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ABSTRACT

The lack of regeneration in stands of Table Mountain pine {Pinus pungens Lamb.)

in the Southern Appalachian Mountains is of concern, particularly to federal land

managers. Efforts to regenerate Table Mountain pine stands with prescribed burning have

been less successful than expected. Several factors that may play a key role in successful

regeneration are currently being investigated. The purpose of this study was to determine

if Table Mountain pine seed viability and availability varied with tree age, cone age, and

season. Seeds were collected in four seasons from 2-5 year old cones of 5-76+ year old

trees. Results indicate that for trees 11 years and older, cones collected in the winter had

the highest number of seeds and that those seeds were most viable. Young stands of trees

less than 10 years old had many seed, but viability was poor. The results of this study can

used to identify stands with an adequate number of viable seed. Information from this

study and corollary studies funded by the Joint Fire Sciences Program will be used to

ensure successful regeneration of Table Mountain pine.
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Introduction

Researchers and practitioners have assumed that a seed source is always available

in serotinous-coned species such as Table Mountain pine (Pinus pungens); however, little

is known about the specific seed biology of Table Mountain pine (TMP). Table Mountain

pine stands of the Southern Appalachians are fire-dependent. In the past, cultural burning

practices and lightning-ignited fires provided the necessary disturbance for maintaining

these stands. The implementation of fire suppression programs in the early twentieth

century has resulted in a subsequent decline of TMP and a shift toward fire-intolerant

species. Since the majority of Southern Appalachian TMP is located on public lands,

federal agencies have joined together to regenerate TMP with prescribed burning.

However, efforts to regenerate stands with prescribed burning have been less successful

than expected (Waldrop & Brose 1999, Waldrop et al. 2000, Turrill et al. 2000).

The objective of this study was to determine if seed viability and availability vary

with tree age, cone age, and season in Table Mountain pine. Also, differences in the

number of cones per tree were to be evaluated. Information from this study may be used

to identify stands with an adequate and viable seed source in addition to suggesting the

most appropriate season for burmng. This study was conducted in conjunction with

corollary studies funded by the Joint Fire Sciences Program aimed at restoring Table

Mountain pine communities (Brose et al. 2001, Ellis et al. 2001, Mohr et al. 2001,

Randies et al. 2001, Waldrop et al. 2001).



I. Literature Review

Table Mountain pine was once considered a species of little economic value due

to its poor lumber quality (Williams 1992), and very little effort was given to its scientific

study. However, more recent research has shown that the importance of Table Mountain

pine lies in its ecological value. Commonly occurring with pitch pine (P. rigida), these

forest species provide adequate food and cover to a number of wildlife species

(Mollenhauer 1939, Williams 1998). In addition, they increase landscape diversity, and

protect areas within their natural range that are sensitive to erosion.

Table Moimtain pine is a fire-dependent Appalachian endemic fovuid primarily on

exposed ridgetops and southwest-facing dry mountain slopes from central Pennsylvania

to northem Georgia (Zobel 1969, Williams 1998). Also known as hickory pine, poverty

pine, mountain pine, and prickly pine, this somewhat hardy species has the adaptive

ability to resist drought and exposure, thus allowing it to occupy sites which are less

conducive to regeneration by other species in this region (Racine 1966, Williams 1992,

Zobel 1969, U.S.D.A. 1990).

Evidence of Decline

Evidence of declining populations of Table Mountain pine in the Southem

Appalachians has been recognized (SAMAB 1996, Harmon 1982 and White 1987; in

Williams 1998). This recognition has stimulated efforts to restore degraded stands, which

ai-e being replaced by hardwoods and loblolly pine (SAMAB 1996). In 1996, the



Southern Appalachian Assessment listed Table Mountain pine woodlands as one of

thirty-one rare communities in the Southern Appalachian Mountains (SAMAB 1996),

attributing its decline mainly to the lack of fire. According to SAMAB, a second factor

contributing to the decline were outbreaks of southem pine beetle. Stands killed by

southem pine beetle do not regenerate because the exposed mineral soil needed for

germination, usually provided by fire, is not present (SAMAB 1996). The Great Smoky

Mountains National Park Fire Management Plan states the species "appears" to be

declining within park boundaries (NPS 1996).

Results of a 1980 study conducted on the Meeting of the Pines Natural Area in

south-central Pennsylvania indicated that oaks were dominating areas once occupied by

pines, and that TMP stands were restricted to xeric, rocky, upper mountain slopes (Hunter

and Swisher 1983). Another study conducted in TMP stands on Brush Mountain in

southwestern Virginia concluded that a reduction in fire frequency following the

acquisition of the land by the U.S.D.A. Forest Service, would lead to oak-dominated

plant communities (Sutherland et al. 1995 as cited in SAMAB 1996).

Mollenhaurer (1939) attributed the scrubby appearance of TMP to limb cutting by

the red squirrel, (Tamiasciurus hudsonicus), a TMP seed consumer. A study conducted

by Zobel in the mid-1960's confirmed that red squirrels were indeed responsible for

gnawing off branches to get to the closed cones, but suggested that TMP seeds may serve

as a reserve food. This damage resulted in a loss of seed supply affecting distribution and

a reduction in growth, which decreased the competitive advantage of TMP relative to

those species not being trimmed by squirrels (Zobel 1969).



In addition to southern pine beetle, other damaging agents which may cause the

periodic demise of stands are the Table Moimtain pine cone worm Dioryctria yatesi, a

cone-boring insect (U.S.D.A. 1990) Phaeolus schweinitzii, which causes butt and root

rot, and Phellinuspini, which causes heart rot in older or damaged trees (U.S.D.A. 1990).

The Role of Fire

Prior to the early 1900's, Table Mountain pine stands were primarily maintained

by pre-historic and historic cultural burnings (Van Lear and Waldrop 1989, Williams

1998, Turrill 1998). A recent study using macroscopic charcoal in soils on five National

Forests throughout the Southem Appalachian region showed evidence of past fires in

yellow pine communities (Turrill 1999). Continued burning by Native Americans and

European settlers provided seedbeds suitable for regeneration. In the early twentieth

century, destructive logging operations and slash burning increased fire frequency

allowing pines to dominate upland forests (Turrill 1998, Mclntyre 1929).

