an initial harvest. This
study investigated differences among two partial harvest treatments and a clearcut on oak
stump sprouting in seven southern Appalachian hardwood stands. The sites were in southwest
Virginia and east central West Virginia. The three silvicultural treatments consisted of a leave-
tree (5 m’ per ha), a shelterwood (12 to 14 m’ per ha), and a silvicultural clearcut. Three
permanent plots were randomly located in each treatment, inventoried and tagged prior to
harvest. All tree species >5m in height were tagged and measured. Each stand was harvested
during 1995-1998. During the summers of 2006 and 2007, the plots were inventoried and
measurements were taken and recorded to quantify stump sprouting. Analysis of the data was
performed using a z-test for comparing two binomial proportions: those that sprouted versus
those that did not. Results show that the stumps in the clearcut had higher rates of sprouting
than those in the leave-tree (p<0.001), which in turn had higher rates of sprouting than those
in the shelterwood (p=0.024).

INTRODUCTION

The southern Appalachian region has long been known as a source for quality hardwood production. Oak
(Quercus spp.) are the cornerstone species in this region (Appalachian Hardwood Manufactures 2007).
However, harvesting methods and disturbance regimes in the Appalachians have changed over time, from
mostly clearcutting and frequent wildfires to partial harvests and fire suppression (Yarnell 1998). Two
common alternative silvicultural systems to a clearcut are a leave-tree and shelterwood. Both systems leave

residual trees, which can influence stand regeneration (Loftis 1990, Miller and others 2006).

Oak reproduction originates from three sources: seedlings, advance regeneration, or stump sprouts. Stump
sprouting has been found to be more important in this region than elsewhere (Cook and others 1996). The
quality of trees which result from stump sprouts equal other forms of oak regeneration if stands are properly
harvested and stump heights are kept low (Groninger and others 1998). Additionally, oak stump sprouts are
often more competitive than the other two sources of regeneration. Stump sprouts have a large established
root system which supports more rapid growth, and allows the sprouts to be more competitive. Newly

established seedlings are frequently overtopped by faster-growing competitors (Larsen and Johnson 1998).

Site quality has been shown as an important factor determining regeneration success. In full-light
conditions, shade-intolerant species, such as yellow-poplar (Liriodendron tulipifera L.), can out-compete oak
stump sprouts on excellent sites (24m SI ). Oak stump sprouting is most effective as a form of regeneration
on fair to good sites (18 to 21 m SI, ) (Wendel and Trimble 1968). A stump’s ability to sprout can also

be affected by the silvicultural system. Those systems that leave residuals alter the regeneration conditions

compared to systems that do not retain any trees.

"Masters Student (CJA), Department of Forestry, Virginia Polytechnic Institute and State University, 305 Cheatham
Hall, Blacksburg, VA, 24061; Associate Professor (TRF), Department of Forestry, Virginia Polytechnic Institute and
State University, 228 Cheatham Hall, Blacksburg, VA, 24061; and Project Leader (DLL) U.S. Forest Service, Bent
Creek Experimental Forest, 1577 Brevard Road, Asheville, NC 28806. CJA is corresponding author: to contact,
email at ¢jal58@vt.edu
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The leave-tree, also known as a deferment cut, is commonly used as a more aesthetically pleasing
alternative to clearcutting. It is a two-age method in which a few individual stems (30 to 40 reserve trees
per ha) are left for another full rotation, creating two distinct age classes (Nyland 2002). Logging damage
is often a concern for these residuals as is epicormic branching and wind-throw (Smith and others 1989).
These trees have also been shown to influence regeneration within a certain area surrounding them.
Additionally, the open conditions lead to crown expansion in the residuals, which has been shown to be
significantly different based on species (Miller and others 2006). This system relies on multiple sources
of regeneration, including stump sprouts and advance regeneration, as well as seed from those residuals

remaining in the stand.

The shelterwood relies on retaining enough individuals after the initial harvest to form a partial-light
environment to favor the formation and accumulation of advance oak regeneration (Loftis 1990). This
condition is designed to allow the oak, which are intermediately shade tolerant, to accumulate advance
regeneration, while less shade-tolerant competitors cannot survive in these conditions. After 10 to 15 years
the residuals will be removed and the advance regeneration should be large enough to out-compete fast-

growing recently germinated shade-intolerant species.

OBJECTIVES

This paper looks specifically at stump sprouts as a form of oak regeneration in the southern Appalachians.
The goals of this investigation were to quantify and compare the sprouting of different species of
harvested oaks in the southern Appalachians and to determine if oak sprouting is influenced by species or

silvicultural treatment.

SITES AND EXPERIMENTAL DESIGN

This investigation was conducted as part of a larger project known as the Southern Appalachian
Silviculture and Biodiversity Project. This project was established in the early 1990s to study the effects
of alternative silvicultural treatments in the southern Appalachians on even-aged oak dominated stands.

Seven sites were established in Virginia and

West Virginia (Fig. 1). The five sites in Virginia
are located in the Jefferson National Forest.

Three were located in the Ridge and Valley
physiographic province (BB1, BB2, and NC)
and two were located on the Appalachian
Plateau (CL1 and CL2). The two West Virginia

2 Allegheny
Plateau
- Sites

sites (WV1 and WV2) are located on the

Mead Westvaco Wildlife and Ecosystem Research
Forest MWERF). The MWEREF sites are located
on the Appalachian Plateau. The sites were
located in stands 60 to 120 years of age, growing
on moderate slopes, and occupying a midslope
position with a southern exposure. The site index

base age 50 years, for upland oak, averaged 20 to

23 m. The plateau sites tended to be of higher site

quality (Table 1).
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Figure 1.—Site locations.
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Table 1.—Site Descriptions

Oak S.I. Age at Basal
County, 50yrs Age Year of Harvest Years measurement QMD Area
Site State (m) (yrs) Completions Inventoried (yrs) (cm) (m2/ha)

Montgomery,

BB1 VA 23 100 1995 1993,2006 11 19.8 255
Montgomery,

BB2 VA 22 99 1996 1995,2006 10 18.2 26.8

CL1 Wise, VA 18 100 1998 1993,2007 9 21.2 29.2

CL2 Wise, VA 20 76 1998 1995,2007 9 19.2 29.1

NC Craig, VA 18 62 1996 1995,2006 10 17.4 24.2

WV1 Randolph, WV 23 73 1997 1996,2007 10 17.8 35.2

Wv2 Randolph, WV 24 63 1998 1997,2007 9 18.2 325

Adapted from Hammond 1997, Hood 2001, Lorber 2002.

Each site had seven treatments, but this investigation looked at three of those treatments: shelterwood,
leave-tree, and silvicultural clearcut. Each treatment area was 2 ha. The shelterwood retained 12 to 14

m” per ha of residual basal area in dominant or codominant crown classes during the initial harvest. The
residual overstory remained on site at the time of this inventory. The leave-tree left approximately 25 to 45
trees per ha totaling 5 m” per ha of basal area in dominant and codominant crown classes after the initial
harvest; these trees will remain through the next rotation. The silvicultural clearcut removed all stems
greater than 5 cm diameter at breast height (d.b.h.). The overall study design was a randomized complete
block design with subsampling. Treatments were not replicated at each site; rather, each site served as

a replication. In each 2-ha treatment there were three 24 m x 24 m tree plots. All of the tree plots were
located at least 22 m from the treatment borders.

Prior to harvest all stems greater than 5 m tall were tagged and measured. The location of each tree within
the larger tree plot was recorded. Plots were remeasured in 2006-2007, approximately 9 to 11 years after
the initial harvest. Data were recorded on any sprouts present on the tagged stumps. The data taken were
date, site, location, tree plot, tree

number, diameter at ground per

stump level (d.g.l.), d.b.h., height, & A

and canopy class for each sprout on .

the stump. A z-test for comparing two
50

binomial proportions was used with

the categorical variable “sprout” or "

; \

. \

“no sprout” to compare the treatments
(Ott and Longnecker 2001).

Percent of stumps that sprouted

RESULTS AND

DISCUSSION b

Data analysis revealed differences in o :

stump sprouting among treatments Clearcut Leave-Tree Shelterwood

(Fig. 2). Results indicated the

. . Figure 2.—Average percent of oak stumps that sprouted as affected by
clearcut was different with regard

silvicultural treatment. Bars with different letters are significantly different
to number of stumps that sprouted (0=0.05).
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from both the leave-tree and the shelterwood (p<0.01). The leave-tree and shelterwood were also different
(p=0.025). Lorber (2002) indicated that post-harvest light conditions in the clearcut were significantly
higher than the others, but similar in the shelterwood and leave-tree. Light levels could partially explain
the difference between the clearcut and the other treatments, but not the difference between the leave-tree
and shelterwood. These stands were of similar age and size (Table 1), so differences based on stump age or
original tree diameter could not explain the different results, in contrast with similar studies (Johnson and
others 2002).

A difference was found between physiographic

provinces for each of the three treatments. The ridge

and valley province sites had higher stump sprouting

than the plateau sites for each treatment (Fig. 3). The

B Clearcut

plateau sites are of higher quality, but did not show

mLeave-Tree

greater stump sprouting ability contrary to other & Sheterood

findings (Johnson and others 2002, Weigel and Peng

Percent of stumps that sprouted

2002).
Differences were also found among species within Ridge and Valley Bt
species groups by treatment (Fig. 4). White oak (Q. Physiographic Province

alba L.) sprouted the least of all oak species and was .
Figure 3.—Average percent of oak stumps that sprouted

not affected by treatment. Overall sprouting percent as affected by silvicultural treatment and physiographic
was greatest in chestnut oak (Q. prinus L.). It was province. Bars with different letters are significantly
similar in the clearcut and leave-tree, but declined in different (.=0.05).

the shelterwood. Sprouting percentages in scarlet oak

(Q. coccinea Muenchh.), black oak (Q. velutina Lam.), and red oak (Q. rubra L.) were similar, and tended
to fall between those of white oak and chestnut oak. All three species’ sprouting tended to decrease in the

leave-tree and the shelterwood compared to the clearcut.

The results of this study suggest =

that on fair to good quality sites A

in the southern Appalachians,

silvicultural systems with residuals

Clearcut

can significantly reduce the Bo | mLesveTree

g Shelterwood

7

number of harvested oak stumps

N

DM

which sprout. Forest managers

AR

must take into consideration these

Percent of stumps that sprouted
O
O
O

findings when deciding which

systems to use in the southern

Appalachians, where stump

%

Scarlet Chestnut Red Black
oak regeneration. Oak Species

sprouts are an important form of

Figure 4.—Average percent of oak stumps that sprouted as affected
by species and silvicultural treatment. Bars with different letters are
significantly different (a=0.05).
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GREENHOUSE AND FIELD PERFORMANCE OF GIANT CANE
PROPAGULES FROM NATURAL AND PLANTED STANDS

William W. Brendecke and James J. Zaczek'

Abstract.—The objective of this study was to determine whether giant cane (Arundinaria
gigantea) vegetative macropropagules of nine stock types could generate surviving culms to
be used in restoration plantings in southern Illinois. In spring 2000, studies were conducted
to compare culm production and survival of giant cane stock types that had varying rhizome
morphology, collection origin (putative genotypes), collection location (natural stands or
restoration planting), propagule type (bare rhizome, culms with attached rhizomes, and
culm only) or length of storage in greenhouse and subsequent field plantings. Greenhouse
survival of culm-only and culms with attached rhizomes stock types was poor, averaging 3.4
percent and 31.7 percent, respectively, and were not subsequently field planted. Rhizome
morphology differed among bare-rhizome stock types. Greenhouse development and survival
of culms from rhizomes averaged 60.1 percent and varied among the seven bare-rhizome
stock types from 80.0 percent for a source collected from a restoration planting to 20.0
percent for a source from a natural stand that had been stored for 1 year. Greenhouse survival
of culms from rhizomes of a similar origin (putative genotype) did not vary when collected
from natural stands or restoration plantings. For surviving greenhouse propagules planted

in the field, survival after 10 months was 64.4 percent and was independent of stock type.
Field height, but not number of culms per rhizome, varied by stock type. Survival of culms
from bare rhizomes throughout greenhouse and subsequent field plantings was 38.7 percent
overall and depended on stock type.

INTRODUCTION

Giant cane (Arundinaria gigantea [Walt. Muhl.]) is a native North American bamboo species and
component of floodplain forests and riparian areas within the southernmost Central Hardwoods Region.
Its distribution encompasses 22 states in the United States (Marsh 1977). Extensive assemblages of cane
are called canebrakes. Historic records indicate that canebrake ecosystems serve as important habitat for a
variety of mammalian, avian, and reptilian species because of the protective nature that the dense culms
provide (Platt and Brantley 1997, Platt and others 2001). For example, giant cane is important to provide
nest habitat for the rare Swainson’s warbler (Limnothlypis swainsonii) (Eddleman and others 1980). Giant

cane also can serve as an effective riparian zone buffer for the protection of water quality (Schoonover and
Williard 2003, Schoonover and others 2005).

Currently, canebrakes have been reduced to less than 2 percent of former abundance primarily by
agricultural conversion, altered disturbance regimes and hydrological modifications of the floodplain
(Marsh 1977, Noss and others 1995, Platt and Brantley 1997, Gagnon 2006, Stewart 2007). Noss and
others (1995) suggest that the development of conservation strategies and management initiatives will be

needed to restore these critically endangered ecosystems.

Giant cane has proven to be more difficult to propagate than other members of the bamboo family
(Feeback and Luken 1992, Platt and Brantley 1993). Natural flowering and subsequent seed production

'Graduate Research Assistant (WWB) and Associate Professor of Forest Ecology (J]Z), Department of Forestry,
Southern Illinois University, Carbondale, IL 62901-4411. WWB is corresponding author: to contact, call (618)453-
7481 or email at wbrendec@yahoo.com.
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Table 1.—Stock type origin, source, and date of collection and planting in the greenhouse for seven
rhizome-only stock types used in greenhouse and field plantings’

Rhizome Origin Collection source Dates Dates planted
Stock type number (putative genotype) location collected 2006
BR05 40 Bellrose(BR) Natural stand BR 03/25/05 03/08
BRO6 32 Bellrose(BR) Natural stand BR 02/16/06 03/07
BWO06 40 Bluewing(BW) Natural stand BW 03/28/06 03/29,04/06
Rose Farms (RF)
BulkRF06 40 BR and HB planting 02/23/06 03/08,03/23
Rose Farms (RF)
UCRFO06 40 Upper Cache River(UC) planting 02/23/06 03/23
Rose Farms (RF)
BRRF06 39 Bellrose(BR) planting 04/05/06 04/11
Rose Farms (RF)
HBRFO06 40 Hickory Bottoms(HB) planting 04/05/06 04/11

' To summarize, stock type codes indicate the origin from its original natural stand (if known) with the first two
letters, whether the stock had been previously established in a 2001 planting at Rose Farms (designated by
RF, if applicable), and the year the stock was collected for planting in the current study (either 05 or 06).

are irregular and unpredictable, and appear linked to age and site conditions, but specific details are not
known (Gagnon 20006). Reproduction of giant cane and most bamboo is primarily vegetative, indicated
by the spreading growth patterns of rhizomes and new culm shoots (Farrelly 1984, McClure 1993).
Large-scale canebrake restoration is challenged by the lack of available planting stock and inadequate field
establishment techniques (Feeback and Luken 1992, Sexton and others 2003, Hartleb and Zaczek 2007).
Vegetative propagation using large clumps of rhizomes in soil with attached culms has shown to be a useful
method (Dattilo and Rhoades 2005), but field-scale canebrake plantings with this method would be both
expensive and resource limiting (Datillo and Rhoades 2005, Hartleb 2007). Propagation using smaller and
more easily handled rhizome sections has shown promise in field-scale canebrake establishment (Hartleb
2007, Hartleb and Zaczek 2007).

Understanding factors that influence the propagation and field establishment of giant cane will help restore
canebrake ecosystems to the landscape. Toward this goal, the objectives of this study were to determine if
bare rhizomes from four origins of giant cane (putative genotypes), two collection sources (natural stands
or plantings), and two storage times differ in their morphology, culm production ability, and survival and
growth in greenhouse and subsequent field plantings after one growing season. Additionally, this study
compared the survival and growth of culms without attached rhizomes and culms with attached rhizomes.

METHODS

There were seven stock types using bare rhizomes as propagules (Table 1). These rhizomes ultimately arose
from four origins (putative genotypes because of giant cane’s tendency to spread vegetatively) referred to
as Upper Cache River (UC; Johnson County, IL), Hickory Bottoms (HB; Pulaski County, IL), Bluewing
(BW), or Bellrose (BR). Rhizomes were dug from two collection sources (natural stands or restoration
plantings). There were two different naturally established stands of giant cane (BW and BR, located about
1.5 km apart) and two adjacent 5-year-old giant cane plantings, a source collectively referred to as Rose

Farms (RF). In all, seven bare-rhizome stock types were used (Table 1), that were various combinations of
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origin and collection source (indicated by letter codes) and collection year (indicated by either 05 or 06).

Additionally, there were two other stock types using culm only and culm with attached rhizome pieces.

All collections were dug in early spring of 2006 except for Bellrose 2005(BRZ05), which was dug in
early spring of 2005 from a natural giant cane stand on The Frank Bellrose Waterfowl Preserve in Pulaski
County, IL, and stored under refrigeration until the spring of 2006. Three stock types came from this

waterfowl preserve.

The other four stock types were dug from an experimental planting site established in 2001 at the Rose
Farms, owned and managed by The Nature Conservancy. Giant cane rhizomes at RF had origins from BR,
HB, and UC. The final RF stock type was a bulk collection of rhizomes from HB and BR in unknown

proportions.

The bulk collection of stock type BulkRFO6 rhizomes and stock type UCRF06 were dug with hand
shovels (for dates see Table 1). A backhoe was used to dig the remaining stock types (Table 1). Rhizomes
were shaken free of soil, cut to a range of 20 to 44 cm (X =28.9 cm) in length, and placed in white plastic
bags to prevent drying. Attached culms, except for the culm only and culm with attached rhizome stock
type described below, were removed before storage. Bags were then transported to the Tree Improvement
Center (TIC) greenhouse at Southern Illinois University (SIU) where rhizomes were rinsed with tap water
and any damaged sections were removed. Rhizomes were then placed in bags with peat-moss and stored at

approximately 4 °C until measured and planted.

Before greenhouse planting, each rhizome was tagged with an identification number and data were
collected on length (to the nearest cm), number of nodes and buds, and diameter (0.1 mm). Internode
length (cm) was determined by dividing the length by the number of nodes. Rhizome diameters are the
geometric mean of minimum and maximum diameters taken with a caliper at a mid-rhizome internode
(Husch and others 1972). Rhizomes were trimmed to remove damaged sections, including damage from

extended storage on BRO5, resulting in a range of lengths (20 to 44 cm) in the rhizome only stock types.

Rhizomes were planted vertically with the distal end up in D40 Deepot containers (Stuewe & Sons, Inc.,
Corvallis, OR) measuring 25.0 cm in length and 6.4 cm in diameter and filled with Promix BX potting
medium (Premier Horticulture Inc., Quakertown, PA). For rhizomes shorter than 27 ¢cm, rhizomes were
planted not extending to the container bottom and were left to protrude from the surface of the potting
medium ~2 cm. Longer rhizomes were planted touching the bottom and any remaining portion was left
exposed above the potting medium. On the date of planting (Table 1), potted rhizomes were watered and
placed on greenhouse benches under intermittent mist at a frequency of 12 seconds every 6 minutes during
daylight hours. After at least 1 month in the greenhouse and prior to field planting, data were collected

on survival (those rhizomes that produced a surviving culm), number of culms, and height (cm) of tallest

culm.

Stock types for culms alone (C) and culms with rhizome (C+R) were collected with shovels on April 5,
2006 at Rose Farms. Fifty-six C propagules were separated from their attached rhizome at a rhizome

node while maintaining their associated roots were maintained (Fig. 1). Fifty-eight C+R propagules with
rhizomes ~10 cm long with at least one live bud were collected. In both cases, original height of the culms

(40 to 60 cm) was maintained and the propagules were placed into white trash bags to prevent drying and
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Figure 1.-Image of culm and rhizome (C+R)
indicating the location where culms were detached
from rhizomes (green dashed line) for culm-only
(C) propagules.

taken to the TIC greenhouse at SIU. The C and C+R propagules were planted (April 11-13, 2006) in CL-
300 pots 17 cm wide by 18 cm deep (Nursery Supplies, Inc. Chambersburg, PA), watered, and maintained
under mist as described previously.

After 6 to 11 weeks in the greenhouse, rhizomes that had maintained surviving culms (N=163) were field
planted (May 24, 2006) on the Cypress Creek National Wildlife Refuge. The field site was an abandoned
agricultural field located within 1 km of an existing natural giant cane stand (HB). Propagules were
machine planted in a completely random design using a Whitfield (Mableton, GA) tree planter towed
behind a tractor. Newly grown plants were removed from the D40 pots and planted with the top of the
potting media approximately 1 cm below the surface of the ground at 1.5-m distances within a row (seven
rows total). Rows were spaced 3.0-m intervals apart. The soil is in the Petrolia series with taxonomic

class being described as fine-silty, mixed, superactive, nonacid, mesic Fluvaquentic Endoaquepts (Natural
Resource Conservation Service 2007).

Chi-square analysis was used to test for survival differences among treatments (Preacher chi-square online
software 2001). One-way analysis of variance was used to test for differences among treatments for

continuous variables and correlation analyses were used to test for significant relationships among variables
(SPSS 15.0.0., SPSS Inc., Chicago, IL). The significance level was set at a=0.05 for all tests.

RESULTS

Rhizome Characterization

Comparisons of preplanting rhizome morphology among the seven stock types showed that rhizomes
differed in diameter (p<0.001), number of nodes (p<0.001), length of internodes (p<0.001), number

of buds (p<0.001), but not (p=0.089) length (Table 2). The range of diameters and internode lengths
varied by approximately twofold across stock types and in many cases were distinct when comparing stock
types that arose from natural stands versus plantings. Comparing sources grouped as being collected from
natural stands vs. plantings (Table 3), rhizomes from plantings were smaller in diameter (p<0.001) and
were shorter (p=0.039), but had more nodes (p<0.001) and buds (p<0.001), and shorter internode length

(p<0.001) than those arising from natural giant cane stands.
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Table 2.—Mean length, diameter, internode length, and number of nodes and buds for the seven rhizome-
only stock types prior to planting in the greenhouse

Number of Rhizome Rhizome length Internode length  Nodes per Buds per
Stock types rhizomes diameter (mm) (cm) (cm) rhizome rhizome
BRO5 40 11.42 a' 29.9 423 76¢ 3.7¢
BRO06 32 10.63 a 29.8 3.1b 10.3b 8.0b
BWO06 40 8.26 b 29.4 2.7 bc 11.9ab 72b
BulkRF06 40 6.55 ¢ 30.0 23cd 14.0 a 9.6 ab
UCRFO06 40 6.53 ¢ 28.1 21d 14.0 a 9.8 ab
BRRF06 39 5.46d 27.0 22cd 13.4 a 9.1 ab
HBRF06 40 511d 28.3 22cd 14.2 a 109 a

'Means with the same letter within a column are not significantly different according to Tukey’s HSD at p=0.05

Table 3.—Mean length, diameter, and the number of nodes and buds combining rhizomes from
sources collected from three natural stands or from four field plantings prior to potting rhizomes in
the greenhouse

Rhizome length Nodes per Buds per Rhizome diameter
Collection source (cm) rhizome rhizome (mm)
Plantings 28.4b' 1394’ 99a’ 5.91b'
Natural stands 29.7 a 99b 6.1b 10.07 a

'Means with the same letter within a column are not significantly different according to Tukey’s HSD at
p=0.05.

Table 4.-Pearson correlation coefficients and p-values (2-tailed) for morphological traits of bare
rhizomes for all sources (N=271)

Internode Rhizome Nodes per Buds per

length Diameter rhizome rhizome

Rhizome length Pearson r 0.156 0.137 0.037 0.197
P= 0.010 0.024 <0.001 0.001

Internode length Pearson r 1 0.621 -0.776 -0.686
P= <0.001 <0.001 <0.001

Rhizome Diameter Pearson r 1 -0.463 -0.428
P= <0.001 <0.001

Nodes per rhizome Pearson r 1 0.784
P= <0.001

Correlation analysis showed significant relationships among all rhizome morphological characteristics
(Table 4). There were strong positive relationships between internode length and rhizome diameter, and
between the number of nodes and buds. Conversely, numbers of buds were negatively correlated with
rhizome diameter and internode length.

Propagule Planting

Greenhouse Phase

The C stock type had only 3.7 percent survival. None of the originally existing planted culms from the
C+R stock survived. However, 30 percent of the C+R stock formed new culms from buds on the attached
rhizomes. Consequently, neither of these stock types was field planted because of low numbers of surviving

plants for comparisons.
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For bare rhizome stock types, greenhouse survival (or
rhizomes that produced surviving culms at the end

of the greenhouse growing period) was dependent on

Table 5.—Greenhouse survival, number of culms
per rhizome, and height of tallest culm of the seven
bare-rhizome stock types after the greenhouse
growing period and prior to field planting

treatment and varied greatly when all seven stock types Height of
(chi-square; p=<0.001) were compared (Table 5). For Survival  Number of tallest culm
other specific comparisons, survival depended on year Stock types (%) culms (cm)

of collection (storage duration) for those rhizomes BROS 20.0 1.3 b’ 3584’
collected from a common location in 2005 vs. 2006 BRO6 50.0 1.7 ab 345a
(BRO5 vs. BR06, p=0.007), stock type for those BWO06 70.0 2.1ab 22.0 bc
collected only in 2006 (chi-square; p=0.038), and BulkRF06 75.0 20ab 21.1bc
putative genotype for those of known single origins UCRF06 70.0 24a 27.2 ab
collected from plantings only (chi-square; p=0.04). BRRF06 53.8 20ab 8.4 d
Survival was independent of origin for those collected HBRF06 80.0 28a 12.5 cd

from natural stands (BR0O6 vs. BW06, p=0.08).

