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Preface
Hardwood forests represent an extremely diverse and valuable assemblage of
species. To some, hardwood management is a confusing and difficult concept to grasp.
Unfortunately, past harvests in many hardwood stands removed only the best quality stems of
a few select species, leaving poor quality often less desirable species in the wake. Because of
past practices in many hardwood stands, some may not believe that hardwood forests can be
properly managed for pulp, lumber, water quality, aesthetics, wildlife habitat, and a host of
other amenities. We hope this publication will serve to expand the private forest landowners'
horizon to the possibilities of hardwood management. We have assembled chapters on the
various hardwood forest types found across the South. Other chapters address management
practices designed to regenerate and maintain stand and site quality, plus many other
benefits.
As more demands are placed on hardwood resources, chapters 18 and 19, which
deal with water management regulations and wildlife considerations, will be of special interest
to many landowners. Incentive programs such as the Conservation Reserve Program, and
Forest Stewardship, have great promise in advancing the active management of hardwood
resources.
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SOUTHERN HARDWOOD MANAGEMENT

1. Southern Hardwood Management:
Make Every Acre Work
Kim Coder
Extension Forest
Resources University of
Georgia Athens, GA
30602

Within the management of forest resources, few endeavors carry such potential as the
silviculture and use of hardwood trees. Those broadleaved trees (and cypress) of the southeastern
forests can produce tremendous numbers of distinct, valuable and unique values. Managing
hardwood forests is challenging and rewarding. From the bottomland forest of the river edge swamp
to the ridge lines of the mountains (and all the land between), hardwood tree species provide a host
of products.
As with any natural resources, there are always opportunities to better manage for value
production. Whether you want increased recreational opportunities, screening, firewood,
birdwatching, hunting, pulpwood, water, aesthetics, mushrooms, or lumber, careful management of
your hardwood resources can help you generate these values. Professional foresters along with your
clear management objectives can create almost any combination of values you want.
There are several interesting features of hardwood tree management. The first -is the
diversity of species usually present in any forest. Hardwoods, like pines, can be effectively farmed
as plantations to produce any forest product desired. Many times, plantations of hardwood trees
may not economically produce the products you want. Multiple-species forests with many trees of
different ages are usually what most people think of when hardwood forests are mentioned.
The great diversity of species within a hardwood forest system can all be part of some
management objective. From the wildlife benefits from food and cover to the specialty wood market,
a number of trees play limited and unique roles in the life of the woods. The small, medium, and
large-sized trees all play a role in the beauty and utilization of the hardwood forests. These different
kinds of trees can also support portions of your present and future management plans.
As you walk in your woods you may start to notice that what at first looked like tremendous
diversity from the road is actually clumps, groups, and limited mixtures of trees. Site differences
such as slope, moisture, aspect toward the sun, and soil depth all can change the complexion of
the hardwood forest. On some sites you may only find one or two of the most welladapted and
successful trees present. Other sites may have multiple layers of many species.
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The clumps and groupings you find in hardwood forests is primarily the result of trees
reproducing in the local areas. You could consider these stands of trees "family" groups. Some
reproduction strategies result in widespread trees of the same species over a hillside or clumps of
trees in small pockets.
An important feature of hardwood forests is that they reproduce from both seeds and from
stump and root sprouts. Many times, this means that once a tree becomes established, sprouts can
keep that species of tree present for many years. Many hardwood management practices use
sprouting to reproduce a hardwood forest of a desired species at a low cost.
Another aspect of hardwood forest diversity that can be valuable for producing a number of
different products is the number of trees per acre. Depending upon your management objective,
perhaps 75 crop trees are all you will harvest. Clearing the rest of the trees is not cost effective and
can lead to damage of the crop trees. Noncrop trees are valuable for their nurse crop role and other
values.
Many management systems employ natural successional patterns to reach landowner
objectives. Succession of one species or set of species by other species is part of our natural
heritage. These natural patterns of forest change can be used to produce your objective -- whether
it's an increase in wildlife, timber, or other goals. At the same time, these changing patterns can help
protect your forest from pests and loss of productivity.
A complex natural system is difficult to perfectly organize for production of a single product.
Small changes in tree regeneration or in pest cycles can initiate major shifts in the mixture of ages,
species, and health of your trees as well as other changes in the composition and value of your forest,
over time. Working with what is available, enriching production potential, and patient, 'knowledgeable
and objective-driven management can help you reach your goals for a specific hardwood site. Contact
a professional forester to help you develop a management plan for your forest. (See chapter 21.)
Hardwood management is easy -- but it's a long cycle. While you cannot master hardwood
forest management in a lifetime, you can easily produce some valuable products while e4oying the
wildlife, scenic vistas, and other natural resources. Land ownership has great privileges. It also
carries with it some major responsibilities. Living things constantly change with continual shifting of
product mixes. Being a good steward of the land means keeping the system healthy and productive.
Hardwood management is fun. If you have a small woodlot or a large acreage, working with a
complex and ancient forest system is enjoyable. The things and stories you can find in the woods
surpass the best books or television mini-series. Family traditions, summer work, chores, or small
business all can be tied to your hardwood resource. Reasonable and timely inputs to your hardwood
forests can more than repay the investment.
Hardwood management is profitable. Profit can be calculated many ways for many different
products. In a world where natural resources are becoming rarer, populations are increasing and a
world market is developing for many products, values from the basic soil and forest production unit
will increase. Future market potentials may he with fee hunting and urban firewood, pulpwood and
water quality protection or Shitake mushrooms and acorns, but the productivity and health of the
hardwood forest will remain of value.
Hardwood forests occupy a large acreage across the South. The potential values of most
have not been realized. Through proper and conscientious management you can turn that
"wasteland, weedy brush, worthless slope, tree junk and swamp" into productive acres without
massive time and money investments. Make every acre work for you while you enjoy the values
that hardwoods can bring.
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2. Hardwood Site and Stand Inventory
Dan Sims, Retired
USDA Forest Service
1720 Peachtree Rd, NW
Atlanta, GA 30367

SITE EVALUATION
A particular forest site is defined as an area relatively uniform in its capacity to grow trees,
characterized by interacting combinations of plant and animal life, climate, landform, and soil
conditions.
The success or failure of a forest management plan depends on correct evaluation of forest
sites, and sound judgement in fitting species to site to meet landowner objectives. This is especially
true for the more site-sensitive hardwoods.
Quality of the site will dictate to a large extent: species composition; ease or difficulty of
getting desired regeneration; cultural practices; and ultimately, growth and yield of the stand.
Generally, hardwoods grow best in deep (60 inches or more), moist, medium-textured
(loamy) soils. They have a well-developed layer of topsoil more than 6 inches deep. These soils are
adequately drained (no mottling), with moisture-retaining subsoils (no mottling). These soils occur
most often along stream and river bottoms within the Piedmont and Coastal Plain, upland coves, and
lower slopes and benches, especially on north and east exposures in the uplands.
Site quality is often more variable in the mountains. Here, topography features such as
elevation, aspect and slope steepness, slope position, length and shape, strongly influence site
quality.

Characteristics of Good Hardwood Sites:
* Well-drained stream and river bottoms (with alluvial soil);
* Mountain coves and gulfs; Benches (natural terrace
formations on side slopes);
* Mid and lower slopes facing north or east;
* Lower slopes facing northwest or southeast;
* Gradual/concave slopes.
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Characteristics of Good Soils
* More than 3 feet deep, with a well-developed layer of top soil;
* Medium-textured loams (little or no heavy clays or deep sands);
* Moist, well-drained topsoil with moisture-holding subsoil;
* Less than 65 percent rock content.

Characteristics of Poor Hardwood
* Sites Upland ridges (especially narrow ridges);
* Upper and mid-slope facing south, southwest, west;
* Steep/convex slopes;
* Poorly drained or excessively drained sites.

Characteristics of Poor Soils
* Shallow (less than 24 inches to bedrock);
* More than 65 percent rock or gravel;
* Poorly drained, or excessively drained soils (often organic soils
or deep sands);
* Excessively high clay or sand levels in upper soil layers;
* Hardpan or impermeable layer near surface.

Methods to Determine Site Quality
1. Direct Determination of Site Index
Site index (SI) is expressed as the height in feet of a dominant, free-to-grow tree of a particular
species in a 50-year growth period. Example: A 50-year-old yellow-poplar that has been in a free-to-grow dominant or co-dominant crown position within the stand throughout its life is 100 feet tall. The
site index for yellow-poplar on this site = 100 SI (50).
Site index is the most common method used to determine site quality. It is accurate and
simple to use when: (a) suitable trees are available for the required height and the age
measurement and, W when accurate site index curves are available.
Suitable site index trees must be:
--Free to grow, dominant or co-dominant crown position;
--Free of past suppression or top breakage.
Such trees are most commonly found in well-stocked, even-aged stands, undisturbed by past cutting
and preferably 40 to 60 years old.
Unfortunately, direct site-index determination is not reliable in many degraded hardwood stands
that no longer represent true potential for the site. Reliable site-index trees are often hard to find in
stands logged poorly by high-grading, or damaged by fire, grazing, ice or snow. Poorly stocked,
uneven-aged stands or stands where desired species are not present are also poor candidates for
direct site-index measurement. Some species are better suited to direct site-index determination.
Intolerant species with single, well defined leaders and ring porous hardwoods with distinct annual
rings such as oak, ash, and yellow-poplar are well suited.
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The following site-index ranges for upland oaks (base age 50 years) indicate site quality.
WEST OF THE MISSISSIPPI RIVER
Site

Red Oak

White Oak

Good

SI more than 70

SI more than 65

Medium

SI 55 to 70

SI 50 to 65

Poor

SI less than 55

SI less than 50

EAST OF THE MISSISSIPPI RIVER
Site

Red and white oaks

Good

SI more than 80

Medium

SI 65 to 80

Poor

SI less than 65

Bottomland site ranges in the South will be about 10 points higher than for upland sites east of
the Mississippi.
2. Volume
Site productivity can be ranked according to growth in cubic feet per acre per year.
85+
50-85
20-50

cubic feet/acre/year
“ “ “ “
“ “ “ “

Good
Medium
Poor

This alone is impractical for most hardwood stands because of lack of growth-and-yield
information.
3. Soil Series
Soil series (soil mapping unit) descriptions have been prepared by the Soil Conservation Service
(SCS). They list preferred species and site-index estimates. However, much of the forest land has not
been soil mapped and soil series alone does not account for all factors.
4. Indicator Plants and Experience Factors
Certain plants, especially lesser understory plants, are so sensitive to site quality that their
presence or absence, or relative abundance may serve to classify site quality. Understory vegetation
can be affected by species and stocking conditions of the overstory and by forest history. Being able
to "read the site" includes taking note of indicator shrub and herb vegetation and effects of past
land-use.
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Examples Of Indicator Plants
Good Sites

Poor Sites

Wild hydrangea
False Solomons-seal
Trillium
Wild geranium
Broadleaf sedge
Pawpaw
Wild ginger
Beech

Vaccinium. species (blueberry)
Scrub oak (Post, Blackjack)
Pitcher plant

5. Indirect Methods
Possibly the most accurate methods of assessing hardwood site quality involves e factors other
than the growth and condition of current vegetation. Researchers are deve practical methods for
estimating site quality based on factors such as landform, climate, soil condition, past use and other
environmental effects. These methods accurately assess site quality without relying on the type and
condition of the vegetation that happens to occupy the site at any given time.
Tables 2-1 to 2-3 show how environmental factors are used to determine site suitability for
various species and species mixtures.

Table 2-1. Site guide for Coastal Plain.
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Table 2-2. Site guide for mountains.
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FOOTNOTES FOR TABLE 2.2 SITE GUEDES TO MOUNTAINS

1 / Deep = 30 inches ; shallow = less than 30 inches. 4/ U = upper 1/2; L = lower ½
2/ Winter weather risk.
5/ Broad ridges.
3/ Especially where bark beetles are a problem.
6/ Narrow ridges.
7/ Above 2,000 feet.

Table 2-3. Site guide for Piedmont and Cumberland Plateau.

1 /w/w oaks = water willow oak
2/ (White pine could also be suitable for ridges and side slopes above 2,000 feet elevation.
3/ Broad ridges
4/Narrow ridges
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The following definitions apply to the terms used in tables 2-1 to 2-3.
Wet - Periods of excessive moisture because of flooding, perched water tables (soil hardpans),
and poor drainage. Presence of mottled soils.
Moist - Well-drained soils, but with enough moisture to maximize tree growth throughout the year.
Usually associated with loamy soils with some moisture-retaining clays in the subsoil.
Dry - Sites with insufficient moisture for maximum tree growth at least part of the year because of
excessive drainage or topographic position.
Droughty - Excessively drained, usually very shallow, except for deep sands. Insufficient moisture
for quality hardwood tree growth.
Texture - The relative proportions of the various soil separates in a soil material.
Fine - usually associated with clay-textured soils.
Medium - Usually associated with loamy-textured soils.
Coarse - Usually associated with sandy-textured soils.
Skeletal - A soil with more than 35 percent by volume of gravelly material. Such material is less
than 3 inches in diameter or is cobbly -- 3 to 10 inches in diameter.
Scientists have developed other evaluation methods for southern species and published them
as technical reports. See the references at the end of this chapter.

SITE-REQUIREMENT CHARACTERISTICS
Yellow-poplar
Best growth and form occurs in the rich loamy coves of the mountains or on deep, well-drained
stream bottom terrances in the Piedmont and mountains. Yellow-poplar grows better than other
hardwoods on a relatively wide variety of sites. It usually is not well-adapted to sites with a SI50 less
than 70 to 75. This species cannot tolerate excessively wet sites. Neither will it perform well on dry,
shallow soils (less than 30 inches deep).
Oak
Oaks demand the best sites for high-quality timber. Northern red oak in the uplands and
cherrybark in the bottomlands are examples of high-value oaks that are site demanding. They
require deep soils, preferably loamy, well-drained, but with a moisture-retaining capacity in subsoils.
Northern red oak grows well on benches and lower slopes with north and east exposure. Cherrybark
oak is usually found on second bottoms, which are terraces slightly more elevated than the current
flood plain. It often grows with Shumard and swamp chestnut oak. White and black oak are less
demanding and often grow together on medium quality sites.
Scarlet oak and chestnut oak are better adapted to poorer, ridge sites on high plateaus and
lower mountains. Post oak and blackjack oak may dominate the poorest sites. These sites are often
targeted for pine conversion. Water oak and willow oak often dominate forest bottoms (active flood
plain) with overcup oak and water hickory associations on poorer, water-logged sites.
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Sweetgum
Sweetgum grows over a wider range and tolerates wider soil-moisture conditions than do most
other high-value hardwoods. R grows well on well-drained sites that receive ample precipitation. Such
sites include well-drained stream and river bottoms. Sweetgum grows well in association with both
upland and bottom species. It does well in small stream bottoms and deep loamy soils of upland
slopes and ridges.

Hickories
A major component in many hardwood stands, hickories usually grow in association with oaks.
They are seldom a preferred timber species because of slow growth and poor quality, especially on
upland sites. Hickories may be more valuable as a stand component for wildlife mast production.

Other Hardwoods
Other species found in association with those mentioned above include: black walnut, ash,
maple, sycamore, basswood, elm, blackgum and others.

STOCKING GUIDES
Stocking is often a problem in hardwood stands. More often than not, these are remnant stands,
following years of high-grade or diameter limit cutting, wildfires and grazing. The stocking in these
stands is often inadequate and does not reflect the true potential of the site for either quantity or
quality. Often the best management alternative is to harvest what remains of the stand and
regenerate it. However, if the stand contains adequate growing stock, trees of favorable species, age,
and quality potential, then other management alternatives are available.
First, let's define acceptable trees. These "crop trees" are favored in management throughout
the life of the stand, with the very best trees carried to final harvest. Acceptable growing-stock trees
are characterized as follows:
Sawtimber, 11 inches or more in diameter at breast height (d.b.h.). Salable trees may not be
large enough to be "mature," but would be of desirable species, good form and quality. They're
satisfactory as crop trees in a final stand, or as a potential product for an intermediate cut within 20
years.
Poletimber, 6 to 11 inches d.b.h., provide salable trees for small products if markets e3dst. Of
such species, form and quality that they are suitable for crop trees if this size class is managed as the
main stand. They could also be retained for future intermediate cuts within the next 20 to 40 years.
Small trees, 2 to 5 inches d.b.h. These trees are of acceptable species, form, and quality, and
could be selected as future crop trees if this size -class were selected as the main stand. They may
be suitable to leave for 20 to 60 years for future intermediate cuts.
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Stands adequately stocked to carry the present stand to rotation age will contain about the
following number of crop trees:
Size*

Number
of trees

6
8
10
12
14
16
18
20

200-340
140-240
90-150
70-115
50-90
40-100
35-60
30-50

* Diameter, in inches, measured 4 1/2 feet above the ground.