Lightning ignited fires played a small but integral part in shaping the landscape of

the Southem Appalachians. In the Southem Appalachian region, lightning-ignited fires

occur annually at an average of six lightning fires per one million acres (SAMAB 1996).

More common on ridge tops and at higher elevations, these fires reinforced fire-adapted

traits of southem pine communities (Turrill 1998).

The role of fire in maintaining the yellow pine ecosystems of the Southem

Appalachians was altered in the early part of this century. The widely held view was that

fire was a destructive event and had no place in forest ecosystems. Both Gifford Pinchot,
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the first Chief of the U.S.D.A. Forest Service, and naturalist John Muir held a different

opinion. They recognized fire as a factor governing the distribution and character of

forest growth that could play an important role in maintaining forest health and integrity.

However, federal agencies adopted a fire suppression policy eliminating fire from public

land and a policy to prohibit any burning in newly established National Forests.

Ironically, this was seen as a method for preserving and maintaining ecosystems (Van

Lear and Waldrop, 1989).

Fire is the critical element in maintaining populations of TMP as part of the

landscape. Fire opens serotinous cones, exposes mineral soil by destroying litter,

eliminates competing vegetation and thus provides sufficient light and water to pine

seedlings. It may also minimize alleolopathic effects (Zobel 1969). In its absence,

competition ̂vith shade tolerant hardwoods, low seed rain from serotinous cones, and

poor seed bed conditions can limit TMP stands on some sites.

Zobel suggested that permanent self-maintaining stands exist on rock outcrops or

shale slopes where hardwood species grow poorly (Zobel 1969). An ongoing study by

Barden of a TMP population on Looking Glass Rock near Brevard, North Carolina,

indicated that new TMP were recruited between 1887 and 1996 despite the absence of

fire since 1889. However, environmental factors such as severe drought and an increase

in temperature can have a negative effect on recruitment. High temperatures may increase

the rate of opening of serotinous cones, but can reduce the production of viable seeds by

desynchronizing the release of pollen with female strobilus receptivity, or by inhibiting



germination. High temperatures also reduee seedling survival by reducing root growth.

(Zobel 1969).

Restoration with Prescribed Burning

The fire history of the Southern Appalachians resulted in most forest vegetation

adapting to fire and developing the ability to tolerate periodic fire to naturally regenerate.

Prescribed fire mimics natural processes that have been at work for centuries in the

Southem Appalachians. Major fires in the 1930's and 1950's brought about a realization

of the need for prescribed burning to reduce the hazards of disastrous wildfires (Van Lear

and Waldrop 1989). In an effort to enhance forest health and reduce fuel concentrations,

the U.S. Department of Agriculture and U.S. Department of the Interior have established

a national program to increase the use of prescribed fire as a management tool.

Previous studies on IMP regeneration suggested that high-intensity fires that

remove the forest canopy and expose mineral soil would best serve to manage the stands

(Zobel 1969, Sanders 1992). A 1999 study by Waldrop and Brose comparing fire

intensity levels suggested medium-high intensity fires were successful in killing

overstory trees and allowing abundant regeneration. Medium-intensity fires also have the

advantage of being less dangerous and are easier to schedule due to a longer time

available for buming (Waldrop and Brose 1998).



Adaptations to Fire

The specific combination of fire frequency and intensity has brought about

important morphological adaptations to fire in pine ecosystems. In general, major

adaptations possessed by pines are thick bark, cone serotiny, rapid development and

sprouting. Thick bark insulates the vascular tissue from low-intensity surface fires

thereby making post-fire survivorship greater in large, more vigorous trees rather than in

small or suppressed individuals. TMP is intermediate in bark thickness and fire

resistance. Cone serotiny appears to be an adaptation to repeated fires. The serotinous

cones of TMP aid in its persistence on sites where repeated fires maintain the maximnm

possible seed supply available (Zobel 1969). Serotiny differs from soil seedbanks in that

the seeds persist only for the life of the parent. Serotiny, which occurs exclusively in

conifers in the northem hemisphere, is common in woody species burned by crown fires

at intervals of a decade or more (Bond and van Wilgen 1996). Epicormic sprouting is

absent in TMP, and there are few basal buds, to which allow recovery of saplings after

fire injury and animal damage. TMP does, however, occur on sites that are least favorable

for rapid growth allowing it to out-compete other species for canopy space, minerals, and

soil moisture. The ultimate size of Table Moimtain pine on xeric sites is constrained less

than that of other tree species, allowing the pine to continue to compete, which it could

not do on more fertile sites where hardwoods dominate.



Cone and Seed Production

Research on cone and seed production is very limited. The first documented study

of cone and seed production was in 1929 by Mclntyre and focused on the location of

maximum seed production on the cone. He suggested no relationship between length or

weight of cone with seed viability. Information on this study is limited, but Harden

(1979) also noted Mclntyre's finding that seeds were retained in cones for many.

The cones of TM? are serotinous, and defined by Critchfield (1966) as cones that

remain closed on a tree for one or more years after the seeds mature, but can open rapidly

when high temperatures melt the resin, which seals cone scales. Serotiny is also defined

as 'canopy seed storage' where some of the previous year's seed crop is retained when

the current year's seed crop has matured (Keeley and Zedler 1998).

Cones of TMP are seen on trees of sapling size. The species has a minimum seed-

bearing age of 5 years (U.S.D.A. 1990). Cone length, width, and length to width ratio

appear to decrease significantly with elevation, but increase with latitude. Table

Moimtain pine has 2 to 5+ cones per whorl, with one flush of cones per year on the new

growth of the branch (Harden 1979, Zobel 1969). A 1929 study by Mclntyre found an

average of 3.1 cones per whorl produced each year. Immature cones are deep green to

brown. Mature cones are light brown and ripen in autumn of the second season (U.S.D.A.

1990). As cones age, the color changes from light brovra to gray.

Depending on elevation, pollen release varies from early March to late April

(Zobel 1969). Hybridization in TMP is restricted due to early pollen release as compared

to other pine species. Cones ripen in autumn of the second season and open depending on
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the degree of serotiny. There is no innate dormancy in seeds of TMP (Schopmeyer 1974).