Concerning rhizomes from similar origins, survival was

'Means with the same letter within a column are not
significantly different according to Tukey’s HSD at

also independent of being collected from planted vs. p=0.05.

natural stands (BRRFO0G6 vs. BROG, p=0.747).

After 6 to 11 weeks in the greenhouse, height of the tallest culm and culm number differed (p<0.001;
p=0.004, respectively) among stock types (Table 5). However, when stock types were grouped by collection
source (natural stand vs. plantings), rhizomes from natural stands produced fewer (p=0.021) culms (x=1.9)
than those collected from plantings (x=2.3), but were taller (27.9 cm vs. 17.7 cm respectively, p<0.001).

Since there were differences in morphology among stock types, analyses were completed for each source
(Table 6) to identify whether original rhizome characteristics differed between rhizomes that produced live
culms versus those that did not (no culm). For a limited number of comparisons by stock type, surviving
propagules arose from rhizomes that tended to be larger in diameter, had more buds, and were shorter in
length than those that did not produce a living culm (Table 6).

Field Phase
For those rhizomes that produced culms in the greenhouse trial and were planted outdoors (n=105), field
survival after one growing season (Table 7) was independent of stock type (chi-square; p=0.674) and year

Table 6.—Rhizome length, diameter, and nhumber of buds for rhizomes with live culms (culms) and without live
culms (no culms) of seven stock types after growing 6 to 11 weeks in the greenhouse

Stock type Rhizome Length(cm) Buds per Rhizome Rhizome Diameter(mm)
Culm No culm Culm No culm Culm No culm
BR05 29.0 30.1 6.0 *' 3.1 11.21 11.47
BRO06 29.2 30.3 9.1 6.9 11.23 10.03
BWO06 291 30.2 83* 4.7* 8.40 7.95
BulkRF06 30.5 28.5 10.0 8.5 6.34 ' 747 *
UCRRF06 27.7 28.9 10.4 8.4 6.24 7.19*
BRRF06 25.3* 289~ 9.6 8.6 5.47 5.44
HBRF06 26.6 * 354~ 10.9 10.8 5.06 5.30

'Means along a row between culm and no culm producing rhizomes within a characteristic with an (*) are significantly
different at p=0.05.

Proceedings of the 16th Central Hardwoods Forest Conference GTR-NRS-P-24 13



Table 7.—Percentage survival, number of culms, height of the tallest culm for greenhouse-grown, field-
planted propagules; and overall survival percentage (a product of greenhouse survival and field survival)
of initial rhizomes surviving both greenhouse and field planting with live culms from seven stock types 10
months after field planting

Number field Field Number of Height of tallest Overall
Stock types planted survival (%) culms culm (cm) survival (%)
BRO05 8 75.0 2.3 19.0 a 15.0
BR06 16 75.0 2.5 15.9 ab’ 375
BWO06 28 64.3 2.6 13.0 bc 45.0
BulkRF06 30 66.7 29 9.7 cde 50.0
UCRFO06 28 67.9 3.2 10.7 cd 47.5
BRRF06 21 47.6 2.4 6.2¢e 25.6
HBRF06 32 56.3 29 7.2de 50.0

'Means with the same letter within a column are not significantly different according to Tukey’s HSD at p=0.05.

of collection (BRO5 vs. BR06) (chi-square; p=0.617). For those rhizomes collected only in 2006, survival
was independent of stock type (chi-square; p=0.207). The percentage of rhizomes that produced culms that
survived both greenhouse and field planting (Table 7) was dependent on stock type (chi-square; p=0.005)
when the seven stock types were considered. However, survival of culms was independent of collection
source (chi-square; p=0.061) when natural stands

were compared with plantings. Table 8. —Number of culms and height of tallest
culm 10 months after field planting combined across
rhizomes collected from three natural stands and four

Height of the tallest culm differed among stock field plantings (n=105)
types after one growing season (p<0.001). Height,
Rhizomes collected from natural stands tended to Number of  tallest culm’
be taller (p<0.001), but had similar numbers of Collection Source n culms' (cm)
culms (p=0.195) in comparison to those collected ~ Natural stands 36 2.5 15.0a
from plantings (Table 8). Plantings 69 2.9 87b
'Means with the same letter within a column are not
DISCUSSION significantly different according to Tukey’s HSD at p=0.05.

We found less than 4 percent of culm-only (C)

propagules still had live culms after 6 weeks in the greenhouse; C propagules did not produce any new
culms. Platt and Brantley (1993) reported 40 percent of trimmed culm-only segments had produced
new culms, but the new culms were smaller and were produced later than their trimmed culm segments
with attached rhizomes. In the current study, the C+R propagules had the original culms die back,

but 30 percent did produce newly sprouted culms. Since the original culm of the C+R treatment died
back, we do not recommend using intact culms or intact culms with untrimmed attached rhizomes for

macropropagules.

Although we did not determine whether new rhizomes were formed from culm-only segments, we observed
more than 3,000 pieces (approximately 20 to 50 cm in length) of excavated rhizomes with attached culm
segments and saw that new rhizomes did not emanate from bases of culms, but rather from existing
rhizomes. This observation suggests that, although culm-only segments may stay alive and even produce
new culm shoots, they may not produce the new rhizomes that are important in field establishment and
the spread of canebrake communities. Platt and Brantley (1993) did obtain delayed production of shorter

than average culms from culm-only stock, but it was unclear from their report whether or not these new
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culms arose from newly formed rhizomes or from remnant culms without new rhizome formation. Others
have concluded that vegetative propagation of temperate bamboo species by culm segments is ineffective
(Farrelly 1984, McClure 1993). Our experience with culm-only segments was similar and suggests that if
culm segments are to be used, a portion of rhizome should remain attached.

Before attempting to understand giant cane’s greenhouse- and field-growth performance, we need to
recognize the preliminary “traits” each of the sources have, and how those compare with one another.

For the most part, rhizomes from planted stands were smaller in diameter, and had more nodes and buds
than those from natural stands. This result may in part reflect the fairly recent establishment of these
(approximately 5 years previously), which are still developing compared to the natural stands. Although of
unknown age, the natural stands were older (>5 years), more well developed, and had larger aboveground
culms. Our results showed that the culm heights were greater when generated from rhizomes collected from

relatively undisturbed and established natural stands versus more recently planted stands.

Size potentials of giant cane appear linked to age and site conditions, but specific details are not known
(Gagnon 20006). Repeated reduction of culms and leaves by disturbance depletes rhizome stores (Hughes
1966, Marsh 1977). Hughes (1951) noted that appreciable changes in rhizome development from seedlings
precede any substantial changes in height. Although the phenotype of the rhizomes in the current study
may be related to their growing environment and the age of the stand, phenotype is also influenced by
origin (genotype) and ontogeny of the stand. We can see this influence (Table 2) when comparing BRRF06
and BROG. Both stocks originated from Bellrose, but planted BRRFO6 was smaller in diameter, with more
nodes, and buds compared to the more established natural stand BRO6.

The other natural stand source with Bellrose origin (BR05) had differing morphology even compared to
BROG6. The BRO5 source tended to be most morphologically distinct among all sources with fewer nodes
and buds, and longer internodes. It also had a larger diameter than all but the BRO6 source, which had
common origins from the same natural stand. The disturbance of digging rhizomes in 2005 at Bellrose
may have stimulated formation of more newly formed rhizomes with differing morphology which were

collected in 2006 when digging in the same general area.

Stock type influenced the number of culms generated from rhizomes in the greenhouse. But once those
rhizomes with living culms were outplanted, the stock types did not differ in survival in response to field
conditions. Considering rhizomes collected only from plantings, origin (putative genotype) influenced
production and survival of culms. Differences in culm shoot production among origins have been
previously reported (Sexton and others 2003). However, in the current study, survival was not significantly
affected—although nearly so (p=0.08)—by origin for those collected from natural stands.

If macropropagation techniques are to be employed for large-scale restoration initiatives, knowledge about
giant cane’s handling and storage constraints would help managers decide on size and scope of plantings.
In the current study, year-long refrigerated storage negatively affected survival. It has been recommended
that bamboo be collected in the early spring (McClure 1993, Bell 2000) and be planted as soon as possible
after digging (Farrelly 1984). Production of any surviving giant cane propagules from rhizomes subjected
to year-long storage had not been previously reported although shorter-term storage of 1 month under
refrigeration was shown not to be detrimental to survival or production of living shoots (Hartleb 2007). A

flexible window of time for collection coupled with extended storage of giant cane could be beneficial to
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meet management constraints that are affected by available labor, and favorable soil moisture conditions for

digging and field planting.

Bell (2000) recommends that for vegetative propagation, cuttings should come from rhizomes no more
than 2 years old. In the current study, although rhizome age was undetermined, those from the 5-year-
old plantings were more likely to have been younger and ontogenetically more juvenile than those from
natural stands of unknown age. As evidence, rhizomes from the plantings tended to be smaller in diameter
with shorter, more slender culms. Rhizomes from younger planted stands did have higher survival in the

greenhouse; having a higher number of buds may lead to a higher probability of a bud to produce a culm.

It has been recommended that for monopodial bamboo, rhizome propagules be yellowish, 38 to 102 cm
long, with at least 10 good buds (Farrelly 1984). In the current study using containers, we used rhizomes
that were generally smaller (20 to 44 cm). In our study, surviving rhizomes also tended to be shorter, which
differed from a previous experiment using more widely contrasting sizes without containers (Sexton and
others 2003), but was similar to that found by Hartleb (2007), who used rhizomes of more similar length
using the same type of containers. This difference may be attributed to longer rhizomes having a larger
portion of exposed giant cane protruding from the containers which may desiccate the rhizomes when the
mist system was off during nighttime hours (Hartleb 2007). Consequently, in containers, long rhizomes are

not desirable, but characteristics such as larger diameter and more buds are important for culm production.

We used D40 Deepot containers to meet planting constraints when using machine tree planters. Tree
planters cut an approximate 10 cm wide slit in which to plant stock. Within these constraints, using large
potted rhizomes is not feasible. Hartleb (2007) showed greenhouse rearing using D40 Deepots prior to
field outplanting produced no survival advantage to direct field planting of rhizomes. We also found no
significant advantage of growing propagules in the greenhouse with these methods. Planting rhizomes

directly in the field required less effort, time, and resources than initial growing in the greenhouse.

Potential culm size (height and diameter) is a reflection of available food reserves in the rhizomes

(Bell 2000). Li and others (1998) noted a conspicuous decrease of carbohydrate concentration in the
rthizomatous Phyllostachys pubescens with development of new shoots. While using longer rhizomes provides
more available non-structural carbohydrates, this advantage is lost with container-grown propagules
because the exposed section of the rhizomes dries out, perhaps making these carbohydrates unavailable for
culm growth. If greenhouse planting utilizing D40 Deepots is to be used for rhizomes, we recommend that
the length of the rhizome exposed be limited to a maximum of 7 to 12 cm above the surface of the potting

medium and that any exposed roots be removed to reduce surface area.

SUMMARY

This study demonstrated that bare rhizomes can be used to generate greenhouse-grown giant cane plants
for use in subsequent field plantings. Intact rooted culms and culms with rhizomes are not recommended
for use, nor are bare rhizomes stored 1 year. Our trials stress the importance of stock type to survival and
growth of planted giant cane. Both origin (putative genotype) and stand development (collection source)
influence survival and growth of culms generated from rhizomes. Obtaining stock directly from natural
stands tends to produce taller culms although overall survival was similar to rhizomes collected from
plantings. Although it was shown that rhizomes could produce surviving culms even after 1 year in storage,
this extended storage period greatly reduced the rhizome viability and is not recommended.
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While natural stand rhizomes are larger in diameter and provide taller initial culms, they do not provide the
same number of buds per unit length as a plantation source. Having buds that form both new culms and
new rhizomes is desirable and choosing propagules with fewer buds lowers any chances of that happening.
Macropropagation success in containers can increase with rhizomes that have more buds per unit length
and greater diameter.

Developing field-expedient, operationally feasible giant cane restoration techniques would help promote
the species’ return to sites it once occupied. Propagation by rhizomes has shown to be a viable option, but
inadequate knowledge as to the physiological ecology of the species and limited availability of planting
material remain a challenge. Continued development of regeneration techniques for this valuable species
will provide the knowledge needed for managers and ecologists to restore canebrake ecosystems to the

landscape.
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GRAFTING INFLUENCES ON EARLY ACORN PRODUCTION IN
SWAMP WHITE OAK (QUERCUS BICOLOR WILLD.)

Mark V. Coggeshall, J. W. Van Sambeek, and H. E. Garrett'

Abstract.—Early fruiting of swamp white oak planting stock has been observed. The
potential to exploit this trait for wildlife enhancement purposes was evaluated in a grafting
study. Scions from both precocious and non-precocious ortets were grafted onto a series

of related seedling rootstock sources. Acorn production was recorded through age 4 years.
Acorn productivity of the grafts was identical to their ortet rankings for cumulative acorn
production over a 5-year period when graft productivity was standardized on a trunk cross-
sectional area basis. There was no significant scion x rootstock family interaction for acorn
production. However, significant scion and rootstock effects were detected for both stem
diameter and number of acorns produced per grafted tree. No single rootstock source proved
to be superior in terms of acorn production. Based on these results, it is anticipated that
precocious tree genotypes can be readily multiplied by grafting, and high acorn productivity
can be maintained via this grafting approach. Subsequent establishment of grafted seed
orchards for the production of precocious seedling planting stock for reforestation purposes
should be possible, depending upon the heritability of this important trait.

INTRODUCTION

Swamp white oak (Quercus bicolor Willd.) is an important mast species, producing medium-sized acorns
that are highly desirable to wildlife in both upland and bottomland forests. Dey and others (2004) reported
wide variation in both precocity and acorn productivity for swamp white oak within their bottomland oak
plantings. They reported that 3.5 percent of the saplings started producing acorns in as few as 3 years from
seed. This early fruiting trait is highly desirable and should serve as the basis of selection when individuals
are being identified to deploy in bottomland plantings for wildlife enhancement purposes. Farmer (1981)
suggested that selecting for fecundity within a population of grafted white oak (Q. a/ba L.) clones should
be successful since more than 50 percent of the variance in seed production was associated with clonal
origin, regardless of tree size. This strategy is in contrast to other clonal seed orchard programs that focus
on the production of genetically improved oak seed stocks for timber purposes. For such programs, seed
production within the orchard can be highly irregular from clone to clone because inclusion within the

orchard is based on selection for a series of timber traits rather than fruiting capacity (Kleinschmit 1986).

Little information is available documenting the heritability of precocity and acorn production in swamp
white oak. In addition, we have found no information on how scion or rootstock source may affect

the precocity or productivity of grafted swamp white oak trees. In many fruit crops, the use of specific
rootstock sources can result in earlier fruiting and increased yields (Rom and Carlson 1987). For a grafting
program to be successful as part of an applied tree improvement program, the grafted ramets should exhibit

similar patterns of precocity as the selected ortets, and any rootstock effects on precocity should be clearly

defined.
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Vegetative propagation of swamp white oak by use of softwood cuttings is difficult (Fishel and others
2003), especially in comparison to other native oak species such as northern red oak (Q. rubra L.). To our
knowledge, no tissue culture protocols have been developed for this species to date although Gingas (1991)
did have limited success in culturing somatic embryos of this species derived from male catkins. However,

the resulting plantlets failed to acclimate in the greenhouse.

Delayed graft compatibility in Quercus has been observed, especially for species in the Lobatae sub-genus
(Santamour and Coggeshall 1996). However, few such problems appear to be associated with species in
the white oak, or Quercus sub-genus. To illustrate this fact, of the 252 valid oak cultivar names listed by
McArdle and Santamour (1985, 1987a, 1987b), a total of 224 are from the Quercus sub-genus while only
28 represent species in the Lobatae sub-genus. Expression of graft incompatibility can be delayed up to 7
years after grafting in Q. rubra (Coggeshall 1996). Symptoms include significant scion overgrowth of the
rootstock, vigorous suckering, and precocious flowering (Coggeshall 1993). Our experience in grafting
species of the white oak sub-genus led us to expect few if any delayed incompatibility problems for at least

the first 10 years following grafting.

OBJECTIVES

Ovur objectives for this study were to determine if grafted swamp white oaks exhibit a similar trend in
precocity as their selected ortets and to determine any rootstock effect on fruiting in grafted swamp white
oaks.

MATERIALS AND METHODS

In fall 1995, acorns were collected from a single swamp white oak tree in Boone County, MO. Acorns
were sent to the Forrest Keeling Nursery in Ellsberry, MO to produce both 1-0 bareroot seedlings and
their patented Root Production Method (RPM®) seedlings. In spring 1997, seedlings were planted on an
upland ridge with deep loess soils at the University of Missouri Horticulture and Agroforestry Research
Center in Howard County, MO. Initial tree spacing was 3 m within row and 6.1 m between rows. Within-
row vegetation was controlled with periodic application of glyphosate from 1997 through 2002 while the
between-row tall fescue sod was periodically mowed. Individual tree height and basal diameter as well as

annual acorn production were measured from 1997 through 2003.

Acorns were collected from six precocious trees and were sown in the fall of 2001 following the RPM®
method (Lovelace 1998). These six parent trees were classified as being precocious based on their capacity
to produce a minimum of 200 cumulative acorns each by age 7 (Table 1). In this method, acorns

were sown on the surface of potting medium within 38 x 38 x 10.2 cm deep trays (Anderson Die and
Manufacturing Co., Portland, OR). Then trays were stacked, placed within a closed polyethylene bag,
and stratified for 3 to 4 months at 2.2 °C within a walk-in refrigerator. Trays were moved to a heated
greenhouse in March 2002. One-flush germinants were shifted to Anderson™ (9.2 x 9.2 x 12.7 cm)
plant bands, and then to 6.2-L pots (15 x 15 x 41 ¢cm) to produce 1-year-old, three-flush container-grown
seedlings during the 2002 growing season. Seedlings were overwintered outdoors under 0.63-cm thick

closed-cell white polyethylene foam covered by a single layer of 4-mil white polyethylene sheeting.
In January 2003, scionwood was cut from five precocious and three non-precocious trees from the study

established in the spring 1997. A total of 192 whip-and-tongue grafts were made in the greenhouse in
early spring of 2003 on the 6.2-L potted rootstocks produced in 2002. Grafting success rates exceeded 90
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Table 1.—Stem diameter and number of acorns produced for 10 swamp white oak
trees (ortets) used as sources for either scionwood or acorns for production of

rootstocks

Ortet Fall 2002 First year Cumulative no. acorns
Number'  Stock type d.b.h. (cm) for acorns from 1999-2003
1 Bare-root 8.6 1999 593

2 RPM 6.4 1999 202

3 Bare-root 7.3 2000 511

4 Bare-root 7.4 2000 180

5 RPM 7.3 2000 235

6 Bare-root 6.8 2000 230

7 Bare-root 7.8 2000 227

8 RPM 8.2 2001 126

9 RPM 7.3 2002 14

10 RPM 6.1 >2002 0

'Ortet #1 through #7 were considered to be precocious and ortet #8 through #10
non-precocious.

percent for all scion x rootstock combinations. Successful grafts were moved outdoors in May 2003 to a
shade house (55 percent shade) and received daily overhead irrigation. A total of 127 grafts representing
eight scion x six rootstock (half-sib family) combinations were planted in a random design during October
2003 on a north-facing slope at the Horticulture and Agroforestry Research Center. Grafts were planted on
a Menfro silt loam soil at 3.7 x 4.6-m spacing within a 0.2-ha plot with no obvious site variation. Grafts

have received annual spot weed control with glyphosate and periodic mowing to control grass competition.

In September 2006, survival, diameter at breast height (d.b.h.; cm), and number of nuts were recorded for
each graft. In addition, the trunk cross sectional area (TCSA) of each graft based on d.b.h. was calculated.
These data were subjected to analysis of variance for a completely randomized design. As a result of
unbalance, Type III sums of squares were used to determine if differences existed among scion, rootstock,
and scion x rootstock at the 5-percent level. Fisher’s unprotected least significant differences were calculated

to separate statistically different means at the 5-percent level.

RESULTS AND DISCUSSION
The RPM® seedlings in the study established in 1997 were larger in basal stem diameter (11.2 vs. 8.3 mm)

and stem height (1.1 vs. 0.5 m) than the bare-root seedlings at outplanting. It is unknown what effect size
may have; however, recent advances in the RPM® technology now produce much larger swamp white oak
seedlings such as those used by Dey and others (2004) in their bottomland reforestation project. Although
the RPM® seedlings in our study maintained a slight size advantage over the bare-root seedlings, we found
no differences between stock types as to the age when trees began producing acorns (Table 1). Lack of
statistical differences between stock types for cumulative total acorn production from 1999 through 2003
may in large part be because of two exceptionally productive trees established as bare-root seedlings (ortet
#1 and #3). Neither fertilization nor irrigation increased acorn production of either stock type on this
excellent oak site (data not shown). The wide variation in acorn precocity and production found among the
64 half-sib seedlings grown on a deep soil with adequate soil moisture and nutrients suggests that fruiting is
likely under strong genetic control.
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Table 2.—Stem diameter, acorn production and the number orf acorns per TCSA produced by
4-year-old ramets grafted with scionwood of the eight ortets described in Table 1

Acorns per grafted ramet

Scion wood No. of Percent Average Acorns/TCSA
Ortet number’  ramets bearing Average Maximum d.b.h. (cm) (no./cmz)
1 21 100 41 126 2.8 1.55
2 16 100 33 77 3.3 0.91
3 22 96 75 186 2.8 2.59
6 12 100 57 112 34 1.52
7 8 83 51 105 29 1.67
8 10 67 13 57 2.2 0.64
9 16 45 5 25 34 0.13
10 10 19 4 22 26 0.09
5% Isd= 30 - 0.5 0.37

'Scionwood was not available because of tree removal of ortet #4 and #5.

Table 3.—Stem diameter, acorn production after 4 years, and the number of acorns per trunk cross
sectional area (TCSA) averaged across eight scion sources when grafted onto half-sib family seedling
rootstocks derived from the ortets described in Table 1

Acorns per grafted ramet

Rootstock No. of Percent Average Acorns/TCSA
Family no. ramets bearing Average Maximum d.b.h. (cm) (no./cmz)
1 22 83 51 126 2.9 1.66
2 10 100 57 146 3.1 1.78
3 23 92 27 126 2.8 0.98
4 22 75 44 186 3.2 1.32
5 15 62 21 116 2.7 0.73
6 23 85 34 91 29 1.23
5% Isd= 26 - 0.9 0.28

Swamp white oak can be easily propagated by grafting. The use of specific scion genotypes or rootstock
families did not increase grafting success rates in this limited study as all graft combinations exceeded 90
percent. Further, we did not observe any evidence of graft incompatibilities (i.e., reduced growth or stunted
foliage) among the 48 scion x rootstock combinations. Survival after 3 years for grafts planted into the field
exceeded 90 percent. We did not find any significant scion x rootstock interactions, which may be a result
of the low numbers of scion x rootstock combinations used in this study (mean = 2.6). Significant scion
and rootstock family main effects were detected for both stem diameter and number of acorns produced

per grafted tree (Tables 2 and 3).

Acorn productivity was more strongly influenced by the source of the scionwood than rootstock origins
based on the probabilities for significant differences. The average number of acorns per grafted tree for

the ramets from the precocious (ortet #1 through #7) and non-precocious (ortet #8 through #10) sources
closely paralleled cumulative acorn production of the ortets themselves (Tables 1 and 2). Because the grafts
had slightly different growth rates, acorn production data were standardized by converting to number of
acorns per cm” TCSA. It was also found that the ortet rankings for cumulative acorn production during the
4 years from 1999 to 2003 were identical to the scion rankings for the number of acorns produced in 2006
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on a TCSA basis except for ortet #1. None of the half-sib progeny from the highly productive swamp white
oaks yielded a superior rootstock for grafting (Table 3). Seedlings of ortet #5, when used as a rootstock,

tended to exhibit reduced stem diameter and acorn productivity.

