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Figure 7.2 Site Inventory.
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americana where soil conditions are favorable. Rare species such as Echinacea pallida,
usually found on more limiting soil conditions, should be included and identified even
though they are not necessarily native to the county. While not shown as native to the
county, such species may have been more widely distributed before widespread fire
suppression and thus should be considered in species selection.

There are other important factors of restoration design to consider that have
important implications on public perception. In his 1994 article “The Urban Savanna:
Reuniting Ecological Preference and Function” Gobster points out several elements that
are of great importance when considering restoration or design of savanna landscapes.
Design cues such as split rail fences, showy forbs, mowed paths, tree framed views, and
vegetative screens will improve initial viewer response by demonstrating human
stewardship and care rather than a potential appearance of neglect sometimes associated
with reinitiating ecological processes. Context of the site will dictate the type of design
cues used, whether more or less formal. If design cues are not enough, on-site signage,
newsletters, and public notices encouraging volunteer participation can make such sights
as a fresh burn more appealing. Burning Meadow application signage, concerned mainly
with fire ecology and Indian history, will play a critical role in natural and cultural history
education, while framed views, showy forbs and mowed paths will contribute to the
aesthetic value.

Site Preparation

Activities involved in installing and maintaining ecological functions in a natural
savanna such as tree cutting, soil scarification, and burning, can be perceived negatively
by the viewer (Gobster 64-68). Because the Burning Meadow site is based on functions of
the presettlement savanna, strategies for its implementation and management may be
unsightly at times. Therefore care must be taken to minimize the unsightly effects and to
instill an aesthetic based on ecological understanding. Besides design techniques already
mentioned, public perception can be influenced by involving people in guided nature
walks and restoration activities such as burning, and collecting seed. This can have the
effect of instilling greater appreciation for the site in particular and an ecological aesthetic
in general. As Gobster puts it: “The beauty of the oak savanna often exhibits itself in
subtle ways, and thus is more likely to be discovered with knowledge of the plants and
experience of ecological processes over time.” (69) Activities conducive to introducing
public participation and viewer involvement are mentioned in the implementation and
management process.

In order to prepare for implementation of Burning Meadow, sources of propagules
must be identified, invasive exotic species must be identified on and around the site, and a
management plan to follow up implementation must be made. Unique meadows,
roadsides, and native gardens within the tri-county area should be identified as possible
noncommercial seed sources. Volunteers should be organized for seed collection of these
species using the potential species list. Wild seed collection and seedling propagation
should be commenced well in advance of implementation. Seed production could be
contracted out in advance or commercially available seeds could be ordered near planting
time if funds are available.

Control of invasive exotics should begin as soon as possible since some species
need repeated treatments and others may be prevented from going to seed. Possible



72

treatments for the kudzu and fescue on the site include close mowing, burning, and
herbicide treatment. During the growing season before planting, infested areas of the site
can be treated with a non-persistent herbicide followed a few weeks later with a
combination of closely mowing in fescue areas and burning everywhere else. Herbicide,
and/or close mowing might then be repeated to eventually eliminate selected species
before the growing season ends. Before burning, kudzu will need to be removed from
bordering tree branches so fire won’t be conducted into the trees. Fire breaks, including
the existing road and creek, will need to be extended around the site. Permission for
burning should be obtained from the proper authorities. An annual, non-persistent cover
crop should be seeded if soil is excessively exposed while waiting for grasses and forbs
seeding. An alternative scenario would involve only herbicide treatments, leaving the
dead leaf litter to cover the soil over the winter.

Debris piles on the site not consumed by fire will be removed and rough areas will
be smoothed with a tractor. The soil should be left as undisturbed as possible, however, to
deter erosion and preserve what soil structure there is.

Creating savanna canopy structure will require, in part, the removal and pruning of
selected trees and understory as shown in the section drawing in Figure 7.4. While fire
could be used in a controlled though random manner to accomplish this, the context of the
site suggests manual selection and removal of woody plants including herbicide
application to stumps. Following that, a controlled burn could be conducted if the ground
plane needs further cleaning up, though care should be taken if there is abundant slash.

With debris and invasives removed from the ground plane, all open areas can be
prepared for seeding. Just before seeding, the soil surface can be prepared by lightly
cultivating, dragging or raking the surface to promote seed-soil contact. Deeper soil
cultivation may be needed if there are severely compacted soils, especially in visually
prominent areas where rapid meadow development is desired.

Site Installation

Following preparation, seeding can occur in the fall or spring. Planting zones
should be flagged to guide seed placement. Various methods can be employed for seed
dispersal. Grasses will preferably be drill seeded with a seed drill able to handle various
sizes of seeds such as a Nesbitt or Truax. 20 Ib. p.l.s. (pure live seed) per acre should be
distributed 10 Ib. in one direction and 10 Ib. in a perpendicular direction with seed mixes
matched with appropriate zones. Otherwise grasses can be broadcast at 20 Ib. per acre
into lightly cultivated soil. Because forb seeds can vary greatly in size and costs they
should be sown separately from the grasses with attention given to design. Forb seeds will
be hand or machine broadcast over the grasses in appropriate zones at about 4 Ib. p.l.s. per
acre, while showy forb and grass species may be seeded selectively by hand for a designed
effect. A medium such as moistened contractor sand will aid in even seed distribution of
both grasses and forbs. After seeding, soil should be lightly compacted to ensure seed-soil
contact. An alternative method for seeding involves cultipacking the prepared soil in one
direction, broadcasting seeds, then cultipacking again in a perpendicular direction. Narrow
ridges and valleys created by the cultipacker causes seeding depths to vary randomly up to
% in depth. Plugs of visually key species might be incorporated with the seeding effort to
produce some “show” in the early phases of the restoration. After planting, a light mulch
of native grass hay, pine straw or mulch fiber should be applied over the bare soil to
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reduce soil exposure. A cover crop of an inexpensive non-persistent cool season annual
might also be used for reducing erosion during the dormant season and/or early spring,
and to provide some cover to emerging warm season seedlings.