This is merely a guide and does not mean that all the trees must be outstanding in quality and
form. Many of these potential crop trees will be cut during intermediate thinnings. Others will
undoubtedly succumb to insects, disease or other causes. The guiding principle should be to favor
and carry to final harvest the best 40 to 50 trees per acre. All intermediate cutting and cultural work
should be done to promote the growth and value of these better trees.

REGENERATION EVALUATION
When too few acceptable growing-stock trees are available or when the stand reaches maturity,
evaluate the stand for natural regeneration potential before the harvest.
On most hardwood sites, natural regeneration will be sufficient to replenish the stand. Go
through a stand before the harvest cut to see if you can expect to have enough seedlings, seedling
sprouts, root sprouts, or stump sprouts of the desired species to develop into an adequately stocked
stand following overstory removal. Tolerance of species to shade, and whether the species is heavy
or light-seeded, will govern the steps needed to start a new stand.
Intolerant, light-seeded species such as yellow-poplar, ash, and cottonwood will regenerate from
seed if the seedbed conditions are favorable and sunlight is available. Seed from species such as
yellow-poplar and ash remain viable on the forest floor for several years. They are usually plentiful if
these species were present before harvest. Also, birds, animals, and wind transport seeds from
nearby stands. Logging activity is usually sufficient to scarify the forest floor and provide the mineral
seedbed needed for germination. Removal of the overstory and brush will enable sunlight to reach
the forest floor, helping the light-seeded species to germinate and grow fast enough to compete with
other plants. Usually, seed trees are unneeded on hardwood sites.
When regenerating heavy-seeded species of intermediate shade tolerance, such as the oaks,
well-established seedlings should be in the understory at the time of harvest. These seedlings
develop after germination under the shade of the forest canopy. Many seedlings die quickly, others
die back and resprout, but some endure under closed canopies for several years, and become
advanced regeneration. Their top growth may be very slow, but the root system continues to
develop.
Advanced regeneration is particularly important for oaks because new seedlings are produced
sporadically, and grow too slowly to compete successfully with other species. Oak saplings, at least
4 to 5 feet high, with well-developed root systems, are most desirable as advanced regeneration.
These young trees will respond quickly and vigorously to sunlight after the harvest cut, and should
grow fast enough to compete with other species. Logging usually does not harm advanced
11

regeneration because sprouts will grow vigorously from the root collars of saplings and seedlings
that are broken or cut during harvest. Sometimes measures must be taken before final harvest to
develop advanced regeneration if it is not already present and oak is desired in the new stand.
Young hardwood stands almost always contain some stump sprouts, and occasionally entire
stands can develop from stump sprouts. Because of their vigorous early growth, stump sprouts often
dominate other forms of reproduction. The quality and longevity of trees resulting from stump sprouts
are sometimes questioned, but stems that start from small stumps below or near the ground line are
usually good risks. Some hardwoods also produce root sprouts. Species such as black locust,
sweetgum and sassafras produce them prolifically and may regenerate almost entirely from root
sprouts.
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3. Mixed Appalachian (Cove) Forest Type
Douglas McLaren
Department of Forestry
University of Kentucky
Lexington, KY 40546

The Mixed Appalachian (Cove) Forest Type is a very complex and diverse forest located in
the east-central parts of the United States. This type is found in three physiographic provinces: (1)
Appalachian Plateau (2) Blue Ridge and (3) Ridge and Valley.
The three provinces consist of the geographic regions ranging from southwestern Ohio
through central Pennsylvania, south along the coasts of Delaware and northern Virginia. The
region continues through the western ridge and valleys of Virginia, North and South Carolina to the
northwestern sections of Georgia and Alabama. The western boundary extends north through the
eastern ridges and valleys of Tennessee and Kentucky.

SPECIES
The Mixed Appalachian (Cove) Forest Type is also described by foresters as the mixed
inesophysic forest. It contains the most diversified and richest mixtures of tree species found.
These species develop best in well-drained, moist, upland sites. The dominant species, when
managed, can provide high economic returns. They include sugar maple, American beech, yellowpoplar, white basswood, yellow buckeye, northern red oak and white oak. Those species that exist
in smaller numbers are sweet and yellow birch, black cherry, white ash, red maple, blackgum, black
walnut, cucumbertree, bittermit hickory and shagbark hickory. Conifers make up a very small
percentage of the total growing stock in this type.

PHYSIOGRAPHY and SOILS
The elevation differences that exist in the Mixed Appalachian (Cove) Forest Type range as
much as 1,000 feet on the western and eastern slopes of the region. Deeply-eroded valleys exist in
the mountainous regions of West Virginia in the northern section of the area. The southern region
has well-defined, narrow ridges that continue into Alabama and Georgia. Broad valleys in this
section lie "several thousand feet lower than the mountain ridges that surround them.
The best known mountains in the section consist of the Blue Ridge range, characterized by
elevations of up to 3,000 feet. They culminate in the North Carolina Smokies at 6,000 feet. The
mountains in this area are typically very broad as well as high.
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SOILS
Two major soils exist in the Mixed Appalachian (Cove) Forest Type. The northwestern
sections of the area consist primarily of sandstone and shale. The soils are strongly acid in nature
with limestone reducing pH when present. The soils are moderately to excessively drained.
The southeastern soils are comprised of sedimentary rock including granite, but reflect the
same soil characteristics as the northern section.

STATISTICS
Nearly 62 percent of the Mixed Appalachian (Cove) Forest Type is classified as commercial
forestland. About 80 percent of it is in private ownership. The public section owns 12 percent while 8
percent is owned by the forest industry.
At the turn of the century the forests of the Mixed Appalachian (Cove) Forest Type were cut
over extensively for the high quality and value of the species of black walnut, black cherry, yellowpoplar, basswood and white oak. Later in the century the black, scarlet and red oaks, beech and
maple were cut.
Land clearing and eventual abandonment of the steeper slopes converted the original, high
quality stands to low quality, low grade stands of mixed hardwoods and conifer.
Reduced wildfires in the area have not reduced the need for continued education to
eliminate fire in quality hardwood production. Continued forest management of these stands will
eventually reduce the number of stems that have been reduced in value, resulting from wildfires.
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4. Oak-Mixed Hardwoods Forest Type
Robert L. McElwee, Retired
Extension Forestry
Virginia Tech
Blacksburg, VA 24061
George D. Kessler
Clemson University
262 Lehotsky Hall
Clemson, SC 29634

WHERE SOUTHERN HARDWOODS GROW BEST
The oak-mixed hardwood forests (oak-hickory complex) of the South occupy the largest area of
any hardwood group in the region. The oak-mixed hardwoods are found throughout the Southern
Appalachians and eastward to the Piedmont plateau and Coastal Plain where they join with the
oak-pine forest type. To the west the oak-mixed hardwoods extend through the Cumberland
highlands, the Ozarks, and merge with the Central Hardwood region. While many species of both
hardwoods and conifers are found throughout this 60 million acres of forests, the oaks predominate,
occurring both in pure stands and as mixtures with a wide variety of hardwoods and conifers. See
figure 4-1 and table 4-1.
. Growth and productivity of these forests range from very poor to excellent, depending upon such
factors as soil depth and fertility, elevation, availability of soil moisture, slope and aspect of sites,
temperature extremes, and to a great degree on past land-use practices. In general, best growth is
found on moist, well-drained north and east facing slopes, in coves, and along major and minor
water courses and drainages. Reproduction of the oak-mixed hardwood forests is primarily by
natural means-- seed, root sprouts, and stump sprouts. The oaks and many species associated with
them tolerate shade. They can live in the understory for long periods as sprouts and seedlings,
growing vigorously once the overstory is removed. Other species, yellow-poplar for instance, do not
have this capacity to survive under heavy shade and must have full sunlight as young seedlings.
Several distinct forest cover types are recognized within the oak-mixed hardwood region. These
serve as examples of forest cover and only provide reference points for natural systems, which have
become confused. The complexity of soils, topography, weather, drainage patterns, and especially
the influence of past land practices interact to present a confusing mixture of species associations
over large portions of the area. The discussions below relate to general characteristics of forest
types. Exact characterization of specific localities and individual stands, and hence silvicultural
prescriptions for their management, can only be made after detailed on-the-ground analysis.
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Table 4-1. Characteristics of natural southern forest sites covered with oak-mixed
hardwood forest types.

TYPE

PRIMARY
SPECIES

GEOGRAPHIC
DISTRIBUTION

ALTITUDE
RANGE

ECOLOGICAL
RELATIONS

Postblackjack
oak

Post oak
blackjack
hickory other
oaks pines
redcedar elm
blackgum
sourwood

Texas east to
Atlantic Coast of
Fla. To NC.
Southern
Appalachians

400 to2,500 ft.

Droughty sites.
Shallow clays
and deep sands.
Climax on dry
sites. Subclimax
on moist sites.

Chestnut
oak

Chestnut and
other
oaks
hickory
sourwood
birch
gums
poplar
walnut
maple
cherry
pines

Throughout
Appalachians into
the Piedmont.

Primarily on
the ridge tops
and dry slopes.
1,500 to 4,600
ft.

Sprout origin.
Intermediate
shade tolerance.
Tenacious on
dry sites. Poor
competition on
better sites.

White oak,
black oak,
northern
red oak

White oak,
black oak,
northern
red oak
other oaks
hickory
yellow-poplar
maples
blackgum
ash
elm
sweetgum
pines

Throughout
Appalachians and
Piedmont into the
Coastal Plain

500 to 4,000
ft.
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Prevalent on
many soils.
Subclimax to
climax
dependent on
soil type.

Table 4-1, continued

Type

Primary
Species

Geographic
Distribution

Altitude
Range

Ecological
Relations
Typically found on
deep, moist,
loose-textured
soils. Favors
mountain covers
and moist north
and east facing
slopes. Yellowpoplar'’ shade
intolerance and
susceptibility to
fire often
eliminate species
from type.
Prevalent on
moderately deep
to deep, moist,
medium, and fine
textured, welldrained soils.
Subclimax
species but will
replace itself if
severely
disturbed.
Intolerant to
shade. Seed
remains dormant
on forest floor for
years.
Most common on
moderately dry to
moderately wet
sites. Climax on
drier sites.
Subclimax on
moist sites.

yellowpoplar,
white oak,
northern
red oak

Lower
elevations:
ash
walnut
black locust
Higher
elevations:
black cherry
ash
beech
maples
pines

Appalachian
Mountains,
Piedmont plateau,
and west into the
central forest
region.

500 to 4,500 ft.

yellowpoplar

Maple
beech
ash
northern red
oak
white oak
blackgum
hickories
pines
sweetgum
blackgum

Louisiana east to
the Atlantic coast
and north to
central Michigan
and New
England.

Up to 3, 500 ft.

white oak

Northern red
oak
black oak
chestnut oak
scarlet oak
post oak
hickory
blackgum
yellow-poplar
ash
maples
pines

Texas east to
Atlantic Coast
excluding most of
Florida and north
to Great Lakes
and New
England.

400 to 2,000
ft.
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Table 4-1, continued

Type
Northern
red oak

Primary
Species
Moist sites:
yellow-poplar
black cherry
maple
ash
white oak beech
buckeye
Dry sites:
upland
oaks
hickory
blackgum maple

Geographical
Distribution
Spotty throughout
Appalachians.

Altitude
Range
Up to 5,500
ft.

Ecological
Relations
North and east
slopes with
adequate
moisture.
Occasionally on
south and wet
dry slopes.
Subclimax on
better sites.

The seven cover types discussed below are the principal ones within the southern oak-mixed
hardwood region by the classifications recognized by the Society of American Foresters. They are:
Post oak-blackjack oak type Chestnut oak type
White oak, black oak, northern red oak type
White oak type Northern red oak type
Yellow-poplar, white oak, northern red oak type
Yellow-poplar type

POST OAK, BLACKJACK OAK TYPE
In the southeast this type is found from Texas east to the Atlantic Coastal Plain and north to the
sand hills of North Carolina; in the Ozark-Ouchita highlands; and on dry ridges and shallow soils of
the southern Appalachians. See figure 4-2. The type is found on droughty sites and is very low in
productivity. Surface soils may be shallow with a high clay content underlain by clay or clay-loam
subsoils. Alternatively, surface soils are often deep sands over gravelly, sandy clay subsoils.
Post and blackjack oaks predominate on these poor sites, reproducing primarily by sprouting.
Associated species include pignut and mockernut hickories, black, scarlet, southern red, bluejack,
white and turkey oaks, shortleaf and Virginia pines, winged elm, blackgum and sourwood. On sites
with increasingly better moisture regimes, the proportion of black and red oak and the hickories
increases. Available soil moisture is limiting on these sites and little opportunity exists to improve
growth on stands within this type. Moister sites can be converted successfully to pine. However, over
time converted sites will revert to their former composition.
Understory vegetation commonly found includes sumac, blueberry, huckleberry, hawthorn, wild
grapes, greenbrier, and wild plum. Herbaceous vegetation associated with this type includes
bluestem, sedges, panicgrass, wiregrass, pussytoes and broomsedge.
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Figure 4-2. Range of Type 40, post oak-blackjack oak type.
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CHESTNUT OAK TYPE
Occurs on the drier sites and ridge tops throughout the Appalachians and extends to some
degree into the Piedmont. See figure 4-3. Chestnut oak is found in pure stands or with associated
species that vary by elevation, topographic position and, conditions of the soil. Chestnut oak
reproduces by sprouting. Associated species include several other oaks, the hickories, sourwood,
maple, birch, sweetgum, blackgum, black cherry, yellow-poplar, and several conifers.
Chestnut oak is usually limited to poorer, dryer sites because of its inability to compete with
other species on the better soils. In those instances where the species does become established
on better-quality sites, it responds with better growth and yields.
Understory vegetation common to this type includes mountain laurel, blueberries and
huckleberries, dwarf chinkapin oak, rosebay rhododendron, wild grapes, flame azalea, greenbriers,
brambles, bittersweet, hobblebush, mapleleaf viburnum, minniebush, mountain sweetbell and
witch-hazel. At higher elevations, mountain and striped maples may also be found in the
understory.

WHITE OAK, BLACK OAK, NORTHERN RED OAK TYPE
This type occurs over a wide area of the East. In the South, variations of the type extend from
the southern Appalachians into the Coastal Plain. The range of this type coincides with that of the
white oak type (figure 4-4). While the white, black, and northern red oaks predominate, other oaks
that may be significant component of stands are pin, scarlet, southern red, chinkapin and post oak.
Associated species include hickory, blackgum, maple, yellow-poplar, ash, elm, basswood, sweetgum
and other hardwoods in addition to several conifers.
This type is found over a wide range of soils. On the most productive soils, stands of mixed
hardwoods, which include a high percentage of the better oaks, produce medium- to high-quality
timber when managed properly, especially on moist north- and east-facing slopes and in coves.
Many trees, shrubs, and herbaceous species are found in the understory of this type. Trees and
shrubs include dogwood, sassafras, sourwood, serviceberry, redbud, hornbeam, hophornbeam,
witchhazel, vacciniums, viburnums, spicebush, laurel and rhododendron. Common vines are
greenbrier, wild grape, Virginia creeper and poison ivy. Common herbaceous species are mayapple,
Solomons-seal, false Solomons-seal, trilliums, snakeroot, bellworts, asters, goldenrod and several
others.

WHITE OAK TYPE
The white oak type has an extensive range throughout the East. In the South its range extends
from Texas through the Appalachians and the Atlantic Coastal Plain. See figure 4-4. White oak is
the major species component in this type, with associated species comprising no more than 20
percent of stocking. Associated species are other oaks, blackgum, hickory, yellow-poplar, white
ash, maple and eastern white pine.
This type is most commonly found on moderately dry to moderately moist sites. On the drier
sites, several dry-site species such as chestnut oak may be found in association with the white oak.
On medium and better sites, management techniques suitable to white oak regeneration and growth
are recommended.
Associated understory vegetation commonly found with the white oak type are those woody and
herbaceous species listed under the white oak, black oak, northern red oak type above.
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NORTHERN RED OAK TYPE
This forest type is found in the South only in the southern Appalachians where stands of this type
are spotty. See figure 4-5. Stands are found mostly on north- and east-facing slopes on excellent,
well-drained loams and similar high quality soils. Associated species include many of the better
hardwoods such as yellow-poplar, black walnut, black cherry, white oak, white ash, buckeye and sugar
maple.
Woody understory species commonly associated with this type are dogwood, hophornbeam,
hornbeam, serviceberry, sassafras, redbud, witch-hazel, rhododendron, mountain laurel and pawpaw.
Common herbaceous species are wood nettle, touch-me-not, stonecrop, Solomons-seal, false
Solomons-seal, and mayapple. On drier sites, teaberry, tick-trefoil, goldenrod and trailing arbutus may
also be found.