CONCLUSIONS

Our study demonstrated that swamp white oak can be readily vegetatively propagated using a whip and
tongue graft. Field-planted grafts showed high survival rates with no graft incompatibility evident after four
growing seasons when using scion and rootstocks originating from a common maternal source. Unlike half-
sib seedlings, the 127 grafts used in this study exhibited similar patterns of precocity and acorn production
as the source tree used for scionwood. It is suggested that the number of acorns produced per unit TCSA

in young swamp white oak grafts can serve as an indirect measure of ortet acorn productivity when such
cumulative seed production figures are unknown. Based on these findings, highly precocious individual
swamp white oak trees can be readily identified and potentially utilized as grafted stock for the production
of reforestation seedlings that may be capable of flowering and fruiting at a young age, depending upon

the heritability of this important trait. In addition, if delayed compatibility does not become a problem in
this species, such grafted trees may possibly be planted directly into landscapes where wildlife enhancement
is a management objective. While the results derived from the present study hold promise, we suggest

more research by utilizing a greater range of swamp white oak origins to determine if such findings can be

generalized across the species.
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SINGLE-TREE HARVESTING REDUCES SURVIVAL AND GROWTH
OF OAK STUMP SPROUTS IN THE MISSOURI OZARK HIGHLANDS

Daniel C. Dey, Randy G. Jensen, and Michael J. Wallendorf'

Abstract.—Regeneration and recruitment into the overstory is critical to the success of using
uneven-aged systems to sustain oak forests. We evaluated survival and growth of white oak
(Quercus alba 1.), black oak (Q. velutina Lam.), and scarlet oak (Q. coccinea Muenchh.)
stump sprouts 10 years after harvesting Ozark forests by the clearcut, group selection, or
single-tree selection method. After 10 years, the percent of stumps with live sprouts was high
for all species in clearcuts (75 percent) and group selection openings (ranging from 60 to 78
percent depending on species), but was substantially less in single-tree selection units (ranging
from 32 to 50 percent depending on species). Stump sprout 10th-year height and diameter at
breast height (d.b.h.) was largest in clearcuts, intermediate in group selection openings, and
smallest in single-tree selection units. White oak and black oak growth was not significantly
different between clearcut and group openings, but it was significantly less in single-tree
selection units. Scarlet oak growth in clearcuts was significantly more than either uneven-
aged method, and differences between group and single-tree selection were significant.
Single-tree selection harvesting as conducted in this study has lowered survival and growth of
oak stump sprouts, and slowed their recruitment into the overstory. Inadequate light levels in
the understory are probably limiting oak development. Long-term ability of this regeneration
method to sustain oak stocking in these forests needs further study.

INTRODUCTION

Forest managers throughout eastern North America often desire to maintain current levels of oak (Quercus
spp.) stocking for timber, wildlife, and conservation biology reasons. Even-aged methods such as clearcut
and shelterwood harvesting are recommended to regenerate eastern oak species; uneven-aged methods such
as single-tree and group selection are not considered appropriate for sustaining oak ecosystems (Roach

and Gingrich 1968, Sander and Graney 1993). Oak forests managed by the single-tree selection method
typically transition to more mixed mesophytic, shade-tolerant species, with substantially reduced levels of
oak stocking (Schlesinger 1976, Della-Bianca and Beck 1985, Smith and Miller 1987). The group selection
method promotes the regeneration of more shade-intolerant species such as the oaks, but small openings (<
0.1 acre) are often dominated by shade-tolerant species, and larger openings are captured by fast-growing
shade-intolerant species such as yellow-poplar (Liriodendron tulipifera L.) and black cherry (Prunus serotina
Ehrh.) (Smith 1981, Weigel and Parker 1997, Jenkins and Parker 1998). However, concerns from certain
environmental groups about forest harvesting have led state and federal agencies to experiment with or

adopt uneven-aged systems (single-tree or group selection) for managing eastern oak forests.

In the Missouri Ozark Highlands, however, uneven-aged management has been practiced on the privately
owned Pioneer Forest for more than 40 years, and the practice has been used on state and federal land for
more than a decade. Johnson and others (2002, p. 358) recognized that “[t]here is substantial evidence that
the single-tree selection method can be used to sustain oak stands in the Ozark Highlands.” Their evidence

is based on analysis of Pioneer Forest continuous forest inventory (Loewenstein 1996, Loewenstein and

"Research Forester (DCD), USDA Forest Service, Northern Research Station, 202 ABNR Bldg, Columbia, MO
65211; Resource Staff Scientist (RG]J), Missouri Department of Conservation, RR2 Box 198, Ellington, MO 63638;
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others 2000). However, they do qualify this optimistic report by noting that the long-term sustainability of
this method needs to be verified.

Stump sprouts are the most competitive source of oak reproduction (Johnson and others 2002) and an
evaluation of their development after uneven-aged harvesting would be indicative of the method’s ability
to sustain current oak stocking levels. Of particular interest is the effect of a partial overstory and small
group openings on oak stump sprout survival and growth. Most studies of oak stump sprouting address
how sprouts develop in clearcuts, or openings larger than 0.5 acres (Wendel 1975, Lynch and Bassett
1987, Dey and others 1996). Less is known about the persistence and competitiveness of oak stump
sprouts that develop in single-tree gaps and in small (<0.5 acres) group openings. Gardiner and Helmig
(1997) studied survival and growth of water oak (Q. nigra L.) stump sprouts in young (i.e., <30 years old),
thinned bottomland plantations in Louisiana. They found that substantial reductions in stand density,
i.e., removing 60 percent of basal area, increased survival of oak stump sprouts after 7 years. Lockhart and
Chambers (2007) reported that removing half of the overstory basal area did not increase fifth-year survival
of cherrybark oak (Q. pagoda Raf.) stcump sprouts in a Louisiana plantation. However, they suggested that
sprout survival was compromised by 2 years of drought. Long and others (2004) reported that survival of
upland oak stump sprouts was 93 percent 2 years after reducing basal area by 29 percent by thinning from
below in southern Ohio forests.

OBJECTIVES

The purpose of this study was to determine the effect of regeneration method: clearcut, group selection,
and single-tree selection on the survival and growth of oak stump sprouts in the Missouri Ozark Highlands.

We present a 10-year assessment of sprouting capacity and growth performance in three oak species, white
oak (Q. alba L.), black oak (Q. velutina Lam.), and scarlet oak (Q. coccinea Muenchh.).

METHODS

We monitored stump sprouting of oak trees in stands harvested by the clearcut, group selection, or single-
tree selection regeneration method located in Shannon, Carter, and Reynolds Counties, MO. The study
stands are located within the Current River oak forest breaks and the Current River oak-pine woodland
hills landtype associations (Nigh and Schroeder 2002). Before harvesting, study stands were fully stocked,
mature forests dominated by white oak, black oak, scarlet oak, and post oak (Q. stellata Wangenh.), which
comprised 71 percent of the basal area (Kabrick and others 2004). Shortleaf pine (Pinus echinata Mill.)

was 8 percent of original basal area. The remaining species included pignut hickory (Carya glabra (Mill.)
Sweet), black hickory (C. texana Buckl.), mockernut hickory (C. tomentosa Poir. Nutt.), flowering dogwood
(Cornus florida L.), and blackgum (Nyssa sylvatica Marsh.). Initial stand density averaged about 84 i per

acre, 150 trees per acre, and 84 percent crown cover for trees greater than 4.5 inches d.b.h.

This study was part of the Missouri Forest Ecosystem Project (MOFEP) that was designed as a randomized
complete block study (Sheriff and He 1997). Each management treatment (even-aged, uneven-aged, and
no harvesting) was randomly assigned to large, approximately 1,000-acre, forest compartments within
each of three blocks. Blocks were landscapes large enough to accommodate three 1,000-acre treatments
and were subjectively chosen to maximize homogeneity in site and stand conditions within a block. A

total of 648 half-acre permanent plots were randomly located across all blocks and management treatment

compartments, and were apportioned to each ecological landtype as they occurred within the study area.
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Table 1.—Distribution of oak stumps by species and harvest treatment sampled on the
Missouri Ozark Forest Ecosystem Project

Species Clearcut Group Selection Single-tree selection Total
\White oak 158 93 131 382
Scarlet oak 65 21 56 142
Black oak 69 49 60 178
Total 292 163 247 702

Single-tree and group selection harvesting was implemented according to the guidelines presented in Law
and Lorimer (1989). In single-tree selection units, the target residual basal area was chosen to be B-level
stocking, i.e., about 58 percent stocking, according to Gingrich (1967). The target largest diameter was
set at 18 inches d.b.h. in stands of low site quality and 26 inches d.b.h. where site quality was high. The
target q-value averaged 1.5, but ranged between 1.3 and 1.7 at the stand level depending on the actual
distribution of tree diameters. Group openings were 0.1 acre (one tree height in diameter, about 75 feet)
on south and west aspects, 0.2 acres on ridges, and 0.4 acres (two tree heights in diameter, about 150 feet)
on north and east aspects. The cutting cycle for uneven-aged units was set at 15 years. Ten percent of the
stands in each compartment were harvested in the initial treatment, which was completed in the fall of
1996. Immediately following the timber harvest, all unmerchantable stems in clearcuts and group openings
were cut by chainsaw in the winter of 1996-1997. In single-tree units, unmerchantable stems in over-
stocked diameter classes were cut or double-girdled. Woody vegetation was inventoried after the harvest
treatments were applied (Grabner 2000, Jensen 2000). The post-harvest overstory in clearcuts averaged 7
ft’ per acre, eight trees per acre and 3 percent crown cover. No overstory was left within group selection
openings. In contrast, stand density after harvest in single-tree selection units averaged 62 f* per acre, 122

trees per acre, and 58 percent crown cover.

Within the harvested stands, we randomly selected oak stumps in clearcuts (292 trees), group selection
openings (163 trees), and single-tree selection units (247 trees). We limited the number of trees selected
at any given point to less than five per species to distribute the sample across all MOFEP compartments.
Stumps were chosen to represent the range of diameters present and were located far enough from each

other so they could be considered independent of one another. A total of 702 stumps were selected

(Table 1).

Stumps were identified to species and tagged with a unique number, and the diameter of each stump
was measured (initial stump diameter). Stumps were referenced to a permanent marker by azimuth and
distance. Stumps averaged 9.3 inches in diameter (range 1.7 inches to 33.3 inches) and 61 years in age
(range 38 to 192 years). In the fall of 2006, 10 growing seasons after harvesting, stumps were revisited to
measure the height and d.b.h. of the tallest sprout.

For each species, we used analysis of variance (ANOVA) (PROC GLM, SAS Version 9.1, SAS Institute,
Inc., Cary, NC) to test for significant differences in the logit of proportion of stumps with at least one
live sprout 10 years after harvesting by block and harvest treatment (clearcut, group selection, single-
tree selection). Similarly, we used ANOVA to test for significant differences in height and d.b.h. of the
dominant sprout at year 10 by block, harvest treatment, initial stump diameter class (class 1: <6 inches;

class 2: 6 to <11 inches; class 3: >11 inches), and the interaction of harvest treatment, and initial stump
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Figure 1.—Percent of stumps that had at least one live sprout 10 years after harvesting
by species and harvest treatment (CC = clearcut; GS = group selection; STS = single-tree
selection). For each species, differences among harvest treatment are not significantly
different (a = 0.05).

diameter class for each species. We treated block, harvest treatment and stump diameter class as random
effects in all analyses. For significant main effects and interactions (o = 0.05), differences between least

squares means were determined by pairwise comparisons.

RESULTS

Proportion of Sprouting Stumps

Ten years after harvesting, we found that the percent of stumps with at least one live sprout was high (e.g.
75 percent) in clearcuts and group selection openings for all species, but was only 32 percent (black oak)
and 50 percent (white oak and scarlet oak) in single-tree selection treatments (Fig. 1). Despite the absolute
differences in average percent of stumps with live sprouts by harvest treatment, there was no evidence that
the logit of proportion of stumps with a live sprout was significantly affected by block or harvest treatment

within a species at year 10.

Height and Diameter

Ten years after harvesting, we found that the dominant sprout was tallest in clearcuts, intermediate in
group openings, and substantially smaller in single-tree units (Table 2). Height differences among the
harvest treatments were greatest for black oak and scarlet oak. White oak in clearcuts and group selection
openings were similar in height. Among the species, scarlet oak stump sprouts were nominally the tallest,

on average, in clearcuts at 10 years. Height of white oak and black oak stump sprouts was statistically
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Table 2.—Mean 10th-year height and diameter (d.b.h.) of dominant stump sprout by
species and harvest treatment. For a species, mean heights or diameters among harvest
treatments with different letters are significantly different at a=0.05.

Height d.b.h.

Regeneration method (feet) (inches)
White oak

Clearcut 15.5a 22a

Group selection 13.6a 15a

Single-tree selection 52b 0.4b
Scarlet oak

Clearcut 25.0a 3.1a

Group selection 13.2b 14b

Single-tree selection 6.5c 0.7b
Black oak

Clearcut 18.6 a 23a

Group selection 125a 1.3b

Single-tree selection 51b 04c

similar in clearcuts and group selection openings, but significantly reduced in single-tree selection
treatments. For scarlet oak, height of stump sprouts in clearcuts was significantly greater than in group and
single-tree selection openings; height in group selection openings was significantly greater than in single-

tree harvest treatments.

Tenth-year d.b.h. of the dominant stump sprout was greatest in clearcuts for all oak species, intermediate

in group openings, and smallest in single-tree treatments (Table 2). Stump sprout d.b.h. averaged about

2.0 inches larger in clearcuts than in single-tree selection treatments. Scarlet oak stump sprouts were the
largest, averaging 3.1 inches in clearcuts, almost an inch larger than either white oak or black oak. In
general, d.b.h. of the dominant sprout was significantly larger in clearcuts than either of the uneven-aged
harvest treatments for all oak species. One exception was white oak, whose d.b.h. was statistically similar in
clearcuts and group openings. Black oak and white oak d.b.h. in group selection openings was significantly
greater than in single-tree treatments, but there was no statistically detectable difference between scarlet oak

d.b.h. in group and single-tree selection treatments.

In general, sprouts from smaller diameter stumps grew taller in height and larger in d.b.h. for all oak
species in 10 years (Table 3). Average sprout height was nominally the largest for stumps that were <6
inches in diameter. The average height of the dominant stcump sprout was significantly greater for sprouts
arising from smaller stumps (<12 inches in diameter for all oak species). For white oak, sprout height was
significantly greater for stumps that were < 6 inches compared to sprouts from larger stumps after 10 years.
Similarly, sprout d.b.h. was significantly greater for stumps <12 inches in diameter than for sprouts from
larger stumps for all oak species. Sprouts from stumps that were <12 inches d.b.h. were usually an inch
larger in d.b.h. than sprouts from larger oak stumps after 10 years. There were no significant interactions
between harvest treatment and stump diameter class on stump sprout height or d.b.h. for any of the oak

species.
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Table 3.—Mean 10th-year height and diameter (d.b.h.) of dominant stump sprout by
species and stump diameter size class. For a species, mean heights or diameters among
stump diameter size classes with different letters are significantly different at a=0.05.

Stump diameter Height d.b.h.
(inches) (feet) (inches)
White oak

<6 16.2 a 19a

6 to <11 11.6b 1.5a

=211 6.4c 0.7b
Scarlet oak

<6 19.2a 21a

6 to <11 16.8 a 20a

211 8.6b 1.1b
Black oak

<6 13.9a 16a

6 to <11 15.6 a 1.7 a

=11 6.7b 0.7b
DISCUSSION

Stumps in this study averaged 9 inches in diameter and 61 years in age, which places them in prime
sprouting condition for these oak species (Johnson and others 2002). Gardiner and Helmig (1997) also
observed very high initial sprouting (100 percent) in young (28-year-old), small-diameter water oak under
a partial overstory created by thinning a bottomland plantation in Louisiana. Lockhart and Chambers
(2007) found that 85 to 95 percent of cherrybark oak stumps (average d.b.h. 11 inches) produced sprouts
after thinning to either 50 or 75 percent stocking in a 30-year-old Louisiana bottomland plantation. In a
mature bottomland oak forest in southeast Missouri, Kabrick and Anderson (2000) reported that stumps of
pin oak (Q. palustris Muenchh.), cherrybark oak, and willow oak (Q. phellos L.) in single-tree gaps sprouted
as readily as stumps of upland oaks in clearcuts. Their sprouting frequencies were also comparable to open-
grown stump sprouts in this study. McGee (1978) reported no difference in the ability of white oak stumps

to produce sprouts when growing in small canopy gaps and forest openings.

We observed that percent of stumps with any live sprouts remained high among species in clearcuts (75
percent on average) and group openings (ranging from 63 to 76 percent) 10 years after harvesting. Oak
stump sprouts are vigorous and competitive in these Ozark forests, and are able to survive relatively well
when given sufficient growing space and light. The percent of stumps with a live sprout was much lower in
single-tree units where the residual overstory averaged 62 fi* acre” and 58 percent crown cover. Under these
overstory densities, light levels begin to limit oak reproduction survival and growth (Larsen and others
1997, Dey 2002).

Gardiner and Helmig (1997) found that survival of water oak stump sprouts remained relatively high (80
percent) 7 years after a moderate thinning that reduced plantation basal area by 60 percent, and that this

survival was 23 percent higher than that of stump sprouts in plots where only 40 percent of the basal area
was removed. No doubt greater reductions in stand density permitted additional light to reach the oak

sprouts in the years immediately following thinning, thus improving their survival for up to 7 years. In
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another bottomland plantation thinning study, Lockhart and Chambers (2007) reported initially very high
stump sprouting in cherrybark oak after a heavy (50 to 55 percent reduction in stocking) and light (25

to 30 percent reduction in stocking) thinning. But over the next 5 years, they noticed that stump sprout
survival dropped to 30 to 40 percent and there was no difference between thinning treatments. Benefits to
stump sprout survival and growth that were expected in the heavy thinning may have been reduced by a
2-year drought.

Height and diameter growth of oak stump sprouts was greatest in clearcuts after 10 years. The reduction
in height and diameter as a result of harvest treatment (clearcut < group opening << single-tree selection)
was least in white oak, intermediate for black oak, and substantial for scarlet oak, which probably mirrors
the difference in shade tolerance among these species (Burns and Honkala 1990). Scarlet oak is one of
the most shade-intolerant oak species found in the Missouri Ozark Highlands. Lockhart and Chambers
(2007) noted that height growth of cherrybark stump sprouts growing under partial overstory shade were
consistently higher with lower residual stand densities for 5 years after thinning, but differences were
insignificant primarily because of a 2-year drought that occurred following thinning. Gardiner and Helmig
(1997) reported that height and diameter growth of water oak stump sprouts were significantly greater
for 5 years after thinning under the lower stand density treatment, but by year 7 and with canopy closure,
stump sprout heights were statistically similar among the thinning treatments.

Managers have been discouraged from using uneven-aged systems in oak forests largely because of oak’s
inability to survive and grow in moderate to high levels of shade under high residual forest overstory
densities, or because oak do not compete well with fast growing shade-intolerant species, such as yellow-
poplar and black cherry in larger group selection openings.

It is commonly reported that light levels in forest understories and regeneration openings should be
between 30 and 50 percent of full sunlight to promote development of oak reproduction (Hanson and
others 1987, Hodges and Gardiner 1993, Ashton and Berlyn 1994, Gottschalk 1994). Shelterwood
harvesting should leave a residual stocking of <60 percent, and the diameter of group selection openings
should be a minimum of one to two times the height of the adjacent dominant trees to produce 30 percent
or more of full sunlight in the regeneration environment (Minckler and others 1973, Sander 1979, Dey

and Parker 1996).

In this study, group openings, which varied in size from one tree height in diameter on south-west

aspects to two tree heights on north-east aspects, initially provided the one-third or more of full sunlight
recommended for good oak growth according to the literature. Position of oak reproduction in the group
opening is important for survival and growth. Trees growing in the center of group openings grow at rates
similar to trees in clearcuts, but oaks along the edges of openings are inhibited by the shade from the
adjacent stand. Our survival and growth results for oak stump sprouts in group openings are averages of
the sample trees regardless of their location in the group. In the single-tree selection units it is doubtful
that oak stump sprouts received more than one-third of full sunlight, probably less in many cases given the
residual stand basal area. Single-tree selection harvest in mature, closed-canopied hardwood forests may not

appreciably increase light levels at the forest floor (Fischer 1979).
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Opverstory density was important for developing large oak advance reproduction in Missouri Ozark (Larsen
and others 1997) and Lower Michigan (Johnson 1992) xeric oak ecosystems, where the probability of
having large oak reproduction was greatest at stocking levels between 30 and 60 percent (Gingrich 1967).
Larsen and others (1999) recommended maintaining overstory density at less than 63 ft* acre” on average
over a 20-year cutting cycle to favor oak recruitment in forests managed to produce an uneven-aged
structure in the Missouri Ozarks. The overstory in our single-tree selection stands, which was at the upper
limit of residual overstory density recommended by Larsen and others (1999), did reduce the height of the

tallest stump sprout. The long-term survival and recruitment success of these sprouts remains unknown.

In the xeric oak forests of the Missouri Ozark Highlands, there is hope that uneven-aged systems can be
devised to sustain these oak dominated ecosystems. In the case of Pioneer Forest, implementation of the
regeneration method has changed over time, and residual stand densities have increased from about 30 to
60 ft’ acre”! , making it difficult to draw conclusions about the sustainability of the system (Loewenstein
1996, Loewenstein and others 2000). More monitoring is needed on public lands managed under uneven-
aged systems to determine the future of these forests. In addition, it has been noted elsewhere that there
are subtle shifts in species dominance in Ozark forests harvested by uneven-aged methods, with white oak
increasing in importance, black oak and scarlet oak decreasing because of problems with regeneration, and
loss of shortleaf pine following complete failure to regenerate under moderate to high residual stocking
(e.g., 60 ft’ acre’") in single-tree selection harvested stands, or in small canopy gap openings (Stambaugh
2001, Sasseen 2003, Kabrick and others 2007).

Harvest method and, in particular, management of overstory density are important in determining oak
regeneration and recruitment success, i.e., long-term survival and growth of oak stump sprouts and
advance reproduction into maturity as codominant and dominant trees. Recruitment into the overstory

of oak stump sprout and large oak advance reproduction is critical to success of uneven-aged management
of oak forests in the Missouri Ozarks. We have seen by this study that, as implemented in the MOFEP,
single-tree selection harvesting greatly reduces the overstory recruitment potential of oak stump sprouts.
Timing of future harvest entries will be crucial to promoting development of oak stump sprouts and other
reproduction and continuing their recruitment into the overstory. These results may suggest modifications
be made to target tree d.b.h., q-values, and target residual stand basal area to provide more light to oak
reproduction in the understory. The length of the cutting cycle may need to be rethought because it can
be crucial in stopping the decline in oak stump sprout development, which is also indicative of what is
happening to oak advance reproduction. Oak reproduction can be released earlier by shortening the cutting
cycle, but this approach must be balanced with other concerns, stand growth and yield, and the economics

of harvesting.

There is flexibility in how the many even-aged and uneven-aged systems are applied to sustain oak forests
in the Missouri Ozark Highlands. How these methods are implemented is critical to meeting the variety
and complexity of management goals. Further monitoring of sprouts in this study will provide valuable
insight on how we should manage regeneration and recruitment processes. Managers can use these
results to help determine when uneven-aged management is appropriate and to develop detailed stand

prescriptions that consider the full range of silvicultural systems.
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COMPARING SINGLE-TREE SELECTION, GROUP SELECTION,
AND CLEARCUTTING FOR REGENERATING OAKS AND PINES IN
THE MISSOURI OZARKS

Randy G. Jensen and John M. Kabrick'

Abstract.—In the Missouri Ozarks, there is considerable concern about the effectiveness

of the uneven-aged methods of single-tree selection and group selection for oak (Quercus

L.) and shortleaf pine (Pinus echinata Mill.) regeneration. We compared the changes in
reproduction density of oaks and pine following harvesting by single-tree selection, group
selection, and clearcutting during a 10-year period in the Missouri Ozarks. Inventories in
permanent plots were completed preharvest (1995) and post-harvest (1998, 2002, and
2006). Prior to harvesting, advance oak regeneration densities (trees < 4.5 inches diameter at
breast height [d.b.h.]) ranged from 144 to 173 trees per acre. Ten years after harvesting, oak
density in clearcut stands increased to 1,049 trees per acre and was about two times greater
than in group openings (514 trees per acre) and more than four times greater than where
single-tree selection (236 trees per acre) was used. Pine (trees < 4.5 inches d.b.h.) averaged
nine trees per acre prior to harvesting and decreased to eight trees per acre in clearcut stands.
In stands harvested with group selection or single-tree selection, pine remained at about two
to three trees per acre on average, but most stands had none. These findings suggest that both
group and single-tree selection do regenerate oaks but not as well as clearcutting. None of
these methods as currently practiced are regenerating pine.

INTRODUCTION

In the Ozarks Highlands even-aged regeneration methods such as clearcutting and shelterwood harvesting
have proven to regenerate oaks successfully (Johnson and others 2002). However, forest managers in this
region are increasingly interested in applying uneven-aged methods such as single-tree and group selection
to oak stands for aesthetic reasons and for the habitat created by maintaining complex and nearly-closed

forest canopies at both stand and landscape scales.

At one time, oak-dominated stands were considered unsuitable for uneven-aged silviculture (Roach and
Gingrich 1968, Sander and Clark 1971). There is now evidence, however, that uneven-aged methods can
sustain and recruit oaks in some stands in the Ozark Highlands (Larsen and others 1999, Loewenstein
and others 2000). Still, it is not clear how successfully uneven-aged methods will work when applied

in mature stands that are currently even-aged (Loewenstein and Guldin 2004). Moreover, few studies
have experimentally compared the effectiveness of single-tree or group selection for regenerating oaks to
clearcutting, the even-aged method most commonly used in the Missouri Ozarks. Managers were also
interested in increasing the abundance of shortleaf pine, which was historically much more prevalent than

in recent times.