After a fall planting, cool season “weeds” that emerge over the winter should be
mown closely very early in the spring and clippings removed to allow the soil to warm in
the sun and promote germination. In the first year the site may need mowing 2-4 times.
The need for mowing will be determined by closely monitoring annual weeds to prevent
them from going to seed. For instance, in the second month seeded areas might be mowed
at 6 inches to prevent annuals from seeding and to allow growing warm season species
more solar access. Mowing could be repeated at 8 - 10 inches in the mid-summer and
again in the fall or as needed. Watering at the rate of 1”/week may be needed if a spring
drought occurs but should be discontinued as plants become established. During the
second growing season spot treatments of herbicide to aggressive invasives may be
necessary, followed by replanting of the area. Mowing at 6 - 8 inches may be necessary
again in the spring to favor warm season species, and possibly again in the summer. If
enough fuel is present in the early spring of the third year the site may be burned, or, if
not, mowed. From the third year on the site should be burned every other year or so, at
different times according to the management plan. No other management of the ground
plane should be necessary unless kudzu or other invasives become reestablished, in which
case they should be spot treated with herbicide.

Few, if any, of the slow-growing savanna tree species will transplant well as they
become more mature. Proposed tree species should be added as young, vigorous saplings
to encourage their establishment in a potentially difficult environment. If possible, balled
and burlapped or potted specimens should be planted in prepared holes either before or
after ground plane seeding, but not before major site preparation activities are completed.
The best time might be immediately after seeding. If planted trees are less than three feet
in height, they should be flagged to identify them in the event that high grass needs
mowing. During the first growing season, new trees should be watered, especially during
drought, to ensure their survival. Other fire-tolerant tree species may be allowed to invade
by themselves over the years as long as they do not become too numerous. Small planted
trees and selected volunteer trees need to be protected with fencing if grazing is
introduced.

Cane (Arundinaria gigantea), will be planted as plugs or from pots in loose drifts
along the creek and along the wettest drainages. Cane is difficult to establish, so stands
may be slow to come to fruition.

Management Considerations

Landscape management is “the act of guiding the direction and rate of landscape
change”, not the act of maintaining a static landscape (Morrison, Design 58).
Management activities prescribed to a restoration design should emulate the natural
processes of the community being restored and suppress or eliminate species exotic to that
community (Morrison, Design 5).

Just as in the initial installation, management practices that bring about ecological
integrity, such as tree removal and burning can have negative aesthetic effects (Gobster
66). Because this site is a visible feature of a botanical garden where appearance is
important, care must be taken to minimize unpopular effects. Of the tools used in
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managing the site, fire has the greatest potential for being most problematic in terms of
public perception as well as being most effective for management. Public awareness and
involvement may be critical in guaranteeing its continued use. Viewers and participants in
the project should also be aware that the Piedmont savanna, with its often slow-growing
species, is a fire-dependent community that will probably take a long time to mature.

Methods Employed In Management Planning (Morrison, Design 74-87)

1. Management goals establishment.

2. Site inventory and analysis. (mainly of vegetation structure and composition)

3. Identification of homogeneous units which are similar in environmental characteristics
and botanical composition.

4. Identification of management units based on management need plus homogenous units.

5. Identification of management objectives by management unit.

6. ldentification of management strategy by management unit.

7. ldentification and selection of methods or tools to accomplish management objectives.

8

9

1

. Implementation of the management plan based on priorities and resources.
. Monitoring of changes to evaluate effectiveness.
0. Adjustment of management plan based on monitoring.

Management Goals

In general, management activities should emulate the natural processes of the
Piedmont savanna, while allowing for human needs on the site and suppressing species
exotic to the savanna community.
Management Goals

1. The site will be managed to reflect the preferred aesthetic attributes of the Piedmont
savanna.
Part of the total area will be managed to encourage showy species.
A composition of 40 - 70 species per acre in the ground layer will be maintained.
Tree species and distribution more typical to the Piedmont savanna will be favored
over time, while non-typical trees will gradually be removed.
Exotic species will be suppressed or eliminated within the perimeter if possible.
The site will host some rare and unusual species appropriate to the community.
Management practices will be coordinated with educational programs and volunteer
participation.

Hown

No o

Management Units, Objectives, Strategies, and Methods
Examination of the site inventory and the site design reveals areas which have
similar environmental and floristic characteristics. Management needs, as informed by the
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goals, are combined with these homogeneous areas to define Management Units (Figure
7.5). These units include the Open Meadow, Open Savanna Woodland, Savanna
Woodland, Canebrake, and Creek Bluff. Management objectives, strategies, and methods
will be assigned to each of the defined units as shown below. Management strategies to
be employed in each unit will at first emphasize modification of existing species followed
by the acceleration of the development of the ground layer, then the

deceleration or suspension of succession. Management methods for modifying existing
vegetation include: plant pulling, digging, cutting, spray application and stump painting of
herbicide, and potentially fire. Methods used in accelerating the ground layer include
planting and watering. Methods used for suspending succession include fire, mowing,
cutting and potentially grazing.

Open Meadow
Obijectives:

Vegetative cover of at least 85% consisting of at least 80% grasses should be
maintained. 95% of woody vegetation greater than 2-3 feet high should be
eliminated unless planted. Exotic species should be eliminated if possible. The
designated area for showy species should have a high ratio of showy forbs and
80% grasses.

Strategy:
The meadow will be maintained as a climax prairie type community allowing for
species to migrate as they prefer within the site while maintaining an abundance of
showy species in the appropriate area.

Methods:
To maintain it as a climax community, burning of the meadow should occur at an
average frequency of every 2 years; sometimes in consecutive years and
sometimes every 3 years. Burns on those years should occur at different times of
the early spring and occasionally in the summer and late fall, so as not to favor any
particular species. If woody invasions are persistent in areas, late summer burning
of that area may be appropriate. Occasional auto travel of perimeter road should
keep kudzu from re-invading. If monitoring after 5 years shows burning to have
inappropriate effects such as favoring single species, or allowing woody
development, then burning frequencies and timing might be rescheduled. If
burning is not possible, then mowing once or twice a year at a height of 6 or
greater must become the limiting factor to succession. Selective cutting with stump
application of herbicide, and selective wick or spray application of herbicide may
be needed if invasives are problematic. Following eradication procedures, seeding
and/or transplanting desired species may be necessary if propagules are not
already present. Fire frequency should be adjusted to allow establishment of
desired species.

Open Savanna Woodland

Obijectives:
An open savanna woodland canopy cover grading between 0-50%, sometimes
tightly grouped, no woody understory cover other than a few oak grubs, and 30-
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85% ground layer cover of mainly grasses should be maintained. Invasive species
should be eliminated if possible.