YELLOW-POPLAR, WHITE OAK, NORTHERN RED OAK TYPE
The three species included in the type name make up the majority of stocking. Associated species
are white ash, black walnut, black locust, sweet birch, butternut, eastern hemlock, black cherry, white
pine, white ash, cucumbertree and the maples. As seen in figure 4-6, the range of this type coincides
with that of the yellow-poplar type. In the South this type is found through the Cumberland and
Allegheny Mountains and Plateaus; the Blue Ridge, and the Valley and Ridge province and extends
into the Piedmont. This type is characteristic of those stands designated "cove hardwoods", but is also
found on high-quality north- and east-facing slopes and on well-drained flats. Proper management of
stands in this forest type will yield some of the finest Appalachian hardwoods available.
Understory species associated with this type include maples, oaks, hickories and cherries, but
yellow-poplar is rarely present because of its intolerance to shade. Other understory species are
grape, spicebush, hydrangea, viburnum, and dogwoods. Herbaceous species such as trilliums,
toothworts, springbeauties, anemones and several species of ferns are also common.

YELLOW-POPLAR TYPE
In the South, this type is found throughout the Appalachians at low to mid-elevations southward to
Georgia and Alabama. See figure 4-6. While many stands of this forest type are pure yellow-poplar,
the species also grows in association with white ash, red and white oak, blackgum, hickory, black
cherry, cucumbertree, sweetgum, maple, loblolly and white pine and others.
Yellow-poplar is site-demanding, growing well on only the better moist but well-drained sites where
it outgrows most other species. The species seeds prolifically, the seed remaining dormant in the
humus for several years. Upon removal of the overstory the seed germinates rapidly and seedlings
grow well in full sunlight.
Understory species, both woody and herbaceous, commonly associated with this type are
those listed above as being associated with the yellow-poplar, white oak, northern red oak forest type.
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5. Oak-Pine Forest Type
Andrew W. Ezell
Mississippi State University
P. 0. Box 5446
Mississippi State, MS 39762
R. Larry Willet
School of Forest Resources
Univ. of Arkansas-Monticello
Monticello, AR 71655

RANGE
Pine-hardwood forests occur almost everywhere pines grow. The range is shown in figure 5-1.
They come about in two ways. One is for pines to invade hardwood stands by seeding into large
openings. The other is for hardwoods to invade pine stands, due principally to the exclusion of fire.
The latter is the most common case, and from an economic standpoint most pine-hardwood sites
are probably better adapted to production of pine.
On most sites, pine-hardwood stands are a transition from pines to hardwoods. Pines are
adapted to seed-in on bare soil in open areas. Pine seedlings will not survive for long when shaded
by or competing with larger trees. Most of the desirable southern hardwood species also require
direct sunlight for best growth. Many, however, have the ability to survive for decades in the
understory or midstory, in effect waiting until an opening overhead is created.
The virgin pine forests of the South existed because frequent ground fires kept hardwoods
from becoming established on those upland sites. Pines, after the first few years, can survive light
fire. The pines replaced themselves, by seeding into large openings in the forest canopy created by
storms, crown fires, pine beetle attacks, or other infrequent severe natural disturbances. Now that
wildfires no longer burn unchecked, hardwoods are able to seed-in beneath the pine. Without
management, most pine stands will eventually become pine-hardwood and then hardwood forests.
The exception is where soil conditions (usually droughty soils) or frequent fires favor pines by
inhibiting establishment of hardwoods.

SPECIES
The pine-hardwood cover type includes a wide variety of species over its geographic
range. The following is a list of the major ones.
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Figure 5-1.Primary occurance of the pine-oak timber type. (by L. C Harshaw after Eyre
1980)
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Pines
loblolly pine

Virginia pine

shortleaf pine

longleaf pine

slash pine

Hardwoods
white oak

southern red oak

pignut hickory

post oak

chestnut oak

yellow-poplar

black oak

turkey oak

sweetgum

scarlet oak

blackjack oak

black gum

northern red oak

mockernut hickory

red maple

PHYSIOGRAPHY AND SOILS
The loblolly pine-hardwood type is the most common and widespread of the pine-hardwood
forests. It is scattered across the Coastal Plain and Piedmont from Texas to Delaware. It occurs in
swamps along the coast up to dry sites of 2,000 feet elevation in the Piedmont. On the Coastal Plain,
the soils are derived mostly from unconsolidated sand, silt, and clay marine sediments or sometimes
peat. In the Piedmont the soils are derived from igneous, sedimentary, or metamorphic rock.

VIRGINIA PINE-OAK TYPE
The range of the Virginia pine-oak type is from southern Pennsylvania to northern Georgia and
Alabama. It occurs at elevations below 3,000 feet in the plateaus and foothills of the southern
Appalachian Mountains and the Piedmont. The best sites for this type are old fields with clay and
loam soils, where hardwoods invade openings in old Virginia pine stands. At the other extreme are
rocky, dry mountain ridges where the pine's ability to withstand drought enables it to compete with
hardwoods.

SHORTLEAF PINE-OAK TYPE
This type occurs at scattered locations throughout shortleaf pine's extensive range. It is
common at elevations below 2,000 feet in the Piedmont, Cumberland Plateau, and southern
Appalachians. It is also found in northern Mississippi, northern Arkansas, southern Missouri,
southeastern Oklahoma, and northeastern Texas. Shortleaf pine-oak forests are typically found on
dry, coarse-textured, rocky, or shallow soils. These soils are mostly derived from sandstone, but
sometimes from shale or granite. Usually the shortleaf pine-oak type is only a transition between and
pine and a hardwood forest. An exception is on the margins of the Cumberland Plateau, where the
soil conditions seem to make the shortleaf pine-oak forests a stable, permanent association.

LONGLEAF PINE-SCRUB OAK TYPE
The longleaf pine-scrub oak type can occur on the lower Coastal Plain from North Carolina to
Florida and west to Texas. It is most common in the sandhills region of North and South Carolina,
Georgia, and northwest Florida. It typically occurs on deep, droughty, acid sands. This type is
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maintained by periodic fires, to which longleaf pine is well-adapted. Without fire, the scrub oak
would eventually dominate the site and prevent pine regeneration.

SLASH PINE-HARDWOOD TYPE
The slash pine-hardwood type is restricted to the lower Coastal Plain from South Carolina to
southern Florida and along the Gulf to eastern Louisiana. It commonly occurs in swampy areas on
seasonally-flooded, peaty soils that are often acidic and low in nutrients. These moister sites burn less
fi-equently but often more catastrophically than the associated longleaf pine uplands. On these sites,
the slash pine-hardwood forests seem to be a permanent type. The type also occurs along the
margins of minor stream where the usual surface fires do not penetrate. This factor favors
establishment of hardwoods. On the other hand, some of these sites are occasionally burned by hot
fires. Those events favor establishment of slash pine.

STATISTICS
The total area of pine-hardwood forest type in the South has fluctuated appreciably in the past
three decades. See table 5-1. Overall, the total acreage gradually increased from the 1950's to the
1960's, peaked in the early 1970's, and has steadily declined since then. Today, there is less acreage
in this cover type than at any time since 1952.
Individual States do not all follow this region-wide trend. In fact, seven States now have
more pine-hardwood acreage than in the 1950's. The significant decreases which occurred in
Alabama, Louisiana, b4ississippi, and Tennessee account for the overall decline in total acreage.
See table 5-1.
When acreage is reviewed by ownership pattern, interesting changes become apparent. See
table 5-2. More acreage of pine-hardwood forest type now exists on national forests than 1952, or
any year since. Overall, very little has changed in the acreage in the "other public" category. The
pine-hardwood acreage on forest industry land increased significantly from the 1950's to the 1970's
before declining during the 1980's, but it is still greater now than it was in 1952.
Only the private nonindustrial, ownership class had much less pine-hardwood acreage in 1985
than in 1952. There was an acreage increase during the 1950's and 1960's, but there has been a
steady decline since 1970. The change can be attributed to land clearing (for urban areas, pasture,
etc.) and to conversion to other timber types (by cutting the pine and leaving a hardwood forest or by
removing the hardwood and replacing it with pine).

REFERENCES
Eyre, F.H., ed. 1980. Forest cover types of the United States and Canada. Society of American
Foresters, Washington, DC. 148 p.
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Table 5-1. Area of pine-hardwood forest type, by State, for selected years.
Year
State

1952
1962
1970
1977
1985
--------------------------thousand acres-----------------------------

Alabama

5,803

4,839

4,982

4,793

4382

Arkansas

2,181

2,667

2,870

2,956

2,926

751

1,137

1,558

1,464

1,357

Georgia

2,266

3,604

3,674

3,302

2,741

Louisiana

2,644

2,242

2,199

2,131

1,891

Mississippi

4,309

3,305

3,162

3,452

3,560

North Carolina

2,027

2,405

2,468

2,433

2,264

Oklahoma

607

637

672

676

595

South Carolina

834

1,454

1,794

1,728

1,656

Tennessee

2,191

1,328

1,595

1,454

1,298

Texas

2,178

2,314

2,458

2,524

2,447

Virginia

1,297

1,569

1,753

1,932

1,689

Florida

Table 5-2. Area of pine-hardwood forest type, by ownership, for selected years.
Year
Ownership

1952
1962
1970
1977
-------------------------thousand acres------------------------------

National forest

1,536

1,530

1,651

1,740

1,823

954

874

972

930

953

4,995

5,170

6,342

6,395

5,762

Other private

19,643

19,927

20,220

19,780

18,269

Totals

27,088

27,501

29,185

28,845

26,807

Other public
Forest industry
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6. Bottomland Hardwood Forest Type
Robert Mills
Louisiana State University
267 Knapp Hall Baton
Rouge, LA 70803

SITE EVALUATION
Usually one considers bottomland forest as a type of stand of trees occurring along streams,
low-lying wet areas, depressions or coastal flats. The Forest Service forest survey considers
bottomland hardwoods to include forest in which bottomland hardwood species, singly or in
combination, comprise a plurality of stocking except where pines comprise 25 to 50 percent, in
which case the plot would be classified mixed pine-hardwoods.
According to Johnson and Shropshire, bottomland hardwood forests include 19 forest
cover types in 37 States. This area ranges from the Atlantic ocean, north to Canada and west to
the Rocky Mountains. Their habitat includes flood plains, backwater and headwater swamps and
minor drainages. Elevations are said to range from sea level to 800 feet above sea level. Annual
rainfall varies from about 30 inches to 64 inches on the Gulf Coast.
As listed by Putnam, Furnival and McKnight, southern bottomland hardwoods occur from the
lower Mississippi valley, lower Piedmont and southern Coastal Plain from Virginia to Texas, north to
Missouri and Kentucky. Bottomland hardwoods are extremely variable and peculiar to species and
site. Changes in elevation and drainage of only a few inches may determine the species or quality of
a site. Species and site greatly determine the value, quality, growth and reproduction of a particular
species.
Baker and Broadfoot listed four major factors in the effect of soil on hardwood growth. They
are: soil origin, physical condition, moisture availability and aeration. The interaction of these soil
properties make site evaluation for a species a difficult task. Also, soil types vary greatly depending
on origin from clay, to organic muck, to sand. Major soil-site properties are topsoil depth, presence of
a hardpan, soil texture, surface compaction and structure, geologic source, pH, topographic position,
soil age, swampiness, past land use and present cover type.
The most productive sites are bottomlands of major streams. Within a bottom the soil
composition varies with flooding amounts. The more frequent and prolonged the flooding, the
heavier the soils. Streams originating in the Coastal Plain have lighter texture and less fertile soils
that support somewhat different species than do streams from mountain or piedmont origins. Most
interstream alluvial soils with prolonged flooding are generally low in productivity. Cypress and
tupelo are common species where these soils are found.
For best management one should consult the Soil Conservation Service or a local hardwood
forester. They will help you match soils to species or offer guidance on the most suitable hardwood
species for a site, based on their careful observation of the growth patterns of native tree species.
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Several publications have guides for matching species to site, including Baker and Broadfoot's Site
Evaluation for Commercially Important Southern Hardwoods.

SPECIES
In the South there are more than 70 commercially important hardwood species, of which as
many as 50 species may be found in a given locality. Diversity is common, depending on site and
succession. Bottomland hardwood timber species usually can be described or broken down by
habitat or interrelated species type. Several species groupings have been used to list species types.
The most common description of bottomland species types are: cottonwood-willow, cypress-tupelo
and mixed hardwoods.
Johnson and Shropshire state that the cottonwood-willow type is a predominantly pioneer
species on new alluvial soils along major rivers. After harvest or mortality they are replaced mostly
by hackberryy, sugarberry, American elm, green ash, boxelder, red maple, roughleaf dogwood,
hawthorns, sweet pecan, sycamore, sweetgum, water hickory, overcup oak, swamp privet and
sometimes water oak. In more northern areas silver maple is a common invader.
The cypress-tupelo type is a major species component of coastal and backwater swamps
characterized by poorly drained area or standing water. Plants common to this type are bald
cypress, swamp tupelo, water tupelo, red maple, sweetbay, redbay, Carolina ash and green ash.
Buttonbush, swamp privet and roughleaf dogwood are common shrubs or small trees.

SOILS
Mixed bottomland hardwood stands are intolerant to wet soils and often to dense shade.
Many species occur on bottomland ridges and first and second terraces. However, sediment-filled
sloughs, isolated depressions and filled lakes often are distinct from surrounding, better-drained
areas in vegetative composition. In these poorer-drained areas overcup oak, red maple, water
hickory, green ash and persimmon are found. The most common commercial, mixed-type species
found on better drained bottomlands are sweetgum, white bay, willow oak, water oak, green ash,
hackberry, sugarberry, Nuttall oak, overcup oak, red maple, American elm, laurel oak, swamp
chestnut oak, cherrybark oak, Shumard oak, black tupelo, winged elm, hickories, water hickory,
persimmon, boxelder, pecan and, in the northern portion, silver maple.

STATISTICS
This review covers the endemic species of hardwoods on wetter sites in the South. The one
exception is cypress, which is a conifer. The range map by Putnam, Furnival and McKnight (figure 1)
illustrates the primary areas considered to be southern bottomland sites. Because of the varied
species and sites on which they occur, it is difficult to determine precisely the volume and area of
bottomland hardwoods. Forest surveys of the Forest Service list inventories by species and State, not
site. The largest, single area of bottomland is along the Mississippi river delta. Putnam, Furnival, and
McKnight listed this area to contain 11,600,000 acres (40 percent of the land area) in 1960. Since
then, this acreage has decreased by possibly one third.
Land clearing in southern bottomland areas has claimed more than 4 million acres since 1962,
mostly by nonindustrial landowners. Nonindustrial landowners may reverse this trend due to
environmental controls by government and the new Conservation Reserve Program (CRP) and other
reserve programs, which cost share and pay landowners for reforesting erodible and weland soils.
Also, management techniques and timber values are improving, which may provide more
management incentive.
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In the 13 southern States more than 30 minion acres of lowland bottomland hardwoods are
listed in the most recent forest surveys there. The major bottomland timber concentrations in the
South are the river floodplains of the Mississippi, Red, Tennessee, Alabama, Savannah and
Roanoke systems. The largest areas of bottomland hardwood in the South are found in Alabama,
Arkansas, Florida, Georgia, Louisiana, Mississippi, North Carolina, South Carolina and Texas.

Figure 6-1. Location of southern hardwood sites. (Source: Putnam, Furnival, McKnight
1960.)
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7. Mississippi Valley Forest Type
Victor L. Ford
Westvaco
Box 458
Wickliffe, KY 42807

DISTRIBUTION
The Mississippi Valley Forest Type covers an area from Cairo, Illinois, to the Gulf of
Mexico. This forest type encompasses the floodplain of the Mississippi River, terraces,
levees, and the loessial highlands (figure 7-1).
Currently, there are about 11.5 million acres of timber in the Mississippi River Valley
forest type. Four million of those acres are in the loessial highlands, and 7.5 million acres are
in the other land types. Excluding the loessial bluffs, in the mid-1930's there were 11.8 million
acres of timberland in the Mississippi Valley Forest Type. Approximately 4.3 million acres of
land (36 percent) were lost to other uses. This was primarily due to land clearing activities in
the late 1960's and early 1970's for the production of row crops. The remaining hardwoods
are growing in sites that are too difficult or too wet to farm. About 1.2 million acres lie inside
levees that are prone to annual flooding. The nonindustrial, private landowner controls over
70 percent of the region, forest industry owns about 20 percent, and only 10 percent is in
public ownership.