OBJECTIVES
In 1989, the Missouri Ozark Forest Ecosystem Project (MOFEP) was initiated by the Missouri

Department of Conservation (MCD) to compare the effects of even-aged, uneven-aged, and no-harvest
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Table 1.—Basal area and number of trees per acre in the dominant and co-dominant crown classes
before and after 1996 harvests using clearcut (twenty 0.5-acre plots), uneven-age selection (122 plots)
and nonharvested (380 plots) stands located on ridges, southwest and northeast slopes on MOFEP sites

Basal area Standard Trees per Standard

1995 (ft per acre) deviation Range acre deviation Range
clearcut 69 9 53-84 71 15 50-98
uneven-age 72 13 42-100 89 26 38-160
no harvest 70 13 27-125 82 28 30-200

1998
clearcut 6 7 0-22 7 7 0-40
uneven-age 53 15 14-85 71 15 24-150
no harvest 71 13 32-122 81 13 28-192

management of the flora and fauna of Ozark forests (Brookshire and Shifley 1997, Shifley and Kabrick
2002). This project afforded an opportunity to experimentally compare even-aged and uneven-aged

methods for regenerating oaks and shortleaf pine.

METHODS
Study Area

The MOFEP study sites consist of nine compartments or sites ranging in size from 776 to 1,275 acres
and are located mostly within the Current River Oak Forest Breaks and the Current River oak-pine
woodland hills landtype associations of the Ozark Highlands section (37°00’- 37°12’N and 91°01"-
91°31"W) (Kabrick and others 2000). The compartments are located in the Current River and Peck
Ranch Conservation Areas in Carter, Reynolds and Shannon counties in Southeast Missouri and are
administered by the MDC. Before the start of the study, the compartments had received no management
for the prior 40 years. In the study region, the annual temperature is 56 °F and the mean annual
precipitation is 45 inches, with the majority of rain falling in the spring and fall. The study compartments
occur at 560 to 1,180 feet elevation with slopes of 0 to 60 percent and dominant soil parent materials
being hillslope sediments, loess, and residuum (Meinert and others 1997, Kabrick and others 2000).
Preharvest inventories showed that oaks were the dominant trees and four oak species, white oak (Quercus
alba L.), black oak (Q. velutina Lam.), scarlet oak (Q. coccinea Muenchh.), and post oak (Q. stellata
Wangenh.) comprise 71 percent of the basal area. Other oaks found at MOFEP include chinkapin

oak (Q. muehlenbergii Engelm.), blackjack oak (Q. marilandica Muench.), Shumard oak (Q. shumardii
Buckl.), and northern red oak (Q. rubra L.), but in combination they comprise only 1 percent of the
basal area. Shortleaf pine (Pinus echinata Mill.) (8 percent), pignut hickory [Carya glabra (Mill.) Sweet]

(4 percent), black hickory (C. texana Buckl.) (4 percent), mockernut hickory (C. tomentosa Poir. Nutt.)

(4 percent), flowering dogwood (Cornus florida L.) (3 percent), and blackgum (Nyssa sylvatica Marsh.) (2
percent) also are in the study area. Before harvest, trees in the dominant and co-dominant crown classes
contributed from 69 to 72 square feet per acre basal area and 71 to 89 trees per acre (Table 1). Prior to the
study, compartments were subdivided into stands averaging 12 acres in size with similar forest vegetation

composition and age, and environmental characteristics (Brookshire and others 1997). Further descriptions
of the MOFEP study can be found in Shifley and Brookshire (2000) and Shifley and Kabrick (2002).
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Study Design and Harvest

The study sites were divided into three complete statistical blocks of three compartments each, which were
in close proximity to one another. Three compartments within each block were randomly assigned one of
three treatments: (1) even-aged management with harvesting by clearcutting and intermediate thinning;
(2) uneven-aged management with harvesting using a combination of single-tree selection and group
selection; and (3) no-harvest management. The management system was applied at the compartment level
and management was implemented at the stand level. The MDC Forest Land Management Guidelines
(Missouri Dept. of Conserv. 1986) and the guidelines for managing uneven-age stands (Law and Lorimer

1989) provided general recommendations for harvesting in even-age and uneven-age compartments at

MOFEP. The MOFEP study design is described in detail by Sheriff and He (1997), and Sheriff (2002).

The even-aged management treatment uses clearcutting with reserves as the principal means of stand
regeneration (Brookshire and others 1997). With this method approximately 10 percent of the area in a
forest compartment was initially designated as “old growth” and excluded from future harvesting. During
each harvest entry, stands covering about 10 to 15 percent of the remaining area in the compartment are
clearcut, with a few trees left unharvested as reserves. Rotation lengths for even-aged compartments are
approximately 100 years with a 15-year entry. Reserve trees are retained to provide food and cover for
wildlife or, in the case of shortleaf pine, to provide seed for natural regeneration. Reserve trees usually
number fewer than 4 to 8 per acre and are generally >12 inches d.b.h. Intermediate thinnings are
conducted periodically within stands to improve quality and increase growing space for residual trees. The
stands chosen for intermediate thinning usually have some mature and over-mature large sawtimber but

also an abundance of quality poles and small sawtimber.

Uneven-aged treatment follows the guidelines developed by Law and Lorimer (1989) and includes a
combination of group selection and single-tree selection on a 15-year cutting cycle for timber harvest and
forest regeneration. As with even-aged management, approximately 10 percent of the forest compartment
was initially designated as “old growth”. The remaining area was grouped into stands of 8 to 32 ha. Within
stands, group selection methods were used to create openings to regenerate shade-intolerant species. These
group openings were approximately one to two tree heights in diameter, depending on aspect. At MOFED,
the group openings are 70 feet diameter (0.1 acre) on southwest-facing slopes, 105 feet (0.2 acre) on

ridge tops, and 140 feet (0.35 acre) on northeast-facing slopes. The locations of the group openings were
determined by forest managers based on where they would improve the stand quality the most. The total
land area of openings was about 5 percent of the total harvested area. Elsewhere in the stand, single-tree
selection was used with harvest objectives set by the desired residual basal area, the largest tree diameter to
be left in the stand, and the g-value or change across consecutive diameter classes. At MOFEP, the target
residual basal area was equivalent to B-level stocking (about 58 percent) with adjustments made for logging
damage (Roach and Gingrich 1968). The target largest diameter was about 18 inches d.b.h. in stands of
low site quality to 26 inches d.b.h. in stands of high site quality. The target g-value averages 1.5 but can
range from 1.3 to 1.7. For all harvesting, re-entries coincide with those of even-aged treatments.

The no-harvest management treatment was not harvested but wildfires are suppressed. Natural events such
as tornadoes, fires, and insect and disease outbreaks are treated the same as on any other forest land owned
by the MDC, except that salvage harvests will not occur. This treatment serves as an experimental “control”

to compare with the two other management practices.
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The first MOFEP harvest was conducted from May through October 1996, with slashing being completed
in May 1997. On even-aged compartments, 11 percent of the area (320 acres) was clearcut and 15

percent (411 acres) was thinned. On uneven-aged compartments, 57 percent of the area (2,124 acres) was
harvested with single-tree selection and group methods. The three even-aged compartments produced 2.5
million board feet and three uneven-aged compartments yielded 3.4 million board feet (Kabrick and others
2002).

Data Collection

Woody vegetation was initially sampled in 1991 and has been re-inventoried approximately every 3 to 4
years since. Woody vegetation was sampled during the dormant season in 648 permanent, 0.5-acre plots
distributed approximately equally among the nine compartments (Jensen 2000). At least one plot was
established in each stand on all compartments. Live and dead trees 24.5 inches d.b.h. were inventoried
on the 0.5 acre circular plots; trees between 1.5 and 4.5 inches d.b.h. were inventoried in four, 0.05-
acre circular subplots; trees at least 3.3 feet tall and less than 1.5 inches d.b.h. were inventoried in four,
0.01-acre circular subplots nested within the 0.05-acre subplots. Characteristics recorded for each tree
were species, d.b.h., status (i.e., live, dead, den, cut, blown-down), and crown class (i.e., dominant, co-
dominant, intermediate, suppressed). Plot and subplot data were combined to obtain plot averages by
d.b.h. and all values were converted to an acre basis.

Data Analysis

To evaluate the effects of the regeneration methods, we compared the oak reproduction density in 1995,
prior to the first harvest entry, to the post-harvest densities determined from three consecutive inventories
completed in 1998, 2002, and 2006. The landscape-scale nature of the MOFEP project also allowed us

to examine the response to harvesting on different slope positions and aspects (hereafter slope-aspect).
MOFEP is a designed, replicated complete block experiment. We conducted a randomized complete block
analysis of split plots in space (i.e., slope-aspect classes within compartments) and time (i.e., repeated
measures) as outlined by Steel and others (1997). Our primary interest was to examine the interaction
between regeneration method and time and the interactions among regeneration method, slope-aspect, and
time since harvest. To do this, we used PROC MIXED (SAS version 9.1, SAS Institute, Cary, NC). The
four regeneration methods compared were (1) clearcutting; (2) single-tree selection; (3) group selection;
and (4) no-harvest. Random effects in our analysis were block (i.e., the three MOFEP statistical blocks),
block x treatment, block within treatment and slope-aspect, block x year, and block x treatment x year.
Our analysis looked at stands within the three most common slope-aspect classes on moderately-deep

or deep soils that were clearcut (24 stands) in the three even-aged compartments, harvested with single-
tree selection (98 stands) or group selection (17 stands) in the three uneven-aged compartments, and the
nonharvested stands (518 stands) within all nine compartments. Data were averaged at the plot (and stand)
and statistical block level prior to analysis. Because the uneven-aged treatment included group openings
surrounded by areas harvested with single-tree selection, some plots included subplots with group openings
and single-tree selection. In these cases, we allocated data from the subplots into their respective harvest
method (i.e., group opening, or single-tree selection). This situation did not occur with the even-aged
treatment as all plots in clearcuts or nonharvested plots were in separate stands. For significant interactions
(o = 0.05), differences between individual (least square) means were determined using Fisher’s least
significant difference. Data were analyzed in size classes of 3.3 feet height to 1.5 inches d.b.h. and from

1.5 inches d.b.h. to 4.5 inches d.b.h. Grouping these two size classes did not change the results from the

analyses conducted separately on these two size classes.
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Figure 1.—White oak (A), black oak (B), scarlet oak (C), and post
oak (D) regeneration densities of trees <4.5 in. d.b.h. before and
after harvesting in 1996. Regeneration methods were clearcutting,
group selection and single-tree selection compared to no-harvest
management. For a given year, bars with the same letter(s) are
not significantly different (0=0.05).
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RESULTS
Response to Harvesting

Following the harvest, the basal area of dominant
and co-dominant trees ranged from 6 square feet
per acre on clearcuts to 71 square feet per acre

on nonharvested stands, and seven trees per acre
to 81 trees per acre, respectively (Table 1). The
preharvest density of oaks (at least 3.3 feet tall and
<4.5 inch d.b.h.) ranged from 144 to 173 trees per
acre and oaks were 12 to 18 percent of all trees in
that size class. White oaks (96 per acre) were the
most abundant oak followed by black oak (28 per
acre), scarlet oak (21 per acre) and post oak (9 per
acre). Small shortleaf pine (<4.5 inch d.b.h.) were
not abundant on any treatment preharvest and

ranged from one to nine trees per acre.

The density of white oak remained similar to
preharvest levels during the first two post-harvest
years and then increased markedly in clearcuts
(Fig. 1). By 2002, white oaks in clearcut stands
exceeded 722 trees per acre compared to 247 per
acre in group openings, 144 per acre in stands
harvested with single-tree selection, and 88 per
acre in nonharvested stands. By 2000, there was

a 79 percent reduction in the number of white
oaks in clearcuts (579 per acre) compared to 2002.
These reductions were caused by competition-
induced mortality as the trees entered the stem
exclusion stage taking place in clearcut stands.

In the same year, the density of white oaks in
group openings had increased to 266 per acre, but
remained constant in stands harvested with single-
tree (140 trees per acre) and nonharvested stands

(70 trees per acre).

Following harvesting, black oak densities increased
gradually in clearcuts and in group openings and
by 2002, there were more black oaks in clearcuts
(342 per acre) than in group openings (193 per
acre). By 2006, the black oak density in clearcuts
remained higher than in group openings, but

the density in stands harvested with single-tree

selection had increased and was no longer different
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from group openings. Scarlet oak densities increased only in clearcuts (384 in 2002) and the densities in
the other harvest treatments did not differ from each other during the study period. For both black oaks
and scarlet oaks, we also observed the same competition-induced mortality in clearcut stands by 2006 as
with white oaks.

Post oaks had low densities prior to harvesting and the densities remained low throughout the study
period. In 2002, there were more post oak in group openings (142 per acre) than in clearcuts (24 per
acre), stands harvested with single-tree selection (18 per acre), and nonharvested stands (14 per acre). This
short-lived increase in post oaks resulted from the ingrowth of stems originally < 3.3 tall in two single
group openings. These stems subsequently succumbed to competition-induced mortality prior to the final
inventory in 20006.

Shortleaf pine was not analyzed statistically because it was absent from most of the plots, but we observed a
few notable trends. For example, the density of shortleaf pine decreased after harvesting. By 2006 (year 10)
shortleaf pine density decreased from nine to eight trees per acre in clearcut stands and from nine to seven
trees per acre in no-harvest stands, but remained the same in stands harvested with single-tree selection
(four trees per acre). The only exception to this trend occurred in group openings, where the shortleaf pine
density increased from one tree per acre in 1995 to 34 trees per acre in 2006. However, this increase was
due to the ingrowth of shortleaf seedlings in only one of the 20 plots sampled.

Response to Harvest by Slope-Aspect

White oak densities (<4.5 inch d.b.h.) were similar on ridges, northeast slopes, and southwest slopes in
1995 and 1998 (Fig. 2). By 2002, however, there were higher densities of white oaks on southwest slopes
(1,022 per acre) than on ridges (780 per acre) and northeast slopes (364 per acres). In 20006, there was a
slight reduction in white oaks on all slope positions, but densities were still higher on southwest slopes
(938 per acre) than on ridges (450 per acre) and northeast slopes (349 per acre).

In group openings, preharvest densities of white oak ranged from 40 trees per acre on northeast slopes to
70 per acre on ridges. Densities in 1998 were similar. In 2002, there were more white oaks in openings

on ridgetops (390 per acre) than on northeast (227 per acre) or southwest slopes (125 per acre). By 2006,
white oak densities had increased on northeast slopes to 383 trees per acre, which was not significantly
different from ridges (273 per acre), but was significantly higher than on southwest slopes (142 per acre).
White oak densities were not different among slope-aspects in single-tree selection and nonharvested stands
and they stayed at near preharvest densities through the years.

In 1995, black oak densities in clearcuts ranged from 8 trees per acre on ridges to 68 per acre on southwest
slopes. In 1998, ridges had more black oak (418 per acre) than did southwest slopes (70 per acre) and
northeast slopes (59 per acre; Fig. 3). In 2002, black oak densities increased to 468 trees per acre on ridges,
but southwest slopes (340 per acre) now had similar densities. By 2006, southwest slopes (383 per acre)
and ridges (308 per acre) had similar densities of black oak and more than northeast slopes (181 per acre).

Black oak densities in group openings followed a different trend than in clearcuts (Fig. 3). In 2002, there
were more black oak on southwest slopes (298 per acre) and northeast slopes (228 per acre) than on ridges
(53 per acre). This trend was similar in 2006 (256, 157, and 20 trees per acre, respectively). There were no
differences between black oak densities among years for the three slope-aspect classes in single-tree selection
and nonharvested stands.
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Figure 2.—White oak regeneration density of trees <4.5 in.
d.b.h. by slope-aspect class before and after harvesting in
1996 by (A) clearcutting, (B) group selection, (C) single-tree
selection, or (D) no-harvest management. For a given year,
bars with the same letter(s) are not significantly different
(a=0.05).
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Figure 3.—Black oak regeneration density of trees <4.5 in.
d.b.h.) by slope-aspect class before and after harvesting in
1996 by (A) clearcutting, (B) group selection, (C) single-tree
selection, or (D) no-harvest management. For a given year,
bars with the same letter(s) are not significantly different
(a=0.05).
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In 1998, scarlet oak densities in clearcuts were significantly higher on ridgetops (620 per acre) than
southwest slopes (116 per acre); both had significantly higher densities than northeast slopes (38 per acre,
Fig. 4). This trend was the same in 2002, with scarlet oak densities at 634, 341, and 178 trees per acre,
respectively. Although scarlet oaks were at reduced densities on ridgetops (312 per acre) in 20006, they were
still more abundant than on northeast slopes (147 per acre) or southwest slopes (105 per acre).

Ten years after group opening harvests, there were more scarlet oak on northeast slopes (107 per acre) and
ridgetops (45 per acre) than on southwest slopes (10 per acre). There were no differences in scarlet oak
densities on any slope-aspects in any of the years with single-tree selection harvests or in nonharvested

stands.

The only difference detected in post oak densities among slope-aspect classes occurred in group openings
in 2002 (Fig. 5). Post oak densities were estimated at 251 trees per acre on southwest slopes, which was
similar to ridgetops (167 per acre) and significantly higher than on northeast slopes (7 per acre). This

result, however, reflects large increases of post oak densities in only two plots.

DISCUSSION

White oak, black oak, and scarlet oak increased substantially in density with increasing harvest intensity
(Fig. 1). The highest densities were found in clearcuts followed by group openings, single-tree selection
harvests and nonharvested stands. By 1998, density increases had not yet materialized for most oak species
because the majority of stems had not reached the minimum size threshold of 3.3 feet height by that time.
In clearcuts, the tallest sprouts of sprouting stumps of white oak averaged 3.6 feet, scarlet oak 4.5 feet,
and black oak 4.3 feet one growing season after harvest (Dey and Jensen 2002). In 1998, clearcuts had an
average of 700 stump sprouts per acre, but plots harvested by a combination of single-tree selection and
group openings had fewer than 120 stump sprouts per acre. There was an average of 42 stump sprouts

per acre on plots harvested by single-tree selection and 7 sprouts per acre on nonharvested plots. Seedling
sprouts and advance reproduction contributed to the rest of the regeneration (Kabrick and others 2002).
Two years after harvest, clearcuts did have higher densities of scarlet oak than the other harvest types and
had more black oak than single-tree selection and nonharvested stands. The highest densities of all of

the four oak species occurred in 2002 and differences among harvest methods became apparent. Lower
oak densities in 2006 were mostly due to the onset of stem exclusion due to competition, particularly in

clearcuts and group openings.

The response of white oak, black oak, and scarlet oak to harvesting differed by slope position and aspect
and these species attained highest densities in clearcuts located on southwest-facing slopes or on ridges.
These findings clearly demonstrate that there is an interaction between harvest intensity and slope-aspect in
the regeneration of oaks of different species. White oak densities in clearcuts were the highest after 10 years
on southwest slopes but reached the highest densities in group openings on northeast slopes and ridgetops.
Black oaks reached the highest densities on southwest slopes in clearcuts and group openings, but these
densities were not statistically different from densities on ridges using clearcuts or densities on northeast
slopes using group openings. Scarlet oak densities were highest on southwest slopes in clearcuts and group
openings; however, densities in group openings were not different between southwest and northeast slopes.

Although the regeneration of shortleaf pine is an important issue for forest managers in the Missouri
Ozarks, none of the forest harvesting methods applied in 1996 increased pine densities. We suspect that
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Figure 4.—Scarlet oak regeneration density of trees <4.5 in.
d.b.h. by slope-aspect class before and after harvesting in
1996 by (A) clearcutting, (B) group selection, (C) single-tree
selection, or (D) no-harvest management. For a given year,
bars with the same letter(s) are not significantly different
(a=0.05).
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Figure 5.—Post oak regeneration density of trees <4.5 in.
d.b.h. by slope-aspect class before and after harvesting in
1996 by (A) clearcutting, (B) group selection, (C) single-tree
selection, or (D) no-harvest management. For a given year,
bars with the same letter(s) are not significantly different
(0=0.05).
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the low light levels created by the high density of hardwood seedlings and seedling sprouts in clearcuts and
group openings eliminated the shortleaf reproduction. Conversely, the canopy coverage may not have been
reduced sufficiently in single-tree selection harvests to benefit the seeding of pine. The lack of scarification
of the soil also may have made pine establishment more difficult. Other methods of site preparation and

competition control will most likely be needed to increase pine densities.
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RESPONSE OF NORTHERN RED OAK, BLACK WALNUT, AND
WHITE ASH SEEDLINGS TO VARIOUS LEVELS OF SIMULATED
SUMMER DEER BROWSING

Robert C. Morrissey, Douglass F. Jacobs, and John R. Seifert’

Abstract.—Understanding the response of tree seedlings to browsing by white-tailed deer
(Odocoileus virginianus Zimmerman) is critical to the management of high value hardwood
plantations in the Central Hardwood Forest Region. One-year-old black walnut (Juglans
nigra L.), northern red oak (Quercus rubra L.), and white ash (Fraxinus americana L.)
bareroot seedlings were outplanted into a replicated experimental design on a field planting
site in southern Indiana at Purdue University’s Southeast Purdue Agricultural Center in
April 2003. Five simulated summer browse treatments were applied to 15 seedlings of each
species within each of five blocks, plus a control treatment for each, and were monitored for
two growing seasons. Northern red oak exhibited the highest mortality rates in both years;
only the most intense clipping treatment resulted in reduced mortality in year 2 in contrast
to the control treatment. Seedlings with clipped terminals exhibited no height or root collar
diameter (RCD) growth differences in any species. Treatments that removed leaf biomass
resulted in reduced height and RCD growth in both years in contrast to control treatments,
but exhibited few differences across intensity of treatments, although trends indicated that
multiple clippings in a single season exhibited lower growth rates. Our findings suggest that
browsing could cause significant variation in growth rates among these species, and that
species composition may be altered as a result of repeated browse events.

INTRODUCTION

The effects of browsing on plantation seedling performance are believed to negatively impact their growth,
form, height, and to reduce survival. The response of seedlings varies by species, the timing, intensity, and
frequency of browsing, and the available resources for seedling growth; these factors may ultimately result
in altered species composition (Metzger 1977, Anderson and Loucks 1979, Marquis and Brenneman 1981,
Frelich and Lorimer 1985, Pastor and others 1988, Rossell and others 2005). Morphological traits, such

as heterophyllous shoots within buds (Metzger 1977), and physiological traits, including carbohydrate
storage and allocation patterns (Kays and Canham 1991), may contribute to the varied responses to
browsing. Winter browsing results in the loss of structural material used to support growth in the following
growing season, although plants may be more tolerant of browsing because carbohydrate reserves are stored
throughout the plant tissue. While seedlings browsed during the summer may lose both leaf area and
woody tissue required to produce carbohydrate reserves at a time when reserved stores are low, they may be
more sensitive to browse during the growth period. Low to intermediate levels of browse have been shown
to result in increased height growth in some species (Metzger 1977, Welch and others 1992, Edenius and
others 1993), while more extreme levels of browsing have been shown to result in decreased growth and
survival (Campa and others 1992). Successive years of browsing seem to decrease a seedling’s ability to
respond to browse (Canham and others 1994). While the response of seedlings to browsing under variable
site conditions is not fully understood (Belsky 1987, Maschinski and Whitham 1989, Oesterheld and
McNaughton 1991), it is expected that seedling responses will exhibit variation in the type and degree of

response to browsing across different sites.

"Research Associate (RCM), Associate Professor (DFJ), Purdue University, Department of Forestry and Natural
Resources, 715 W. State Street, West Lafayette, IN 47907; DF] is corresponding author: to contact, call (765)494-
3608 or email at djacobs@purdue.edu.
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The response of browsed seedlings is critical to the management of high-value hardwood plantations in
the Central Hardwood Forest Region (CFHR). White-tailed deer (Odocoileus virginianus Zimmerman)
are of particular concern in the region because of the large population densities found today (McCabe and
McCabe 1984) and shrinking traditional forest foraging sites, such as early successional forest communities.
Most browsing occurs in the dormant season (fall, winter, and spring), when carbohydrate reserves are
stored throughout the plant. However, though typically less common, summer browsing may prove to

be particularly harmful to seedlings. Canham and others (1993) observed that seedlings not shaded by
adjacent shrubs and herbs had a higher probability of being browsed, thus making plantation settings
particularly vulnerable. They speculated that they may be more tolerant of browse because of high rates of
photosynthesis in low-competition and high-light environments. Monocultures of certain species may be
devastated by repeated browsing. Mixed plantations will likely exhibit a varied species response, possibly
resulting in altered species composition, spatial distribution, and competitive pressures.

OBJECTIVES

The objective of this study was to evaluate the effects of varying intensity of summer browse levels, as
simulated by mechanical clipping, on the growth and survival of three important tree species of high value
hardwood plantations in the CHFR.

STUDY AREA
The study site was located at the Southeast Purdue Agricultural Center in Indiana (39°01" N, 85°35"W).

Soil is primarily classified as a Muscatatuck series (fine-silty, mixed, active, mesic, Fragic Hapludalf)
(USDA NRCS Pedon I.D. S021IN-079-001), formed in forest vegetation with a visible plow layer (Soil
Survey Staff 2004).