Seeds of TMP are winged and triangular in shape. The high seed weight of TMP gives it

the advantage of establishing seedlings quicker in dry regions (Zobel 1969). Mclntyre

(1929) indicated frosts, drought, and heavy rains exert a greater influence on flower

initiation, cone growth, seed development, and viability than does tree age.



n. Study Areas

Criteria

The first criterion in choosing stands for this study was that TMP be the main

component of the stand. Second, several tree age classes ranging from 5 to 75+ years

needed to be present. Finally, a sufficient number of closed cones ranging in ages from 2

to 5 years needed to be present on the trees of the various age classes. U.S.D.A. Forest

Service personnel assisted in providing forest maps, TMP stand compartment maps, and

stand data to facilitate the search for stands to meet the criteria for suitable study

locations.

Several sample trees within each tree age class, 5-10,11-25,26-50, 51-75, and

76+ years were needed to represent trees across each age class. Tree age was determined

by extracting increment cores at breast height (4.5 ft.) and counting the annual rings.

Several stands in the Nolichucky Ranger District of the Cherokee National Forest (CNF)

met the criterion for tree age classes ranging from 11 to 75+ years.

Additional stands on the Pickens Ranger District of the Sumter National Forest

(SNF) and on the Tallulah Ranger District of the Chattahoochee National Forest (ChNF)

were needed to provide trees 5 to 10 years of age. In young stands where tree diameter

was too small for coring, trees were cut down to determine their age.

10



Location and Description of Study Areas

The Cherokee, Sumter, and Chattahoochee National Forests are in the Southern

Appalachian region. These areas are included in the Blue Ridge, and Ridge and Valley

physiographic provinces of the Southern Appalachian Mountains (Fenneman 1938).

Climate in the Southern Appalachian region is greatly influenced by topography

and elevation. Climatic data from the nearest weather station to each study area were

obtained. These data included averages for data from 1961 through 1990.

The nearest weather station to the Nolichucky Ranger District, CNF is the U.T.

Tobacco Experiment Station in Greenville, Tennessee, elevation 924.9 ft. (281.6 m).

Average annual temperature was 56.2 degrees F (13.4° C). January was the coolest month

with an average temperature of 34.9 degrees F (1.6° C) and July was the warmest month

vvdth an average of 75.3 degrees F (24.1° C). The average annual precipitation was 42.1

in. (107.0 cm). Records indicated July to be the wettest month with an average rainfall of

4.9 in. (12.4 cm), and October to be the driest month with an average of 2.7 in. (6.73 cm)

(Southeast Regional Climate Center 2000).

The Highlands, North Carolina weather station, elevation 3,799 ft. (1158 m) was

nearest to the study area in the Chattahoochee National Forest. From 1961 to 1990, the

average annual temperature was 51.8 degrees F (11.0° C). The warmest month was July

with an average of 68.1 degrees F (20.1° C), and January was the coolest month v^th an

average temperature of 33.9 degrees F (1.1° C). Average annual precipitation was 83.8 in.

(212.8 cm). Records indicated March to be the wettest month with an average rainfall of
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8.2 in. (20.9 cm), and April to be the driest month with an average of 6.2 in. (15.7 cm)

(Southeast Regional Climate Center 2000).

The Walhalla, South Carolina weather station, elevation 980.0 ft. (298.7 m) was

nearest to the study area in the Sumter National Forest. From 1961 to 1990, the average

annual temperature was 58.9 degrees F (14.9° C). The warmest month was July with an

average of 76.3 degrees F (24.6° C), and January was the coolest month with an average

temperatiue of 40.0 degrees F (4.4° C). Average annual precipitation was 61.6 in. (156.4

cm). Records indicated March to be tlie wettest month with an average rainfall of 6.5 in.

(16.6 cm), and October was the driest month with an average of 4.4 in. (11.3 cm)

(Southeast Regional Climate Center 2000).

Cherokee National Forest

Data were collected from three locations within the Nolichucky Ranger District of

the CNF. All three locations contained stands adjacent to U.S.D.A. Forest Service roads.

Round Knob Road and Green Mountain Road/Horsehitch Gap are in Greene County,

Tennessee. The third location. Meadow Creek Road, is in Cocke County, Teimessee.

Round Knoh Road

Round Knob Road (Forest Route 88) is southeast of Greenville, Teimessee and in

the vicinity of Caney Creek and Jennings Creek in the northem portion of the Cherokee

National Forest. The sampling location (36° 5' 15" N, 82° 41' 20" W) had an average

12



elevation of 2625 ft. (800 m). Round Knob is in the Bald Mountains of the Southern

Appalachian range. The geology is of the Unicoi and Hampton formations. Soils are

Ramsey stony loam, very steep phase. They are weathered from quartzite, slate, shale,

sandstone, and other acid metamorphic rocks. They are predominantly on plateaus and

upper slopes of mountains. Runoff is medium to rapid, and permeability is rapid. Depth

to bedrock ranges from 6 in. (15 cm) to 2 ft. (61 cm) (United States Department of

Agriculture Natural Resource Conservation Service: Soil Survey Division 2001).

Green Mountain Road/Horsehitch Gap

Green Mountain Road (Forest Route 98) is south of Greenville, Tennessee in the

northern portion of the Cherokee National Forest. It runs along Green Mountain, which is

part of the Bald Mountains of the Southern Appalachian range. The sampling location

(36° r 55" N, 82° 46' 10" W) had an average elevation of 2400 ft. (731 m). The geology

of the location is of the Ocoee Supergroup and Unicoi formations. The soils at this

location are Ramsey stoney loam, very steep phase. They are similar in character to those

at the Round Knob Road location (United States Department of Agriculture Natural

Resource Conservation Service: Soil Survey Division 2001).

Meadow Creek Road

Meadow Creek Road (Forest Route 142) is east of Newport, Termessee and also

in the northern portion of the Cherokee National Forest. It is in the Meadow Creek

13



Mountains of the Southern Appalachian range and north of the French Broad River. The

sampling location (35° 58' 20" N, 82° 58' 10" W) had an average elevation of 2625 ft

(800 m). Geology of this location is of the Erwin and Hampton formations. Soils are

rough mountainous land, Ramsey soil material. These soils consist of very shallow,

somewhat excessively drained soils on uplands with depths from zero to 1.5 ft. (45 cm).

Small areas of rock outcrop of quartzite, conglomerate and sandstone are common,

especially on steep and very steep backslopes. Soils of this series are very acidic and

produce forests of slow growths and poor yields (United States Department of

Agriculture Natural Resource Conservation Service: Soil Survey Division 2001).