MISSISSIPPI RIVER FLOODPLAIN
This region contains some of the most productive and variable sites in the United
States. A difference of a few feet can change site productivity drastically due to soil
drainage. The types of trees that are present reflect the changes in soil characteristics.
Two distinct regions devide the floodplain: first bottoms and terraces. The first
bottoms, which are prone to prolonged flooding, formed from current river- drainage.
Terraces were formed by older drainage systems and represent old floodplains. The
fluctuations in elevation result in ridges, flats, sloughs, and swamps. Ridges are the
highest land form, flats are level areas between ridges, sloughs are depressions that are
periodically flooded over half the year, and swamps are usually flooded except in years of
extreme drought.

FOREST TYPES
The Mississippi Valley Forest Type includes the cypress-tupelo, willow-cottonwood,
and mixed soft hardwood types, but these types are discussed in other sections of this
manual. The rest of this section will concentrate on the mixed oak types.
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Figure 7-1. Distribution of the Mississippi Valley forest types.
Willow Oak Type
This type occurs on low clay ridges, where green ash and sweetgum. are common
associates. This type produces good quality timber and growth rate of better than 4 inches
of diameter at breast height in 10 years is common.

Overcup Oak-Water Hickory Type
This type occurs in sloughs and other poorly drained sites. Common associates are
green ash, pin oak, willow oak, Nuttall oak, persimmon, winged elm, and red maple. Site
productivity depends upon soil drainage. The high water table associated with this forest
type results in poor growth rates.

Sweetgum-Cherrybark Oak Type
This is a productive forest type with the potential to produce high-quality logs. This
type is found on the well-drained flats and ridges with loam or sandy loam soils. Common
associates include water oak, swamp chestnut oak, ashes, hickories, and black gum. Black
gum considered to be a weed on upland sites, reaches its greatest potential in this
environment and can be valuable.
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LOESSIAL HIGHLANDS
This region includes the Brown Loam Bluffs that occur in western Mississippi,
Tennessee, and Kentucky. Also included in this region are the Loessial Plains in Arkansas
and Louisiana and Crowley's Ridge in Arkansas. The majority of the loessial plains has been
cleared and is used for farming. This region is considered to be prime rice soil and little is
now covered in forest. In contrast to the loessial plains, the Brown Loam Bluffs and
Crowley's Ridge support considerable forest. Loessial soils were formed from windblown
materials blown out of glacial plains during the last lee Age. Silt deposits up to 100 feet thick
are found at the western edge of the Brown Loam Bluffs and Crowley's Ridge. The soils are
well-drained, highly erosive, and have good moisture-holding capacity.
Productivity of these soils relates directly to rooting depth. The soils of this area
usually have a layer called a fragipan. The fragipan is very hard and not easily penetrated by
roots and water. Therefore, the deeper it is to the fragipan the better the site. The ridge tops
of the Loessial Highlands have a thin soil cap and support the dry land oaks such as
southern red oak, white oak, black oak, and various hickories. Pine is often planted and
grows naturally in association with the oaks. As the soil gets deeper, a wide variety of
hardwoods are found. These are extremely productive sites, producing 400 to 500 board feet
per acre per year of high-quality wood. Valuable species such as black walnut and black
cherry grow well on these soils. However, species such as yellow-poplar, northern red oak,
cherrybark oak, Shumard oak, basswood, ashes, and maples occur more often.

STEWARDSHIP
Bottomlands and Loessial Bluff sites provide considerable wildlife benefits. The
flooded bottoms provide ideal waterfowl feeding and resting areas. Both sites provide
excellent whitetail deer, squirrel, and turkey habitat. Endangered bats such as the Indiana
bat roost and nurse their young in the bark and holes of large trees. Neotropical migratory
warblers, such as the prothonotary warbler, nest in these areas. Woodland patches provide
corridors and refuge in an area dominated by farm. land.
On the bluffs, the silt loam soil is very fragile. Without proper protection, they are
very prone to erosion. Management activities should provide protection to these soils. Some
bluff soils are too steep for conventional logging equipment. Cable systems or animals
should be used and clearcutting on these steep slopes should be avoided. Management
under the selection system is ideal, but a forester should be consulted.

DESIRED SPECIES
As you have already learned, a variety of species occur on these sites. Species value
and tolerance to flooding vary considerably. Table 7-1 ranks relative value of trees and their
tolerance to saturated soil conditions. Using this table, valuable trees can be matched to
preferred sites.
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Table 7-1.

Relative tolerance to saturated soil conditions and relative value of
the common bottomland hardwood trees.

Very Intolerant

Intolerant

Intermediate

Tolerant

Very tolerant

--------------- Highest value--------------cherrybark oak
shumard oak
white ash
black oak
yellow-poplar

southern red
pondcypress
swamp tupelo
water tupelo

swamp
cottonwood

sassafrass
buttonbush
hawthorn
planertree
loblolly-bay

American
sweetgum
green ash
sycamore
white oak
cottonwood
swamp
black walnut
delta post
chestnut
oak
oak
northern
red oak
------------- Intermediate value -----------water oak
silver maple
nutall oak
pecan
hackberry
sugarberry
----------------- Lowvalue ---------------winged elm
cedar elm
hickory species
American elm
red mulberry
pin oak
blackgum
honeylocust
river birch
persimmon
------------------ Weed species (low value) ---------boxelder
American
hornbeam
American
hophornbeam
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baldcypress
pumpkin ash

bur oak
laurel oak

red maple
willow oak
waterlocust
overcup oak
water hickory

possumhaw
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8. Cypress Forest Type

Alden C. Main
Louisiana State University
265 Knapp Hall
Baton Rouge, LA 70803

DISTRIBUTION
Baldcypress and pondcypress are not hardwoods but softwoods. Yet they
are managed like hardwoods. In addition, cypress shed their leaves in the winter like
hardwoods and have longer rotations like hardwood species.
Baldcypress grows in Delaware, extends along the Atlantic Coastal Plain to Florida,
westward along the Gulf of Mexico to Texas. Then it extends up the Mississippi River
floodplain as far north as southern Illinois and southwestern Indiana. Pondcypress, a variety
of baldcypress, predominates in Florida and occurs with baldcypress from extreme eastern
Louisiana to southern Virginia. See figure 8-1.

STATISTICS
Cypress, once the most highly prized of southern trees for its lumber, is now
processed only in a few mills. Most cypress was logged during 1890-1925. The second
growth of trees now being harvested are about 60 to 100 years old.
The volume of cypress growing stock on commercial forest land, according tp the
most recent Forest Service surveys, totals 6.1 billion cubic feet. The surveys included live
trees at least 5 inches in diameter at breast height (d.b.h.). About 21.0 billion board feet of
sawtimber is available, of which 41 percent is in trees 17 inches d.b.h. and larger. More than
half of the volume grows in Florida and Louisiana. Much occurs in pure or nearly pure stands
in ponds, bays, river swamps and old river beds.
An accurate estimate of the number of acres in cypress is difficult because cypress is
included in oak-gum - cypress forests. Estimates of the area in cypress range from 3 million
to 5 million acres.

REGENERATION
Methods of regeneration and other silvicultural practices for cypress are limited.
Past practices in swamp forests have been limited to commercial clear-cutting or
high-grading, resulting in many small and poor quality trees, left standing. It was thought
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Figure 8-1. Distribution of baldcypress in the South (after Mitsch and Gosselink

1986). The dark line indicates the northern extent of pondcypress.

that clear-cutting natural stands and removing culls without intermediate thinning were the
best management techniques for swamp forests. However, research shows that crown
thinning may increase growth and quality of the larger, more valuable trees.
If cypress stands are thinned too heavily, epicormic branching occurs. This may
reduce the value of sawtimber produced. Thinning should leave about 140 ft2 of basal area
per acre. Most pine stands are thinned back to 60 to 80 ft2 for the maximum growth. Higher
growth rates can be expected by heavier thinnings, but much epicormic branching occurs.
Regeneration is a problem with cypress. Natural regeneration from stump sprouts or
from seedlings cannot be depended on to establish new stands of cypress. Some of the
early logged areas have come back from stump sprouts. Cypress regeneration from stump
sprouts or seedlings cannot develop in standing water. Research shows that sprouts do not
develop into quality trees when they are subjected to prolonged flooding . Water level
controls are necessary to regenerate forests from sprouts.
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The natural hydrology of coastal areas has been altered. Logging, oil and gas
exploration and production, flood control, navigation, residential development and
agricultural practices alter overland flow patterns. Other cypress forests lie along major
rivers where upstream dams or other structures control discharge. Managed discharges
change river flood stages or the timing of major floods, disrupting forest growth and
regeneration.
Cypress regenerates well in swamps where the seedbed is moist and competitors
cannot cope with flooding. Extended dry periods are necessary however, for the seedlings to
grow tall enough to survive future flooding. Young trees will grow 8 to 14 inches the fu-st
season and 16 to 24 inches the second. Cypress can endure partial shading but require
overhead light for normal growth.
Another method of regenerating cypress is by planting seedlings. Large 1-0 bare
root seedlings can withstand flooding. The diameter at the root collar should be 1/4 inch or
larger. The height should be 24 inches or more. Plant in late fall or early winter so seedlings
can become established during low water periods. An 8 x 8 foot spacing is recommended.
Thin the young stands (natural or planted) every 15 to 20 years to release the better stems
for rapid growth.
Animal control is important in regenerating cypress. Nutria and feral pigs are
problems. They destroy many planting and natural regeneration efforts. As nutria spread
and pig populations increase throughout the coastal plain, other areas will have this
problem. Deer and beaver also damage cypress seedlings. Deer browse on the smallest
seedlings available, so size of the seedlings is important.
Cypress thrive in a variety of soils, including muck, clays and the fine sands. The
best sites are well-drained, fine sandy loams with an abundance of soil moisture. Avoid
planting cypress over shallow limerock, hardpan or other shallow, impervious soil layers.
Although the trees may survive, growth will be slow and may never produce merchantable
stands and will be at risk from severe drought.

WOOD QUALITIES
Lumber from second-growth trees with high proportions of sapwood is not decay
resistant like the heartwood lumber. Cypress does accept wood preservatives well. Cypress
lumber has superior working qualities, good paint retention, good resistance to wear, and
nails well. The knots are small and sound. It is not used for pulpwood but can be used for
posts and poles if treated.

REFERENCES
Mitsch, William I.; Gosselink, James G. 1986. Wetlands. Van Nostrand Reinhold Co., New
York. 539 p.
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9. Tropical and Subtropical Hardwood
Forest Type

William E. Balmer, Retired
Cooperative Forestry
USDA Forest Service
1720 Peachtree Rd NW
Atlanta, GA 30367

The tropical region of the South is confined to south Florida and a small area of the
extreme southern tip of Texas. South Florida has the largest number (98) of native tropical
species of any place in the continental United States. Of the 98 species, 60 are listed as rare
tropical trees. Only three species grow in Texas. All the species grow elsewhere in the
tropics: in the West Indies, Mexico, Central America, and South America. Only a few of these
trees have proven value for wood products. The most widely known are West Indies
mahogony and roughbark lignumvitae.
Two species of mangroves are valuable along the Florida keys and both lower coasts
of Florida in stabilizing and building new coastal land surfaces.
Introduced tropical species such as India rosewood, Mahoe, eucalyptus and
casuarina are widely planted in tropical areas. Casuarina is planted as a windbreak species
and for stabilizing sandy beaches. Large areas of eucalyptus were planted in central Florida
for their commercial potential. Lack of cold hardiness and erratic growth habits have so far
limited their use for papermaking or other commercial products. Many of the other tropical
species, both native and introduced, are valuable for landscaping.
The semitropical hardwoods occur up the Atlantic Coastal Plain to southeastern
Virginia and west along the Gulf of Mexico to Texas. See figure 9-1. While many trees of
commercial timber value grow in the plant hardiness zones 9 and 10, most that occur in
zone 9 also occur in colder areas farther north.
Live oak, southern magnolia and the cabbage palmetto are the most notable
subtropical species. Their range is restricted primarily to zones 9 and 10.
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IMPORTANCE
With the possible exception of eucalyptus, mangrove and casuarina, the most
important role of the species confined to zone 10, whether native or introduced, is for
landscaping and other urban uses. Their impact on commercial forestry is often negative.
Sometimes an aggressive exotic "escapes" and takes over sites that would support more
valuable native trees. The cajeput tree (Melaleuca quinquenervia [formerly leucadendronl]
the Chinese tallow tree (Sapium sebiferum) and the peppertree (Schinus spp.) are examples
of introduced species that have become pests. Exercise caution with plantings of introduced
species. Fantastic claims are often made concerning growth and yields of exotic species. A
native tree will usually perform as well, or better on a given site.

Figure 9-1. Plant-hardiness zones in the South.
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10. Stand Improvement

Jacqueline L. Haymond
Clemson University
123 Lehotsky Hall
Clemson, SC 29634
Ken McNabb
School of Forestry
Auburn University
Auburn, AL 36849

REASONS FOR IMPROVING TIMBER STANDS
Principal Basis
1. Some overmature trees are past the stage of reasonable growth rates. They can be sold
unless needed to maintain wildlife habitat or for aesthetic reasons.
2. Disease or insect activity is destroying parts of the stand.
3. Cull trees are present that will never increase in value and are not suitable for wildlife den
or nesting trees.
4. Desirable trees are present that will respond if released from competition with less desirable
trees. They should be expected to grow vigorously without excessive epicormic sprouts.
These sprouts reduce the quality of adjacent wood on the main stem and use energy that the
Tree should put into more productive growth.
5. Better-quality trees with stems of about the same size are crowded. They are competing for
light, moisture, essential elements, and growing space.
6. Species composition needs altering to increase the proportion of desired trees.
7. Owners may want to keep a continuous forest cover and remove as few trees as possible
because they live on, or in view of, their woodlands.

When Timber Stand Improvement is Needed
Many established hardwood stands have a high number of undesirable trees resulting from
previous management practices. When a stand has a history of high grading, for example,
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(repeatedly removing the biggest and best trees), it is usually left with trees of poor quality and low
merchantability. Also, some hardwood stands have originated after heavy cutting without good
advance regeneration. 1n either case, these stands will be poorly stocked with preferred species and
contain undesirable vegetation that will not contribute to the economic value of the stand now or in the
future. These stands can be rehabilitated by Timber Stand Improvement (TSI) which includes cutting
out undesirable and competing tree species, either in the understory, overstory or both, and
controlling other unwanted vegetation. The purpose is to give desirable trees a chance to grow better.
There should be 50 to 70 good crop trees per acre for TSI work to be feasible.
Selecting Trees to Remove
]Improvement cuts may be used to harvest and salvage trees that are undesirable species,
have poor form, are diseased or insect-ridden, or are slow-growing, and overmature. Trees may be
sold or used by the landowner for firewood, fenceposts, or other purposes. In marking trees for
timber stand improvement, the rule of thumb is "Save the best." To upgrade a stand, first cut out
dead, diseased, and crooked trees. Next, remove trees with flat-topped crowns because they have
poor growth potential. A tall, straight trunk with a full, rounded crown of branches indicates healthy
growth. Deeply fissured bark in some species indicates good growth in older trees.
Thinning, Cleaning, and Salvage Cuts
Thinning cuts may be appropriate where groups of desirable trees are too crowded for good
growth. Cleaning (removing unwanted trees overtopping desirable ones) and salvage cuts
(removing diseased, dying or crooked trees) can be combined with thinnings. Thinning hardwoods
is not simple, and thinning young hardwoods is not necessary. Precommercial thinning is not
necessary in young yellow-poplar or other overstocked areas of seedling reproduction. Many
hardwood species will express dominance without thinning because the physical site and
neighboring trees determine site dominance.
As a general rule, for the first thinning, groups of hardwood trees should be old enough (at
least 20 to 25 years) to allow time to ensure self-pruning of the first log (lower 17 feet of the tree) by
maintaining close spacing of the trees. When hardwood thinnings begin, make them light and
frequent (at 5- to 10-year intervals). Remove only a few trees at a time to avoid epicormic sprouting
(sprouts that develop on tree trunks exposed to sunlight) on residual trees.
Remove trees that already have epicormic branches. Remove trees competing with crown
development of selected crop trees. Leave trees with large, vigorously growing crowns. After
thinning, crowns of trees should be about 4 to 5 feet apart to provide space for expansion. There is
no need to remove trees with crowns well below the level of crop tree crowns. These suppressed
trees can serve as "nurse" or "trainer" trees, shading the trunks of crop trees to reduce epicormic
sprouts.
Upgrading Stem Quality
Epicormic branches along the trunk, fire scars, and butt rot (rot in the lowest 16 feet of the bole)
reduce stem quality. Wildfire or logging damage during partial harvest can cause scars in the bark or
wood of the remaining trees. The injured stems eventually may develop rot. Butt rot is avoided by
eliminating logging damage during partial harvest, protecting the stand from wildfire, and by cutting
trees close to the ground surface when harvesting. This encourages sprout regeneration for the new
stand from near or below ground surface. Such sprouts grow more vigorously and are more likely to
be structurally well-connected to the root system, avoiding future damage.
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Epicormic sprouts develop on the trunks of trees exposed to sunlight when adjacent trees are
removed. Dominant hardwood trees with clear trunks and large crowns are not likely to develop
sprouts on the trunk. Protect intermediate-size hardwoods, especially species such as white oak that
are highly susceptible to epicormic branching. Leave a buffer strip of other trees around the edges of
openings and roads in the stand.