METHODS

One-year-old bareroot seedlings (1+0) grown in 2002 under standard nursery cultural practices at the
Indiana Department of Natural Resources State Tree Nursery near Vallonia, IN (38°85" N, 86°10"W)
were planted in April 2003. Three tree species were selected for study—black walnut (Juglans nigra L.),
northern red oak (Quercus rubra L.), and white ash (Fraxinus americana L.)—Dbecause all are commonly
used in plantations throughout the CHFR. Their abundance and value make them appropriate species
for examination. LaGory and others (1985) indicated a lack of selectivity in woody species selection by
foraging deer in natural regeneration settings during winter; thus, it is assumed all species are equally
susceptible to browse pressure.

Seedlings from the resultant 18 treatments (three species x six simulated browse treatments) were machine
planted into a randomized complete block design replicated in five blocks. Fifteen seedlings from each
treatment were planted into each block (1.22-m spacing) for a total of 1,350 seedlings in the experiment.
Treatments consisted of: 1) control treatment with no clipping (CTRL); 2) clipped terminal bud before
leaf out (CT); 3) 50-percent reduction in leaf biomass early in the growing season (50RLB); 4) 75-percent
reduction in leaf biomass early in the growing season(75RLB); 5) 25-percent reduction in leaf biomass early
in the growing season and another 50-percent reduction in remaining leaf biomass in the middle of the
growing season (25-50RLB); and 6) 50 percent reduction in leaf biomass early in the growing season and
another 75 percent reduction in remaining leaf biomass in the middle of the growing season (50-75RLB)
(Table 1). Seedlings were clipped using a hand pruner at varying levels of intensity in both growing seasons.
An electric deer fence was installed immediately after planting and maintained throughout the experiment.
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Table 1.—Simulated browse treatment codes, descriptions, and application dates

Code Description 2003 2004

CTRL no browse

CT Clipped terminal prior to leaf-out 10-Apr 21-Apr
50RLB Post leaf-out 50% reduction in leaf biomass 21-May 7-Jun

75RLB Post leaf-out 75% reduction in leaf biomass 21-May 7-Jun

25-50RLB* Post leaf-out 25% reduction in leaf biomass; later in the season 16-Jul 12-Jul

another 50% reduction in leaf biomass

50-75RLB* Post leaf-out 50% reduction in leaf biomass; later in the season 16-Jul 12-Jul
another 75% reduction in leaf biomass

*Dates listed apply to the second clipping within that year; first clipping treatments were administered on the
same day as the 50RLB and 75RLB treatments.

Table 2.—Analysis of variance for height and root collar diameter growth,
and survival for the randomized complete block design using species
(SP) and clipping treatments (TRT) as factors

P>F
Year  Source of variation Height RCD Survival
1 SP < 0.0001 0.0838 < 0.0001
TRT < 0.0001 0.0245 0.2820
SP x TRT < 0.0001 0.0177 0.5165
2 SP < 0.0001 < 0.0001 < 0.0001
TRT < 0.0001 < 0.0001 0.0475
SP x TRT < 0.0001 < 0.0001 0.5678

Glyphosate (Round-up®, 3.5 L ha™), and simazine (9.35 L ha™') were applied annually to attain maximum
weed control and minimize competition for moisture and nutrients from non-crop vegetation. Seedling
field survival, total height (ground level to base of last surviving bud), and root collar diameter (RCD) were
measured immediately after planting and at the end of each of the two growing seasons reported in this

study.

Data were analyzed using analysis of variance (ANOVA) to determine if mean (+ standard error) annual
survival, height, and RCD growth data differed among treatments. Initial height and RCD were tested
using ANOVA for each species by treatment with no significant differences detected. When factor effects
were significant, means were ranked according to Tukey’s honestly significant differences test; differences
were considered significant at P < 0.05. All data were analyzed using SAS Version 9.1 (SAS Institute Inc.
Cary, NC 2004).

RESULTS
Seedling Survival

Mean seedling survival differed among species in both years (P < 0.0001), but differed among treatments
only in year 2 (P < 0.0269) (Table 2). Northern red oak had the highest mortality rates of all species in
both years, 7+1 percent in year 1 and 16+3 percent in year 2 (data not shown), while black walnut and
white ash exhibited considerably less mortality overall. In year 2, there were no differences among clipped
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Table 3.—Mean height, root collar diameter, and seedling mortality by species
and treatment after two growing seasons. Different lower case letters within each
species indicate significantly different means between treatments

Treatment Height (cm) RCD (mm) Mortality (%)
Black walnut

CTRL 103.9 a 23.6 a 4.0 a
CT 85.2 ab 19.8 ab 10.6 a
50RLB 97.0 a 22.9 ab 1.4 a
75RLB 71.6 bc 18.5 b 9.4 a
25-50RLB 50.7 cd 13.1 c 6.8 a
50-75RLB 449 d 12.5 c 12.2 a

Northern red oak

CTRL 59.0 a 8.8 a 9.2 a
CT 46.8 ab 8.0 ab 17.4 a
50RLB 37.5 bc 6.7 bc 16.0 a
75RLB 39.3 bc 6.9 bc 30.8 a
25-50RLB 36.7 bc 6.7 bc 254 a
50-75RLB 30.6 c 5.8 c 33.2 a
White ash
CTRL 158.6 a 271 a 0.0 a
CT 123.9 ab 23.0 ab 14 a
50RLB 93.3 bc 17.3 bc 5.4 a
75RLB 102.2 bc 19.2 bc 1.4 a
25-50RLB 741 c 15.0 c 14 a
50-75RLB 67.0 c 14.7 c 5.4 a

seedlings, but the most intense browse treatment, 50-75RLB, had higher mortality compared to the control
treatment. Although the species and treatment interactions were not considered significant in year 2, trends
would seem to indicate that northern red oak had greater mortality within all treatments (Table 3).

First Year Seedling Growth

Species, treatment, and their interaction resulted in differing seedling height growth in year 1 (all P
<0.0001), while treatment effects and interactions between species and treatments yielded differences in
RCD growth (P =0.0245 and P =0.0177, respectively) (Table 2). Northern red oak exhibited very limited
height growth in year 1; all treatments, with the exception of the clipped terminal treatment, displayed
reduced growth rates in contrast to the control seedlings (Fig. 1). Northern red oak RCD exhibited no
positive growth within any treatments in year 1, including seedlings that were not clipped (Fig. 2). Black
walnut height growth rates were also low in year 1 and showed no differences among treatments in year 1
growth rates (Fig. 1); RCD growth showed very mixed growth rates and no differences across all treatments
in year 1 (Fig. 2). White ash height growth rates in year 1 were generally greater (averaging 21.2+2.4

cm) than both black walnut and northern red oak (5.3+1.2 cm and -1.2+0.83 cm, respectively) among
all treatments. Reduced growth rates occurred in only those treatments where leaf biomass was removed

(Fig. 1), and all treatments that removed leaf biomass showed no positive RCD growth rates in white ash in
year 1 (Fig. 2).

Proceedings of the 16th Central Hardwoods Forest Conference GTR-NRS-P-24

53



Black walnut
1g
O 4
1D
%
50 I i
ag T
|- T I ’i‘
1 I
g
CTAL o SOALA 15ALE =-SALE S-ISALE
Morthern red oak
110
T =
=
_g 10 4
2 s
n
a—
5 =
%
L [ S
= T T =+
g
GTAL o SOALA TSALE 25EIALE S-15ALE
White ash
10 f
0 4
I
B
50 4 T
r [
1
3o
z 3 - I
g = Z
Bl
CTAL o SOALA 1SALE I5EALE SB-1SALE
Treatments
OYear 1 OYear 2

Second Year Seedling Growth

Figure 1.—Mean (£ standard error)
annual height growth rates of black
walnut, northern red oak, and white
ash seedlings by treatment for years
one and two.

Species and treatment factors, and their interactions, in year 2 were highly significant for both seedling
height and RCD growth (all P <0.0001) (Table 2). Northern red oak exhibited very limited height growth
again in year 2 with a similar trend of only the control and CT treatments exhibiting positive growth and

no differences among all other treatments (Fig. 1). Northern red oak RCD growth rates were higher in

year 2 with no differences between treatments that removed leaf biomass. Black walnut height and RCD

growth rates were greater across most treatments in year 2 compared to year 1, although successive clipping

treatments within year 2 resulted in lower growth rates of both measures when compared to all other

treatments (Figs. 1 and 2). White ash height growth rates in year 2 appeared similar to those of year 1

across all treatments (Fig. 1), but those treatments where leaf biomass was removed exhibited lower height

growth rates than white ash control treatment seedlings. RCD growth of white ash in year 2 was higher

Proceedings of the 16th Central Hardwoods Forest Conference

GTR-NRS-P-24

54



Elack walnut

1
"
1
o o T
o
@
B T
i
z T '|' T
-
L] [
2 GTRL CT SIALE 15RLE I5-50ALA $-75ALA
Northernred cak
18
T ¢
E
bt
= a
]
o B
&)
0 r ST
= i i O e
—— ! ; - L= 1 S
z CTAL aT SOALE 15ALE 25HIALE SO-1SALE
White ash
18
r
13
TR o kY
1
1
i 1
[ [ [
1
2
4 T —r ik T
-
2 CTRL cT SORLE T5ALE I5SALE SO-1SALE
Treatments

OYear1 OYear 2
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annual root collar diameter growth
rates of black walnut, northern red
oak, and white ash seedlings by
treatment for years 1 and 2.

relative to year 1 across most treatments, but was lower for treatments with leaf biomass removal, with the

exception of the 75-percent RLB treatment (Fig. 2).

DISCUSSION

In our study, the effects of simulated browsing had little effect on mortality, with the exception of only the

most intensive browse treatment in year 2, while interspecific differences in mortality were evident in both

years. Simulated browse treatments did, however, exhibit differences in total height and RCD growth, as

well as annual growth rates. Although all intensities of treatments that removed leaf biomass differed from

the control treatment, they typically were not different when compared to one another. This result suggests

that summer browse levels that remove 50 percent or more of leaf biomass can negatively impact seedling

growth for all species studied, and that each species may react differently to browse treatments.
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Northern red oak had the highest mortality rates of all species in both years; while in year 2 the most
intense simulated browse treatment, 50-75RLB, exhibited higher mortality than seedlings that were

not clipped. Short-term effects of simulated browse indicate that resultant reduced growth rates and
interspecific differences of mortality will likely result in altered species composition of mixed species
plantations. Similar results have been documented in natural stands. Rossell and others (2005) concluded
that white-tailed deer browsing altered structure and species composition across several forest types over

a 5-year period in Virginia, with red and white oak group members greatly reduced, while ash and black
cherry (Prunus serotina Ehrh.) remained abundant.

Simulated browsing resulted in different responses between species and treatments. Those treatments
involving removal of leaf biomass generally resulted in decreased growth rates of height and RCD among
all species, most noticeably in year 2. The clipped terminal treatment (CT) resulted in no differences in
any species for height and RCD growth in either year 1 or year 2 (Figs. 1 and 2) or final height and RCD
(Table 3), when compared to seedlings that were not clipped. Hjiltén and others (1993) found similar
results in juvenile downy birch (Betula pubescens Ehrh.) after varying levels of simulated browse treatments.
While the removal of the terminal may break apical dominance, Aarssen and Irwin (1991) suggested that
the removal of the terminal bud may in fact act as a benefit to a tree grown in a low-density situation, such
as a plantation setting. Temporarily, these trees are apically indeterminate and could branch to fully utilize
the available growing space. Aarssen and Irwin’s (1991) hypothesis may explain the lack of differences
between control seedlings and seedlings with clipped terminals. However, the differences observed, most
noticeably in year 2 and in the more intense clipping treatments, may be related to the more intense leaf
biomass removal treatments that resulted in less leaf area and photosynthetic capacity, and thus, reduced
ability to respond to simulated browse. The timing of the initial browse events (Table 1) would also leave
less time for recovery and result in reduced growth, most notably in those seedlings clipped twice within a

single growing season.

The capacity for seedlings to recover from browse damage is strongly related to the timing of damage and
the type of damage incurred (Jameson 1963, Maschinski and Whitham 1989, Hjiltén and others 1993).
Successive defoliation treatments of all species within year 1, 25-50RLB and 50-75RLB, resulted in no
significant differences in height and RCD growth when compared to the less intense leaf biomass removal
treatments, 5S0RLB and 75 RLB. However, in year 2, black walnut showed reduced growth rates of height
and RCD with successive defoliation. This response implies that black walnut could not compensate for
the continual heavy losses of photosynthetic capacity. Both northern red oak and white ash exhibited

no differences when compared to the single defoliation treatments, although all leaf biomass removal
treatments resulted in lower growth rates and smaller final height and RCDs compared to unclipped
seedlings. With the exception of black walnut in year 2, the lack of differences among treatments within
species in height and RCD growth implies that simulated browse events that remove 50 percent or more
of leaf biomass, either in a single or two separate browse events throughout the summer, will result in
reduced growth rates. The translocation of nutrients from the leaves of hardwood seedlings to the roots

at the end of the growing season would also be limited in proportion to the amount of leaf biomass lost,
thus contributing to reduced nutrient storage and growth rates in the following year. Although there were
few differences between treatments within species in the short-term, trends indicate that more intensive
treatments, 25-50RLB and 50-75RLB, exhibit lower growth rates, which would likely become more
significant in the future as the effects are compounded over time.
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Under low-intensity browse treatments, CT, 5S0RLB, and 75RLB, white ash exhibited more height growth
than black walnut and northern red oak in year 1. In year 2, black walnut and white ash showed no
significant differences. Slower-growing species, such as northern red oak relative to black walnut and white
ash, generally tolerate browsing less than fast-growing species, especially under repeated browse events
(Cbté and others 2004). Trends in our data would seem to confirm such differences.

Our findings suggest that northern red oak seedlings in plantation settings subject to moderate to heavy
browsing exhibit lower rates of growth. Repeated browsing may serve to alter the relative competitive
success of seedlings of varying species to grow above the level of browsers such as white-tailed deer, in turn
altering composition of plantations in the future as other more browse-resistant species, such as white

ash, continue to grow. Our findings suggest that browsing could cause significant variation among these
species, and that species composition may be altered as a result of continuous browse events. Depending on
landowners’ objectives and site factors, some form of seedling protection (e.g., fencing, tree shelters) may be

warranted to enhance the prospects of successfully establishing planted seedlings.
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DISKING AND MID- AND UNDERSTORY REMOVAL FOLLOWING
AN ABOVE-AVERAGE ACORN CROP IN THREE MATURE OAK
FORESTS IN SOUTHERN INDIANA

Ronald A. Rathfon, Nathanael I. Lichti, and Robert K. Swihart'

Abstract.—We disked using small-scale equipment in the understory of three mature upland
oak (Quercus) forests in southern Indiana immediately following acorn dispersal in an above-
average seed crop year as a means of improving oak seedling establishment. Three different
mid- and understory removal treatments were also applied to create favorable light conditions
for the new cohort of oak seedlings. Disking increased the number of new oak seedlings

by 14,586 per hectare. There were nearly 2% times more 2006 cohort oak seedlings in the
disked areas than in nondisked areas. Both the injection and girdling mid- and understory
removal treatments increased the estimated first-year seedling survival by 48 percent and

80 percent, respectively, over survival in the no treatment control. The basal bark treatment
resulted in significantly fewer (63 percent) estimated surviving seedlings than the control
treatment. Only two damage agents proved significant in reducing oak seedling numbers.
Of 700 dead oak seedlings tallied at the end of the first growing season, 411 (59 percent)
were killed by herbicide exposure resulting from volatilization of triclopyr in the basal bark
treatment. An additional 135 (19 percent) seedlings were killed by pine voles. Deer browse
and insect and disease damage proved inconsequential. Pine voles, which tunnel and feed

on seedling roots and stems, are implicated in the majority of unaccounted-for oak seedling
mortalities where the seedlings disappeared entirely.

INTRODUCTION

Acorn loss to predation and environmental extremes greatly reduces the number of acorns available for
oak (Quercus) seedling establishment. Most viable acorns can be consumed by predators in years of low

to moderate acorn production (Crow 1988). The impacts of white-tailed deer (Odocoilus virginianus) and
rodent predation on oak seedling establishment are well documented (Steiner 1995, Ostfeld and others
1996). Soil scarification timed to coincide with end of acorn dispersal in the fall may reduce some loss of
acorns to predation and environmental extremes and result in the establishment of substantially more oak
seedlings on a site (Lhotka and Zaczek 2003).

Timely removal of shade-tolerant mid- and understory canopy layers prior to or following acorn dispersal
is important to the establishment and survival of a cohort of oak seedlings. In undisturbed mature oak
forests with well developed shade-tolerant mid- and understory canopy layers, more than 70 percent of
planted oak seedlings died within 5 years of planting (Lorimer and others 1994). Loftis (1983) found
that survival of a cohort of northern red oak (Q. rubra L.) seedlings in undisturbed oak forests in the
southern Appalachians after 12 years was less than 10 percent. In order for new oak seedlings to develop
into competitive oak advance reproduction, optimum understory light conditions must be obtained.
Thinning from below to 60 to 70 percent of initial stand stocking, starting with the shade-tolerant mid-
and understory may provide the optimum light levels required to establish competitive oak seedlings prior

to overstory removal (Loftis 1990, Larsen and Johnson 1998).
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OBJECTIVES

The purpose of this study was to determine if oak seedling establishment from acorns was affected by
scarification in combination with mid- and understory canopy removal. We tested the use of small-scale
equipment to disk-scarify the soil to bury acorns while removing the shade-tolerant mid- and understory

canopy layers in mature oak forests.

METHODS
The study was established in October 2005 in three 1.62-hectare blocks located in three different forest

tracts (tracts I, N, and P) at the Southern Indiana Purdue Agricultural Center located in south-central
Indiana. Each tract’s overstory was dominated by mature oak, primarily white (Q. a/ba L.), northern red,
and black oak (Q. velutina Lam.). Side-by-side paired transects were marked to facilitate efficient disking.
Of each pair, one was designated to be disked and the other a nondisked control. These transects ranged
from 46 m to 152 m in length and were spaced approximately 5 m to 9 m apart depending on block layout
and topography.

Sound acorns were counted and identified to species using a 0.6 m x 0.6 m square sample frame at 9-

m intervals along transects designated to be disked. Each acorn sample point was permanently marked.
Soundness of acorns was determined using visual and tactile examination. Only fully mature acorns were
counted as sound. Acorns with weevil exit holes, with caps still attached, with discolored cap attachment
points, or which felt dried out or hollow when handled were not counted as sound. From Oct. 27 to Nov.
1, 2005, acorns were sampled in transects designated to be disked, but were not sampled in adjacent paired
nondisked transects. In addition to acorns, advance oak reproduction established prior to fall 2005 was

inventoried using the same sample plots.

Designated transects were disked on Nov. 1, 2005, using a 1.8-m wide double-row disk drawn by a 24-hp
John Deere 855 4x4 diesel tractor with extra weight mounted to the front end. This size of tractor provided
good maneuverability in forest settings with less than 10 percent slopes and required very minimal cutting
of logs or understory trees. Disked transects were 1.8-m wide and disked to a depth of 7.6 to 15.2 cm.

Paired 1-m” sample plots were established and permanently marked at the same permanently marked acorn
sampling plots. Paired sample plots were located within 1.5 m of each other, so that each was underneath
the same tree crown, and so one was located in the disked transect and one in the paired nondisked
transect. Oak seedlings were inventoried four times to track changes through the first growing season: May
25-31, July 17-24, August 23-31, and Oct. 12-18. Oak seedlings were tallied by species and by whether
they were new germinants or older seedlings at each paired sample plot on each paired transect using a
1-m” sample frame. Dead seedlings were also tallied and cause of death, where identifiable, was noted.

The corners of the sample frame were permanently marked so that the exact same plot location could be

sampled each time.

Each 1.62-ha block was divided into four 0.41-ha plots and randomly assigned one of four different
methods for controlling mid- and understory woody vegetation as means for ensuring adequate levels of
light in the understory to sustain oak seedlings. The methods were 1) injection using an ax with a 4.4-cm

bit and Pathway” herbicide delivered to injections using a backpack sprayer and gunjet nozzle; 2) chainsaw

*Garlon 4 and Pathway are registered tradenames of Dow AgroSciences.
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girdle and felling with the application of Pathway to the girdle or cut stump; 3) low volume basal bark
using the ester formulation of triclopyr (Garlon 4%) diluted to 20 percent concentration in a paraffinic
petroleum distillate basal oil (AX-IT?); and 4) a no-removal control treatment. The objective of the mid-
and understory removal was to remove the low shade component of the canopy while maintaining intact
the high shade component. All mid- and understory trees greater than 1.27 cm diameter at breast height
(d.b.h.) were treated, with the exception of a small number of oaks or occasional shade-tolerant trees
growing in natural canopy gaps. These mid- and understory removal treatments were applied from June
29 to July 7, 2006. The efficacy of these treatments is not described here. However, their influence on oak

seedling establishment was tested in this analysis.

A generalized linear model of the form:

v, ~ Overdispersed Poisson(ﬂiexfp,a))

was fit to the number of live seedlings surviving to October (y;,), 2006 in each sample plot . This model

is essentially an analysis of covariance (ANCOVA), except that errors are assumed to be Poisson, rather
than normally, distributed. The Poisson model is more appropriate for count data. The predictors (X;)
included tree species (white oak, northern red oak, and black oak) as well as disking (nondisked versus
disked), mid- and understory removal treatments (no-removal control, herbicide injection, girdling, and
basal bark herbicide application) and tract (I, N, and P). The regression coefficient associated with each
treatment combination (/) represents a multiplicative change in the probability that an acorn present in
November will germinate and survive to the following October, relative to the survival rate for white oak
in nondisked, no-removal control mid- and understory removal sub-plots (i.e. the intercept) (Gelman

and Hill 2007). We accounted for differences in background acorn density among plots by entering the
November 2005 acorn counts for each species as a covariate (#,). Acorn counts were extrapolated to acorns/
m” and rounded to the nearest whole number to ease interpretation. Omega () is a scale parameter, and
does not affect the regression fit. In this hierarchical design, the experimental unit is the finest level of
resolution for which the data were collected, in this case, the 1 mz—sample plot. To account for problems
associated with potential pseudoreplication, sample plot, transect line, and tract were initially included in
the model as predictor variables to test for random effects. Random effects due to sample plot and transect
line proved insignificant. However, there were differences between tracts and thus tract was kept as a
predictor in the final model.

A full-factorial model was fit initially, including all possible interaction terms. Interaction terms were
subsequently dropped if none of the associated regression coefficients were significant (a0 = 0.05). Data
were reported as observed seedling densities. Similar methods were used to analyze the number of
mortalities due to herbicide exposure and rodent predation. Analyses were performed in R, version 2.5.1
(R Development Core Team 2007).

RESULTS AND DISCUSSION

Acorn Density and Distribution

Across all three tracts, the number of sound acorns in November 2005 for each of the three oak species
was roughly proportional to the overstory basal areas for each species (Tables 1 and 2). Tract P had a
disproportionately large number of white oak (WO) acorns compared to red oak (RO) and black oak
(BO), whereas Tract I had a disproportionately large number of RO acorns compared to WO, with a very

’AX-IT is a registered trade name of Townsend Chemical.
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Table 1.—Stand overstory basal area for three mature upland oak stands (I, N, and P) in southern
Indiana receiving strip disking and mid- and understory removal treatments

Tract
Stand stocking | N P Mean
Overstory basal area (m2/ha)
White oak 4 9 22 13
Red oak 10 6 2
Black oak 1 2 1 1
Total oak 15 17 25 21
Other species 17 7 4 10
Total overstory 32 24 29 31
Mid- and understory basal area 6 5 7 6
Total basal area 38 29 36 37

Table 2.—Observed numbers of acorns sampled shortly after dispersal in Nov. 2005 for three
mature oak stands (I, N, and P) in southern Indiana receiving disking and mid- and understory
removal treatments

Tract
Species | N P Mean
(acorns/ha)
White Oak 35,609 59,124 162,471 92,784
Red Oak 132,725 77,064 14,089 66,405
Black Oak 4,856 40,932 11,170 21,026
Total Oak 173,190 177,121 187,730 180,214
(n) 0.372 m? sample plots 133 213 212 558

minor component of BO. Tract N acorn numbers were more evenly distributed among the three species,
RO accounting for a small majority of the total acorn count (44 percent). Total acorn numbers irrespective
of species showed a fairly even distribution among the three tracts. An average across all three tracts of
more than 180,000 acorns per hectare of all three species combined was estimated to be on the ground at
the time of disking (Table 2). Lhotka and Zaczek (2003) reported 195,500 to 212,600 acorns per hectare
on the ground in an oak-hickory stand in southern Illinois prior to soil scarification. Bundy and others
(1991) reported 151,000 acorns on the ground in a mixed hardwood stand in southeastern Minnesota.
Within tracts, acorn distribution was patchy, reflective of the patchy distribution of seed-bearing parent
trees. More than 20 percent of the 558 0.372 m” sample plots contained no acorns, with more than 50
percent contained three or fewer acorns. More than 20 percent of sample plots contained 10 or more
acorns, the equivalent of more than 270,000 acorns per hectare, with one sample plot containing 79
acorns. Steiner (1995) found that RO acorn numbers ranged from 1,300 to 490,518/ha with an average of
103,236/ha across four consecutive years and five widely separated stands in Pennsylvania. Because of the
patchy distribution of acorns and uneven distribution between midstory removal treatment areas, sampled

numbers of acorns were used as a covariate in the generalized linear model.