Chatahoochee National Forest

This location is on Sarah Creek Road (Forest Route 155) in the Warworn an

Wildlife Management on the Tallulah Ranger District Area east of Clayton, Georgia in

Rabun Coimty, Georgia. The sampling location (34° 55' 30" N, 83° 16' 50" W) had an

average elevation of 2120 ft. (646 m) The geology of this location is Blue Ridge and

Piedmont crystalline rock derived from metagawacke/mica schist and aluminous schist.

Soils are of the Saluda and Evard fine loamy series. Saluda soils are shallow, well-

drained, and moderately permeable soils formed in weathered granite, gneiss, or schist.

Saluda soils are generally on narrow crests and steep slopes of the Appalachian

Movmtains at elevations ranging from 1,500 to 5,000 feet (457.2 m to 1,524.0 m). The

Evard fine loamy series consists of very deep, well-drained soils that formed in residuum

that may be affected by soil creep in the upper part of the profile. It is weathered from

14



felsic to mafic, igneous and high-grade metamorphic rocks such as granite, hornblende

gneiss, mica gneiss, and schist. Evard soils are on narrow to medium ridgetops and

irregular or convex slopes in the Southem Appalachian Mountains (United States

Department of Agriculture Natural Resource Conservation Service: Soil Survey Division,

2001).

SuMTER National Forest

Data were collected from two locations within the Andrew Pickens Ranger

District of the SNF. Both locations contain stands adjacent to Forest Service roads.

Brasstown Road (Forest Route 748) and Damascus Road (Forest Route 753) are both

within Oconee County. Stand characteristics did not vary significantly. Both locations are

south of South Carolina State Highway 76.

The geology of the two locations was Blue Ridge and Brevard Belts. Soils were

of the Walhalla and Edneytown series. The Walhalla series consists of very deep, well-

drained, moderately permeable soils that formed in residuum from granite, gneiss, or

schist. Walhalla soils are on narrow ridgetops and side slopes adjacent to drainageways in

the Southem Appalachian Moimtains. The Edneytown series consists of very deep, well-

drained, moderately permeable soils that formed in loamy material weathered from

gneiss, granite, or schist rock. They are on ridgetops and side slopes adjacent to

drainageways of the Southem Appalachian Mountains. Edneytown soils are on narrow to

medium ridgetops and irregular or convex slopes in the Southem Appalachian
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Mountains. (United States Department of Agriculture Natural Resource Conservation

Service: Soil Survey Division 2001).

Damascus Road

This location lies between Battle Creek and Brasstown Creek. Coordinates are 34° 42'

45" N, 83° 16' 15" W); the elevation is 1580 ft(481 m).

Brasstown Road

This location is southeast of the Damascus Road location and north of Longnose

Mountain. Coordinates are (34° 43' 15" N, 83° 19' 10" W); the elevation is 1510 ft(460

m).
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III. Methods

Cone Collection

Cone collection took place in four consecutive seasons, beginning in the fall of

1999 and ending in summer of 2000. Cone collection representing each season was

dependent on temperature and weather conditions rather than the actual month (Table 1).

Winter collection was postponed until the end of February as a result of icy conditions on

roads thereby preventing the use of the bucket truck. One collection was made from each

location during each season. Fall months included September, October and November.

Subsequent collections for the remaining seasons, winter, spring, and summer included

three months for each season (Table A-1, A-2, A-3, A-4).

Sample trees in the Cherokee National Forest locations were marked, numbered,

and tagged for easy identification throughout the study. Notation was made of tree age at

breast height, diameter at breast height, and the number of cones per tree. Sixty-six trees

were chosen from the three locations in CNF (Table A-5). Twenty trees were selected

from the Roimd Knob Road location ranging in age at breast height from 15 to 98 years.

Twenty-three trees were selected from both the Green Mountain Road/Horsehitch Gap

location and the Meadow Creek Road location, ranging in age at breast height from 18 to

135 years and 16 to 148 years respectively.

Data collection for the Sumter and Chattahoochee National Forest locations began

in November. A total of forty sample trees ranging in age from 5 to 12 years at breast

height was chosen from the Sumter and Chattahoochee National Forests (Table A-6).
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Table 1. Cone collection dates for a study in Table Mountain pine stands on the
Cherokee (CNF), Chattahoochee (ChNF), and Sumter (SNF) National Forests.

Season CNF ChNF/SNF

Fall Oct. 20-21 Nov. 5-6

Winter Feb. 23-24 Mar. 3-4

Spring May 17-18 June 17-18

Summer July 5-6 July 21-22
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Data were collected from approximately ten trees for each season. Sample trees at these

locations were too small in diameter to core for age; therefore, it was necessary to cut the

trees down to determine tree age. Thirteen trees were selected from both the Damascus

Road and Brasstown Road locations. Fourteen trees were chosen from the Sarah Creek

Road location. Notation was made of tree age at breast height, diameter at breast height,

and number of cones per tree. Access to cones for the younger stands in the Sumter and

Chattahoochee National Forests locations was achieved once trees were cut down.

An aerial lift truck with a 55 ft. boom, provided by the U.S.D.A. Forest Service,

Southern Research Station, was used for cone collection at the Cherokee National Forest

locations. Research Entomologist James Hanula and biological technician Michael Cody,

with the Southern Research Station, assisted in cone collection while conducting a

separate study on coneworm damage. In October when cone collection began, there was

evidence of Dioryctria yatesi (TMP coneworm) infestation in sample trees located on the

Cherokee National Forest. Holes left by burrowing could be seen on the outside of the

closed cones. As the worm burrows into the cone, the cone changes from bright green to

a deep purple resembling a bruise. Slicing the cone in half allowed viewing of the worm.

A total of 264 cones was expected each season from the 66 sample trees.

However, coneworm infestations reduced the success of finding soimd cones. Collections

included only 232 cones (88%) in the fall, 206 cones (78%) in the winter, 185 cones

(70%) in the spring, and 160 cones (61%) in the summer. Each collection produced

increasing evidence of coneworm infestation. There was no sign of coneworm damage in

the yotmg sample trees on the Sumter and Chattahoochee National Forests.
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This study focused on closed cones 2 to 5 years old. To ensure accuracy, cone age

for this study was determined by color, position of whorl on branch, and time of year. In

addition, no cones were sampled from broken branches. TMP cones are sessile, heavy,

and armed with thick pointed spines. Leather gloves were used for cone removal. One

cone representing each cone age was collected from each tree for a possible total of four

cones per tree per season. If possible, cones from the same whorl or branch were taken to

represent each season. Once removed from the branch, each cone was placed in a

separate paper bag. Tree number, cone age, and location were recorded on the bag.