Strategy:
Use controlled burning to maintain a glade-like aspect while allowing planted trees
to mature. An open, clean understory up to at least 6 -10 feet, and trunks free of
low branches should be maintained. Also allow some successional species and
grubs to develop where they do not block views. Encourage modification of
species composition, especially in the ground layer to fire- and part-shade-tolerant
natives.

Methods:
Low intensity controlled burning should be conducted as an extension of open
meadow burning. Lighter fuel loads under trees should keep burned areas patchy;
however planted trees should be protected from fire when immature by removing
excessive fuel from around them. In some areas summer fires should be used to
kill successional saplings while in other places oak grubs should be allowed to
develop. Where fire breaks are necessary they can double as visitor paths.
Mowing almost annually in the early spring and, if needed, in the late summer may
be substituted if burning is not permitted. Kudzu may have to be treated with
herbicide if it invades from perimeter areas. If monitoring after 5 years shows
burning or mowing to have inadequate effects on modifying species and
maintaining an open canopy and understory then other means may be employed,
such as selective cutting of woody species, bush hogging, selective cutting with
stump application of herbicide, or selective wick or spray application of herbicide.
Also browsing animals such as cows might be introduced for a brief period
confined by temporary fencing. Following eradication procedures, seeding and/or
transplanting desired species into bare patches may be necessary if propagules are
not already present. Fire frequency should be adjusted to allow establishment of
desired species in such areas.

Savanna Woodland

Obijectives:
Canopy cover of 50-85% and understory cover of 5% or less and a sparse ground
cover of mainly grasses should be maintained. Invasive species should be
eliminated if possible. An open, clean understory up to at least 6 -10 feet, and
trunks free of low branches should be maintained.

Strategy:
Maintain and encourage fire tolerant native species in canopy, sub-canopy,
understory, and ground layer. Without creating excessively large canopy gaps,
gradually reduce inappropriate species, such as water oak and beech, to a minority,
especially in drier areas. Allow mainly fire tolerant species such as post oak, red
oak and shortleaf pine to mature and fill spaces where inappropriate species have
been removed. Encourage the appearance of even agedness if possible.
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Methods:

Low intensity burning, as an occasional extension (every 3-7 years) of open
meadow burning, that does not harm canopy species should be effective at
maintaining a mostly open understory and at modifying ground layer species. If
monitoring after 5 years shows burning to have too great an impact on canopy
trees, frequency and intensity should be reduced. . If monitoring after 5 years
shows inadequate effects on modifying species and opening understory then other
means may be employed, such as selective cutting of canopy species and removal
of slash, bush hogging, selective cutting with stump application of herbicide, or
selective wick or spray application of herbicide. Browsers may be introduced for a
brief period to open the understory. Following eradication procedures, seeding
and/or transplanting desired species may be necessary if propagules are not already
present. Fire frequency should be adjusted to allow establishment of desired
species.

Canebrake
Objectives:

Vegetative cover of at least 85% consisting of at least 80% Arundinaria gigantea
should be maintained over moist areas. Occasional trees and patches of wet
meadow may invade.

Strategy:

The Canebrake will be encouraged and maintained by periodic burning. Cane will
be allowed to migrate and/or spread as it prefers within the site.

Methods:

Establishment of cane may be slow so care must be taken in judging the success of
management activities. If unwanted species outcompete the cane while it is getting
established, manual methods such as pulling and cutting should be employed to
free up cane plants. To maintain it as a climax community, burning of the
canebrake could occur at an average frequency of every 3-7 years or more often
especially in areas where it grades into meadow. Burning may be done in concert
with the open meadow burning.

Creek bluff
Obijectives:

A well developed canopy cover representative of a lower slope mesic forest with
its accompaniment of sub-canopy, understory, and ground layer should be
maintained. However, the lower layers of vegetation should be more open than
usually occurs in such a community. Invasive species should be eliminated if
possible.

Strategy:

Encourage some fire tolerant species to invade but maintain essentially as is with
fewer exotic invasives.
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Methods:
Very infrequent low intensity burning can be combined with manual removal of
dense understory and invasive species.

It should be mentioned that once the various management activities have begun to
bring about the desired visual and ecological characteristics to the various management
units, if possible it would be desirable to treat the whole site as one fire compartment as it
might have been in the presettlement landscape. Whether or not this is a viable
management option might be determined by experimenting and monitoring.

Implementation Of Management Plan

The state forestry commission may offer controlled burning as a service, or the
appropriate department of the University might be contacted. In any case, burning must
be supervised by qualified individuals. Volunteers may be needed and should be
encouraged as part of the education process. Burning may be most appropriate on
weekends when coordinated with educational programs and public involvement. Mowing,
if necessary, should be done by informed botanical garden staff according to the
management plan. Staff may also be responsible for invasive species management,
although this is an area appropriate for volunteer participation. If important or rare plant
material becomes available at some point, then, for a time, introducing it to the site may
become the priority of management. Once established (after 3 years) the site should
require little management; if, however, monitoring for invasives is not done, and the
burning/mowing plans are not followed, a second restoration of the site would be required.

Monitoring And Modifying

Botanical garden staff may be involved in monitoring, though this area may be
most appropriate for interested scientists or professionals. Volunteers and University
students in related studies could also be enlisted to perform quadrat layout, inventory and
analysis. If monitoring reveals inadequate performance then modification of management
goals, objectives, strategies or methods may be necessary. Monitoring will also be
necessary to collect useful information for any research associated with the project.



Chapter VIlI
Conclusions

In order to understand the place the presettlement Piedmont savanna has in the
modern landscape, | have in this thesis considered visual characteristics, ecology, cultural
and natural history and the relationship of human preferences to savanna landscapes.
Summarizing these aspects points out the value, and the degree of applicability this
landscape has two hundred years after its demise.

Evidence in the cultural environment around us suggests that people prefer
savanna-like landscapes. This preference is manifest in landscape types such as suburban
yards, parks, campuses, and orchards where vegetation structure reflects the scattered trees
and open understory of the savanna. Appleton explains this phenomenon as being a result
of our bioevolutionary heritage which gives us the affinity for landscapes high in prospect
and refuge. Prospect and refuge were key elements in early human survival as our
ancestors progressed from being reclusive tree dwellers to more aggressive ground
dwellers in the savannas of Africa. The Kaplans, for similar reasons, propose that
landscapes are most preferable when they make sense and offer fulfillment, or, more
specifically, coherence, complexity, mystery, and legibility. When savanna landscapes are
measured in these terms, their high ranking shows that they are indeed favored by humans.