Oak Seedling Treatment Responses

Oak reproduction established before fall 2005 was scarce to nonexistent over much of each of the three
tracts. Only 16 out of 558 pretreatment (0.372-m”) sample plots had oak advance reproduction, which
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may be extrapolated to 868 oak seedlings/ha. Post treatment, 6 out of 557 1-m” sample plots (143 oak
seedlings/ha) in the disked areas had pre-fall 2005 oak advance reproduction, while 13 of 554 (326 oak
seedlings/ha) nondisked sample plots did.

Overall, there were fewer RO and BO than WO 2006 cohort seedlings surviving to October 2006 (Table
3, Fig. 1). However, there were no differences in the rate of survival between the three species relative

to the number of acorns occurring for each (Table 4). Significant tract differences also occurred. Tract P
had 78 percent more oak seedlings/ha than tract N, which had 66 percent more than tract I (Table 3).
Proportional differences in seedling densities among the three oak species also occurred between tracts,
reflecting overstory basal area (Table 1) and acorn numbers (Table 2). Only one species by tract interaction
proved significant. RO seedling density in tract P compared to the other two oak species in that tract was
lower relative to RO seedling densities compared to the other oaks in the other tracts (Table 4). However,
there were no differences between the species in their response to either disking or the midstory control
treatments as indicated by a lack of significant interaction between these factors.

Disking significantly increased the likelihood that sound acorns on the ground in the fall resulted in live
oak seedlings following the first growing season, compared to acorns falling in nondisked areas (Table 4).
P-values in Table 4 less than 0.05 indicate significant treatment differences. Disking increased the number
of new oak seedlings by 14,586 per hectare. There were nearly 2% times more 2006 cohort oak seedlings
in the disked areas than in nondisked areas (Table 5). Other studies have found that soil scarification
increases short-term oak seedling establishment relative to nonscarified controls. Scholz (1959) reported a
2.4-fold increase in RO seedlings in scarified plots versus nonscarified 2 years following treatment. Seven
years following treatment, however, there were no differences in numbers of oak seedlings between scarified
and nonscarified plots. Bundy and others (1991) reported no significant differences in RO seedling
establishment between scarified and nonscarified treatment areas in a southeast Minnesota mixed hardwood
forest. Lhotka and Zaczek (2003) found that scarification resulted in 5,100 oak seedlings per hectare versus

1,300 per hectare without scarification, a threefold increase, 1 year after treatment.
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Table 3.—Observed density of 2006 cohort oak seedlings surviving to October 2006 for three
mature oak stands (I, N, and P) in southern Indiana averaged across disking and mid- and
understory removal treatments

Tract
Species N P Mean
(seedlings/ha)
White Oak 603 1795 8942 4132
Red Oak 2534 1942 189 1439
Black Oak 77 1594 368 787
Total Oak 3214 5331 9499 6358
(n) 1-m? sample plots 262 442 407 1111

Table 4.-Estimated overdispersed Poisson regression coefficients for the effects of tree species,
disking, understory treatment, and tract on oak seedling density (n = 3192, © = 3.9, percent
deviation explained = 29%)

Estimate SE t p-value

(Intercept) -5.0832 0.5068 -10.03 <0.001
Species Red Oak 0.0373 0.356 0.1 0.916
Black Oak -0.7958 0.9367 -0.85 0.396

Disking Disked 1.9741 0.4201 47 <0.001
Understory Injection 0.4438 0.1577 2.82 0.005
Girdling 0.6545 0.1456 45 <0.001

Basal Bark -0.9797 0.2049 -4.78 <0.001

Tract Tract N 1.7303 0.529 3.27 0.001
Tract P 2.3414 0.5033 4.65 <0.001

Interactions Red Oak : Tract N -0.3937 0.4133 -0.95 0.341
Black Oak : Tract N 0.5708 0.9637 0.59 0.554

Red Oak : Tract P -2.0319 0.5816 -3.49 <0.001

Black Oak : Tract P -0.0542 0.993 -0.05 0.956

Disked : Tract N -1.0421 0.4604 -2.26 0.024

Disked : Tract P -1.084 0.443 -2.45 0.014

Table 5.—Mean observed density of 2006 cohort oak seedlings surviving to
October 2006 by disking treatment across three mature oak stands in southern
Indiana. Different letters within columns indicate significant differences at 0=0.05.

Disk treatment wO RO BO TOT
(seedlings/ha)

Disked 14093 a 5853 a 3034 a 22980 a

Not disked 6300 b 1245 b 848 b 8393 b
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Table 6.—Estimated overdispersed Poisson regression coefficients for the effects of
tree species, disking, and understory treatment on the number of seedlings killed by
herbicide in their first year (n = 3192, © = 0.53, percent deviation explained = 63%)

Estimate Std. Error t P-value

(Intercept) -22.08 610.93 -0.04 0.971
Species Red Oak -18.39 490.24 -0.04 0.970
Black Oak -2.77 0.30 -9.27 <0.001

Disking Disked 0.29 0.07 3.99 <0.001
Understory Injection 16.61 610.93 0.03 0.978
Girdling 0.04 797.55 0.00 1.000

Basal Bark 19.66 610.93 0.03 0.974

Mid- and understory treatments removed between 15 percent and 19 percent of the total stand basal area
in the three tracts. Both the injection and girdling mid- and understory removal treatments appeared to
have a positive effect on first-year oak seedling survival (Table 4 and Fig. 1), increasing it by 48 percent
and 80 percent, respectively, over survival in the no-removal control treatment. The basal bark treatment
resulted in significantly fewer (63 percent) surviving seedlings than the control treatment (Fig. 1). A
number of studies demonstrate that oak seedlings have poor survival in the low light conditions present
in mature oak stands with shade-tolerant mid- and understories (Lorimer and others 1994, Crow 1988).
Janzen and Hodges (1985) found that mid- and understory removal using injection and foliar herbicide
applications in a mature southern bottomland oak stand increased numbers of new oak germinants by
100 percent 3 years after treatment. Loftis (1990) proposed methods for regenerating northern red oak
in the southern Appalachians through thinning from below. In many stands much of the required basal
area removal can be accomplished by removing the midstory and understory canopy layers. When these
layers are removed while keeping much of the overstory intact, sufficient light reaches the forest floor to
maintain oak seedling development. These light levels, however, are insufficient to maintain the growth
and establishment of many of the oak seedlings’ shade-intolerant competitors, such as yellow-poplar
(Liriodendron tulipifera L.).

Oak Seedling Mortality

Mortality data represented only those dead seedlings that were actually observed and counted, and thus do
not account for the number of seedlings that disappeared between sample dates. Two causes of mortality
were readily observed: herbicide damage and pine vole (Microtus pinetorum) predation. Because of the
relatively small number of herbicide-induced mortalities compared to the large number of sample plots,
variability was too high to detect treatment differences in the model (Table 6). However, observationally,
the effects were obvious, with quite complete oak seedling mortality occurring in concentrated areas of
the basal bark treatment plots. Of the 700 dead oak seedlings tallied, 411 (59 percent) were killed by
herbicide exposure. Herbicide-induced mortality occurred almost exclusively (96 percent) in the basal
bark treatment. Although not well documented in the scientific literature, triclopyr herbicide in its ester
formulation may volatilize at air temperatures exceeding 28 °C. Rathfon and Ruble (2006) showed
reductions in Amur honeysuckle control when basal bark treatments using the ester formulation of
triclopyr were applied at air temperatures reaching 33 °C. High temperatures on the dates of the basal bark
treatment application in this study exceeded 28 °C. Volatilized triclopyr very likely injured oak seedlings,
resulting in significantly fewer oak seedlings in the basal bark treatment compared to all other midstory
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Table 7.—Estimated overdispersed Poisson regression coefficients for the effects of tree species,
disking, understory treatment, and tract on the number of seedlings killed by pine voles in their
first year (n = 3192, » = 1.0, percent deviation explained = 15%)

Estimate SE t p-value

(Intercept) -9.0794 1.0725 -8.47 <0.001
Species Red Oak 1.925 1.0214 1.88 0.059
Black Oak 1.1131 1.4155 0.79 0.432

Disking Disked 1.4748 0.2263 6.52 <0.001
Understory Injection 0.9595 0.3938 2.44 0.015
Girdling 1.4487 0.3475 417 <0.001

Basal Bark 0.9298 0.3899 2.38 0.017

Tract Tract N 1.0509 1.0835 0.97 0.332
Tract P 2.1426 1.0122 212 0.034

Interactions Red Oak : Tract N -0.885 1.1278 -0.78 0.433
Black Oak : Tract N 0.0919 1.4979 0.06 0.951

Red Oak : Tract P -2.3771 1.1505 -2.07 0.039

Black Oak : Tract P -2.837 1.7379 -1.63 0.103

removal treatments (Fig. 1). However, early observations of seedling survival in the second growing season

indicate that some oak seedlings tallied as dead due to herbicide exposure resprouted.

Pine vole activity was evident in all three tracts, primarily indicated by tunnels close to the soil surface and
by exit holes. The majority of total mortality could not be identified with certainty because the seedlings
disappeared altogether. Pine vole-induced mortality was observed when dead seedlings were easily pulled
from the ground, revealing that the roots had been eaten off, or when dead seedling tops were found

lying on the soil surface. This evidence was almost always found in combination with pine vole burrows
on the sampled plot. Nineteen percent of tallied oak seedling mortality was due to pine vole predation.
Seedling predation by species did not differ statistically (Table 7). Although there were 65 percent fewer
RO seedlings than WO seedlings throughout all tracts and treatments, pine vole predation was not
significantly different between the two species, indicating a disproportionate level of predation on RO
seedlings versus WO seedlings. This result may indicate pine vole feeding preferences or it may only reflect
closer proximity of RO versus WO seedlings to the pine voles. Seedlings in disked plots suffered increased
levels of predation over their nondisked treatment counterparts (Table 7, Fig. 2). One possible explanation
for this might be that the pine voles are attracted to the loosened soil in the disked areas because of easier
tunneling. Pine vole tunneling, however, was observed in both disked and nondisked plots. Vole predation
in the injection, girdling, and basal bark mid- and understory removal treatment plots were higher than

in the control. Additionally, Tract P showed higher levels of vole predation than the other tracts. The
increased numbers of oak seedlings that occurred in the disked plots compared to the nondisked plots, in
the mid- and understory removal plots compared to their control, and finally in Tract P versus other tracts
likely made these areas more attractive to foraging pine voles. Thus, pine voles appeared more attracted to,
and predation on seedlings was higher in, areas where there were larger concentrations of oak seedlings,

irrespective of particular treatments.
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Deer browsing on this cohort of oak seedlings was almost nonexistent. No deer browse-induced mortality
was observed in the first growing season. Thus, it is unlikely that the large number of missing seedlings
unaccounted for in the mortality estimates were pulled from the ground or clipped off at ground level by
deer. Insect and disease damage was likewise very rare to nonexistent. Pine vole predation may account
for the majority of unexplained oak seedling mortality in the first growing season. Vole herbivory on oak
stems, and roots was recognized as early as 1907 (Lantz 1907). Little research has been published since
then on vole—oak interactions. Pine voles were attracted to the dense vegetation that resulted from timber
harvests that removed a substantial portion of the overstory (Perry and Thill 2005). Ostfeld and Canham
(1993) studied the role of voles in woody plant dynamics in early successional habitats. Neither of these
studies examines vole—oak seedling dynamics in the oak seedling establishment phase under a mature oak

forest canopy.

CONCLUSIONS

Disking immediately following acorn dispersal in the fall greatly increased oak seedling establishment one
growing season later. Increasing ground-level light by mid- and understory removal improved first-year oak
seedling survival. Timely removal of these canopy layers is important to first year oak seedling survival and
critical to the development of new seedlings into competitive oak regeneration. When workers use the ester
formulation of triclopyr for basal bark applications or any potentially volatile forms of herbicide in mid-
and understory removal operations, they should time the treatment to avoid air temperatures exceeding 28
to 30 °C, thus preventing significant first-year oak seedling damage. Pine voles have never been implicated
in first-year oak seedling mortality in previous oak regeneration studies. Our study shows that this seedling
predator may have substantial localized effects on first-year oak seedling survival. More investigation is
needed to determine the extent of pine voles’ impact on oak regeneration dynamics, both spatially and

temporally.
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THE STATUS OF OAK AND HICKORY REGENERATION IN
FORESTS OF VIRGINIA

Anita K. Rose'

Abstract.—Evidence suggests that eastern U.S. forests dominated by oak (Quercus spp.)

and hickory (Carya spp.) may be shifting to more maple- (Acer spp.) and mixed-species
dominated forests. Data from the U.S. Forest Service Forest Inventory and Analysis program
were used to describe the status of oak and hickory regeneration in medium- and large-
diameter stands that showed no evidence of artificial regeneration or harvesting since the
previous survey (5 to 10 years). Oak saplings (d.b.h. 2.5 cm but <12.7 cm) were tallied on 32
percent of plots measured and represented 10 percent of all saplings tallied. Hickory saplings
occurred on 19 percent of plots measured and represented 5 percent of saplings tallied. In
contrast, oak and hickory trees (d.b.h. >12.7 cm) occurred on 86 percent and 51 percent

of plots, respectively. White oak (Quercus alba L.) and chestnut oak (Q. prinus L.) were the
dominant oak saplings. Sapling-sized white and chestnut oaks occurred on 10 percent and 8
percent of plots, whereas tree-sized white and chestnut oaks occurred on 48 percent and 45
percent of plots, respectively. Density of chestnut oak saplings was less than one-half of that
of trees (23 saplings ha™' versus 58 trees ha"). Mockernut hickory (Carya tomentosa (Poir.)
Nutt.) and pignut hickory (C. glabra [Mill.]) Sweet) were the most commonly tallied hickory
saplings and both occurred on approximately 9 percent of plots. In contrast to the oaks and
hickories, red maple (Acer rubrum L.) saplings occurred on 41 percent of plots. Given the
status of regeneration of most oaks and hickories, it appears that these forests may be making
a transition to a different species mix.

INTRODUCTION

The oak-hickory (Quercus spp.-Carya spp.) complex is the largest forest vegetation association in the eastern
United States. Currently, it covers approximately 3,859,500 ha (60 percent) of all forest land in Virginia
(Rose, in press). Chestnut oak (Q. prinus L.), at 3.4 m” ha'', is the dominant species across Virginia. White
oak (Quercus alba 1..), at 2.1 m” ha™, is the third most dominant species, and the second most dominant
oak species (Rose and Rosson 2007). While oak is a major genus in forests of the eastern U.S., the loss

of American chestnut (Castanea dentata [Marsh.]) Borkh.) may have contributed to an increase in the
dominance of oak and hickory after 1900 (Keever 1953, Woods and Shanks 1959, McCormick and Platt
1980, Abrams 1992). Although oaks and hickories are still major overstory dominants, they are often
under-represented in the understory (Stephenson 1986, McCarthy and Wistendahl 1988, Farrell and

Ware 1991, Cole and Ware 1997, Abrams and Copenheaver 1999, Tift and Fajvan 1999, Copenheaver
and others 2006, McEwan and Muller 2006). Additionally, several studies have reported a decrease over
time in oaks or hickories, or both, and an increase in fire-intolerant and shade-tolerant species, especially
in the understory (Christensen 1977, Rhoades 1992, Stephenson and Fortney 1998, Elliott and others
1999, Pierce and others 2006). This situation signals a potential transition from an oak and hickory species
mix to more mesic shade-tolerant species. This shift in dominance is often attributed to the low shade
tolerance of oaks and to the lack of disturbance, primarily from fire suppression (Burns and Honkala 1990,
Abrams 1992). However, little or no benefit to oak has been reported from several prescribed burn studies
(Wendel and Smith 1986, Hutchinson and others 2005, Blankenship and Arthur 2006). Notable among

1Ecologist, Southern Research Station, USDA Forest Service, 4700 Old Kingston Pike, Knoxville, TN 37919. To
contact author, call (865)862-2029 or email at anitarose@fs.fed.us
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the potential replacement species are red maple (Acer rubrum L.), sugar maple (Acer saccharum Marsh.), and
blackgum (Nyssa sylvatica L.) (Ross and others 1982, Abrams 1998, Pierce and others 2006). Whether these
shade-tolerant, fire-sensitive species will assume a dominant overstory position in the future is uncertain.
Some have speculated that oak may persist on xeric, nutrient-poor sites, even in the absence of fire,
particularly in areas south and west of the northern hardwood forests (Orwig and Abrams 1994, Abrams
and others 1997). If so, oak species adapted to these sites, such as chestnut oak and scarlet oak (Q. coccinea
Muenchh.), may experience less successional pressure than oak species adapted to more mesic nutrient-rich

sites, such as northern red oak (Q. rubra L.).

OBJECTIVES

Studies of vegetation composition are often limited in scale, and many times the selection of plot location is
subjective and preferential. Preferential sampling emphasizes unique stands like old-growth forests or stands
with unusual features, such as rare species. In contrast, this study utilized plots distributed systematically
across Virginia. This approach allowed for the study of a wide range of stands across a variety of site and
soil conditions and captured the most common stand conditions influencing vegetation across Virginia.
The objective of this study was to describe the current regeneration status of oak and hickory species at the

landscape scale across Virginia.

METHODS

This study was conducted in the state of Virginia, which has a total land area of Virginia is 10,255,000
ha. Approximately 62 percent of this total is forested (6,412,000 ha) (Rose 2007). The western portion of
Virginia contains three mountainous physiographic regions, the Blue Ridge, the Ridge and Valley, and the
Appalachian Plateau. To the east of these mountains is the Piedmont physiographic region, which ranges
from rolling hills in the west to several nearly level basins in the east. The easternmost part of the state

lies on the Coastal Plain, which extends inland approximately 200 km from the coast and is defined by
the eastern Atlantic shoreline and the rolling and dissected area where it meets the Piedmont to the west
(Fenneman 1938). The elevation in Virginia ranges from sea level to just over 1,737 m on Mt. Rogers in

the George Washington and Jefferson National Forest.

Data for this study came from the forest survey conducted in Virginia between 1997 and 2001 by the U.S.
Forest Service, Southern Research Station, Forest Inventory and Analysis (FIA) program. Surveys such as
this have been conducted since the early 1930s, under the direction of several legislative acts. The survey
mission originally was to estimate forest area, timber volume, growth, removals, and mortality, but it has

since been broadened in scope to address other contemporary forest issues.

A hexagonal grid system was used to establish sample plots and derive forest statistics (USDA 2004).
Within each 2430-ha hexagon, a randomly located sample plot was measured to determine individual tree
and forest stand parameters. On each plot trees >212.7 cm diameter at breast height (d.b.h.) were sampled
on four subplots, each with a radius of 7.3 m, spaced 37 m apart. Together these four subplots made up a
sample plot with a sample area of 0.07 ha. Saplings (2.5 cm - 12.6 cm d.b.h.) were measured on microplots
with a radius of 2.1 m nested within each subplot. The total sample area of the four microplots was

0.005 ha.

The plot population for this study was derived by means of a post-stratified plot selection based upon the

following criteria: (1) each plot was internally homogeneous regarding stand size and forest type; (2) the
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plots were not artificially regenerated; (3) the plots showed no evidence of cutting since the previous survey
(5 to 10 years); and (4) the plots were classified as either medium-diameter or large-diameter stands based
on stocking. Large diameter trees are >27.7 cm d.b.h. for hardwoods and >22.6 cm d.b.h. for softwoods.
Medium-diameter trees are 12.7 - 27.7 cm d.b.h. for hardwoods and 12.7 - 22.6 cm d.b.h. for softwoods.
Out of 3,037 forested plots, 1,164 met these requirements.

Density for genus and species was calculated for all plots. The heterogenous distribution of trees across the
landscape, with many plots having a value of zero for most species, may result in a standard deviation that
equals, or exceeds, the mean. Relative density (density of species [or genus]/total density [in stems ha™'] x
100) was also calculated for each genus and species for all plots. Taxonomic nomenclature follows Little
(1979). FIA includes red hickory (Carya ovalis (Wangenh.) Sarg.) with pignut hickory (Carya glabra (Mill.)

Sweet).

RESULTS
Sapling-size oaks (>2.5 cm d.b.h., but <12.7 cm) occurred on 30 percent of plots and represented 10

percent of all saplings tallied. Hickory saplings were present on 18 percent of plots and represented 5
percent of saplings tallied. In contrast, oak and hickory trees (d.b.h. >12.7 cm) were found on 86 percent
and 51 percent of plots, respectively, and accounted for 36 percent and 6 percent of trees, respectively.
Sapling-size hickories were present on only 26 percent of plots where tree-size hickories occurred. Likewise,
33 percent of plots with tree-size oaks had sapling-size oaks. Conversely, hickory saplings occurred on 9
percent of plots that did not have hickory trees, and oak saplings occurred on 13 percent of plots that did
not have oak trees.

Maple (Acer spp.) and tupelo (Vyssa spp.) were on the most plots and represented the most saplings tallied.
Sapling-size maples occurred on 49 percent of plots and accounted for 22 percent of saplings tallied. Tree-
size maples occurred on 71 percent of plots and represented 12 percent of trees. Tupelo saplings occurred
on 31 percent of plots and accounted for 12 percent of saplings tallied. Trees of this genus occurred on 35
percent of plots and represented 3 percent of trees.

Sapling-size oaks that occurred on at least 5 percent of plots were white oak (10 percent of plots), chestnut
oak (8 percent), and northern red oak (5 percent) (table 1). In contrast, trees of these three oaks occurred
on 48 percent, 45 percent, and 42 percent of plots, respectively. Mockernut hickory (Carya tomentosa
(Poir.) Nutt.) and pignut hickory were the most commonly tallied sapling-size hickories and each occurred
on approximately 9 percent of plots. Trees of these two species occurred on about one-third of the

plots. The most frequently occurring sapling-size species were red maple, blackgum, and yellow poplar
(Liriodendron tulipifera L.).

Although the density of tree-size oak species exceeded that of hickories, saplings of mockernut hickory
and pignut hickory had higher densities than saplings of any oak species, with the exception of white oak
(Table 2). In contrast to chestnut oak trees, density of chestnut oak saplings was higher in oak-pine stands
(32 stems ha') than in oak-hickory stands (24 stems ha) (Table 3). Mockernut hickory was another
species where sapling density was higher in oak-pine stands (33 stems ha™) than in oak-hickory stands (28
stems ha’l). This situation was also true for several other species; however, in some cases, including white
oak and scarlet oak, the density of trees was also higher in oak-pine than in oak-hickory stands. Density
of chestnut oak saplings was less than one-half that of trees (22 trees ha versus 58 trees ha™'). White oak
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Table 1.—Frequency of individual sapling and tree species, Virginia, number of plots=1,164. The

33,203 tree-sized stems included 94 species and the 6,475 sapling-sized stems included 76 species;
only the top 15 species (for tree basal area) are included.

Frequency
Scientific name Common name Saplings’ Trees’
no. % no. %

Acer rubrum Red maple 483 41.5 764 65.6
Carya glabra Pignut hickory 99 8.5 355 30.5
C. tomentosa Mockernut hickory 110 9.5 341 29.3
Fagus grandifolia American beech 90 7.7 159 13.7
Liquidambar styraciflua Sweetgum 119 10.2 225 19.3
Liriodendron tulipifera Yellow-poplar 124 10.7 569 48.9
Nyssa sylvatica Blackgum 347 29.8 381 32.7
Pinus strobus E. white pine 71 6.1 145 12.5
P. taeda Loblolly pine 19 1.6 142 12.2
P. virginiana Virginia pine 48 4.1 281 241
Quercus alba White oak 119 10.2 562 48.3
Q. coccinea Scarlet oak 48 41 369 31.7
Q. prinus Chestnut oak 92 7.9 525 451
Q. rubra Northern red oak 63 5.4 486 41.8
Q. velutina Black oak 45 3.9 388 33.3

"d.b.h. 22.5 cm but <12.7 cm

2d.b.h.212.7 cm

Table 2.—Average density and relative density of individual sapling and tree species (across all
plots), Virginia. Values in parentheses are the standard deviation. The 33,203 tree-sized stems

included 94 species and the 6,475 sapling-sized stems included 76 species; only the top 15
species (for tree basal area) are included.

Saplings' Trees®

Relative Relative

Species Density Density Density Density
stems ha™ % stems ha™ %
Red maple 182.7 (328.1) 16.3 44.6 (60.6) 10.6
Pignut hickory 22.3 (89.4) 2.6 10.5 (22.1) 2.8
Mockernut hickory 24.7 (89.6) 2.3 10.6 (23.7) 2.8
American beech 29.4 (132.8) 2.7 6 (23.1) 1.6
Sweetgum 42.5 (183.9) 3.2 14.8 (44.8) 3.2
Yellow-poplar 40.7 (181.3) 3.2 37.4 (61.6) 9.4
Blackgum 118.7 (253.0) 11.8 10.6 (25.2) 26
E. white pine 21.5(105.0) 21 1(32.8) 1.8
Loblolly pine 6 (101.3) 0.4 16.6 (72.4) 3.0
Virginia pine 17.7 (145.8) 1.1 22.5 (76.5) 43
White oak 29.8 (108.2) 2.2 33.6 (55.0) 8.2
Scarlet oak 10.0 (56.9) 1.0 19.1 (43.8) 43
Chestnut oak 21.8 (90.1) 2.3 57.7 (95.6) 13.5
Northern red oak 11.9 (54.4) 1.4 18.1 (38.3) 4.4
Black oak 1 (42.3) 0.7 12.4 (26.1) 3.0

'd.b.h. 22.5 cm but <12.7 cm

2d.b.h. 212.7 cm
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Table 3.—Average density of individual sapling and tree species by forest-type group, Virginia. The
33,203 tree-sized stems included 94 species and the 6,475 sapling-sized stems included 76 species;
only the top 15 species (for tree basal area) are included.