THINNING METHODS
Mechanical Thinning Methods
Simply felling competing trees with a chain saw or an ax is an excellent way to improve a
stand. Selling the trees may pay for the treatment. The best trees in the area are marked to save
and others are removed. Large, old trees are cut or killed regardless of species, unless they are
needed for wildlife. Avoid damaging healthy residual trees while felling and removing poor trees. It
may be better to leave a large tree standing and kill it by girdling or using chemicals rather than risk
damaging potentially valuable residual trees. Many forms of wildlife use large dead or dying trees for
dens, nests, and perches.
Girdling is one of the oldest techniques used to get rid of large unwanted trees. This method
eliminates the undesirable tree, but avoids damaging the young understory trees because the dead
girdled tree disintegrates slowly. The only tool required is an ax. Small unwanted trees will resprout,
however, following girdling.
Brush axes and brush saws can be used to remove small unwanted trees temporarily. Such
trees are less than 5 inches in diameter at breast height (d.b.h.), and have the greatest sprouting
potential. Several chemicals and application methods control individual trees and understory
vegetation.

Chemical Thinning Methods
Mechanical thinning methods usually result in vigorous resprouting because they do not kill
the roots of hardwood trees. Herbicides can be used as an alternative thinning method that controls
the entire tree including the root system. In hardwood timber stand improvement, herbicides may be
applied to individual trees by injection, basal application, or stump spraying techniques. A successful
herbicide application requires the selection of the best chemical, using the correct application
technique, applied at the proper rate, and at the best time.
Selection of the best herbicide will depend upon the species needing to be controlled, and the
cost. Table 10-1 lists herbicides labeled for individual stem application. Tree species vary in
sensitivity to herbicides just as they vary in cost. For example, 2,4-D is a relatively inexpensive
chemical, but it does not effectively control maples, dogwoods, or elms (table 10-2). The applicator
must match target species tolerance along with chemical costs.
Flashback may also be a consideration in herbicide selection. Flashback occurs when a
herbicide with soil activity (picloram, imazapyr, and dicamba) is i4ected into a tree and is transported
to the root system. As the tree dies, the herbicide can be released to the soil and taken up by the
roots of adjacent trees, causing moderate to severe crown damage. Herbicides that are foliar-active,
such as glyphosate, 2,4-D, and triclopyr, generally do not result in flashback.
There are several methods for applying herbicides to individual stems and selecting the
proper technique depends upon many factors. Tree i4ection is preferable for trees of 2 inch
diameter or larger. Injection equipment can cost f1rom $200 to $300 and is available from any
forestry supply company. A hatchet and a squirt bottle provide an effective low-cost alternative to
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this investment. Application rates for injection are provided on the herbicide label, which should be
carefully reviewed prior to use. Generally, 1 n1L of the herbicide (or a diluted herbicide solution) is
injected into evenly spaced cuts made through the bark and into the cambium layer. About one cut (I
mL) is needed for every 2 to 4 inches of tree diameter. Injection should not be used in early spring
during the period of maximum upward sap flow.
1"rees that are smaller than 2 inch diameter can be controlled by directed foliar sprays or
basal bark applications. Garlon 3A or 4 (triclopyr), Accord, or Roundup (glyphosate) and 2,4-D can
be used for making directed foliar sprays on vegetation that is 6 feet high or less using a backpack
sprayer. Spray these herbicides on the foliage of individual crowns to the point of runoff, being
careful not to treat desirable adjacent trees. Follow label directions regarding mixing percentages.
A second alternative for individual treatment of smaller stems is a basal bark application using
a stream-line technique or a basal spray. A backpack sprayer is used to apply either Garlon 4 or
Pathway (triclopyr) or Chopper (imazypyr) to the tree stem at between 6 to 18 inches above the
ground. Garlon 4 must be mixed with diesel fuel and a penetrant such as Cide-kick in a ratio of 20
percent/70 percent/10 percent, respectively. Although more easily directed to a single tree,
application costs per acre may be high when there are many undesirable trees to treat.
Sprouts can be controlled by stump treatment following a thinning or harvesting operation. The
herbicide should be sprayed on the outside 2 to 3 inches of the stump surface and topmost 2 to 3
inches of the bark as soon after cutting the tree as possible. The stump begins to form callus barriers
immediately after cutting and a delay of a few hours in treatment can result in significant control loss.
Usage of herbicides may vary in different States. Although they are still legal to use, the
Southern Region of the Forest Service no longer recommends either 2,4-D or picloram for general
use in forestry applications. Picloram's high soil morbility rate and 2,4-D's toxicology profile are
cited as reasons for the reduced use of these products.

FIRE
Prescribed fire has limited utility for hardwood management. Fire is not used in established
hardwood stands for timber stand improvement work because it damages the relatively thin bark of
hardwood trees. Not only can fire kill smaller hardwood stems, it may damage larger stems and
create openings for pest and decay organisms. Prescribed fire may be used as a site preparation tool
where numerous noncommercial stems remain after harvest. A fire encourages sprouting from below
ground, which places all species on a more or less equal footing when competing for site resources.
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Table 10-1. Herbicides labeled for tree injection, basal application, and stump sprays in the
South (1992).

Label Use
Product

Active
ingredient

inject

basal

stump

Access

17% picloram +
32% triclopyr

N

N

Y

Accord
Arsenal

41% glyphosate
54% imazapyr

Y
Y

N
N

Y
Y

Banvel
Banvel CST

60% dicamba
17% dicamba

Y
Y

N
N

Y
Y

Chopper

(ready to use)
4% imazapyr

N

Y

Y

(ready to use)
Garlon 3A
Garlon 4

44% triclopyr
62% triclopyr

Y
N

N
Y

Y
N

Pathfinder
Roundup

17% triclopyr
41% glyphosate

N
Y

Y
N

Y
N

Super Brush
Killer

32% 2,4-D +
32% 2,4-DP +

Y

Y

Y

Tordon 101M

5% dicamba
10% picloram +

Y

N

Y

Tordon 101R or

40% 2,4-D
5% picloram +

Y

N

Y

Tordon. RTU

21% 2,4-D
(ready to use)

Weedone 170

29% 2,4-DP+
30% 2,4-D

N

Y

Y

Weedone CB

12% 2,4-DP +

N

Y

Y

12% 2,4-D
(ready to use)
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Table 10-2. Herbicide effectiveness on several frequently encountered hardwood
species.
Species

Susceptibility*
dicamba

imazapyr

glyphosate picloram

triclopyr

2,4-D

Sweetgum

I

S

S

I

S

I

Red oak

I

S

S

S

I

I

White oak

S

S

I

S

I

I

Blackgum

I

S

T

S

I

S

Red maple

T

S

T

I

I

Hickory

T

I

T

I

S

Dogwood

T

S

T

I

I

T

Elm

T

T

T

S

I

T

Pine

S

T

S

I

S

T

* S = Susceptible or easy to kill
* I = Intermediate
* T = Tolerant or hard to kill
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11. Hardwood Silviculture:
Even-aged and Uneven-aged Systems

George M. Hopper The
University of Tennessee
P. 0. Box 1071
Knoxville, TN 37901
Tom Nichols
University of Minnesota
College of Natural Resources
St. Paul, MN 55108

Hardwood silviculture is extremely complex. More than 40 commercial hardwood species
make up the southern hardwood forest. These commercial species grow in association with one
another and are mixed with an additional 250 noncommercial species.
Silvicultural systems produce healthy forests, regenerate new forests and stabilize the
environment. Silviculture is implemented, to a large degree, with timber harvesting, which creates
openings, removes competition, controls species, and regulates stand density.
There are two broad silvicultural systems based on tree ages. Even-age silviculture has trees
within a stand as one or two age classes and uneven-age silviculture with three or more age classes.
Figuke 11-1 graphically depicts how heights and diameters are distributed in the two types of forests.
In even-aged forests the upper canopy will appear smooth because the trees are generally all in one
height class. In a similar way the diameters of the trees in an even-aged stand will be uniformly
grouped around an average diameter. Conversely, in unevenaged stands trees will be distributed
with many heights, so several canopy layers are present. Tree diameters will vary greatly with many
trees in the small diameters and continuous decreasing numbers of trees in each successively larger
diameter class.
Within the two broad classes of silviculture there are five methods of forest regeneration.
The variety of methods offers owners of hardwood timber flexibility in management and regulation of
their forest. Keep in mind, each system is distinctly designed to carry out a specific purpose and
must be based on tree biology (silvies). Also, each hardwood species has unique silvicultural
characteristics that must be considered in management.
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Figure 11-1. Height and diameter (d.b.h.) distributions of trees grown in even-aged and
uneven-aged stands.

EVEN-AGED SYSTEMS
A stand is even-aged if the age difference between the youngest and oldest trees is less than
20 percent of the length of the rotation. For example, if an even-aged stand is managed on a 50year
rotation (trees will be no older than 50 years at harvest), the oldest trees are no more than 10 years
older than the youngest trees. The upper canopy of tree crowns is smooth in an even-aged stands
because trees are mostly of sin3dlar heights. Tree diameters can differ greatly within a stand because
diameter is affected by competitive conditions. The diameter distribution curve of these stands has a
normal bell shape with many trees close to the average, and fewer trees of much larger or smaller
diameter.
Methods used to produce even aged hardwood stands include clearcuts, seed tree cuts,
and shelterwood cuts.
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Clearcuts
In a clearcut all trees I inch in diameter at breast height (d.b.h.) and greater are cut or
deadened. This method is useful for those species intolerant of shade (table 11-1). Regeneration
from clearcuts normally depends on stump sprouts and seeds in place. Densities as high as 30,000
seedlings per acre have been produced in hardwood clearcuts designed for natural hardwood
regeneration. Clearcuts can range considerably in size. Preferably, clearcuts should be irregularly
shaped and be no larger than 40 acres, depending on terrain, age of adjacent stands and nearness
to streams.

Shelterwood
In a shelterwood, the overstory is gradually removed in a series of harvests to provide
shelter for regeneration. The initial harvest will remove all but 20 to 50 trees per acre. The
number of trees left depends upon advance regeneration already present and species desired.
A second harvest is required after the new stand has been regenerated to remove the
overstory, releasing the newly established even-age hardwood stand. Species that regenerate well
in a shelterwood are intermediate in tolerance to shade (table 11-1).
Seed Tree
Hardwood regeneration with a seed tree cut requires that 6 to 15 trees per acre, evenly
spaced, are left to produce seed to regenerate the new even-age stand. After establishment of the
new stand, the seed trees must be removed or deadened. This method is useful to regenerate lightseeded species that are intolerant to shade.

UNEVEN-AGED SYSTEMS (SELECTIONS)
Selection silviculture was originally developed in Switzerland as a way to rehabilitate
hardwood stands that had been cut heavily. Similarly, many hardwood forests in the Eastern
United States have been cut heavily, by removing the largest trees (often referred to as diameter
limit cuts). Diameter-limit cuts are wrong, and should never be practiced in hardwood selection
silviculture. Hardwood stands that have always had only the larger trees cut produce stands that
are out of balance. Out of balance stands need to be either brought back into a manageable state
with single-tree selection, or completely regenerated with even-aged silviculture.
An uneven-aged, balanced forest is a forest of high diversity. A balanced forest managed
under selection silviculture will eventually have trees of many ages, species, sizes and uses.
Moreover, a balanced, uneven-aged forest is stable, so there is small likelihood of forest stress and
pests eliminating the entire stand.

Single-tree Selection
This is one of two selective methods to regulate an uneven-aged hardwood forest. Singletree selection removes trees from all diameter classes. The goal is to produce a stand with a
balanced distribution of trees in all diameter classes with many small trees and a decreasing
number of trees in each next larger diameter class. This process requires several harvests to bring
the stand under regulation. Choosing a stewardship logger is important as damages to residual
trees must be kept to a minimum. Single tree selection also requires detailed record keeping and
patience. All hardwood species can be managed under this method, but those trees tolerant to
shade will be favored in regeneration.
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Group Selection
This selection method produces a balanced forest of stands of several ages. Group selection
develops patches of even-aged stands scattered throughout the forest as groups. In group selection,
groups of trees are harvested to create 0.1 to 1.5 acre openings. These openings then regenerate to
intolerant species, like small clearcuts, but a forest of many different-aged stands results. Group
selection relies on maintenance of an uneven-aged balanced forest.
There are pros and cons to unevenaged, selection silviculture. Table 11-2 explains the
advantages and disadvantages for producing an unevenaged, balanced forest.

Table 11-1.

Tolerance of hardwoods to shade is important in selecting the
silviculture system to be used for natural regeneration. The listing
below shows the relative light tolerance for several commercial
hardwood species.

Shade tolerance
Intolerant

Intermediate

Tolerant

Red oak spp.

White oak spp.

Red maple

Black walnut

Persimmon

Sugar maple

Black cherry

Baldeypress

Hornbeam

Sassafras

Blackgum or tupelo

Beech

Ash

Hickory spp.

Magnolia

Locust

Mulberry

Yellow-poplar

Dogwood

Sweetgum
Cherrybark oak
Hackberry
Cottonwood
Willow
Birch
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Table 11-2.Summary of advantages and disadvantages of selection silviculture for uneven
age management.
PRO

CON

CANOPY
Crowns of all sized trees, many ages
produce a layered canopy for wildlife.
REGENERATION
Maintains high level of young trees at all
times.
VOLUME
Spreads wood production to trees of all
sizes.
SIZE OF TRACT
Suited for hardwood woodlot management
smaller than 50 acres.
QUALITY OF TIMBER
Produces greater variety of sawtimber.

Prevents development of high quality oak
large volume oak sawtimber.
Prevents growth and regeneration of some
hardwoods.
Cannot be regulated on a volume basis alone.

Difficult to regulate on hardwood tracts
larger than 50 acres.
Reduces annual production of high quality
sawtimber, increases volume of small trees
that may be unmerchantable.

SUSTAINED HARVEST
Allows owners to select trees for harvest
more frequently.
RECORD KEEPING
Accurate records for appraisal and future
decision making always available.
COMPOSITION
Produces communities desirable for a
wide variety of wildlife species.

Requires removal of small trees that may not
be salable.
Requires detailed 100 percent inventory of all
trees more than 2 inches in diameter.
Leads to eventual change in forest
composition to tolerant trees that are less
valuable in terms of timber.

AGE DISTRIBUTION
Develops stands with trees of many ages.
DIVERSITY
Selection produces stands with more
species, ages, tree sizes and canopy levels.

Difficult to judge annual growth rates.
Produces stands that are more complex and
therefore, more difficult to harvest and
maintain.

ECONOMICS
Spreads cash income on a more
continuous cycle.

Not considered economical for hardwood
management because of difficulty in record
keeping and significant losses in high-value
sawtimber volumes.
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Hardwood plantations are not as commonplace as pine plantations. It is generally most cost
effective to naturally regenerate hardwoods following a carefully planned and executed harvest (see
chapter 10). However, in cases where plantations are desirable, such are reclaiming agricultural
fields, disturbed landscapes or when management for a particular species is desired, plantation
establishment is possible. The first important step in plantation establishment is to carefully evaluate
the potential site and determine the species or mix of species that would be suited to those site
conditions. A good place to start is with soil survey maps and descriptions available for most counties
from your local Soil Conservation Service office.
Use the soil survey to determine soil type, texture, and drainage for each plantation site.
Over large acreages soil characteristics can change to the extent that different hardwood species
would have to be planted. For example, cherrybark oak, a highly desirable red oak, exhibits best
growth on first bottoms and terraces of stream and river flood plains. Soils of the terraces and first
bottoms are generally medium-textured loams. These provide sufficient internal drainage to support
cherrybark oak. However, fine-textured clayey soils of wetter flats adjacent to the first bottoms and
terraces lack sufficient internal drainage to support cherrybark oak. On these wetter flats Nuttall oak,
green ash, sugarberry and red maple would be found. Several species-site guides are available to
help match the proper hardwood species to the site (chapter 2).
Be sure to clearly establish the objective for your hardwood plantation. Do you wish to
produce walnut logs and nuts, oak sawtimber, provide mast production for wildlife, or simply create a
hardwood forest habitat? Each set of objectives will need to be evaluated to determine which species
or species mix can be considered for your site. Remember that you must match the species to the
site. Planting walnut on a sandy soil in the Coastal Plain would be a poor investment. There may also
be constraints on marketing if the industry is not established in your area to purchase products
produced. Check with a professional forester who is experienced in hardwood markets and
production in your area before planting a species not commonly utilized locally.