Part of this work has focused on the ecological history of the Piedmont and
people’s perception of it. Because few people are aware that Piedmont savannas existed
or that they played a role in the region’s history, it has been important to show not only
evidence of their occurrence, but also reasons for their demise. The existence of the
Piedmont savannas has been well documented in the many historical citations from
Bartram, Byrd, Lawson, Lederer, Hawkins and Spangenberg and the writings of later
historians. Savannas may have come into being due to climatic conditions, but their
spatial distribution over time has been modified greatly by humans. Piedmont and
southeastern grasslands in general, whether a result primarily of Indian or natural burning,
were closely linked with patterns of Indian culture; the migration and presence of
presettlement fauna such as bison, elk, and deer; and the direction and rate of European
settlement. The immediate disappearance of these landscapes upon European settlement
was caused by fire suppression resulting from fire compartment fragmentation.

During the completion of this thesis an important article was published by Barden
in Natural Areas Journal which further discusses the history of the Piedmont savanna.

Understanding presettlement Piedmont savanna ecology is essential, not only in
explaining the existence of savanna communities, but also as a model for any related
reconstruction of such an environment. Of all the factors that contributed to the
maintenance of savanna landscapes, fire was without a doubt the most important. It is
recognized that Indians may have been the major cause of fire, though in some cases fire
from lightning may have been responsible for maintaining an open landscape. If one
considers that by burning, humans were probably the most important agent in shaping the
structure and composition of the presettlement landscape, then it might be appropriate to
argue that any restoration of such a landscape would, in fact, be a demonstration of a
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cultural landscape, more so than of a “natural” one. In a way, this aspect of the
presettlement condition brings the often diametrically opposed views of culture and nature
closer together.

Where frequent burning was combined with the more difficult growing conditions
found on basic soils high in montmorillonite (shrink-swell soils), the most open and often
prairie-like examples of the Piedmont savanna occurred. This type of soil, though not the
most common, can be found scattered throughout the Piedmont. In South Carolina, North
Carolina, and into Virginia, roughly along the Interstate 85 corridor, these soils are most
common, and reflect the probable former distribution of prairie-like landscapes in that
region. It is probable that the other upland soils of the region, mainly Ultisols, supported
woodland savannas rather than prairie. The exception to this would have been in the case
of proximity to Indian settlement. Areas where high Indian populations existed, especially
in lowlands where rich soils provided the best nutrients for crops, were sometimes very
open, to the extent that they might have resembled today’s farmland.

Species composition of the presettlement Piedmont also reflected the presence of
fire. The oak-hickory-pine-type woodland of that time was dominated by species more
fire tolerant than those dominating today’s forests. In savannas, fire would have reduced
or eliminated the understory. A grassy stratum would have been common to both the open
woodlands and prairie-like areas of the presettlement landscape. This grassy ground layer
would have reflected the composition and many of the species of the tall grass prairie.

The degree to which the landscape appeared open was a reflection of the
influences of fire frequency, soil moisture, exposure, and soil structure. Depending on fire
frequency, the visually dominant tree canopy layer may have varied from patches of low
trees over a grassy ground plane in more xeric conditions to patches, peninsulas, or even
distribution of taller trees over more mesic conditions. Distribution patterns in tree
canopy and ground plane species would have reflected the often drifting patterns common
in natural phenomena. Sharp transitions or edges would have occurred in relation to
abrupt changes in soil, slope, and moisture conditions, or perhaps where intense Indian
activities occurred. Both grassland and woodland would have intermingled and graded
into cane brakes, a nearly ubiquitous fire-dependent feature of wet soils along drainages.
All of these various gradations and edges abundant in the Piedmont savanna would have
supported an especially rich species diversity. Savanna ecotones, or edge environments,
though they do not support all grassland and woodland species, support a greater number
and variety of creatures than can either the grassland or woodland community alone, by
creating habitat for both feeding and nesting.

At times the presettlement Piedmont savanna may have been similar in appearance
to the pine flatwoods of the Coastal Plain, while at other times to the oak savannas on the
edges of the Midwestern prairies. Savanna landscapes would often have appeared as
pleasant scenes of open, sometimes distant views, with accentuated lighting and
atmospheric effects not to be seen in the denser forests. It is unfortunate that the
landscape painters of the Hudson River School came along a hundred years too late and a
few miles too far north to represent these scenes for us.

Designing or restoring Piedmont savanna landscapes presents an opportunity to
demonstrate an aesthetically, ecologically and historically rich landscape heritage. It is
important to provide a model or demonstration for such a restoration design, first because
it allows the public to perceive the aesthetic value of an otherwise unseen landscape.
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Second, the public needs to understand that this landscape is part of our natural and
cultural Piedmont history. Third, it provides an opportunity for the public to learn about
the ecological functions of the savanna. Fourth, there is a need to study the Piedmont
savanna to determine its long term value as an ecologically sound model for landscape
design. Finally, creating these landscapes can provide habitat for some of the endangered
species that were once dependent on open, fire-maintained landscapes.

It should be considered, however, that there are some complicating issues in
savanna restoration. These include context, scale, and time. First, it is important to use
the appropriate amount of “natural function” to maintain the savanna according to the
context in which it is located. For instance, in a small garden-like savanna in a
neighborhood, one might need to forgo burning and grazing in favor of mowing and
manual weeding. If a large-scale landscape in a rural setting is the application site, then
the unsightly effects of the first year’s slash and burn may be more acceptable while the
characteristic long-term aesthetic qualities are developing. On the other hand, when the
intention is to demonstrate these ecological functions, the site should be in a more visible
location. In this case, plenty of information must be provided to the public in order that
they may develop an ecological aesthetic that will allow them to appreciate the temporary
roughness of the savanna’s appearance. This is especially important in the early years of
the installation, when it may be at a visual low point.

The amount of time needed for a savanna installation to attain a mature appearance
can add up. Fire-dependent communities, quick to disappear with fire cessation, are slow
to redevelop once fire is restored. Some applications may be able to reach the appearance
of a mature savanna sooner than others. For instance, where the appropriate tree canopy
already exists, a herbaceous layer can be established in only a few years. If a tree canopy
must be installed, then faster-growing pines could allow the savanna to reach a mature
appearance in only a decade or two. In the demonstration savanna, viewers should be
informed that the slow-growing savanna climax species such as post oak and black jack
oak will take many decades to reach their full visual potential.