Forest-type group’

Oak-Hickory Oak-Pine Other?
(n = 856) (n =146) (n=162)
Species Saplings3 Trees* Saplings Trees Saplings Trees
stems ha™
Red maple 181.6 43.5 228.9 39.8 219.2 54.6
Pignut hickory 26.3 12.9 21.2 5.0 9.1 29
Mockernut hickory 281 12.7 33.1 7.3 6.5 29
American beech 33.8 7.7 21.2 2.7 24.8 4.5
Sweetgum 23.0 10.5 127.0 24.7 90.0 28.8
Yellow-poplar 46.4 43.2 17.2 23.2 48.3 19.8
Blackgum 135.5 10.9 103.2 11.6 86.1 7.8
E. white pine 14.0 3.5 80.7 304 15.7 12.7
Loblolly pine 1.6 27 22.5 34.8 39.1 73.2
Virginia pine 9.5 7.6 22.5 51.7 67.8 74.5
White oak 27.0 35.7 62.2 46.2 26.1 10.7
Scarlet oak 9.0 19.2 21.2 27.3 9.1 11.2
Chestnut oak 23.9 67.2 31.8 49.5 9.1 15.0
Northern red oak 15.8 221 1.3 9.1 5.2 5.4
Black oak 6.5 14.0 13.2 14.0 15.7 2.9

! Forest-type groups are similar in concept to associations as defined by Braun (1950).

2 Other includes maple-beech-birch, bottomland-hardwoods, loblolly-shortleaf pine, and white-red-jack pine
forest-type groups.

®d.b.h. 22.5 cm but <12.7 cm

*d.b.h.212.7 cm

was the only oak species whose sapling-to-tree ratio approached 1 to 1 (Table 2). Pignut and mockernut
hickory both had sapling-to-tree ratios of approximately 2 to 1. Blackgum and red maple ratios were 12 to
1 and 4 to 1, respectively.

Sapling-size chestnut oak, white oak, mockernut hickory, and pignut hickory all had relative densities 215
percent on 6 percent of plots. Trees of these four species had relative densities >15 percent on 30 percent,
20 percent, 5 percent, and 5 percent, respectively. Northern red oak saplings reached a relative density 215
percent on 4 percent of plots and both black oak and scarlet oak had relative densities >15 percent on only
2 percent of plots. Other potential overstory sapling-size species that had relative densities 215 percent were
red maple (36 percent of plots), blackgum (24 percent), and yellow-poplar (8 percent). Relative densities of
trees of these three species were > 15 percent on 26 percent of plots, 4 percent, and 23 percent, respectively.

DISCUSSION

At the landscape scale across Virginia, the regeneration potential of oak species and, to a lesser degree,
hickory species appears low compared to several other species. The canopy tree species with the highest
sapling densities tended to be the mesic shade-tolerant ones, in particular red maple and blackgum. It is
likely that without disturbance these species will increase in abundance and oak and hickory species will

decrease. However, there is some evidence that a single disturbance on some sites may not be sufficient
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to increase the recruitment of oak and hickory (Clark and others 2007). Studies from the mountains

and the Piedmont of Virginia have also found high amounts of oak in the overstory, but very little in the
understory (Farrell and Ware 1991, Abrams and Copenheaver 1999, Copenheaver and others 2006). In
addition, studies from West Virginia, Kentucky, and Indiana also found that stands dominated by oaks and
hickories tended to have different species in the understory (Tift and Fajvan 1999, McEwan and Muller
20006, Pierce and others 2006). This study found that most oak and hickory species occurred on far fewer
plots in the sapling size class than the tree size class. In contrast, Cole and Ware (1997) found that many of
the oak and hickory species of the Piedmont of Virginia were present on most plots in the small tree and

sapling size class where they also occurred in the overstory.
pling y Y

The higher density of some oak saplings in oak-pine stands may be due to recent disturbance, or may be
indicative of drier sites with relatively open canopies that allow sufficient light penetration for successful
oak regeneration. In comparison, the density of white oak saplings was greater in stands dominated by
Virginia pine (Pinus virginiana Lam.) than white oak-yellow-poplar stands in a study from the Piedmont
and Coastal Plain of Virginia (Orwig and Abrams 1994). Additionally, southern red oak (Q. falcata
Michx.) and black oak (Q. velutina Lam.) sapling densities were higher in the Virginia pine stands than in
either the white oak-yellow-poplar or the white oak-scarlet oak forest groups. This case also held true for
seedlings of southern red oak; however, black oak seedlings were not present in any of the forest groups

(Orwig and Abrams 1994).

The dominance of red maple and/or blackgum in the sapling layer has been documented by many
researchers (Ross and others 1982, Abrams and Downs 1990, Farrell and Ware 1991, Orwig and Abrams
1994, Cole and Ware 1997, Tift and Fajvan 1999). This dominance, however, has been found to vary
along topographic moisture gradients. Ross and others (1982) found that for trees less than 7 years old,
red maple outnumbered chestnut oak on mesic sites, while blackgum outnumbered chestnut oak on xeric
sites. Whether red maple will become a canopy dominant is uncertain. Researchers have been noting
relatively high or increasing occurrences for decades (Keever 1953, Woods and Shanks 1959, Stephenson
1974). However, the species has not yet assumed the overstory dominance that might be assumed given
the high importance reported in under- and mid-story layers. Recruitment of red maple into the overstory
nonetheless has been reported from a few studies (Rhoades 1992, Elliott and others 1999, Blankenship
and Arthur 2006, McEwan and Muller 2006). Across all plots in this study, red maple trees ranked fourth
in basal area, and second in density. This presence seems to support the idea that there is potential for red

maple to assume a more dominant position in the forests of the eastern U.S.

Low numbers of oak saplings do not necessarily translate into a lack of future dominance by oaks (Abrams
and other 1998). Reproduction of some species may be periodic (i.e., regenerating at irregular intervals)
rather than continuously (Whittaker 1956). Decelerated height growth of maple over time, a relatively
shorter life span (150 years for maple versus 200 to 500 years for several oaks and hickories), as well as high
understory mortality of blackgum may limit the ability of these species to assume and maintain canopy
dominance (Christensen 1977, Burns and Honkala 1990, Abrams 1992, Cole and Ware 1997).

Hickory saplings were more abundant than hickory trees, which is often true for many species. The density
of mockernut hickory and pignut hickory saplings equaled or exceeded that of most other oak species,
which was unexpected. Other studies from the northern Piedmont region of Virginia also found that
hickory was more prevalent than oak in the understory, although oak dominate species in the overstory
(Farrell and Ware 1991, Abrams and Copenheaver 1999). Whether hickory will become a dominant
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component of the overstory in the future is uncertain. In 1953, Keever predicted a substantial hickory
component would exist in the former oak-chestnut forests in the southern Blue Ridge Mountains.
McCormick and Platt (1980) confirmed that hickory had maintained a co-dominant position, and was the
leading dominant in some stands in the same area. Further south, in the central Piedmont of Virginia, one
study found that hickory was present, although less prevalent than in the northern Piedmont (Cole and
Ware 1997). Studies from the Coastal Plain of Virginia found either little or no hickory in the understory
or overstory (Monette and Ware 1983, Abrams and Black 2000). While the present study did not take
into account spatial variability, it is likely that sapling densities of hickory were highest in the northern
Piedmont region of Virginia. A related study found that hickory trees obtained their highest importance
values in this area (Rose and Rosson 2007), perhaps in part because of the association of hickory species
with soils of high Ca and high Mg as are found in the northern Piedmont region of Virginia (Farrell and
Ware 1991).

In addition to spatial variability, some oak and hickory species tend to be correlated with topography
(Racine 1971, Stephenson 1974, Ross and others 1982, McCarthy and others 1984, McCarthy and
Wistendahl 1988, Collins and Carson 2004, Copenheaver and others 2006). Future studies that consider
these factors will further clarify the status of regeneration of oak and hickory. Additionally, follow-up work
that includes seedlings will provide insight into the future composition of these forests. Although only data
from permanent plots without evidence of management in the past 10+ years were used in the analyses,
natural disturbance and land use history may have had an effect on the status of regeneration of the species

investigated in this study.
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ANALYSIS OF RIPARIAN AFFORESTATION METHODS IN THE
MISSOURI OZARKS

Kyle L. Steele, John M. Kabrick, Randy G. Jensen, Michael J. Wallendorf, and Daniel C. Dey1

Abstract.—We evaluated the first-year survival and growth of 13 bottomland species in
several different management treatments replicated at three sites in the Missouri Ozarks.
Treatments were: 1) Roundup® site preparation only; and Roundup® site preparation plus
a: 2) growing season application of Poast Plus® (a grass-selective herbicide); 3) redtop cover-
crop; 4) ladino clover cover-crop; or a 5) Virginia wild rye cover-crop. We also compared

the resulting structure and composition of competing ground flora at ground level and at
0.625 meters (average tree seedling height). Seedling survival was lowest in the Virginia

wild rye treatment (83 percent) and highest in the redtop treatment (91 percent). Green

ash (98 percent) and swamp white oak (97 percent) had the highest survival while eastern
cottonwood (43 percent) and pecan (71 percent) had the lowest. Height growth increment
by treatment was greater across all cover-crop treatments than in the herbicide-only
treatments. The highest increment was redtop (9.7 cm) and the lowest was Roundup®-only
(3.9 cm). Height growth by species was highest for swamp white oak (10.5 cm) and green
ash (10.1 cm), whereas hackberry (-8.1 cm) and pecan (-3.9 cm) had negative growth as a
result of herbivory or shoot dieback. Resulting ground flora densities were consistently lowest
in the Poast Plus® treatments and highest in the Roundup®-only and rye treatments.

INTRODUCTION

In Missouri, mature hardwood forests were once abundant in floodplains of the Ozark region (Nigh

and others 1992). Large-scale conversion of Ozark bottomland forests to agriculture began in the early
1800s (Jacobson and Primm 1994) and continued to be a common practice into the middle part of the
20th century. Loss of riparian forests in the Ozarks has resulted in accelerated bank erosion, channel
destabilization, increases in stream temperature, and degradation of aquatic and riparian fish and wildlife
habitat (Roell 1994). Overall, greater than 85 percent of the original floodplain forests in Missouri

have been converted to some other use (Dey and others 2001). Currently, there is considerable interest
in replanting hardwoods in old fields and former pastures along riparian corridors in Missouri, and
throughout the Central Hardwood Forest Region.

Recently, a number of federal and statewide efforts to re-establish bottomland hardwoods have largely

met with poor or mixed success (Dey and others 2001, Kabrick and Dey 2001, Stanturf and others 2001,
Dugger and others 2004, Kabrick and others 2007). Initial stages of such restoration projects are important
and will subsequently direct successful hardwood establishment. Important considerations include: species
appropriateness to site, seedling stock type, wildlife damage, tree planting technique, and groundcover
management. Overall, methods for restoring bottomland hardwoods have not yet been fully developed.

Most riparian afforestation projects have focused on planting hard-mast-producing species, such as oaks
(Quercus spp. L.), pecan (Carya illinoinensis (Wangenh.) K. Koch), and black walnut (Juglans nigra L.). Less

'Graduate Research Assistant (KLS), Department of Forestry, University of Missouri, 203 ABNR Building, Columbia,
MO 65211; Research Foresters (JMK and DCD), USDA Forest Service, Northern Research Station, 202 ABNR
Building, Columbia, MO 65211; Resource Staff Scientist (RG]), Missouri Department of Conservation, Ellington,
MO 63638; Biometrician (MJW), Missouri Department of Conservation, 1110 S. College Ave., Columbia, MO
65201. KLS is corresponding author: to contact, call (573)884-6302 or email Kyle.Steele@mizzou.edu.
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commercially valuable light-seeded species are often omitted, in part because of the assumption that these
species will naturally establish themselves. However, Stanturf and others (2000) suggested that relying on
the natural establishment of light-seeded, wind-dispersed species into agricultural forest conversions may
be impractical or unsuccessful. Consequently, interest is increasing in including these species in bottomland
plantings (Lockhart and others, in review). However, there is little information about the artificial

regeneration of many of the light-seeded species.

Vegetation management is an extremely important part of any afforestation project, and only second

to species-site considerations (Van Sambeek and Garrett 2004). Groundcover management can be used

to reduce competition for water and nutrients and to minimize labor and equipment costs. To gain the
greatest positive effects on plantation success, vegetation management should be conducted during the
first 1 to 3 years following planting (Miller 1993). Types of management include mechanical or chemical
control of competing vegetation, and planting cover-crops. Mechanical control includes mowing, which
is a common practice managers use to facilitate chemical treatments, and to help locate newly planted
trees. However, mowing itself is ineffective for controlling competing vegetation for improved seedling
survival and growth (Van Sambeek and Garrett 2004). Chemical methods include application of a variety
of pre- and post-emergent herbicides, including those that can be applied over trees, such as grass-selective
herbicides. Cover-crops have also been shown to be effective in suppressing competing vegetation, leading
to improved tree survival and growth (Van Sambeek and Garrett 2004). In addition, cover-crops may

be used to conserve soil and to improve water quality (Dey and others, in review). Specifically, grass
species such as redtop (Agrostis giantea Roth) have been successfully established in bottomland hardwood
plantings in Missouri with a minimal investment, high success, and little follow-up management (Dey
and others 2003). Other options for cover-crops include legumes with nitrogen-fixing properties, such

as clovers (77ifolium spp. L.). Legumes have often proven more successful in hardwood tree plantings
than both grasses and resident vegetation (Van Sambeek and Garrett 2004). To date, there has been little
research in using native species for this type of work. Many have speculated that Virginia wild rye (Elymus
virginicus L.) might be a suitable option because of its general distribution and growth habit. In Missouri,
Virginia wild rye grows in a variety of settings, from intact riparian communities, to glades and old fields

(Yatskievych 1999).

OBJECTIVES

Our objective was to compare the effect of two herbicides and three cover-crop management practices on
13 species of seedlings to identify successful afforestation methods for use in riparian ecosystems of the

Ozark Highlands.

STUDY AREAS

Three replicate sites were included in this study. Study locations were selected based upon their geographic
distribution, placement within watershed, current and former land condition, and land ownership

type. All sites were located within the Ozark Highlands Ecological Section, as described by Nigh and
Shroeder (2002) (Fig. 1). Study areas were confined to this region because of the distinctive topographical
characteristics and area-specific land management questions occurring here. Waterways within this region
flow through a highly dissected, unglaciated landscape. Streams adjacent to Ozark riparia are mostly
spring-fed and carry little suspended sediment (Nigh and Schroeder 2002). Here, drainage systems are
characterized as “open,” with a brief water residence time. Compared to surrounding regions, fluvial soils
are coarsely grained and droughty. Stream systems of this study were 2nd and 4th order (Strahler 1957).
Each research plot was located on well developed and relatively stable point-bar floodplains subject to
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Roubidoux Creek, Pulaski Co.
St. Francis River, Wayne Co.

Trace Creek, Bollinger Co.

Figure 1.—Study site locations in Missouri.
Ozark Ecological Section is shaded in
gray (Nigh and Schroeder 2002).

Table 1.—Soils and associated physical characteristics of each study site

Study site Soil series Landform type  Drainage class Taxonomic class

St. Francis Bucklick footslope well Fine, mixed, active,

River mesic Typic Hapludalfs
Crider footslope well Fine-silty, mixed, active,

mesic Typic Paleudalfs

Fourche terrace moderately well Fine-silty, mixed, active,
mesic Glossaquic Paleudalfs

Freeburg terrace somewhat poorly Fine-silty, mixed, superactive, mesic Aquic
Hapludalfs
Raccoon terrace poorly Fine-silty, mixed, superactive, mesic Typic
Endoaqualfs
Secesh moderately well  Fine-loamy, siliceous, active,
terrace mesic Ultic Hapludalfs
Trace Creek  Razort floodplain well Fine or coarse-loamy, mixed, active, mesic
Mollic Hapludalfs
Secesh floodplain well Fine-loamy, siliceous, active,
mesic Ultic Hapludalfs
Tilk floodplain well Loamy-skeletal, siliceous, active, mesic Ultic
Hapludalfs
Roubidoux Kickapoo floodplain well Coarse-loamy, mixed, superactive, nonacid,
Creek mesic Typic Udifluvents
Sandbur floodplain somewhat Coarse-loamy, siliceous, superactive, nonacid,
excessively mesic Mollic Udifluvents
Relfe floodplain excessively Sandy-skeletal, siliceous,

mesic Mollic Udifluvents

occasional to infrequent flooding. Prior to site establishment, Missouri Department of Natural Resources

soil scientists mapped the soils at each site at a resolution of 1:2,000 (Table 1). Sites were generally located
on floodplain or terrace landforms. Soil orders were either Entisols or Alfisols and ranged from excessively
well drained with sandy-skeletal texture, to somewhat poorly drained with fine-silty texture. Planting area

at each site ranged from 1.5 to 2 hectares in size.

Proceedings of the 16th Central Hardwoods Forest Conference GTR-NRS-P-24



Table 2.—Species, number of seedlings, and mean initial height of bare-root seedlings (or cuttings
of cottonwood) used in this study. Initial measurements were not collected for eastern cottonwood.
Fisher’s least significant difference =2 cm.

Common name Latin name n Initial height (cm)
Swamp white oak Quercus bicolor 212 34
Northern red oak Q. rubra 374 47
Pin oak Q. palustris 204 48
Shumard oak Q. shumardii 373 49
Bur oak Q. macrocarpa 378 43
White oak Q. alba 367 35
Black walnut Juglans nigra 430 45
Pecan Carya illinoinensis 367 39
White ash Fraxinus americana 363 55
Green ash E pennsylvanica 383 55
American sycamore Platanus occidentalis 375 78
Hackberry Celtis occidentalis 364 51
Eastern cottonwood Populus deltoides 311 -
METHODS

We evaluated first-year growth and survival response of 13 native tree species commonly used in
bottomland plantings in the Ozark region (Table 2). Bare-root seedling stocks were used, which are

the most widely-available and commonly used stock type in the region (Dey and others, in review). All
seedlings were planted in March or April of 2006. Seedlings were purchased from the George O. White
State Tree Nursery near Licking, MO. All seedlings were either 1-0 or 2-0 stock, with the exception of
eastern cottonwood (Populus deltoides Batr. ex Marsh.), which were planted as 30-cm cuttings. Prior to

planting, seedlings of all species were randomly packaged together to ensure random placement in the field.

All planting locations were initially sprayed with a 2 percent solution of Roundup® (41 percent a.i.)

to eliminate pre-existing cool-season pasture grasses and other agricultural weeds. Treatments were:

1) Roundup® site preparation only; and Roundup® site preparation plus a 2) single growing season
application of a grass-selective post-emergent herbicide, Poast Plus® (13 percent sethoxydim a.i.);

3) redtop cover-crop; 4) ladino clover (77ifolium repens var. giganteum L.) cover-crop with annual

wheat (Zriticum aestivum L.) nurse-crop; and 5) Virginia wild rye cover-crop with a Korean lespedeza
(Kummerowia stipulacea [Maxim.] Makino) nurse-crop. Following the initial Roundup® application, fields
receiving the three cover-crop treatments (i.e., redtop, clover, and rye treatments) were disked to a depth of
3 inches. Seed was then broadcast with either a hand-spreader or a PTO-powered tractor-mounted seeder
directly before tree planting in March or April. Each treatment was planted separately at the following seed
mixtures and rates: redtop at 11.1 kg per ha, ladino clover at 4.5 kg per ha, annual wheat at 174 L per ha,
Virginia wild rye at 17.8 kg per ha, and Korean lespedeza at 8.9 kg per ha. Following seeding, a section

of chain-link fence was dragged behind an all-terrain vehicle to maximize seed-soil contact. The “Poast
Plus®” treatment was left idle until the target grass species were actively growing. The “Roundup®-only”
treatment areas were left idle for the remainder of the study.
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Following cover-crop seeding, tree seedlings were planted during the same day using a tree planter. A
minimum of 20 seedlings per species per treatment were planted (Table 2), for a total of 4,501 seedlings.
Planting spacing was somewhat dependent upon site area, but was generally 3 m x 3 m. A work crew
followed the tree planter and replanted any poorly planted trees as needed. Following planting, initial
height and diameter data were collected. All seedlings were remeasured in November 2006 at the
completion of the first growing season.

Ground flora was surveyed during peak vegetative productivity of the growing season (i.e., middle July

- early August) to quantify competing plant composition, abundance, and structure within each site and
treatment type. Eighty 1-m” sample quadrates per hectare were randomly assigned to each treatment.
Quadrats were aligned prior to field entry using geographic information systems software with aerial
photographs and the previously collected soils data. At each quadrat, percent cover by species was tallied
for any species comprising a minimum of 1 percent of the quadrat area, and all data recorded to the nearest
percent. Each species was tallied regardless of its vertical placement within the quadrat. Therefore, it was
possible that with vertical layering of vegetation, the sum of all species together could equal more than
100 percent. These data were used to quantify the vegetation competing for below-ground resources (e.g.,
water, nutrients, rooting space). In addition to quadrat (i.e., ground-level) data, information was recorded
for foliar density by height class using a 2.5-m-tall by 0.3-m-wide profile board, with alternating black
and white painted bands at each 0.25-m interval (Nudds 1977). These data were collected at 40 plots per
hectare. At each plot, the profile board was oriented along the outside edge of the 1-m” quadrate frames
used for the ground level sampling. Based on a specified azimuth, a logger’s tape was used to establish a
sampling point at a distance of 15 m. The amount of vegetation obscuring each 0.25-m interval on the
profile board was estimated to the nearest percent for each plot. Observers ensured that their line-of-sight

coincided directly with the height interval being measured.

We compared seedling survival and growth using analysis of variance (ANOVA) in a split-plot design, with
the five groundcover treatments as the whole-plots, and the 13 species within treatments as the split-plots.
The error term used was site (i.e., block) and was considered a random effect. Ground flora data (i.e.,
ground-level and foliar density by height class) were analyzed as an ANOVA randomized complete block
design with percent cover as the response variable. Each site was one block. For significant effects (a =

0.05), we used the Fisher’s least significant difference using the least squares means for all mean separations.

RESULTS

Seedling survival was more than 87 percent for all treatments. However, there were differences among
treatments (p = 0.03, Fig. 2). Seedling survival in the rye cover-crop (83 percent) was lower than seedling
survival for both redtop cover-crop (91 percent) and Poast Plus® (89 percent). The Roundup®-only

treatment and clover cover-crop were in the middle.

Survival differed significantly among species (p <0.01, Fig. 2). Green ash survival exceeded 98 percent,
surpassing pecan, sycamore, and cottonwood, which had the lowest survival. White oak and pin oak
survival was approximately 90 percent. White ash, hackberry, black walnut, swamp white oak, northern red

oak, Shumard oak, and bur oak all exhibited similar survival rates, between 94 and 96 percent.

Vegetation management treatment significantly influenced seedling height growth increment (p <0.01,

Fig. 3). Seedlings grown in a cover-crop of either redtop, clover, or rye performed better than those grown
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Figure 2.—Mean survival by (A) treatment (all species) and (B) species (all treatments).
Letters above bars indicate statistical significance using Fisher’s least significant difference for
mean separations (a = 0.05).

with Roundup® only. Seedling growth increment in the Poast Plus® treatment was not significantly
different from the Roundup®-only treatment. Overall, redtop nominally had the highest average growth of
9.7 cm, while the Roundup®-only treatment had the lowest, at 3.9 cm.

Height growth varied greatly among species (p <0.01, Fig. 3). Eastern cottonwood had the highest average
growth at 49.1 cm, which was much greater than all other species. Height growth of green ash and

swamp white oak was greater than sycamore, hackberry, black walnut, pecan, Shumard oak, and bur oak.
Hackberry and pecan each had negative growth, resulting from herbivory or shoot dieback. White ash,
northern red oak, pin oak, and white oak all had similar height growth patterns, and were lower than green

ash and swamp white oak.

The treatment effects for ground flora densities in both the foliar density by height class and ground level
were highly significant (p <0.01, Fig. 4). For foliar density by height class, we included only the 0.625-

m interval, since this represented the average height of seedling foliage and the level at which a seedling’s
ability to capture light for production of photosynthate could be inhibited. For treatment effects of ground
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Figure 3.—Mean height growth by (A) treatment (all species) and (B) species (all treatments).
Average height growth of cottonwood was 49.1 cm, and was omitted in order to key in

on other species. Letters above bars indicate statistical significance using Fisher’s least
significant difference for mean separations (a = 0.05).

flora density at 0.625 m, Poast Plus® was significantly lower than all other treatments (49 percent). Foliar
densities for the other treatments were similar, ranging between 84 and 95 percent. At the ground level,
the highest density was in the rye cover-crop (exceeding 100 percent), for greater than both Poast Plus®
and clover, each of which were lower than 75 percent. Roundup®-only and redtop fell in the middle, both

having above 90-percent cover.