Seed Extraction

Following cone collection for each season, bags were placed one layer thick in a

drying oven for a minimum of 12 hours at 60° C to allow cones to open. Following

heating, bags were removed and stored at room temperature. Seed extraction was

achieved by turning the cone upside down and knocking it on a hard surface. Seeds were

collected and seed wings removed. Seeds were then counted, placed in small envelopes,

and labeled for identification.

Seed Germination

To determine seed viability, a sample of two-thirds of the total number of seeds

extracted from each cone was selected for the germination test. For cones containing

fewer than three seeds, one seed was selected. The selected seeds from each cone were
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placed in a covered 100x15 mm plastic Petri dish lined with a 9.0 cm diameter, course

filter paper moistened with deionized water. Petri dishes were labeled, sealed with two

inch parafilm to prevent moisture loss, and placed in an incubator and held at a constant

temperature of 25° C for 14 days. After 14 days, dishes were removed and opened. Seeds

were considered viable if any growth could be seen.

Statistical Analysis

Each cone collected represented one observation. The total number of seeds

extracted from each cone, the number of seeds selected for germination tests, and the

number of viable seeds were entered into a SAS file. Percent viability was the number of

viable seeds divided by the total number of seeds tested times 100. The number of viable

seed per cone was estimated by multiplying the number of seed extracted by percent

viability divided by 100.

The total number of seeds extracted from each cone, percent viability per cone,

and the number of viable seed per cone were then analyzed with ANOVA using the

General Linear Methods procedure in SAS (SAS Institute 1997). Variables tested were

tree age-classes, seasons, and cone ages, and interactions among these variables. After

data were analyzed vvith ANOVA, means were obtained for tree age-classes, seasons, and

cone ages, and tested using Duncan's Multiple-Range test. Cones per tree were also

analyzed by tree age class with ANOVA (GLM, SAS, SAS Institute 1997). Means by

tree age-class were calculated and tested using Duncan's Multiple Range test. All

statistical analyses were conducted using a 95% confidence level.
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IV. Results

Seed Availability

ANOVA showed significance in the number of seeds extracted from a cone by

season and also by cone age (Table 2, A-7). The analysis produced no significance in the

interactions of tree age class, cone age, and season. The average number of seeds per

cone generally decreased with tree age class. Duncan's multiple range test identified two

overlapping groups for tree age class: (1) 11-25 years, 5-10 years and 26-50 years; (2) 26-

50 years, 51-75 years and 76+ years. The average number of seeds extracted per cone

was significantly higher for the winter and fall collections than for the spring and summer

collections. Extraction numbers by cone age indicated that seeds were significantly more

numerous in 3, 4, and 5 year old cones than in 2 year old cones.

Percent Seed Viability

Seed viability was significantly associated with tree age classes, seasons, and

cone ages (Table 3, A-8). The analysis produced no significance in the interactions of tree

age class, cone age, and season. Seed viability was highest for the 76+ years tree age

class at 38.6% and lowest for the 5 -10 year tree age class at 8.8%. For the 5-10 year tree

age class, seed viability was significantly lower than the other classes. Seed viability for

winter and spring collections was significantly higher than viability for fall and summer

collections. Viability of seeds collected in the summer was significantly lower than that

of the other three seasons. Four and 5 year cones did not vary significantly, but were
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Table 2. Average number seeds per cone by tree age class, season, and cone age in
Table Mountain pine stands in the Cherokee, Sumter, and Chattahoochee National
Forests.

Tree Age Class Mean'

5-10 years 46.0a,b

11 - 25 years 51.9a

26-50 years 43.5a,b

51-75 years 41.5b

76+ years 37.9b

Season Mean'

Fall 45.9a

Winter 49.8a

Spring 39.2b

Summer 37.5b

Cone Age Mean
r

2 years 38.2b

3 years 46.0a

4 years 47.3a

5 years 47.0a

' Means within each group followed by the same letter do not differ at alpha=.05
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Table 3. Average percent viability of seed by tree age class, season, and cone age in
Table Mountain pine stands in the Cherokee, Sumter, and Chattahoochee National
Forests.

Tree Age Class Mean'
5-10 years 8.8%b

11 - 25 years 33.3%a

26-50 years 32.7%a

51-75 years 32.9%a

76+ years 38.6%a

Season Mean'

Fall 28.1%b

Winter 40.0%a

Spring 35.4%a

Summer 21.2%c

Cone Age Mean'
2 years 27.3%b

3 years 27.6%b

4 years 38.5%a

5 years 36.7%a

' Means within each group followed by the same letter do not differ at alpha=.05
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significantly more viable than 3 and 2 year old cones. Viability for 3 and 2 year old cones

did not vary significantly. Four and 5 year cones did not vary significantly, but were

significantly more viable than 3 and 2 year old cones. Viability for 3 and 2 year old cones

did not vary significantly.

Number of Viable Seed Per Cone

ANOVA showed significance in the number of viable seeds per cone by tree age

class, season and also by cone age (Table 4, A-9). The analysis produced no significance

in the interactions of tree age class, cone age, and season. The number of viable seeds per

cone did not differ significantly in trees 11 to 76+ years but was very low for the 5 to 10

year tree age class. The largest number of viable seed was from cones collected in the

winter season. The number of viable seed from the summer collection was significantly

lower than the other seasons. Fall and spring collections did not differ significantly. The

number of viable seeds from the 4 and 5 year old cones did not differ, but was

significantly higher than the 2 and 3 year old cones.

Number of Cones By Tree Age Class

ANOVA showed significance in the number of cones per tree by tree age class.

Each tree age class was significantly different from the other except for the 51 to 75 and

the 76+ year tree age class. Cones increased in number with tree age (Table 5, A-10).
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Table 4. Average number of viable seed per cone by tree age class, season, and cone
age in Table Mountain pine stands in the Cherokee, Sumter, and Chattahoochee
National Forests.