Perhaps in the end, considerations having been given to history, ecology,
aesthetics, and applicability, the most rewarding aspect of demonstrating the Piedmont
savanna might be found in the imagination of the viewer, who, as he or she gazes upon a
ghost of a landscape long past, may catch a glimmer of salubrious prospects over
undulating open woods where buffalo and wolves roamed and humans drank from the
clear waters of Piedmont creeks.

Appendix A



PRESETTLEMENT FOREST COMPOSITION

(Cowell 122-127)

Species % Frequency Species % Frequency

Floodplain Mid-Slope

white oak 16.12 pine 27.52

hickory 13.13 post oak 19.36

pine 9.05 red oak 11.31

post oak 7.06 black oak 10.36

black oak 6.17 hickory 10.22

n. red oak 5.57 white oak 8.02

ash 4.78

tulip poplar ~ 4.58 total 86.79

dogwood 4.38

maple 4.38 Upper Slope

black gum 3.28

sweet gum 2.89 pine 28.70
post oak 20.01

total 77.01 black oak ~ 12.02
n.redoak  11.84

Lower Slope hickory 8.91
white oak 4.95

pine 22.40

post oak 14.24 total 86.43

hickory 12.48

white oak  12.03 Flat Upland

black oak 10.52

n. red oak 8.30 pine 33.70
post oak 19.05

total 79.97 black oak ~ 12.24
n.redoak  11.50
hickory 8.54

s. red oak 2.75
white oak 2.68

total 90



Appendix B

POTENTIAL PIEDMONT SAVANNA “HERBAGE” NOTED BY BARTRAM

Scientific Nomenclature Common Name Bartram’s
Nomenclature
Actaea pachypoda Ell. white baneberry Actaea
Actinomeris alternifolia a composite Coreopsis
Amorpha spp. lead plant Amorpha
Asclepias spp., milkweed Asclepias
Aster spp. aster Aster
Bidens frondosa beggars ticks Bidens
Circium sp. thistle Carduus
Commelina sp. day flower Commelina
Delphinium spp. larkspur Delphinium
Eryngium yuccifolium rattle snake master Eryngium
Eupatorium spp. eupatorium Eupatorium
Euphorbia spp. spurge Euphorbia
Helianthus spp. sunflower Helianthus
Polymnia uvedalia bears foot Polymnia
Rudbeckia spp. rudbekia Rudbeckia
Silphium spp. rosin weed Silphium
Solidago spp. goldenrod Solidago
Thapsium spp. meadow parsnip Thapsia
Tradescantia spp. spiderwort Tradescantia
Tricapsum dactyliodes gamma grass Tricapsum
Verbesina spp. crown beard Verbesina
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Appendix C

HERB LAYER SPECIES OF A XERIC HARDPAN FOREST |

Scattered throughout Piedmont, over clay, (shrink-swell such as Iredell) or shallow rock hardpan.
Maintained by harsh soil moisture conditions and formerly fire. (Schafale and Weakley 78,79)

Herbs Common to Community

Aster dumosus Hypericum hypericoides
Aster solidagineus Lespedeza spp.

Clematis ochroleuca Liatris gramnifolia
Danthonia spicata Oenothera fruticosa
Hieraceum gronovii Schizachyrium scoparium
Hieraceum venosum Solidago spp.

Rare Species

Echinacea laevigata Liatris squarrulosa

Helianthus laevigatus Lithospermum canescens

Helianthus schweinitzii Lotus purshianus var. helleri

Hexalectris spicata Parthenium integrifolium var. auriculatum
Hexastylis lewisii Silphium terebinthinaceum

Lathyrus venosus

HERB LAYER SPECIES OF A DIABASE GLADE

Known only in areas of Rock Hill and Durham and Granville counties.
Maintained by shallow dry soils and probably formerly fire. (Schafale and Weakley 113)

Herbs Common to Community

Anemone virginiana Manfreda (Agave) virginica

Aquilegia canadensis Oenothera fruticosa

Arabis canadensis Opuntia compressa

Aristida longespica Panicum flexile

Asclepias verticillata Parthenium integrifolium var. auriculatum
Aster depauperatus Polygonum tenue

Bulbostylis capillaris spp. capillaris Portulaca smallii

Cladina spp. Ruellia humilis

Clematis ochroleuca Schizachyrium (Andropogon) scoparium
Crotonopsis elliptica Sisyrinchium mucronatum

Cyperus granitophilus Sporobolus clandestinus

Diodia teres Talinum teretifolium

Houstonia tenuifolia Tragia urticifolia

Hypericum denticulatum Trichostema brachiatum

Lithospermum canescens Trichostema dichotomum
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Rare Plant Species

Aster depauperatus Panicum flexile

Baptisia australis var. australis Parthenium integrifolium var. auriculatum
Berberis canadensis Polygala senega

Echinaea laevigata Polygonum tenue
Eupatorium incarnatum Portulaca smallii

Isoetes piedmontana Ruellia humilis

Lathyrus venosus Ruellia purshiana

Liatris squarrulosa Scutellaria leonardii
Linum sulcatum var. sulcatum Senecio pauperculus
Lithospermum canescens Silphium terebinthinaceum
Lotus purshianus var. helleri Solidago ptarmicoides
Manfreda virginica Trichostema brachiatum
Matelea decipiens Trichostema setaceum

HERB LAYER SPECIES OF AN ULTRAMAFIC OUTCROP BARREN

Occur on outcrops of dunite, serpentine or related ultramaphic rock, usually on southern or flat
exposure. Very rare community, one in mountains of North Carolina, one near Augusta, Georgia.
(Schafale and Weakley 115,116)

Herbs Common to Community

Andropogon gerardii Schizachyrium scoparium
Deschampsia cespitosa Senecio plattensis
Dichanthelium (Panicum) lanuginosum Solidago nemoralis]
Dichanthelium (Panicum) sphaerocarpon Sporobolus heterolepis
Hexastylis arifolia Thalictrum macrostylum

Muhlenbergia glomerata
Poa saltuensis (languida)

Uncommon or Rare Plant Species

Castilleja coccinea Poa saltuensis
Deschampsia cespitosa spp. glauca Parnassia grandifolia
Elymus (Agropyron) trachycaulus Polygala paucifolia
Frasera caroliniensis Polygala senega
Gentianopsis crinita Senecio plattensis
Muhlenbergia glomerata Sporobolus heterolepis