PLANTING
Planting is usually done in the dormant season as with pine. Through the South planting
occurs from January through March. On sites where flooding into late spring prevents dormantseason planting containerized seedlings or bareroot stock that has been in cold storage can be
planted after flood waters recede. Sites can be prepared for planting by mowing, disking or burning.
Subsoiling along intended planting rows to shatter plowpans or hardpans may be beneficial on
agricultural and pasture land. Fertilizers should only be applied when determined necessary by a
soil test.
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Quality planting stock is a vital link is successful plantation establishment. Hardwood
seedlings are generally much larger than pine seedlings with tops of 18 inches and minimum root
collar diameters of 3/8 inch. When selecting seedlings pay particular attention to their root systems.
Seedlings should have a well-developed taproot with at least three to five lateral roots 1/8 inch or
larger in diameter. The overall length of the root system is usually 8 inches to facilitate planting.
Hardwood seedlings cost several times more Ulan pine seedlings. To produce quality
seedlings nurseries must grow them at lower bed densities than southern pines, which requires
more bed space to produce a thousand seedlings. Difficulty in seeding, cultural activities and lifting
and storing add to the cost of quality hardwood seedlings. Choose your nursery and source of
seedlings carefully. Favor seedlings produced from local sources.
Storage and handling of hardwood seedlings can be difficult because of their greater size and
bulk. Schedule seedling pickups with your nursery so that you take only enough seedlings that can be
planted in several days or that can be safely stored. Ideal storage conditions would be in a cooler kept
at 330 to 400 F. Seedlings can be stored in sheds or barns provided the seedlings are kept shaded,
and do not freeze or experience temperatures above 500 F. Keep storage time in sheds and barns to
a minimum- For storage over 2 weeks use cold storage or delay pickup from the nursery. Seedling
quality deteriorates quickly when seedlings are exposed to wind and high temperatures.
Remove only enough seedlings from storage that can be planted in one day. During planting
seedlings should be carried in buckets or bags to keep their roots moist. Seedlings can be dipped into
a synthetic water-holding gel or packed in wet moss to prevent water loss. Do not allow planters to
carry seedlings by hand, exposing roots to wind and sun.
Hardwood seedlings require larger planting holes than most pines. The KBC dibble, which has
a blade 12 inches long and is triangular in cross-section, may be suitable for some hardwood
seedlings. Tree planting spades, post-hole diggers and power augers are also used to plant large
seedling stock. Planting machines can be used provided the coulter and planting foot allow proper
placement of the seedlings. Proper planting depth is critical. Seedlings should be planted with the
root-collar just below the soil surface. Planting too deep can force the roots to curl or j-root in the
bottom of the planting hole. Shallow planting exposes the root-collar and roots to drying by sun and
wind. Finish the planting by tightly packing the soil around the seedling roots to eliminate air pockets.
Spacings for hardwood plantations generally range from 10 x 10 feet up to 20 x 20 feet. From
100 to 450 trees are usually planted per acre. To account for mortality consider planting 300 to 400
trees per acre and then thinning to fewer crop trees later in the rotation.

DIRECT SEEDING
Planting seed directly on the site, has received a great deal of attention in recent years.
Many successful oak plantations have been established in the South by direct seeding. This is an
effective and economical way of establishing oak plantations. With over 1,400 seeded spots per
acre, micro-site differences can be best exploited by individual seedlings.
You can purchase acorns from collectors and nurseries or gather them yourself during the
fall. Select several likely seed-producing trees in the summer and monitor acorn development.
Begin collection as soon as they begin to fall which, in the South is usually from. October to
January. Acorns should be floated in a tub of water immediately after collection, discarding all
acorns that float. Sound acorns will settle to the bottom of the tub. Drain the moisture from the
acorns and pack them into a resealable plastic bag and store in a refrigerator at a temperature of
33° to 40° F.
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Before the acorns are ready to plant the red oak species must be stratified. Stratification
reproduces the natural process that the acorns undergo as they overwinter in cool, moist conditions
until spring. Check with a forester or nursery personnel to determine if the acorns you collected
need to be stratified before planting. Stratification involves soaking the acorns in water for 24 hours
and then placing them back into refrigeration for 30 to 90 days, depending on the species. Acorns
from the white oak group do not require stratification.
To prevent seed predation by rodents, direct-seeded areas should be at least 2.5 acres in
size and be sufficiently site prepared to eliminate cover for rodents. Sow acorns 2 to 3 inches deep, 2
to 3 feet apart in rows 10 to 15 feet apart. This requires 1,450 acorns per acre. Seeding can be done
by hand or by machine. Seeding can done from fall through spring. On sites where flooding persists
until late spring, seeds that have been stored and stratified over winter can be sown as soon as the
water recedes.

PLANTATION MANAGEMENT
After planting weeds can be controlled by mowing, disking or use of appropriate herbicides,
as required. For plantations established under the Conservation Reserve Program, mowing, not
disking, is allowed for weed control. Check with a wildlife specialist to determine the best time to
mow to minimize disturbance of nesting birds and other wildlife. If herbicides are used for weed
control, be sure to follow all label instructions concerning rates and application. Your extension
forester can assist you in a herbicide prescription.
Deer, rabbits, nutria, beaver, voles and other animals can damage seedlings. On large
plantations control is not practical. However, because of the sprouting potential of most hardwoods,
even damaged seedlings generally survive predation. Specimen plants or small groups of mastproducing trees can be protected with fencing or tree shelters.
Thinning may be desirable to maintain acceptable growth rates or to produce certain
products. Cottonwood planted on a 10 x 10 foot spacing may be thinned when trees reach pulpwood
size, to a 20 x 20 foot spacing to produce sawlogs. Have your forester write a detailed management
plan concerning intermediate-age treatments such as thinning.
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Landowners often ask if it pays to own and manage hardwood stands. The correct
economic answer to such a question is that "it depends." Financial returns may be
competitive with other investments, depending upon strength of local markets, quality of
trees, stocking levels of desirable species, site quality, size and location of the tract and
several other factors. The purpose of this chapter is to present the process for financial
analysis used in evaluating alternatives. The intent is to help the landowner understand the
framework for analysis and evaluate options presented by professional foresters and
consultants.
Financial analyses are made in a variety of ways, using different assumptions, and
varying measures of performance. You must have a grasp of these basic concepts to make
the correct financial decisions for your particular situation. Nonindustrial private forest
landowners (NIIPF) commonly ask one of two questions: "Should I buy land and manage it
for timber production?" Or, "since I already own the land (and intend to keep it) should I
grow trees and invest in more intensive timber management?"
The first question relates to the complete timber production investment while the second
concerns the return on specific treatments or marginal analysis. The main difference between
the analyses of the two questions lies in handling. Assume that a landowner does not intend
to sell his or her land under any circumstances and merely wants to know whether or not to
make an additional investment. Then he or she may choose to exclude land costs and
consider only marginal analyses. However, the basic process of financial analyses and
economic decision-making are the same whether one is considering the complete timber
production investment or marginal analysis.

I. FRAMEWORK FOR FINANCIAL ANALYSIS
The first step to any financial analysis is to identify all possible options or alternatives.
This may include comparisons between forestry versus certificates of deposit, stocks, bonds,
mutual funds, or other investments. When you ignore the opportunity of selling the land it may
also include options such as forestry versus agricultural use or different management options
for a timber stand (planting, natural regeneration, precommercial thinning, commercial
thinning, fertilization, weed control, or just leaving the stand to grow). Each option or
alternative must be considered suitable for the landowner's

59

or investor's goals. It must also specify a management activity schedule to accomplish that
option.
The second step is to determine the yield response to each treatment. For forestry
treatments, the additional quality and quantity of timber available as a result of each treatment
must be forecast for estimated harvest times. The estimates of yield response require growth
projections using yield models and stand tables (see Section 111D. Since there is usually
uncertainty associated with these projections, it is wise to compute a range of yields based on
each treatment. This way minimum and maximum financial returns are calculated.
The third step is to estimate the costs and revenues that occur with each option.
These costs and revenues may be one time, annual, or periodic costs. Examples of one-time
costs may be site preparation and planting. Annual management costs include those costs
that are usually deductible on a yearly bans from Federal and State taxes. They include
salaries, professional fees, maintenance of roads, fences and equipment, fire protection,
insect and disease control, and annual property taxes. Periodic expenses may include
thinning, f1brtilization and weed control. Although revenues largely accrue when the stand is
harvested, revenues from commercial leases or other recreational uses and mineral revenues
may occur.
The process of estimating costs and revenues over time is called developing cash
flows. Each activity, when it is to be done, the amount to be done and the cost per unit value
are all specified. For example, site preparation will be done in year 0 on 100 acres at a cost of
$50 per acre, or harvest of 100,000 board feet of timber will occur at year 30 producing an
income of $85 per thousand board feet.
Special Note. Although we may know the cost and prices for each activity, the cost or
price of an activity at some future time involves estimates. Costs and prices change over time
due to inflation and to differences in the rates of change relative to one another. The rate of
value change is usually an annual percentage change of the current value. For example, we
may know that red oak is selling for $85 per thousand board feet, today. We may expect a real
price increase of 2 percent per year over inflation. If inflation is included in the percentage of
price increase, it is a nominal rate as opposed to a real rate. Either way to estimate costs and
prices in the future is acceptable as long as they are all done consistently.
The fourth step of financial analysis is to compute financial returns. Financial returns
are usually computed on an after-tax basis, or presented both before and after tax. Income tax
laws and regulations can have a large effect on financial returns because annual taxes are a
cost to the landowner. Some tax benefits can add to spendable income. Recent changes in
the tax laws have altered the use of capital gains and affected how management costs, taxes
and interest are deducted from gross income. A landowner/investor should be aware of how
taxes are handled in computing financial returns.
A sensitivity analysis should also be done when computing financial returns. As
discussed above, financial analyses demand that assumptions are made concerning costs,
prices, yields and discount rates. Low or high estimates can lead to unrealistic calculations of
financial returns and to the wrong decision. A sensitivity analysis changes each assumption
and computes the returns under a range of conditions.
The final step in any financial analyses is to compare investment returns and select
the best option. Landowners should remember that any one measure of financial return or
performance does not convey all the important information about an investment. Although
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returns may look extremely profitable, an investor may not have the capital needed to make
an investment. Financial analyses usually do not consider multiple forest management goals
which include wildlife management and recreation in addition to timber production. In most
cases some profit will be traded away to meet nonmarket goals. A landowner needs to make
these goals clear and concise before financial analyses will help in decision-making.

II. FINANCIAL INVESTMENT CRITERIA
The most useful measures of financial performance recognize that money in hand
today is worth more than the same money received at some future date. This "time value" of
money is handled by discounting costs and revenues, which occur at different times, to the
same point in time, and comparing them. It is also for this reason that treatment options must
be compared for investments of the same length or for investments that extend to a common
year. The "discount rate" (cost of capital) is the minimum annual rate of return that is
acceptable for the investment.
The four performance criteria below are useful in deciding whether to undertake a
certain forestry project and in choosing among mutually exclusive alternatives. Mutually
exclusive means that you can do one or the other (plant soybeans or cottonwood trees), but
you cannot maximize both on the same piece of land. Again, it is wise to remember that no
measure of performance can convey all information about an investment.

Net Present Value (NPV)
In this analysis, each cost and revenue is converted to its present value using the
"discount rate." For example, assume a thinning operation win cost $50 per acre 10 years
from now. Then, the actual cost in today's terms (assuming a discount rate of 8 percent) is
$50 divided by (1.08)'o or $23.16. The sum of all discounted costs (negative) and revenues
(positive) is the net present value (NPV). It is the increase in the present value of the
landowner's wealth from undertaking the project. A net present value greater than zero
means that the project will earn a profit of the discount rate plus an amount equal to the NPV.
If NPV is a positive value, then the project is worthwhile. In choosing between mutually
exclusive alternatives, the project with the highest NPV is preferable. NPV is the most
accurate performance criteria to use.

Rate of Return
The rate of return (ROR) is also known as the return on investment or the internal rate
of return. ROR is the most commonly used measure of financial performance. It is, by
definition, the discount rate that results in a net present value (NPV) equal to zero when all
costs and revenues are discounted to the present. If the rate of return exceeds the discount
rate, then a project is acceptable. Between mutually exclusive projects, the project with the
highest ROR is chosen. A characteristic of ROR is it measures profitability as a ratio
(earnings to invested capital) rather than as an absolute dollar amount (as does NPV). The
ROR also assumes that any intermediate revenues are reinvested at the same rate. While
ROR cannot be computed directly and must be found by trial and error, computer programs
are available to simplify this task. ROR has the advantage of being directly comparable to
rates of return on other readily available investment opportunities (i.e., certificates of deposit,
stocks, bonds, etc.).

Benefit/Cost Ratio (B/Q
The B/C ratio is found by discounting all costs and revenues (benefits) to the present
as in NPV calculations above. Then, the ratio of benefits to costs is computed. A ratio greater
than LOA shows that a project is acceptable because the benefits exceed the costs. Between
mutually exclusive investments, the project with the highest ratio should be
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chosen- A ratio of 1.2:1 means that $1.20 of benefits are produced for every $1.00 invested.

Annual Equivalent Value (AEV)
This measure is also known as the equal annual equivalent. It is simply the net
present value (NPV) expressed as an annuity. AEV permits comparisons between
investments that have annual returns (agriculture) with projects that generate periodic
returns (timber). The project with the highest AEV is selected when comparing mutually
exclusive investments.

III. FOREST MANAGEMENT EXAMPLE
The principles of financial analysis are best illustrated by an example:
Ms. Tulip Poplar is actively involved in the business of tree farming. She is thinking
about adding to her holdings by buying a 100 acre tract of 20-year old yellow-poplar timber
growing on a good site (site index r'0 = 100). The stand fits in well with her other property
and is well-stocked with trees. However, the yellow-poplar trees are not yet big enough to
support a commercial thinning. Nonetheless, the asking price of $300 per acre appears
reasonable.
Ms. Poplar is 35 years old. In 30 years, at age 65, she plans to sell all of her timber
properties, retire to a subtropical climate and enjoy the fruits of her labor. Thus, if she buys
this tract she would plan to thin it in 10 years to 65 square feet of basal area, thin again in 20
years to 65 square feet of basal area and sell in 30 years. If she does not buy the 100 acres,
she would invest her money in other forestry projects where she can expect an 8 percent
return at minimum. Should she buy the yellow-poplar tract? Can she make an 8 percent or
better return on it?
To help answer these questions, M]s. Poplar sat down at her microcomputer and
called up the YIELDplus program (Version 2.1 by Todd E. Hepp, Office of Natural Resources
and Economic Development, Division of Land and Economic Resources, Tennessee Valley
Authority, Norris, Tennessee 37828)1. This program features both biological growth and
yield functions and an accompanying financial analysis package. According to YIELDplus,
she could expect these yields if she followed the proposed harvest plan.
Years
in future

Stand
age

10
20
30

30
40
50
Total:

Sawtimber
(MBF)
0
1
16
17

Yield
Pulpwood
(cords)
8
4
4
16

Total
(cords)
8
6
41
55

1
YIELDplus was developed by the Tennessee Valley Authority and is available from Forest
Resources Systems Institute, 122 Helton Court, Florence, AL 36M.
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Upon checking her records and other information available to her, Ms. Poplar made the
following assumptions concerning costs, prices, tax rates, interest rates and rate of inflation:
1. Marginal tax bracket: 28 percent.
2.

Average annual rate of inflation: 3 percent for all costs and prices.

3.

Discount rate: 8 percent, before taxes. However, since interest is deductible, the
after-tax discount rate is 5.8 percent. That is,
After-Tax Rate = Before-Tax Rate (1 - 0
where, t
= Marginal Tax Rate
= (. 08) (1 - .28)
= (.08) (.72) = .058 = 5.8%

4.

Annual management and taxes: $5 per acre.