Tree Age Class Mean'
5-10 years 5.6b

11 - 25 years 21.0a

26 - 50 years 17.4a

51-75 years 17.0a

76+ years 16.8a

Season Mean

Fall 16.1b

Winter 23.3a

Spring 14.8b,c

Summer 11.2c

Cone Age Mean'

2 years 13.1b

3 years 13.7b

4 years 23.0a

5 years 19.8a

' Means within each group followed by the same letter do not differ at alpha=.05
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Table 5. Average number of cones per tree by tree age class in Table Mountain pine
stands in the Cherokee, Sumter, and Chattahoochee National Forests.

Tree Age Class Mean'

5-10 years 5.3d

11 - 25 years 24.6c

26 - 50 years 49.1b

51-75 years 67.1a

76+ years 76.3a

' Means vvithin each group followed by the same letter do not differ at alpha=.05
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V. Discussion

Lack of regeneration following prescribed fire in the fire dependent Table

Mountain pine stands led to several questions. In addition to current research on stand

replacement fire, several recent studies are examining other factors such as seedbed

habitat, mycorrhizal associations, and disturbance history through dendrochronology. The

questions focused on in this study were, "Can stands with an adequate and viable seed

source be identified?" and "Are there differences in seed numbers and viability as a result

of tree age, cone age, and/or the season in which the seeds were collected and

germinated?"

Seed Numbers and Viability

Tree A^e Class

Mclntyre (1929) reported that Table Mountain pine averaged 49.6 seeds per cone

with an average viability of 81%. Mclntyre (1929) was the only published report with

which to compare the results from the current study. There was no significant difference

in the number of seeds per cone from trees 5 to 76+ years old (Table A-7). However,

seeds did decrease in number as tree age increased beginning with the 11 year old trees.

This trend was interrupted by the 5-10 year old trees whose seed numbers exceed those

trees 26 to 76+ years old (Table 2). Trees in the 5 to 10 year old age class were located

farther south in latitude than the 11-76+ age class trees, and may have produced

differences as a result of soil and climate. Mclntyre (1929) found that both drought and
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heavy precipitation could have a greater influence on cone and seed development than

age of tree.

Although trees of all age classes produced an adequate number of seeds; there

was a very significant drop in percent seed viability and the number of viable seeds per

cone in trees 5 to 10 years (Tables 3 and 4). As stated earlier, location may be a factor.

This could also be a response to fire intervals in the past. Studies have shown that prior to

acquisition by the U.S. Forest Service, fires occurred approximately every 10 to 12 years

in some areas of the Southem Appalachians (Harmon 1982, Sutherland et al. 1993).

Although seed numbers in the 5 to 10 year age class are adequate, low viability in this

age class may result in poor regeneration if very young stands are burned too frequently.

However, periodic fires are necessary to reduce the establishment of hardwoods which

out-compete young seedlings.

Cone Age

The trend for number of seeds per cone and for viability was the same, Avith 2

year old cones ranking significantly lower in both categories (Tables 2, 3, 4). Seeds from

3 year old cones were also significantly lower in percent viability and the number of

viable seeds per cone than seeds from the 4 and 5 year old cones (Tables 2, 3, 4).

This was probably the result of differences in pollenation and other factors in the

respective years of cone development. These effects could not be separated because the

cones in this study were collected in the same year; that is, two year old cones were

initiated in 1998, three year old cones in 1997, and so forth. To separate the effect of cone
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age from the effect of year would require a multi-year study. This study does suggest,

however, that viability does not decrease with time.

A seed study on jack pine {P. banksiana), another serotinous coned species, found

a significant drop in seed quality from 3 year old cones and concluded that constant

moisture content is a more important factor in maintaining viability than temperature

(Schantz-Hansen 1941). Harden (1979) stated that seeds can remain viable in cones up to

11 years. Harden also found that about 40% of the 2 year old seeds are released each year

as a strategy for maintaining the population in the absence of fire. Similar to TMP, jack

pine cones remain on the tree for several years and open irregularly to liberate a few

seeds at a time (Schantz-Hansen 1941).

Season

Cones collected in winter and fall produced a significantly higher number of seeds

than cones from the spring and summer collections. Percent viability was highest in seeds

from the winter collection, but not significantly different from spring. The lowest percent

viability and the number of viable seeds per cone, occurred in seeds in the summer

months. This suggests that although cones ripen in autumn of the second season, seed

viability may not peak until winter. Mature cones generally turn brown; however, cone

color alone may not be sufficient evidence for maturity. To avoid collecting immature

seeds, the manual of Seeds of Woody Plants of North America (1992) suggests checking

ripeness in a small sample of cones from individual trees. A mature seed has a firm white
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or cream-colored endosperm and a yellow to white embryo that nearly fills the

endosperm cavity

The delayed effects of severe drought can cause reduced production of viable

seed. In addition, high temperatures can cause premature opening of serotinous cones. It

also reduces the production of viable seeds by desynchronizing pollen release and female

strobilus receptivity or by inhibiting germination (Zobel 1969).

As seeds age, viability can be maintained for some time. However, they

eventually enter a period of rapid decline during which some seeds completely fail to

germinate and grow normally. The differences in viability among seeds of the same age

can be related to heterogeneity of individual seeds within a seed lot (Kozlowski 1972).

Frequent fne is an important technique to perpetuate the existence of genetic diversity

within stands and would allow for regular population turnover (Gibson et al. 1990).

Cones Per Tree

The number of cones per tree increased with tree age class based on ocular

estimates This is expected since tree crown surface area increases with tree size and age.

More cones with increasing tree age suggests buming in stands with higher components

of older trees since the number of cones per tree increases faster with age than the

number of viable seed per cone decreases.
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VI. Conclusion and Recommendations

To enhance forest health and reduce fuel concentrations, the United States

Department of Agriculture and the United States Department of the Interior have

established a national program to increase the use of prescribed fire as a management

tool. Without periodic fire, it is unlikely that fire dependent species such as the Table

Mountain pine will achieve optimal regeneration.

To achieve success, several factors are needed including adequate seedbed with

available moisture and light, fire intervals that do not negatively affect the microbial

activity in the soil, and an adequate and viable seed crop. Tree age is not a factor since

stands older than 10 years of age provided an adequate and viable seed source. Although

cones did show some difference in their ability to provide adequate viable seed numbers,

there would be no way to discriminate among cones of different ages when burning.