HERB LAYER SPECIES OF A MESIC PINE FLATWOODS

This Coastal Plain community has similarities to former Piedmont Longleaf Pine Forest (Schafale and
Weakley 80) once possibly extensive in lower Piedmont, but now gone due mainly to fire supression.
(Schafale and Weakley 131-133)

Herbs Common to Community

Andropogon gerardii Panicum virgatum
Anthaenantia villosa Paspalum bifidum
Avristida stricta Pteridium aquilinum
Dalea (Petalostemum) pinnata Schizachyrium scoparium
Euphorbia corollata Solidago odora
Gymnopogon brevifolius Sorghastrum nutans

Lespedeza capitata



Rare Plant Species (Mesic Pine Flatwoods continued)
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Agalinis tenella
Agalinis virgata
Anthaenantia villosa
Asclepias longifolia
Buchnera americana
Calamovilfa brevipilis
Coreopsis gladiata
Dalea pinnata
Dionaea muscipula
Gentiana autumnalis
Gratiola aurea
Hypoxis sessilis
Oenothera perennis

Onosmodium virginianum

Parthenium radfordii
Paspalum bifidum
Prunus umbellata
Pteroglassaspis ecristata
Rhus michauxii
Rudbeckia heliopsidis
Schwalbea americana
Scleria minor

Solidago verna
Sphenopholis filiformis
Tofieldia glabra

Tridens carolinianus
Tridens strictus

Xyris difformis var. curtissii

TYPICAL HERB LAYER SPECIES OF THE BLACK BELT PRAIRIE

Occurred over calcareous soils in Alabama and Mississippi. (Jones 35,36)

Grasses

Andropogon gerardii
Andropogon virginicus
Bouteloua curtipendula

Forbs

Sorghastrum nutans
Eragrostis capillaris
Schizachyrium scoparium

Silphium laciniatum
Silphium dentatum
Silphium trifoliatum
Echinacea purpurea
Dracopis amplexicaulis
Ratibida pinnata
Cacalia plantaginea
Gaillardia aestivalis
Liatris aspera
Liatris squarrosa
Rudbeckia fulgida
Rudbeckia hirta
Rudbeckia laciniata
Helianthus hirsutus

Helianthus divaricatus
Asclepias viridis
Monarda citriodora
Monarda fistulosa
Dalea candida

Dalea pupurea
Neptunia lutea
Desmanthus illinoensis
Oenothera biennis
Gaura filipes

Verbena simplex
Verbena canadensis
Tragia urticifolia
Pycanthemum flexuosum
Schoenolirion croceum



Appendix D

BURNING MEADOW POTENTIAL HERB LAYER SPECIES LIST

Meadow / roadside native herbaceous species of the Clemson area Compiled from Haywood; Jones and

Foote; Radford, Ahles and Bell; Niering and Olmstead; and Batson.

Botanical Name Common Name Moisture  Height ~ Bloom Time Color Showy
Grasses
Agrostis hymenalis Bentgrass drier <24” Apr-Nov
Agrostis perennans Bentgrass wetter < 30” Aug-Nov
Andropogon gerardii Big Bluestem drier 36-72” | Jul-Oct
Andropogon virginicus Broomsedge wet-dry | 36-60" | Sep-Oct
Aira elegens Hair Grass drier 4-18” May June
Aristida oligantha Three Awn drier 8-24” Aug-Oct
Aristida dichotoma Three Awn Grass drier <28” Aug-Oct yellow-purp
Arundinaria gigantea Cane wetter 20-400" | sporadic
Danthonia spicata Northern Oat Grass drier 4-30” May-Jul
Elymus virginicus Virginia Wild Rye drier 36-48” | Jun-Oct
Eragrostis hirsuta Love Grass drier .5-1” Jul-Oct reddish
Eragrostis refracta Love Grass wetter 12-40” | Jul-Oct reddish
Eragrostis spectabilis Purple Love Grass drier 16-32” | Aug-Oct purplish
Erianthus alopecuroides Woolly Plume Grass drier 120” Oct-Nov
Erianthus contortus Plume Grass drier 40-80” | Sep-Oct
Gymnopogon ambiguus Beard Grass drier 12-24” | Aug-Oct
Panicum anceps drier 12-48” | Jul-Oct
Panicum dichotomum wetter 6-48” Apr-Oct
Panicum sphaerocarpon drier 6-24” Jun-Oct
Paspalum boscianum drier 12-36” | Jul-Oct greyish
Paspalum floridanum drier 24-60” | Aug-Oct dark red
Paspalum laeve drier 12-36” | Jun-Aug yellowish
Paspalum setaceum drier 4-32” Jun-Sep
Setaria glauca Foxtail Grass drier 8-40” Jul-Oct
Schizachyrium scoparium Little Blue Stem drier 30-60” | Aug-Oct
Sorghastrum nutans Indian Grass wet-dry | 96” Sep-Oct yellowish
Sphenopholis obtusata Wedge Grass drier 8-30” Apr-May
Tridens flavus Purple Top drier 32-60” | Jul-Oct purplish
Vulpia octoflora Six Weeks Grass drier 6-24” Apr-Jun red
Forbs
Acalphya rhomboidea Three-seeded Mercury drier 1.5” Jun-frost
Agalinis purpurea Purple Gerardia wetter 16-48” | Aug-frost purple +
Agalinis tenuifolia Gerardia drier 8-24” Aug-Oct lavender
Aletris farinosa Colicroot wet-dry | 16-48” | Apr-Jun, Jul-Aug white +
Allium bivalve False Garlic drier 6-18” Mar-May, Sep-Oct | white
Amianthium muscaetoxicum | Fly Poison dry-wet | 4-24” May-Jul, Jul-Sep white +
Amorpha herbacea False Indigo drier 12-60” | May-Jul, Jul-Oct blue-white +
Asclepias amplexicaulis Milkweed drier 16-40” | May-Jul, Jun-Aug | rose-purple
Asclepias tuberosa Butterfly Weed drier 8-32” May-Aug, Aug-Sep | red-yellow +
Aster concolor Aster drier 12-24” | Sep-Oct violet,yellow
Aster dumosus Bushy Aster wet-dry | 24-54” | Aug-Oct whit-blue-lav | +
Aster lateriflorus Starred Aster drier 24-54” | Sep-Nov white,orange
Aster patens Aster drier 12-48” | Sep-Oct violet
Aster pilosus White-topped Aster drier .6-1.5" | Sep-Nov white,orange
Aster puniceus Aster wetter 36-80” | Sep-Oct violet
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Baptisia alba False Indigo drier 48” Apr-May white +
Cacalia atriphicifolia Pale Indian Plantain drier 60-120” | Jun-Oct white