5. Timber prices:
Sawtimber = $80 per
MBF. Pulpwood = $5 per cord.
6. Cost of land and timber:
Land
= $250 per acre.
Timber
= $ 50 per acre.
Total
= $300 per acre.
Combining the yield information with the cost and price assumptions generates the
following cash flows for the tract
CASH FLOWS BY YEAR
(uninflated dollars per acre)
Year
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Revenue

34.06

Expense
-300.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
(continued)
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Net
-300.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
29.06
-5.00
-5.00
-5.00
-5.00
-5.00

Cumulative
Net
-300.00
-305.00
-310.00
-310.00
-320.00
-325.00
-330.00
-335.00
-340.00
-345.00
-315.94
-320.94
-325.94
-330.94
-335.94
-340.94

(continued)
CASH FLOWS BY YEAR
(uninflated dollars per acre)

Year
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Revenue

30.59

1550.62

Expense
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00

Net
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
-5.00
1545.62

Cumulative
Net
-345.94
-350.94
-355.94
-360.94
-335.35
-340.35
-345.35
-350.35
-355.35
-360.35
-365.35
370.35
-375.35
-380.35
1165.27

Computation of the financial returns on this investment reveals the following (per acre
basis):
Net Present Value
Rate of Return
Annual Equivalent Value
Benefit/Cost Ratio

=
=
=
=

$178.22
7.3%
$12.62
1.3:1

Based upon the results of the financial analysis, Ms. Poplar decided that this
investment is sound. N_PV is a positive $178.22. This suggests that the yellow-poplar tract
will earn a profit of 5.8 percent (the after-tax discount rate) plus an increase of $17,822
($178.22 per acre x 100 acres) in the present value of her wealth--net of taxes. The Rate of
Return actually generated by this investment is 7.3 percent. This is 1.5 percent above the
discount rate. Annualizing the net returns shows an Annual Equivalent Value of $12.62
per acre per year. This can be compared to annual returns from row crops on this or similar
sites. According to the Benefit/Cost Ratio, $1.30 of benefits are produced for each $1
invested in yellow-poplar.
While Ms. Poplar did decide to buy the tract, she is not certain that her proposed plan
is the best approach. A consulting forester presented an alternative to her. The consulting
forester suggested a precommercial thinning immediately, at age 20 to 40 ft2 of residual
basal area. The rest of the management scheme would remain the same. That is, the stand
would be thinned to 55 ft2 of basal area at age 30, thinned again at age 40 to 65 ft2 of basal
area, and sold at age 50. The precommercial thinning would cost $50 per acre. The
remainder of the cost and price assumptions remain unchanged.
New runs on the YIELDplus program show that the following additional yields can be
expected from the pre-commercial thinning at age 20.
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Years

Stand

in future

Age

Additional Yields
Sawtimber

Pulpwood

QVIBF)

(cords)
-1

10

30

0

20

40

2

30

50

1

1

3

0

Total
6

Note that the pre-commercial thinning actually produces a 1-cord-per-acre reduction in yield
at age 30. However, this loss is more than compensated for in the harvest at ages 40 and 50.
Marginal cash flows from the precommercial thinning are as follows:
MARGINAL CASH FLOWS BY YEAR
(uninflated dollars per acre)
Year
0
10
20
30

Revenue

Expense
-50.00

Net
-50.00
-5.00
160.00
85.00

-5.00
160.00
85.00

Cumulative
Net
-50.00
-55.00
105.00
190.00

Financial analysis of these cash-flows yields these results:
Net present Value
Rate of Return
Annual Equivalent Value
Benefit/Cost Ratio

=
=
=
=

$55.99
10.2%
$3.98
2.44:1

Ms. Poplar concludes from this analysis that the marginal investment of $50 per acre in a
precommercial thinning is a worthwhile expenditure. Net Present Value and Annual
Equivalent Value are positive, the Rate of Return is greater than the discount rate, and the
Benefit/Cost Ratio is greater than 1.0:1.
One final question that concerns Ms. Poplar is how sensitive are the results of the
precommercial thinning analysis to the necessary underlying assumptions? To partly
answer that question, Ms. Poplar varied sawtimber and pulpwood stumpage prices by plus
or minus 20 percent from the average. That is:
Product

Pulpwood
Sawtimber

Price
High
$6.00
$96.00

Low
$4.00
$64.00
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Average
$5.00
$80.00

She then reran the financial analysis, with these results:
Financial
Criteria

Price
High

Low

Average

Net Present Value

$75.34

$37.60

Rate of Return M

11.3

9.1

10.2

Annual Equivalent Value

$5.29

$2.67

$3.98

Benefit/Cost Ratio

2.90:1

1.98:1

2.44:1

$55.99

Even though prices may vary by as much as 20 percent, the marginal investment in
precommercial thinning is still attractive. At the low price NPV and AEV are positive, the
B/C ratio is greater than 1-0:1 and the ROR is greater than the discount rate. The
sensitivity of results to changes in other variables (e.g., yields, costs, discount rate, tax
rates, etc.) can be examined similarly.
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14. Logging Practices

Robert M. Shaffer
Extension Forestry
Virginia Tech
Blacksburg, VA 24061
Earl L. Deal
Department of Wood and Paper Science
North Carolina State University
Raleigh, NC 27695

Timber harvesting is an important and necessary part of the management of a
vigorous and healthy hardwood forest. A timber harvest may be conducted for a variety of
economic or biological reasons. It is the major silvicultural tool available to a forest owner.
However, it is important to guard against permanent damage to the forest site when carrying
out a timber harvest,
Modern logging operations require careful planning and execution because of the
potential for site damage with the heavy equipment currently used. Most States have
developed guidelines, commonly called best management practices, that will help
landowners and harvesting contractors avoid forest site damage and soil erosion. These
guidelines generally include the following recommendations:
Locate logging roads to compliment natural drainage. Plan road layout in advance
and keep skid trails and truck roads well away from streams and drainages. Avoid
locating roads on flat ridge tops or benches where water will not drain. See figure
14-1.
Construct logging roads to maximize self-drainage. Outslope roads or construct
ditches and drainage structures when necessary. See figure 14-2. Limit road grades
to less than 10 percent to avoid rutting caused by wheel slip. See figure 14-3.
Install water turnouts and broad-based dips in the roadbed at strategic locations to
divert water into vegetative cover. Construct water bars on skid trails and
abandoned roads following harvesting. See figure 14-4.
Maintain acceptable road grades on mountain sides by using switchbacks to gain
elevation. See figure 14-5.
Cross larger streams at right angles using a bridge or culvert(s). Ford small streams at
points where the disturbance to streambed or banks will be minimized.
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Ffgures 14-1 to 14-6. Examples of best management practices.
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Leave undisturbed filter or buffer strips of trees and vegetation in an area at least 50
feet wide on both sides of all streams and major drainages. See figure 14-6. If
necessary, high-value trees may be harvested from the streamside zone by careful
logging techniques that minize soil disturbance. Directionally fell trees away from the
stream and keep heavy equipment out of the filter strip by using the cable and winch
on skidding equipment. In all cases, maintain at least 50 percent of the overstory in the
filter strip.
Stabilize the soil on log landings and skid trails following harvest by seeding with
grass or legumes. Also, disk and seed any logging roads that will not be properly
converted and maintained as permanent forest roads. (Some State and Federal
programs may impact road seeding. See your local Soil Conservation Service for
information.)
To ensure that best management practices will be used on a timber harvest include
them as aprovision of the timber sale contract. While some States require loggers to follow
prescribed harvesting procedures similar to those outlined above, most southern States rely
on voluntary compliance. As a forest landowner, you should be aware of the laws and
regulations in your State regarding timber harvesting and water quality. Contact your local
office of the State forestry agency, Soil Conservation Service, or Cooperative Extension
Service for specific information.
You can also protect your timberland from excessive logging damage by investigating
a prospective timber buyer/logger before making a timber sale. Ask for references and
inspect some recently logged sites. Note the condition of the logging roads and skid trails.
Have they been properly constructed and stabilized to avoid soil erosion? If the harvest was a
thinning or partial cut, are the residual trees largely undamaged? Check the logger's
utilization practices by making sure that the entire merchantable portion of each harvested
tree has been removed from the site. Loading areas or log landings should be free of oil cans
and other trash. The land should be leveled to the original contour, and the soil stabilized.
Loggers who measure up to those standards are usually concerned about the condition of the
forestland harvested.
The physical entry and operation of the harvesting equipment necessary to fell, skid,
load, and haul timber will always impact the forest environment. The negative effects of
timber harvesting can be minimized, however, and your forest management objectives
reached when proper logging practices are followed.
There are many loggers throughout the South who conscientiously follow best
management practices as a normal part of their timber harvesting operations. To ensure
the long-term productivity of their timberland, forest landowners should demand no less!
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15. Harvesting Techniques
J. F. MeNeel
USDA Forest Service-PNW
4043 Roosevelt Ave. NE
Seattle, WA 98105

Hardwood logging techniques differ little from those used for harvesting pines.
However, hardwoods are often harvested from sites that challenge conventional harvesting
equipment. Mountains and deep swamps, where hardwoods predominate, often force
loggers to use different types of logging equipment.
A typical hardwood logging system fells the trees, delimbs and tops them in the
woods, skids them a the landing, cuts or bucks each tree to a specific length, loads the wood
onto a truck, and transports the load to the woodyard or mill. See figure 15-1. Equipment
used in each of these harvesting functions will differ, depending upon terrain conditions and
other factors.

HARVESTING FUNCTIONS
Felling
The felling process involves severing the tree and, where feller-bunchers are
used, piling severed trees into bunches for a skidder. Chain saws, feller-bunchers, and
directional shears are all used for felling hardwoods. In addition, mechanized high production
sawheads are gaining popularity in some regions for felling hardwood sawtimber.
Modern chain saws work well for felling hardwoods, although the sawteeth typically
need to be sharpened frequently. Drawbacks to using the chain saw on hardwood includes
operator danger from falling limbs (widow-makers), imperfectly felled trees that might fall on
the operator, and chain saw kick-back that can seriously injure the operator. Many fellers
now use synthetic fiber-backed chaps or pants and gloves to protect themselves from
potential injury.
Operating a chainsaw is physically demanding and dangerous. As a result, chain
saw productivity is low, averaging less than half a cord per productive operator-hour in
some cases. Many logging operations have replaced the chain saw with more mechanized
equipment designed to fell trees rapidly without endangering the operator.
The hydraulic shear has replaced the chain saw on many logging operations where
the terrain is not too steep or swampy. Two types of shears, the feller-buncher and the
directional shear, are used for felling. Both types of shears are mounted on a four-wheel
drive, articulated frame, rubber-tired carrier which is usually a converted front-end loader.

70

Figure 15-1. Elements of hardwood logging systems.
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The typical feller-buncher shear cuts trees with a pair of blades that act like scissors
to sever the tree at or near groundline. These machines can cut hardwoods up to 20 inches
d.b.h. at a rate of 2.5 trees per minute under optimal conditions. Feller-bunchers also
accumulate trees as they are severed and pile them into bunches for skidding, another
feature that increases the productivity of these units.
Feller-buncher shears are often rated to cut one maximum diameter limit for pines
and another, lower, diameter for hardwood, because hardwoods are typically more dense
than pines. For example, a shear rated to cut 20-inch diameter pine may only be rated to fell
a 16-inch maximum diameter hardwood. In swampy conditions, where rubber-tired
feller-bunchers are impractical, limited area feller-bunchers that use tracks instead of tires
are used for felling and bunching. The tracks provide these units better floatation on wet
soils. These units also operate at extremely high speeds, with production rates often
exceeding 500 cords per week. However, the expense of owning and operating a limited
area feller-buncher limits its use to high-production logging operations.
Because the typical feller-buncher can harvest trees no larger than 20 to 22 inches
in diameter at the groundline, larger trees must be felled with directional shears. These
units use a single blade to sever the tree and drop it in a selected direction. Directional
shears are slower and have no ability to bunch trees, but they can fell hardwoods up to 30
inches in diameter.
Shears often damage the butt log of felled hardwoods and are not used when
valuable sawtimber is harvested. This shear-related damage in hardwood and pine has
encouraged development of sawhead feller-bunchers. These new felling heads use either a
high-speed chain saw or circle saw to reduce damage in the butt log.
These sawhead units are used by loggers who handle large volumes of sawtimber.
Pulpwood is not significantly damaged by shears so many loggers harvesting pulpwood
prefer to use the shear. Its other advantages include low maintenance requirements and
rugged durability.

Skidding
The type of equipment used to move trees from the woods to the landing depends
upon terrain conditions and the type of felling equipment used. Cable skidders, grapple
skidders, yarders, and even helicopters are used for skidding hardwoods.
Cable skidders, used in combination with chainsaws, and grapple skidders, used in
combination with feller-bunchers, are common on southern hardwood logging operations.
These units are four-wheel drive, articulated frame machines capable of skidding up to a
cord of wood at a time.
With cable skidders, the operator connects each felled tree to the skidder winch line,
winches the trees up to the skidder, and skids the load to the landing. These units work best
in mountainous areas and in swamps where chainsaws are required for felling. Because the
operator must get on and off the machine to attach the winch lines, the cable skidder is
considered a relatively dangerous machine, particularly when compared with the grapple
skidder.
Grapple skidders are designed to pick up and skid bunched wood and work best
behind a feller-buncher. A typical grapple skidder is equipped with a hydraulic grapple that
allows the operator to pick up bunched wood without ever leaving the protected cab.
These units are considered safer than cable skidders and, when working with a
fellerbuncher, are significantly more productive.
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When working in swampy sites, skidders are often equipped with wide tires, up to
48 inches across the tread, to provide better floatation on wet soil. Some loggers use dual
tires, where two tires are attached at the rim, for the same purpose. Wide tires and duals
allow an operation to continue working during wet conditions. And, because hardwood is
often located in swampy sites, many hardwood loggers use this type of equipment to
continue logging through the winter rainy season.
Other devices used to move wood from the forest to the landing include yarders and
helicopters, although these machines are rare in the South. Mountain and swamp logging
operations have used yarders to move wood to the landing, but a lack of well-made, costeffective equipment limits the use of this equipment. Helicopters are used in limited
applications on swampy sites and to remove extremely valuable timber from hard-to-reach
mountain locations. In some applications the helicopter is the most cost-effective approach
available. These units work best on sites where road building may be impossible or
impractical.

Delimbing and Bucking
Hardwoods must be delimbed and where required, cut into merchantable lengths.
Most logging operations use chainsaws to delimb and buck hardwoods. Trees are delimbed
either where the tree is felled or at the landing. Trees are almost always bucked at the
landing to insure proper size, length, and product merchandising.
Because these operations involve using the chainsaw, they are considered the most
dangerous jobs on a logging operation. The chainsaw is placed into positions that increase
the chance of kickback, while operator movement is often blocked by tree limbs. And, unlike
pines, hardwoods cannot be delimbed using a "gate" delimber and do not process well with
mechanized delimbers. Until new machines are developed to handle delimbing and bucking
hardwood, the chainsaw will be the most practical option available.

Loading and Transport
Most modem logging operations use a hydraulic knuckleboom or heelboom loader
for loading harvested wood onto trucks. These loaders are relatively safe, dependable, and
easily repaired. Weight capacity for these units will vary and lift capacity ranges between a
maximum of 5,000 and 40,000 pounds per lift.
Knuckleboom and heelboom loaders are similar. The heelboom unit is designed to
load tree-length material by balancing the butt end of the log against a "heel"' attached to the
main boom of the loader. The knuckleboom has no heel and simply holds the log suspended
until it is loaded. The knuckleboom loader works best with cut-to-length wood or small
tree-length material. On some hardwood logging operations, a small knuckleboom loader is
mounted on the haul truck to load the wood. This type of setup is common on operations
loading cut-to-length hardwood onto single tandem trucks.
Hardwood is either transported as cut-to-length material, where the tree is bucked into
measured lengths before transport, or tree-length, where the whole stem is transported to the
mill. Tree-length hauling of hardwood is common in the Piedmont and Coastal Plain
flatwoods, but rare in the mountains where these long loads cannot maneuver.
Single tandem or tri-axle trucks capable of handling 20,000 to 60,000 pounds gross
vehicle weight are often found on mountain logging operations where the roads are narrow
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and difficult to travel. These units can haul between 4 and 8 cords of hardwood per load,
depending on the truck capacity. Tri-axle trucks provide slightly better traction during wet or
frozen conditions.
Diesel powered tractor-trailers capable of hauling up to 10 cords of wood are typically
used to haul tree-length hardwood. Hauled wood can extend past the vehicle up to 20 feet
beyond the rear of the trailer. A large portion of the hardwood hauled in the Piedmont and
Coastal Plain is in tree-length form. Tractor-trailers also haul cut-to-length hardwood
and cut hardwood pulp.