DISCUSSION

In Missouri, it is common for first-year seedling survival rates to be high. However, our study showed
significant seedling survival differences among treatments. Rye had lower seedling survival than redtop
and Poast Plus® at the end of the first growing season (Fig. 2) probably related to unsuccessful rye
establishment. Although it was planted at a high seeding rate, the rye was nearly absent on all sites, leading
to elevated competing ground flora densities (Fig. 4). During data collection, crews were instructed

to specifically look for rye germinants, but few were found. This could have been a result of planting
methodology, poor seed quality, or inadequate seed source. In addition, many native grasses can often

take two to several years to establish (Launchbaugh 1976), which may be the case here. For surviving
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Figure 4.-Mean ground flora density by treatment. In graph A, filled portion of the bar indicates
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Roundup(r)-only and Poast Plus(r) treatments. Graph B shows the cover of all species at 0.6
m above ground, the average height of seedling foliage. Letters above bars indicate statistical
significance using Fisher’s least significant difference for mean separations (a = 0.05).

tree seedlings, height growth was greater in the cover-crops compared to the herbicide-only treatments.
Even in the rye treatment, which had the lowest survival, the remaining live seedlings grew more than the
herbicide-only treatments. This result may be attributable to disking that occurred in the rye treatment
plots. Disking seemed to provide a good planting medium, which may lead to a more effective capture of
adequate moisture and nutrients for seedlings. Disking also slows the initial growth of resident vegetation

early in the growing season, during the time many seedlings are developing their first flush.

For most species, seedling survival exceeded 90 percent and only cottonwood, sycamore, and pecan
exhibited low survival (Fig. 2). Height growth, however, varied substantially among species. Green ash and
white ash provided the best height growth for the light-seeded species, and both had 96-percent survival
(Fig. 3). Eastern cottonwood had low survival, but surviving cuttings grew nearly 0.5 m. One reason for
the variable results of cottonwood is that they were planted as cuttings, which often have lower survival
(Kabrick and others 2007). In addition, it was found later that a number of these cuttings were planted
with the lateral buds facing down, which likely caused reductions in survival and growth. For the hard-
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mast-producing species, swamp white oak had the best survival and growth, with averages that often
surpassed that of green ash. Northern red oak and white oak also had higher survival and growth. For each

species, height growth was greater than 5.0 cm.

At all sites, the annual nurse-crops (i.e., annual wheat and Korean lespedeza) for the clover and rye
treatments were established with success, which helped reduce density of early volunteer vegetation in
these treatments. In most cases (except for the rye treatment), the perennial cover-crops were successfully
established. The ladino clover germinated uniformly at all sites and was 18 percent of the total vegetation
density at time of sampling. During this time, the clover was probably past its peak growth while other
vegetation was maturing, which may have resulted in lower numbers than if the data had been collected
earlier in the growing season. The redtop established well at two of the three sites, and totaled 31 percent
vs. 56 percent resident vegetation (at ground level). In terms of area covered by competing plant material,

the Poast Plus® and redtop seem to be the most effective means of vegetation management.

Restoration Implications

Planting hardwood seedlings in drought-prone regions like the Missouri Ozarks can be difficult. Soil
conditions even in floodplains can be water-limiting for extensive periods of time. Competition from
aggressive, early-successional vegetation, and occasional seasonal flooding can make the task even more
cumbersome. It is likely that the species and treatment results we reported will change in coming years.
However, initial stages of this type of restoration effort can have important long-term consequences for the
growth and development of riparian forests. Species like swamp white oak and green ash each exhibited
high survival and growth under these difficult conditions. In addition to being good competitors in a
weedy and dry environment, swamp white oak and green ash seedlings are well adapted to the seasonal
flooding that will inevitably occur in the future (Burns and Honkala 1999, Kabrick and others 2007).
Management treatments such as planting redtop or clover cover-crops and conducting timely follow-up
herbicide applications of Poast Plus® may result in a less dense and less-competitive ground flora layer.
Annual follow-up management and selecting a variety of bottomland species native to your region are

suggested to ensure successful establishment of a riparian afforestation project.
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EFFECTS OF DEER EXCLOSURES ON OAK REGENERATION
IN CLOSED-CANOPY STANDS

Angela M. Yuska, Kim C. Steiner, and James. C. Finley1

Abstract.—Studies of the effects of high deer densities on forest regeneration have shown
altered species composition and reduced diversity in stands regenerating after harvest. The
effects of browsing in fully stocked, undisturbed stands are less well known but important,

as establishment of seedlings of oaks and other species prior to disturbance is very important
for self-replacement. The purpose of this study was to quantify the effects of deer exclusion
on existing cohorts of advanced oak seedlings in closed-canopy, mixed-oak stands in
Pennsylvania. Permanent plots in six stands were established and measured in 2003, and

half of each stand was subsequently fenced. The stands were remeasured in 2006 to quantify
changes in the size and number of tree seedlings after two growing seasons as a result of
protection from deer. Three additional stands were measured and fenced without controls

for periods of 6 to 8 years. In general, fencing enhanced seedling abundance in stands that
had good mast crops or reduced seedling mortality in stands that did not. Fencing also was
associated with improvements in seedling height. None of the stands fenced for only 2 years
exhibited marked improvements in the quality of advance oak regeneration. Two stands

that were fenced for 6 to 7 years, both of which had relatively open understories, exhibited
significant and rather substantial increases in oak seedling density, frequency of occurrence,
and height. A third stand, which was fenced for 8 years and had heavy mountain-laurel cover,
exhibited a significant but very small increase in oak seedling height but no lasting increases in
seedling density or frequency of occurrence. The results show that preharvest fencing designed
to enhance the level of oak advance regeneration may require several years to be effective and
may need to be combined with stand thinning or other forms of vegetation control.

INTRODUCTION

High densities of white-tailed deer (Odocoileus virginianus Zimm.) can have profound influences on forest
stands. Browsing can influence the ability of forests to regenerate after a disturbance such as harvesting
because large populations of deer reduce the occurrence and density of seedlings of some species (Anderson
and Loucks 1979). In Pennsylvania, high deer populations are known to influence regeneration in forest
stands either through general regeneration failure (Marquis and others 1976, Marquis and Brenneman
1981) or reduced diversity of tree species following selective browsing (Bowersox and others 1995). In
particular, Pennsylvania mixed-oak stands are inclined toward regenerating non-oak species, a shift that can
be at least partially attributed to high deer densities (Gould and others 2005). Black birch (Bezula lenta L.)
and red maple (Acer rubrum L.) frequently replace oaks following harvests in central Pennsylvania (Fei and
others 2005, Gould and others 2005, Abrams and Nowacki 1992). If high deer densities are present for a
long time, vegetation composition can be shifted toward fewer species dominated by those not preferred
by deer (Rossell and others 2005). The mixed-oak forests of Pennsylvania contain chestnut oak (Quercus
montana Willd.), white oak (Q. alba L.), northern red oak (Q. rubra 1.), black oak (Q. velutina Lam.),

and scarlet oak (Q. coccinea Miinchh.) as dominant overstory trees in different combinations and densities.
Changes in understory vegetation composition, an overall reduction in species diversity, and a transition
from forests dominated by oak species to red maple are possible long-term consequences of high deer

densities in mixed-oak forests.

'Former graduate student (AMY) and professors, respectively, School of Forest Resources, Forest Resources Building,
Pennsylvania State University, University Park, PA 16802. KCS is the corresponding author; to contact, call (814)865-
9351 or email kes@psu.edu.
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Advance regeneration, regeneration present in advance of harvest or disturbance, is important for
replacement of oak in forest stands (Abrams 1992, Larsen and Johnson 1998, Gould and others 2005,
Sander 1972). Oak advance regeneration grows more quickly than newly germinated oaks because
established seedlings have large, well developed root systems (Larsen and Johnson 1998). Quick growth
aids in escaping competition, as advance oak regeneration or sprouts from advance regeneration are often
able to compete successfully after heavy cutting (Lorimer 1984, Sander 1972). Deer herbivory and seed
predation can reduce the abundance, survival, and height growth of advance oak regeneration, therefore

limiting the ability of oak to be replaced successfully when harvest or disturbance occurs.

OBJECTIVES

Although fencing after harvest is commonly employed in areas with high deer densities, post-harvest
fencing alone cannot compensate for inadequate advance regeneration, which is considered so important
to oak regeneration success. By contrast, very little is known about the responsiveness of regeneration to
preharvest fencing, i.e., protection from deer in closed-canopy stands (Rossell and others 2005, Griggs
and others 2006). The purpose of this research was to quantify the effect of preharvest fencing on advance
regeneration of oak. Aside from its obvious silvicultural implications, studying the effect of fencing in
mature stands can provide further insight into the overall impact of high deer populations in mixed-oak
forests.

STUDY AREAS

For this study we measured nine mixed-oak stands, 36 to 71 acres in size, located in the Ridge and Valley
and Appalachian Plateau provinces of Pennsylvania. All are on state lands managed by the Department

of Conservation and Natural Resources (Pennsylvania Bureau of Forestry). The stands occur in an area
covering approximately the central one-half of the state from north to south and the central one-fourth
from west to east. Elevations range from 950 ft MSL in the Ridge and Valley province to a high of 2000

ft MSL on the Appalachian Plateau. Soils include loams from the Laidig, Dekalb, Ungers, and Wharton
series. In all stands, oak makes up the plurality of basal area (39 to 60 percent), which ranges from 106

to 136 fe'ac’. All are fully stocked to overstocked (Gingrich 1967). The principal oak species is chestnut
oak in 6 stands, northern red oak in 3 stands, and black oak and white oak in one each. Understories are
dominated by mountain-laurel (Ka/mia latifolia L.), huckleberry (Gaylussacia spp. Kunth), striped maple
(Acer pensylvanicum L.), hayscented fern (Dennstaedtia punctilobula (Michx.) T. Moore), or combinations of
these species. Regionally, mean annual precipitation is 38 to 40 inches and length of the frost-free growing
season is 130 to 170 days, but both vary with elevation and topography (Cuff and others 1989).

Six stands (stands 1-6) were measured initially in summer 2003 and half of each stand was subsequently
fenced with 8-ft, woven wire fencing to exclude deer. These “divided stands” were measured again in 2006
after approximately two growing seasons and one to three autumns (depending on stand) following fence

installation.

In three additional stands, the entire stand was operationally fenced with 8-ft woven wire shortly after
measurement and unfenced comparisons were not available. In these stands, fencing treatment effects
cannot be isolated because of the lack of controls, but these stands are significant because they were fenced
much longer than the six described previously. Bell Furnace I was measured and fenced in the summer

of 1997 and remeasured in 1998 and 2004 (after which the stand was harvested). Bell Furnace II was

measured in 1998, fenced the following winter, and remeasured in 2004. Finally, Horsepath was measured
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in 1997, fenced the following winter, and remeasured in 1999, 2005, and 2006. We observed little or no
browsing within the fenced portions of any of the nine stands and believe that the fences were generally
effective in their intended purpose.

METHODS

Measurements of overstory and understory site and vegetation parameters were taken on permanent

plots arranged systematically in a square grid with the area of the stand determining the number of plots,
which range from 15 to 40 per site. Each plot consists of a 1/20 acre (26.4-ft radius) overstory plot and
four understory milacre (3.72-ft radius) subplots arranged 16.5 ft away from plot center on the cardinal
directions. The 1/20 acre plot was measured for overstory and site conditions, and trees with diameter

at breast height (d.b.h.) greater than 2 inches were tallied by species. Measurements of vegetation cover
and regeneration counts were taken on milacre subplots. Percentage low cover was visually estimated

as percentage of projected vegetation cover, by species or species group, in increments of 5 percent for
vegetation <5 ft in height, and overhead canopy cover was estimated using a convex-spherical densiometer.
Tree regeneration data were tallied by counts of tree species in height groups (0 to 2 inches, >2 to 6 inches,
>6 inches to 1 ft, >1 to 2 ft, >2 to 3 ft, >3 to 4 ft, >4 to 5 ft, and >5 ft). The dominant oak (largest healthy
oak seedling) on each subplot was identified by species, and its height and basal diameter were recorded.

All statistical analyses were conducted using SAS/STAT System Release 9.0 (SAS Institute Inc. 2004).

A generalized linear model with a logistic regression form and binomial distribution (SAS PROC
GENMOD) was used to examine the effect of fencing or time under fence on changes in oak occurrence
frequency for the divided stands. Changes in oak occurrence frequency at Horsepath and Bell Furnace I
and II were analyzed using the chi-square test (SAS PROC FREQ). Three additional response variables,
changes in mean oak density, height, and height of the dominant seedling on a plot, were evaluated using
analysis of variance (SAS PROC GLM) for the divided stands. Residuals of these variables were tested for
normality using the Shapiro-Wilk test and for homogeneity of variance using the Levene test. Stand 4 had
a large mast crop in fall 2005 and was alone among the divided stands in experiencing a large influx of
new oak seedlings during the period of study. Stand 4 was therefore omitted from the combined ANOVAs
because including it would have clouded interpretation of the results. The Wilcoxon rank-sum test (SAS
PROC NPAR1WAY) was used to analyze the Bell Furnace I and II and Horsepath stands because their
data did not meet the normality assumption.

RESULTS
Oak Occurrence Frequency

In the divided stands (excluding stand 4) there was an overall decrease in oak occurrence frequency
between 2004 and 2006, and the difference was less for fenced than for unfenced areas (1.5 versus 7.2
percent) (Table 1). However, fencing was not a significant effect (p = 0.076) and neither was period of time
fenced (p = 0.873). Although no notable seed crops were observed except in stand 4, it can be assumed
that some acorns were produced each year and, because of this, slight increases in seedling abundance
could occur. Only one stand (stand 6) experienced an increase in oak seedling frequency, an accumulation
that occurred only in the protected part of the stand (a change from 26.8 to 39.4 percent). All of the
unfenced areas of the divided stands experienced a decrease in occurrence frequency of oak seedlings.

Stand 4, which had a large seed crop in 2005, showed similar increases in fenced and unfenced areas when
measured in 2006.
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Table 1.—Characteristics of oak advance regeneration in six mature, mixed-oak stands in which half the stand was protected
for deer fencing for 2 years and half left unprotected

Frequency Seedling density Mean dominant height Mean height
# of (%) (thousands/acre) (ft) (ft)
Stand Treatment plots 2003 2006 2003 2006 2003 2006 2003 2006
1 Unfenced 80 88.8 76.3 4.67 2.95 0.61 0.49 0.44 0.42
Fenced 80 86.3 80.0 6.50 3.88 0.60 0.59 0.45 0.48
2 Unfenced 76 724 68.4 4.93 3.87 0.80 0.97 0.59 0.70
Fenced 79 86.1 86.1 8.33 6.63 0.65 0.93 0.52 0.69
3 Unfenced 72 36.1 29.2 2.65 1.26 0.40 0.43 0.37 0.39
Fenced 80 26.3 25.0 0.73 0.64 0.34 0.38 0.32 0.35
5 Unfenced 60 90.0 81.7 25.77 13.85 0.60 0.59 0.37 0.38
Fenced 60 85.0 70.0 8.00 4.40 0.39 0.44 0.32 0.35
6 Unfenced 71 394 29.6 0.74 0.71 0.32 0.32 0.32 0.32
Fenced 71 26.8 39.4 0.84 0.87 0.32 0.34 0.32 0.33
Total Unfenced 359 63.9 56.7 7.04 4.71 0.60 0.64 0.44 0.47
Fenced 370 60.2 58.7 417 3.22 0.55 0.66 0.42 0.49
4 Unfenced 76 40.8 67.1 1.80 4.53 0.39 0.44 0.37 0.35
Fenced 80 48.8 76.3 3.56 5.60 0.36 0.43 0.34 0.37

Horsepath initially gained in oak occurrence frequency after the fencing treatment, but then decreased
significantly to below pretreatment levels (p < 0.05) (Table 2). In contrast, the Bell Furnace stands showed
increases in oak occurrence frequency through the entire fencing period, with a significant increase in oak

occurrence frequency for both fenced stands by 2004 (p < 0.05) (Table 3).

Oak Seedling Density

Although seedling density decreased during the study in both unfenced and fenced portions of the divided
stand study areas (except stand 4), the protected areas lost fewer seedlings than unfenced areas (Table 1). By
2006 the unfenced areas had lost an average of 2,330 scedlings per acre compared to 950 for fenced areas
(p = 0.018). Increases in seedling density as a result of the seed crop in stand 4 were similar between fenced

and unfenced areas (p > 0.05).

The Horsepath stand experienced a significant (p < 0.001) increase of 2,680 seedlings per acre after 1 year
of fencing, undoubtedly because of a good seed crop in fall 1998, but seedling density then declined to
below the initial level by the time of the 2005 and 2006 measurements (Table 2). Both Bell Furnace stands
exhibited rather substantial and significant (p < 0.02) increases in oak seedling density after the 1998
measurements, and the increases were sustained until the final measurements in 2004 (Table 3).

Mean Height of Dominant Oak Seedings

The mean height of the dominant oak seedling on milacre plots appeared to be marginally enhanced by
fencing for two growing seasons in divided-stand study areas (Table 1), but the effect (if real) was not

significant (p = 0.142). Results were similar for stand 4.
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Table 2.—Characteristics of oak advance regeneration in the Horsepath stand, fenced to exclude deer

beginning in winter 1998 (99 sample plots)

1997"

1999'

2005'

2006'

1.77%(0.283)
0.41%(0.030)
0.36%(0.036)

Density (thousand/acre)?
Mean dominant height (ft)?
Mean height (ft)?
Frequency? 55.0%

4.45° (0.763)

0.41° (0.020)

0.36%°(0.032)
66.7°

1.93% (0.404)

0.49° (0.034)

0.47*(0.039)
52.0%

1.06%(0.219)

0.54°(0.047)

0.54°(0.047)
40.4°

'Standard errors are shown in parentheses.
“Means within a row that are not followed by the same letter differ significantly at p < 0.05.

Table 3.—Characteristics of oak advance regeneration in the two Bell Furnace stands,
fenced to exclude deer beginning in summer 1997 and winter 1999, respectively

1997" 1998' 2004'

Density (thousand/acre)? 4.89%(0.715) 5.22%(0.762) 10.64°(1.373)
Mean dominant height (ft)? 0.68%(0.048) 0.67%(0.042) 0.89°(0.064)
Mean height (ft)? 0.42%(0.020) 0.40%(0.018) 0.61°(0.028)

Frequency® 71.7° 70.8° 84.2°
Density (thousand/acre)? - 3.94a(0.763) 7.85°(1.130)
Mean dominant height (ft)? - 0.62a(0.049) 0.90%(0.116)
Mean height (ft)? - 0.40a(0.020) 0.85°(0.044)

Frequency2 - 61.4a 77.5°

'Standard errors are shown in parentheses.
’Means within a row that are not followed by the same letter differ significantly at p < 0.05.

The mean height of dominant oak seedlings increased from 0.41 to 0.54 ft (p = 0.01) during the 9-year
duration of observations at Horsepath (Table 2), from 0.68 to 0.89 ft (p = 0.01) over 7 years at Bell
Furnace I (Table 3), and from 0.62 to 0.90 ft (p = 0.12) over 6 years at Bell Furnace II (Table 3).

Mean Oak Seedling Height

The mean height of all measured oak seedlings increased slightly between 2003 and 2006 in most divided
stand study areas (Table 1). The increase was larger in fenced plots, but not significantly so (p = 0.350).

The mean height of seedlings at Horsepath increased from 0.36 to 0.54 ft between 1997 and 2006 (p <
0.01). Similar growth was observed at Bell Furnace I (from 0.42 to 0.61 ft, p < 0.001) and Bell Furnace II
(from 0.40 to 0.85 ft, p < 0.001).

Effect of Covariates

Analyses of the effects of covariates on response variables in divided stands (excluding stand 4) revealed
no significant effects of overhead canopy cover on oak seedling abundance or size. However, high levels of
low cover (<5 ft) were associated with greater reductions over the 3-year duration of the study in seedling
density (p = 0.028) and smaller increases in mean oak seedling height (p = 0.002) and dominant seedling
height (p < 0.001).
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DISCUSSION

Estimates of deer densities for the areas encompassing our study stands ranged from 12 to 23 per square
mile in 2004 and 2005 (Pennsylvania Game Commission 2006). Current deer densities, although generally
lower than in recent decades, are greater than those thought to be present before European settlement
(Seton 1909, McCabe and McCabe 1984) and are much greater than densities during the early 1900s
when deer were nearly extirpated from Pennsylvania (Redding 1995, deCalesta 1997). Deer density,
although a helpful tool to land managers, oversimplifies the complex relationship between habitat and
deer. Not only are deer densities greater than those believed to be “natural”, but the habitat for advance
regeneration of oak (and for deer) has changed with the widespread emergence of a substantial mid-story
population of red maple, thought to be attributable to active control of wildfires during the past century
(Lorimer 1984, Abrams 1998). Red maple is less preferred as browse than oak, and closed-canopy, mixed-
oak forest as represented by most of the stands in this study may provide less browse than what occurred
historically, especially following decades of overbrowsing. Furthermore, vegetation growing in low light
conditions may be particularly sensitive to the effects of herbivory (Maschinski and Whitham 1989, Baraza
and others 2004).

Not surprisingly, protection from deer did not invariably enhance the abundance of oak regeneration in
our study stands, since seedling abundance can increase appreciably only in the infrequent event of a good
mast crop (Sharp and Sprague 1967, Auchmoody and others 1993, Sork and others 1993). Only one of
the six divided stands (stand 4) had a significant mast crop during their 2 years of study, and fenced and
unfenced areas in that stand both had similar increases in seedling density and frequency of occurrence on
sample plots when measured the following July. The other divided stands, on average, sustained decreases
in both density and frequency, but fencing against deer predation significantly reduced the net loss of

seedlings per acre.

Both Bell Furnace stands, which were fenced for 6 to 7 years, experienced substantial and sustained
increases in oak seedling density and frequency over the course of the study. The lack of controls for
those stands makes it impossible to know whether fencing was responsible for their increases in advance
regeneration. Nonetheless, that seems likely to be the case because their final densities were quite high for
typical (unfenced) stands in this region of Pennsylvania (Steiner and Finley, unpublished data). In contrast,
the Horsepath stand, which was fenced for 8 years, experienced large initial increases in both density

and frequency of oak seedlings but subsequently declined in both measures of abundance to levels less
than those present in 1997. The difference in outcome at Bell Furnace I and II vs. Horsepath is probably
attributable to their very different understory conditions. Both of the Bell Furnace stands, although fully
stocked in the overstory, contain sparse levels of understory and mid-canopy vegetation, while Horsepath
has a dense understory of mountain-laurel and other tall shrubs. The presence of low shade under a

full forest canopy can significantly reduce oak seedling growth and survival even in the absence of deer
browsing (Miller and others 2004). This conclusion — that low shade at Horsepath prevented advance
regeneration from responding to protection from deer — is bolstered by our finding that the level of low
shade (<5 ft) was significantly associated with reduction in oak seedling density and an inhibition of

growth.

We observed significant increases in seedling height as a result of fencing in the divided stands or
subsequent to fencing in the Bell Furnace I and II and Horsepath stands. However, the increase in mean

seedling height was less than about 5 inches even in those stands that were fenced for 6 to 8 years, and it
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was quite negligible in those that were fenced for only about 2 years. As mentioned, low vegetation cover
was significantly and negatively related to height growth, and it is probable that competition for light,
water, and nutrients in these fully stocked stands was generally inhibitory to seedling growth even where

deer browsing was not a factor.

Both Bell Furnace stands accumulated several thousand additional oak seedlings per acre while protected
from deer, and the seedlings grew significantly in height. Based on current guidelines for regenerating oak
in this region (Steiner and others 2008), both stands accumulated sufficient advance regeneration of oak to

regenerate to a predominance of oak following harvest, and in fact they were harvested in 2005 and 2006.

In contrast, oak advance regeneration did not accumulate at Horsepath in spite of 8 years of protection
from deer, although seedlings did become slightly larger. If Horsepath were harvested in its current state it
would regenerate primarily to red maple with minor components of chestnut oak, northern red oak, white
oak, and eastern white pine (Pinus strobus L.). Our experience with this stand makes it clear that protection
from browsing, even if continued for many years, does not in itself ensure the establishment of a healthy

cohort of advance regeneration.

Protecting advance regeneration from deer for 2 years had a significant effect on oak seedling density, but
overall effects on the strength of the cohort of oak advance regeneration were negligible. Protection for
longer periods may be effective in building a strong cohort of advance regeneration (Bell Furnace I and II),
but even long-term protection will not guarantee this outcome in the presence of high levels of low shade
(Horsepath). Although our study did not directly address the influence of shade and other manifestations
of competition on oak seedling growth, it is apparent that protection from deer may have to be combined
with some form of stand thinning or other competition control in order to be fully effective, especially
where substantial levels of low shade are present. The growth and survival of small oak seedlings in the
forest understory can be greatly enhanced by partial removal of shade, perhaps combined with fire (Loftis
1983, Loftis 1990, Brose and others 1999, Miller and others 2004). Mid-canopy and understory shade in
our stands arises almost entirely from species that are generally avoided by deer, and their predominance
is likely a result of decades of high deer populations. Overcoming the ecological legacy of decades of

overbrowsing may require more than simply protecting new oak regeneration from deer.
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