Cassia fasciculata Partridge Pea drier 24” Jul-Aug yellow

Cassia nicitans Wild Sensitive Plant drier 4-20” Jun-Oct, Jul-Nov yellow
Chaerophylhym tainturieri Wild Chervil drier 8-36” Apr-May white

Coreopsis major Greater Tickseed drier 24-42” | May-Jul yellow-red +
Croton glandulosus drier 4-24” May-Oct

Desmodium dillenii (perplexum) | Tick-trefoil drier 20-60” Jul-Sep, Aug-Oct purplish
Desmodium laevigatum Tick-trefoil drier 24-48” | Jun-Sep, Aug-Oct pink-purple
Desmodium marilandicum drier 24-60” | Jun-Sep, Aug-Oct | purplish
Desmodium paniculatum Tick-trefoil drier 24-48” | Jun-Sep, Aug-Oct | purplish

Diodia teres Buttonweed drier 6-24” Jun-frost white

Eclipta alba wettest | 4-40” Jun-frost white

Erigeron philadelphicus Common Fleabane drier 8-40” Apr-Jun lavender +
Erigeron strigosus Daisy Fleabane drier 18-54” | May-Oct white-lav +
Eryngium prostratum wettest | 4-28” May-Oct blue

Eupatorium album drier 16-32” | Jun-Sep white

Eupatorium capillifolium Dog Fennel drier 36-78" | Sep-frost white-purple
Eupatorium coelestinum Hardy Ageratum wetter 12-36” | Jul-Oct blue-violet +
Eupatorium fistulosum Joe-Pye Weed wettest | 18-108” | Jul-Oct pink-purple +
Eupatorium hysspifolium drier 24-42” | Jul-Oct white

Eupatorium perfoliatum Boneset wettest | 24-54” | Aug-Oct white +
Eupatorium serotinum drier 24-78” | Aug-Oct white

Euphorbia corollata Flowering Spurge drier 4-20” May-Sep white

Geranium carolinianum drier 4-32” Mar-Jun pink

Gnaphalium helleri drier 24-36” | Sep-Oct white
Gnaphalium obtusifolium Rabbit Tobacco/Everlasting | drier 24-36” | Aug-Oct white
Haplopappus divaricatus drier 24-66” | Aug-Oct yellow

Hedeoma pulegioides Pennyroyal drier 4-18” Jul-Oct white-lav
Helenium autumnale Sneeze Weed wettest | 24-78” | Sep-Oct yellow +
Helenium flexulosum Sneeze Weed wettest | 16-40” | May-Aug red-yellow +
Helianthus angustifolius Narrow-leaved Sunflower | wet-dry | 36-78” | Jul-frost yellow +
Helianthus atrorubens Dark-eyed Sunflower drier 24-60” | Jul-Oct purplish-red +
Helianthus hirsutus drier 36-66" [ Jul-Oct yellow
Helianthus microcephalus drier 30-96” [ Aug-Oct yellow
Helianthus strumosus Woodland Sunflower drier 36-114" | Jun-Oct yellow +
Helianthus tuberosus Jerusalem Artichoke drier 36-120" | Jul-Oct yellow +
Heterotheca mariana drier 8-36” Jun-Oct

Heterotheca subaxillaris Camphorweed drier 12-60” | Jul-Oct yellow
Hieraceum gronovii Hawkweed drier 12-36” | Jul-frost yellow

Houstonia caerulea Bluets drier 2-7" Apr-May, May-Jun | blue +
Hypericum gentianoides Pine Weed drier 4-20” Jul-Oct yellow +
Hypericum mutilum Dwarf St. John’s-wort wettest | 6-28” Jun-Oct yellow

Hypoxis hirsuta Yellow Star Grass drier 2-8’ Mar-Jun, May-Jul yellow +
Krigia virginica Dwarf Dandelion drier 6-12” Mar-Jun yellow

Lechea racemulosa Pine Weed drier 4-16” Jun-Jul, Jul-Oct red-maroon
Lespedeza hirta Hairy Bush Clover drier 48” Aug-Oct, Sep-Nov | white +
Lespedeza intermedia Bush Clover drier 8-40” Jul-Sep, Aug-Nov | purplish
Lespedeza repens Creeping Bush Clover drier 12-32” | Jul-Sep, Aug-Nov | purplish +
Lespedeza virginica Slender Bush Clover drier 12-36” | Jul-Sep, Aug-Nov | rose-purple +
Liatris gramnifolia Grassleaf Blazing Star drier 60” Oct-frost lavender +
Liatris microcephela drier 40”7 Jul-Sep, Sep-Oct lavender

Liatris spicata Gay Feather wetter 12-72” | Jul-Sep rose-purple +
Linaria canadensis Toad-flax drier 6-28” Mar-May blue-purple +
Lobelia cardinalis Cardinal Flower wettest | 24-102” [ Jul-Oct scarlet +
Lobelia inflata Indian Tobacco drier 4-40” Jul-frost lavender

Lobelia puberula wet-dry | 24-72” | Jul-Oct violet

Lysimachia quadrifolia Whorled Loosestrife drier 12-40” | May-Jul, Aug-Oct | red, black +
Monarda fistulosa Wild Bergamot drier 28-36” | Jun-Sep, Aug-Oct [ pink +
Monarda punctata Dotted monarda drier 12-36” | Jul-Sep, Sep-Oct lavender +
Oenothera biennis Evening Primrose drier 60” Jun-Oct yellow +
Parthenium integrifolium Wild Quinine drier 24-48” | May-Aug white

Penstemon canescens Grey Beardtongue drier 12-28” | May-Jul pink-purple +
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Phlox carolina L. drier <30” May-Jun pink-purple
Polygala curtissii Polygala wetter 3-16” Jun-Oct pink-white
Polymnia uvedalia Bear’s Foot drier 36-78” [ Jul-Oct yellow
Ptilimnium capillaceum wetter 4-32” May-Jul, Jul-Aug white
Pycnanthemum incanum Hoary Mint drier 36-78” | Jun-Aug, Sept-Oct | white +
Pycnanthemum teniufolium Slender-leaved Mint wetter 16-40” | Jun-Aug, Sep-Oct | white-pinkish | +
Pyrrohappus carolinianus drier 12-36” | Apr-Jun yellow