Further, although the seeds of Table Mountain pine mature in the fall of the second

season, winter provided the highest percentage of viable and number of viable seed.

If management of declining populations is to be effective, the development of a

prescribed burning plan should consider tree age and season in which burning is

implemented to ensure that an adequate and viable seed source is present.

Further investigation into seed biology should be considered. This study was

limited to one year and forced to eliminate trees originally selected due to insect damage

and drought conditions. Conducting this research over a longer period of time and over a

wider area, would better qualify results.
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Table A-1: Fall collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests.
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Table A-1: Fall collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).
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Table A-1: Fall collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

5 yr. Cone Seeds4 yr. Cone Seeds3 yr. Cone Seeds2 yr. Cone Seeds

ffSeeds ffSeeds

Germ. Viable
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Table A-1: Fall collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

KJ

4 yr. Cone Seeds 5 yr. Cone Seeds2 yr. Cone Seeds 3 yr. Cone Seeds

#Seeds #Seeds

Ext. Germ. Viable

ffSeeds #Seeds

Ext. Germ. Viable

nSeeds #Seeds

Germ. Viable

ffSeeds ttSeeds

Ext. Germ. Viable

Tree Ag

yrs.@bh ExtTree#
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Table A-2: Winter collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests.

5 yr. Cone Seeds4 yr. Cone Seeds3 yr. Cone Seeds2 yr. Cone Seeds

ffSeeds #Seeds

Germ. Viable

#Seeds nSeeds

Germ. Viable

#Seeds #Seeds

Germ. Viable

#Seeds #Seeds

Ext. Germ. Viable

Tree Ag

yrs.@bh Ext.Ext.Tree# Ext
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Table A-2; Winter collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

-P".

2 yr. Cone Seeds 3 yr. Cone Seeds 4 yr. Cone Seeds 5 yr. Cone Seeds

ffSeeds #Seeds
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Table A-2: Winter collection data for a study conducted on Table Mountain pine stands in tbe Cherokee, Sumter,
and Chattahoocbee National Forests (cont.).

2 yr. Cone Seeds 3 yr. Cone Seeds 4 yr. Cone Seeds 5 yr. Cone Seeds

#Seeds #Seeds

Germ. Viable

ffSeeds

Germ.

ffSeeds

Viable

ffSeeds ffSeeds

Germ. Viable

ffSeeds #Seeds

Germ. Viable

Tree Ag

yrs.@bhTree# Ext. Ext Ext. Ext.
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Table A-2: Winter collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

Tree Ag

Tree# yrs.@bh
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112 5
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Table A-3: Spring collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests.

4 yr. Cone Seeds 5 yr. Cone Seedsyr. Cone Seeds 3 yr. Cone Seeds

ffSeeds #Seeds

Germ. Viable

#Seeds #Seeds

Germ. Viable
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Ext. Germ. Viable

ffSeeds #Seeds
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Table A-3: Spring collection data for a study conducted on Table Mountain pine stands in tbe Cherokee, Sumter,
and Chattaboochee National Forests (cont.).

Tree#

Tree Ag

yrs.^bh

2 yr. Cone Seeds
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3 yr. Cone Seeds 4 yr. Cone Seeds 5 yr. Cone Seeds
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Table A-3: Spring collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.)>

vo

5 yr. Cone Seeds2 yr. Cone Seeds 3 yr. Cone Seeds 4 yr. Cone Seeds

^Seeds
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#Seeds nSeeds

Ext. Germ. Viable
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Table A-3: Spring collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattaboochee National Forests (cont.).

o

5 yr. Cone Seeds4 yr. Cone Seeds2 yr. Cone Seeds 3 yr. Cone Seeds

ffSeeds ffSeeds

Germ. Viable

#Seeds

Viable

ffSeeds #Seeds

Germ. Viable

^Seeds #Seeds

Germ. Viable

//Seeds
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Tree Ag

yrs.@bh Ext.Ext Ext. Ext.Tree//
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Table A-4: Summer collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests.

S yr. Cone Seeds2 yr. Cone Seeds 3 yr. Cone Seeds 4 yr. Cone Seeds

#Seeds #Seeds
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ffSeeds #Seeds
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Table A-4: Summer collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

Tree#

Tree Ag

yrs.@bh

2 yr. Cone Seeds

#Seeds #Seeds

Ext. Germ. Viable
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Table A-4: Summer colleetion data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.)>

Tree#

Tree Ag

yrs.@bh

43 20

Hd-si: 80
I
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#Seeds #Seeds
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Table A-4: Summer collection data for a study conducted on Table Mountain pine stands in the Cherokee, Sumter,
and Chattahoochee National Forests (cont.).

5 yr. Cone Seeds4 yr. Cone Seeds3 yr. Cone Seeds2 yr. Cone Seeds
ffSeeds ffSeeds

Germ. Viable

^Seeds #Seeds

Germ. Viable

ffSeeds

Germ.

ffSeeds

Viable

#Seeds #Seeds
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Tree Ag

yrs.@bh ExtExtExt.ExtTree#

8

64 4367

-4«-%58 38-:66

50131 75
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32;.- 021m
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IMmsmm
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42-j,;;.i-:>j.28:59 , 39

61 41

138

28 1925373312 11 50139

34- : • ' 23 0,
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Table A-5. Data on trees selected from the Cherokee National Forest for a Table
Mountain pine study.

Tree#

Tree Age (Yrs.)
at bh^ dbh (In.) #Cones Location^

1 45 9.4 50 RKR

2 34 5.3 0 RKR

3 40 8.8 80 RKR

4 66 11.3 50 RKR

5 17 5.3 40 RKR

6 50 6.9 70 RKR

7 26 6.1 70 RKR

8 64 8.5 80 RKR

9 98 12.8 100+ RKR

10 17 4.0 60 RKR

11 53 10.1 100+ RKR

12 56 8.6 100+ RKR

13 66 11.6 100+ RKR

14 94 5.5 50 RKR

15 95 6.5 60 RKR

16 92 7.0 50 RKR

17 85 10.8 80 RKR

18 17 3.8 30 RKR

19 15 2.8 20 RKR

20 17 4.1 20 RKR

21 51 5.4 30 HH/GM

22 52 6.4 60 HH/GM

23 50 10.1 50 HH/GM
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Table A-5 (cont.). Data on trees selected from the Cherokee National Forest for a
Table Mountain pine study.