Rhexia virginica Virginia Meadow Beauty | wetter 36” May-Oct rose-purple +
Rhyncospora globularis Beak Rush drier 4-28” Jun-Sep reddish
Rudbeckia heliopsidis drier 28-48” | Jul-Sep yellow

Rudbeckia hirta Black-eyed Susan drier 16-40” | May-Jul yellow +
Rudbeckia fulgida Black-eyed Susan drier 28-48” | Aug-Oct yellow +
Rudbeckia laciniata Cut-leaf Cone Flower wetter 36-96” [ Jul-Oct yellow +
Rumex hastatulus Sorrel drier 6-11” Mar-May, Apr-Jun | pink, yellow
Sabatia angularis Rose Pink wetter 4-32” Jul-Aug, Sep-Oct pink +
Salvia lyrata Lyre-leaved Sage drier 12-24” | Apr-May, May-Jul [ blue-violet
Scutellaria integrifolia Skullcap drier 6-32” May-Jul, Jul-Aug blue-violet +
Silene antirrhina Sleepy Catchfly drier 12-36” | Apr-Jul purplish

Silphium compositum Compass Plant drier 36-156" | May-Sep yellow +
Silphium dentatum drier 24-102” | May-Aug yellow
Sisyrinchium angustifolium Blue-eyed Grass wet-dry | 6-20” Mar-Jun, May-Jul blue +
Solidago altissimagcanadensis) | Tall Goldenrod drier 36-108" [ Sep-Oct yellow +
Solidago erecta drier 32-60” [ Aug-Oct yellow

Solidago gigantea Late Goldenrod drier 24-84” | Aug-Nov white-yellow
Solidago nemoralis Common Goldenrod drier 16-40” | Sep-frost yellow +
Solidago rugosa Rough-stemmed Goldenrod | wet-dry | 12-72” | Sep-Oct yellow +
Solidago speciosa Showy Goldenrod drier 40-80" | Sep-Oct yellow +
Stenanthium gramineum Feather Bells drier 24-60” | Jun-Sept, Aug-Oct | white +
Teucrium canadense Wood Sage wetter 24-60” | Jun-Aug, Sep-Oct | pink +
Thalictrum revolutum Meadow Rue drier 24-60” [ May-Jul whitish +
Trichostema dichotomum Bastard Pennyroyal drier 4-32” Aug-frost blue-violet
Verbena urticifolia wetter 40-100" | May-Nov

Verbesina alternifolia Crown Beard wettest [ 78-156" [ Aug-Sep yellow

Verbesina occidentalis drier 78-120" | Aug-Oct yellow

Verbesina virginica drier 78-120" [ Jul-Oct white

Vernonia novaboracensis New York Ironweed wetter 24-78” | Jul-Sep, Aug-Oct violet +

Additional species, native to the Carolinas, that are not shown by Radford to be native to the Clemson area,
might be included when considering the need to maximize showy species in some areas. This should
include the following showy grasses and forbs.  Grasses: Andropogon ternarius, Aristida purpurascens,
Erianthus giganteus, Panicum virgatum, Muhlenburgia capillaris, Setaria geniculata. Forbs: Agalinis
fasciculata, Aquilegia canadensis, Baptisia australlis, Coreopsis lanceolata, Coreopsis tripteris,
Dodecatheon meadia, Echinacea purpurea, Helianthus mollis, Liatris aspera, Liatris pycnostachya, Lilium
superbum, Lobelia spicata, Lupinus perennis, Oenothera fruticosa, Oenothera speciosa, Phlox glaberrina,
Phlox pilosa, Rhexia mariana, Rudbeckia triloba, Salvia azurea, Tradescantia ohiensis, Verbena hastata,
Verbena rigida, Verbena stricta, Vernonia angustifolia.

Rare species such as Echinacea pallida, Lotus helleri, and Helianthus schweinitzii, that are found in fire
dependent savanna communities, should be included to add additional interest to the meadow. These
species and others are shown in Appendix C.



Appendix E

POTENTIAL TREE SPECIES OF THE PIEDMONT SAVANNA

(Little)
Genus, Species Common Name Piedmont Distribution Growing Conditions
Carya
C. glabra Pignut Hickory | throughout dry and moist uplands in hardwood forests
with oaks and other hickories
C. pallida Sand Hickory | southern Piedmont dry sandy and rocky soils on plains and

mountain valleys, in oak hickory forests

C. tomentosa Mockernut Hickory| throughout moist uplands and less frequently on
floodplains, usually with oaks, also pines

Pinus

P. echinata Shortleaf Pine | throughout from dry rocky mountain ridges to sandy
loams of flood plains, old fields, often in
pure stands or with other pines and oaks

P. taeda Loblolly Pine | throughout from poorly drained flood plains to well-
drained slopes of rolling hills, hilly uplands,
forms pure stands, often in old fields

P. virginiana Virginia Pine | from upper SC and| clay, loam, and sandy loam on well drained

north in the Piedmont | sites, eroded soils, in pure stands and mixed

Quercus

Q. alba White Oak | throughout moist well drained uplands and lowlands

Q. coccinea Scarlet Oak | throughout various soils, esp. poor and sandy, upland
ridges and slopes mixed with other oaks

Q. falcata Southern Red Oak | throughout dry, sandy loam and clay loam soils of
uplands in mixed forests

Q. marilandica  Blackjack Oak | throughout dry sandy and clay soils in upland ridges and

slopes with other oaks and pines

Q. muehlenbergii Chinkapin Oak

mainly in southwestern
Pied. esp. GA and AL

on mostly limestone outcrops, alkaline soils
including dry bluffs and rocky river bank
with other oaks

Q. prinus Chestnut Oak |mainly in NC Pied., | sandy gravely, and rocky dry upland soils,
and upper Pied. of SC | often in pure stands on dry rocky ridges
and GA near Mnts.

Q. stellata Post Oak | throughout sandy, gravely, and rocky ridges, also moist
loamy soils of flood plains along streams,
sometimes in pure stands

Q. velutina Black Oak | throughout dry upland sandy and rocky ridges and
slopes, also on clay hillsides, sometimes
pure stands

Q. rubra Northern Red Oak | throughout moist, loamy, sandy, rocky and clay soils;

often in pure stands
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