Tree#

Tree Age ̂rs.)
at bh' dbh (In-) #Cones Location^

24 55 8.5 75 HH/GM

59 8.2 50 HH/GM

26 52 6.8 50 HH/GM

27 57 6.9 25 HH/GM

28 68 10.0 30 HH/GM

29 70 12.0 50 HH/GM

67 9.7 50 HH/GM

31 135 11.8 50 HH/GM

32 70 9.5 72 HH/GM

33 46 7.5 15 HH/GM

34 64 11.3 75 HH/GM

69 11.4 30 HH/GM

36 76 11.3 50 HH/GM

37 32 5.0 25 HH/GM

38 18 2.8 10 HH/GM

39 22 3.9 10 HH/GM

43 7.3 75 HH/GM

41 22 6.6 50 HH/GM

42 23 5.7 20 HH/GM

43 20 3.5 25 HH/GM

44 80 11.3 75 MCR

74 8.8 100 MCR

46 65 5.3 75 MCR
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Table A-5 (cont.). Data on trees selected from the Cherokee National Forest for a
Table Mountain pine study.

Tree#

Tree Age ̂ rs.)
at bh' dbh (In.) #Cones Location^

47 80 7.5 50 MCR

48 73 10.1 75 MCR

49 75 11.1 10 MCR

50 60 5.7 75 MCR

51 62 9.9 40 MCR

52 45 12.2 100 MCR

53 26 7.2 20 MCR

54 81 13.2 100 MCR

55 16 2.8 10 MCR

56 17 6.4 25 MCR

57 30 6.7 50 MCR

58 31 5.8 40 MCR

59 34 11.2 40 MCR

60 21 9.0 30 MCR

61 20 6.0 25 MCR

62 44 8.2 50 MCR

63 148 14.4 150+ MCR

64 27 7.8 50 MCR

65 67 14.4 100 MCR

66 58 17.4 100 MCR

' bh - breast height (4.5 ft. above high ground at tree base)
^ RKR: Round Knob Road, HH/GM: Horsehitch Gap/Green Mountain,
MCR: Meadow Creek Road
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Table A-6. Data on trees selected from the Sumter and Chatahoochee National
Forests for a Table Mountain pine study.

Tree#

Tree Age (Yrs.)
at bh' dbh (In.) #Cones Location^

101 8 1.5 5 SCR

102 6 1.8 7 BRA

103 5 1.3 6 BRA

104 5 0.5 3 BRA

105 8 1.5 4 SCR

106 7 2.5 5 DAM

107 9 1.0 9 SCR

108 6 1.0 4 DAM

109 12 4.5 10 SCR

110 6 2.0 5 DAM

111 6 2.0 7 DAM

112 5 1.7 9 DAM

113 6 1.8 3 DAM

114 6 1.5 4 BRA

115 7 1.6 8 DAM

116 7 1.4 5 SCR

117 10 2.2 6 SCR

118 8 1.3 7 SCR

119 7 1.5 3 SCR

120 6 1.4 5 BRA

121 5 1.7 4 BRA

122 5 1.9 6 BRA

123 6 2.1 8 DAM
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Table A-6 (cont.). Data on trees selected from the Sumter and Chatahoochee
National Forests for a Table Mountain pine study.

Tree#

Tree Age (Yrs.)
at bh^ dbh an.) #Cones Location^

124 6 1.5 4 DAM

125 8 1.4 4 DAM

126 9 2.3 6 SCR

127 9 1.8 7 SCR

128 9 1.6 3 SCR

129 10 2.3 5 SCR

130 10 1.9 8 SCR

131 8 1.8 7 DAM

132 6 1.6 6 DAM

133 5 1.5 3 BRA

134 5 1.6 4 BRA

135 8 2 2 SCR

136 7 1.8 7 DAM

137 9 1.7 3 SCR

138 6 1.4 5 BRA

139 12 2.3 8 SCR

140 6 1.5 6 BRA

' bh - breast height (4.5 ft. above high ground at tree base)
^ SCR: Sarah Creek Road, BRA: Brasstown Road, DAM: Damascus Road
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Table A-7. Analysis of variance for number of seeds per cone in Table Mountain
pine stands in the Cherokee, Sumter, and Chattahoochee National Forests.

Source df F Pr>F

Tree Age Class 4 2.28 0.0593

Season 3 3.56 0.0140*'

Cone Age 3 3.19 0.0233*

Tree Age Class x Season 12 1.20 0.2751

Tree Age Class x Cone Age 12 1.73 0.0561

Season x Cone Age 8 0.73 0.6660

Tree Age Class x Season x Cone Age 28 1.27 0.1633

^ * - significant at the alpha=0.05 level.
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Table A-8. Analysis of variance for percent viability of seed in Table Mountain pine
stands in the Cherokee, Sumter, and Chattaboochee National Forests.

Source df F Fr>F

Tree Age Class 4 4.55 0.0012**

Season 3 10.19 0.0001*

Cone Age 3 2.82 0.0383*

Tree Age Class x Season 12 0.37 0.9726

Tree Age CIeiss x Cone Age 12 0.75 0.7044

Season x Cone Age 8 1.58 0.1271

Tree Age Class x Season x Cone Age 28 0.54 0.9763

^ * - significant at the alpha=0.05 level.
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Table A-9. Analysis of variance for number of viable seed per cone in Table
Mountain pine stands in the Cherokee, Sumter, and Cbattaboochee National
Forests.

Source df F Pr>F

Tree Age Class 4 3.20 0.0128*^

Season 3 8.13 0.0001*

Cone Age 3 4.04 0.0073*

Tree Age Class x Season 12 0.64 0.8111

Tree Age Class x Cone Age 12 0.90 0.5438

Season x Cone Age 8 1.21 0.2887

Tree Age Class x Season x Cone Age 28 0.69 0.8874

' * - significant at the alpha=0.05 level.
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Table A-10. Analysis of variance for number of cones per tree in Table Mountain
pine stands in the Cherokee, Sumter, and Chattahoochee National Forests.

Source df F Pr>F

Tree Age Class 4 40.80 0.0001*

' * - significant at the alpha=0.05 level.
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