CONCLUSIONS
Harvesting operations that remove hardwood timber in the South often rely on
conventional logging equipment to get the job done. On steep terrain and in swamps, more
specialized equipment is required. Projected increases in demand for southern hardwood
species may encourage further specialization in harvesting equipment to meet the raw
material needs of the forest industry.
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16. Hardwood Products and Uses
Julian R. Beckwith,III
Extension Forest Resources
University of Georgia
Athens, GA 30602

There are many "products" of southern hardwood forests, from the aesthetic charm of the
trees to the wildlife that uses them for food and shelter. Of course that list also includes the woody
raw material that develops inside the "bark-covered cylinders." Of the great variety of southern '
hardwoods, not all are preferred raw material for wood products. Those most commonly used will be
described here. Although most individual hardwood species can be identified when standing as
trees, the wood from many similar species cannot routinely be separated. These trees are lumped
into "species groups" when describing wood properties and uses. The terms used in the following
pages are defined in the glossary at the end of this chapter.
In hardwoods, long continuous conducting channels, called pores, run up and down through
the trees. These channels are made of short, hollow cells with open ends, stacked on top of one
another. Based upon wood appearance, hardwoods can be divided into two groups. The first
includes those whose early wood in each annual ring contains large pores, easily visible to the eye
on cross sections. These are called ring porous hardwoods. If the large pores occur exclusively in
the earlywood, it is called "typically ring porous." However, if large pores make up a significant part
of the latewood also, it is called semi-ring porous.
The other group consists of woods whose pores are very small, numerous, and scattered
throughout annual-growth rings. These woods are called diffuse porous hardwoods. Woods whose
rings are so uniform as to be nearly indistinguishable from one another are called typically diffuse
porous. Woods that have distinctly larger earlywood pores, are called semi-diffuse porous.
Because of their larger pores certain variations in density and cell arrangements can give
diffuse porous woods definite grain "figure." Ring porous woods have a much more distinctive
grain pattern than diffuse porous woods. Large pores of ring porous woods give them a coarse
texture.
Hardwoods vary in structure and heartwood color. Sapwood is almost uniformly light or
white-colored, regardless of the species. Some woods have light-colored heartwood, making it
difficult to separate from sapwood at times. Although durable heartwood usually is dark, not all
dark-colored heartwood is durable.
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WOOD DESCRIPTION
Ash
Several species of ash grow in southern timberlands. Their wood is very similar, and most are
cut and sold as white ash. White ash and green ash make up about three-fourths of the species cut.
Ash heartwood is light to dark brown, with occasional very-dark-brown streaks. It is ring
porous. Small latewood pores are embedded in patches of light colored tissue forming irregular
horizontal lines in the outer part of each annual ring. On longitudinal surfaces, large earlywood pores
form long bands of irregular vertical streaks, darker than the background. The wood is known for
straight grain.

Basswood
This wood is softer than most softwoods. Of the several existing species, American
basswood provides the most lumber.
Little color difference exists between sapwood and heartwood, both being yellowish-white to
yellowish-brown with a faint pinkish tinge. It is diffuse porous. Ray flecks are fairly distinctive as light
reflects off them differently than the wood. Gram is characteristically straight. The wood can have a
disagreeably dusty odor.

Beeches
The only native beech is American beech, and it is a commercially valuable species.
Beech heartwood ranges in color from pinkish to light brown. It is diffuse porous. Denselooking bands of light-colored tissue end each annual ring. Rays are large and easily seen on cross
sections as distinct light-colored radial lines producing a distinctive ray fleck. Wood grain is
characteristically straight to interlocked.

Sycamore
Sycamore shows little difference between heartwood and sapwood. Sycamore is diffuse
porous. Its wood looks sinii1ar to beech. A band of dense but light-colored tissue with few pores
separates rings. Rays are broad and easily seen on cross sections, forming a distinctive ray fleck.
On tangential surfaces, rays appear as numerous, crowded, short, dark vertical lines. Wood has
irregularly interlocked grain.

Cherry
Several cherry species exist, but commercial lumber comes from black cherry. Although not
an abundant tree, its beauty and desirability make it worth mentioning.
Heartwood in cherry is a distinctive red, but varies from light to dark reddish-brown.
Sometimes a faint greenish tinge may be apparent. The wood is diffuse porous. Pores usually
occur in a single row at the beginning of each ring. Rays can be seen easily in heartwood cross
sections as light lines against dark wood. Ray flecks are distinctive, being light colored against
dark wood. Wood grain usually is straight.
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Cottonwood
Many trees are in the cottonwood family. However, only eastern cottonwood and swamp cottonwood are
important for timber. Because their wood is so similar, these two are cut and sold together.
Heartwood of cottonwood is light pinkish to gray. This wood is semi-diffuse porous. The wood has straight
grain, and can have a disagreeable odor when moist.

Willow
Black willow wood may be confused with cottonwood.
Heartwood is gray or brown. It can be extremely variable, including red or purple. Wood is semi-porous.
Wood grain is usually straight.

Elm
The most important elm timber species is American elm. Other elms include red or slippery elm, cedar elm,
and winged elm. The wood of American and slippery elms are similar and often sold as soft elm. Cedar and winged
elms have similar wood, both being "hard elms" and distinctly different from soft elms.
Elm heartwood is light brown, sometimes tinged with red. Elms are ring porous. Rings are more distinct in
those species with the most earlywood pores. In all elms, small latewood pores form wavy bands on cross sections.
Interlocked grain is normal.

Sweetgum
Sweetgum is also known as redgum. Two classifications of lumber are available: redgum and sapgum. No
structural differences exist between them, but redgum is cut from the colored heartwood, while sapgum comes from
nearly white sapwood.
Heartwood ranges from dark pink to dark brown. Irregular, grayish-brown streaks occur throughout
heartwood. The wood is diffuse porous with interlocked grain.

Tupelo
Black tupelo and water tupelo heartwood ranges from a light greenish to brownish-gray. A diffuse, porous
wood with extremely small pores, like sweetgum. Interlocked grain is prominent.

Hackberry
This wood is produced from two trees, sugarberry and common hackberry. The wood resembles elm.
Heartwood is pale-yellow to grayish-green, frequently stained with bluish streaks. The wood is ring porous.
Small latewood pores form wavy bands throughout latewood as in elm. Rings are easily separated. Interlocked
grain is common.
Hickory
The species represented by this group are also known as "true hickories", compared to pecan hickories. Trees
are shagbark, shellbark, mockernut, and pignut hickories.
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Heartwood of hickory is dark reddish-brown. Very dark streaks frequently occur. On
longitudinal surfaces, earlywood pores appear faintly but distinctively yellowish against the latewood
background. Hickories are considered ring porous. On cross sections, many fine lines run through
latewood parallel to ring boundaries, but seldom earlywood. Wood grain usually is straight.

Pecan Hickories
The four species producing pecan wood are: pecan, water hickory, bitternut hickory, and
nutmeg hickory.
Heartwood has a reddish-brown color, sometimes with dark streaks. Pecan wood is semiring porous. Numerous, fine, light-colored, parrellel lines are evident on cross sections throughout
earlywood and latewood. Rings are easy to separate. Grain is generally straight.

Holly
Produced from American holly. Heartwood of holly is white and diffuse porous. Sometimes a
bluish tinge occurs in holly, staining the light-colored wood slightly. Straight grain is common.

Magnolia
Southern magnolia and sweetbay magnolia provide lumber. Wood from a third relative,
cucumbertree, resembles yellow-poplar lumber, and is often sold as such.
Magnolia heartwood is light to dark brown with a yellowish-green tinge. On cross sections,
growth rings are easily separated by an obvious light band. It is a diffuse porous wood. Rays are
visible, and a definite fleck can be seen on radial surfaces. Grain is straight.

Yellow-poplar
Also known as tulip-poplar, or tulip tree, is a member of the magnolia family.
Yellow-poplar heartwood is striking green mixed with brown, blue, or black h is a diffuse
porous wood. A narrow, light-colored band of tissue separates rings. Rays are numerous and thin,
but easily seen on cross sections. Ray flecks on radial surfaces is distinct. Grain is usually straight.

Hard Maple
Because of differences in hardness, maple lumber is divided into hard and soft maples.
Hard maples are an important component of hardwood lumber in the upper South, and includes
sugar maple, and black maple.
Hard maple has heartwood that is light reddish-brown. It is diffuse porous. Rays are narrow;
the largest rays are wider than those in soft maples, being fully as wide as the largest pores. On
radial surfaces, a distinctive ray fleck can be seen. Grain is usually straight, with some interesting
figures occurring at times.

Soft Maple
This group includes red maple, silver maple, and boxelder.
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Soft maple is a light-colored wood with a pinkish-brown cast. Heartwood is slightly darker
than sapwood. Soft maples frequently are attacked by insects that leave small holes in the wood.
Dark, elongated, streaks often extend up and down several inches from these holes. The wood is
diffuse porous. The ray fleck appears dark against a light background. Although straight grain is
typical, special figures such as "curly grain" or "birds eye" are not uncommon.

Red Oak
Lumber from the oaks is divided into three categories. Within each group, there are many
species. The principal trees from which red oak is cut are: southern. red, cherrybark, Shumard,
black, water, willow, laurel, northern red, pin, scarlet, blackjack, and Nuttall.
Red oak heartwood has a distinct reddish appearance. Dark streaks may be found in it. The
wood is classically ring porous. Latewood pores are few enough to be "countable". Rays are large,
being the major oak characteristic. Ray flecks gives radial surfaces a distinctive figure. Red oak
wood, when first cut, has a harsh, sour odor. Straight grain is common.

White Oak
White oak lumber species are white, post, swamp chestnut, bur, chinquapin, chestnut, and
swamp white.
Heartwood is gray to brown instead of pinkish as in red oak. White oaks have less color
variation than red oak. Wood is typically ring porous. Earlywood pores in heartwood typically fill with
crystalline-appearing structures called tyloses. Latewood pores are numerous and small. Large rays
are present, producing large and distinctive ray flecks. Straight grain is common.

Live Oak
This species is the hardest and heaviest wood available from southern forests. Wooden
ships used it for its special strength characteristics.
Heartwood has a gray color. Wood is neither ring nor diffuse porous. Pores are arranged as
in latewood of red oaks, but no large earlywood pores occur. Rays are very wide, forming large
flecks. Grain is irregular.

Walnut
Black walnut heartwood varies from light brown to a dark, almost purplish-brown. The
wood is distinctly semi-ring porous. On longitudinal heartwood surfaces, pores appear as long,
black lines. Has unique grain figures. Can have a distinctive odor.
Many other southern hardwoods yield lumber that is used in a variety of products. However,
their commercial contributions are not great. Woods such as honeylocust, sassafras, red mulberry,
persimmon, and dogwood, all have interesting and useful properties for certain specialty items.

WOOD PROPERTIES
Wood quality is determined by how well its properties suit the requirements of products
made from it. Raw material value depends upon many other factors. Sometimes styles popular to
the buying public provide the major influence on demand. However, basic properties or traits will
ultimately determine how successfully a raw material can be used.
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Because wood is a natural product, it is inherently variable. Variation among species provides
wide choices for an assortment of products. Variation within a species makes careful quality control
necessary. This is to insure that product requirements are met by the wood chosen.
Materials can be described in many ways. Most properties used are related to current uses.
As new uses are found, new descriptive tests are developed. The Forest Products Laboratory of the
Forest Service has produced the Wood Handbook, in which many wood properties are published.
Physical properties describe the way wood looks and feels, and how it reacts to such things as water,
heat, sound, and electricity. Strength properties indicate how it supports loads or resists stresses
applied to it.
In tables 16-1 to 164, white oak is used as a standard for comparison with other woods.
Many properties are presented only as rankings, from "high" or "good" down to "low" or "poor".
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Table 16-1. Physical properties of common hardwoods, using white oak as the standard
of comparison.
Species11

Density 2
(Sp. Gv.)

Ave.
HW M.C.

Ave.
SW M.C.

Vo1. shrnkg

General
Strength

White oak

.67

64%

78%

16.3%

High

Ash

85%

72%

65%

77%

High

Basswood

55%

127%

171%

97%

Low

Beech

96%

86%

92%

106%

High

Cherry

75%

91%

...

71%

Moderate

Cottonwood

60%

253%

187%

85%

Low

Elm

82%

127%

99%

94%

Moderate

Gum

78%

123%

176%

97%

Mod. Low

Hackberry

79%

95%

83%

85%

Mod. Low

Hickory

107%

109%

5%

110%

Very High

Holly

85%

---

104%

Moderate

Magnolia

75%

125%

133%

77%

Moderate

Hard maple

90%

102%

92%

88%

High

Soft maple

75%

91%

124%

75%

Moderate

Red oak

96%

127%

96%

92%

High

Pecan

96%

139%

74%

83%

Very High

Sycamore

73%

178%

167%

87%

Moderate

Tupelo

75%

186%

149%

83%

Moderate

Walnut

82%

141%

94%

79%

High

Willow

58%

...

...

85%

Low

63%

130%

136%

78%

Mod. Low

Yellowpoplar
1

Physical properties relative to white oak - percentages for each species may be multiplied by
actual values for white oak to obtain values by species.
2
Density - a measure of weight for a particular volume. When it is expressed as specific gravity,
water is used as the comparison standard.
SW - sapwood; HW - heartwood
MC - moisture content, expressed as the weight of water in wood compared to the dry weight of
wood.
Vol. shrnkg. - volumetric shrinkage. The total change in volume when dried from the fresh
condition to an oven-dry or bone-dry condition.
General strength - an expression combining the relative values of properties such as bending
strength, compressive strength, shearing strength, etc.
--- - no information found
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Table 16-2. Some uses of common southern
hardwoods.
Species

Common uses

Miscellaneous uses

Composites made from it

White oak

furniture, flooring, trim,

boats, barrels, handles,

veneered panelling

doors

crossties

handles, sporting goods,

cabinets, trim, solid

furniture

panelling, barrels

Basswood

blinds, doors, furniture,

carvings, bee hives, food

crossbands in veneered

Beech

cabinets
furniture, flooring,

utensils, excelsior
toys, handles, turned items

panels
veneered panelling

caskets, patterns

veneered panelling

musical instruments

pulpwood, waferboard,

Ash

veneered panelling

woodenware
Cherry

furniture, woodwork,
electrotype blocks

Cottonwood

boxes, baskets,
excelsior, pallets

Elm
Gum

furniture, boxes, barrels
boxes, furniture, wall

strand board
caskets, pallets
barrels, crossties, pallets

panelling

veneered panelling
pulpwood, veneered doors,
strand board

Hackberry

furniture, boxes

pallets

veneered panelling

Hickory

handles, ladder rungs,

meat-smoking fuel, pallets

...

...

...

athletic goods

Holly

inlaid furniture, fancy
turned items

Magnolia

painted furniture,
blinds, woodwork

boxes

pulpwood, strand board

Hard maple

flooring, furniture, solid

woodenware, charcoal,

veneered panelling,

panelling

musical instruments

pulpwood

furniture, flooring, solid

woodenware, boxes

veneered panelling,

Soft maple

panelling

Pulpwood, strand board

Red oak

furniture, flooring, trim,

handles, barrels, crossties

veneered panelling

Pecan

doors
furniture, handles,

...

veneered panelling

crossties, butcher blocks,

...

pallets
Sycamore

furniture, boxes

barrels
Tupelo

boxes, furniture

crossties

Pulpwood, strand board

Walnut

furniture, woodwork,

...

veneered panelling

gunstocks, cabinets
Willow

furniture cores, boxes,
caskets

charcoal

pulpwood, strand board

Yellow-

painted furniture, boxes

caskets, dimension lumber,

veneered furniture,

pallets

pulpwood, strand board

poplar
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Table 16-3.Use ratings of common hardwoods.
SPECIES

Driving

Machining

Gluing

Fastening

Durability

Heat
Value

White oak

Difficult

Good

Satisfactory

Good

High

High

Ash

Easy

Good

Satisfactory

Moderate

Low

Mod. high

Basswood

Easy

Poor

Easy

Good

Low

Low

Beech

Difficult

Good

Satisfactory

Poor

Low

High

Cherry

Moderate

Excellent

Satisfactory

...

High

Moderate

Cottonwood

Difficult

Poor

Easy

Very

Low

Low

Good
Elm

Difficult

Moderate

Well

Good

Low

Moderate

Gum

Difficult

Fair

Well

Moderate

Low

Moderate

Hackberry

Moderate

Good

Well

Moderate

Low

Moderate

Hickory

Difficult

Good

Satisfactory

Poor

Low

Very high

Holly

Difficult

...

...

...

Low

Moderate

Magnolia

Moderate

Moderate

Easy

Good

Low

Low

Hard maple

Moderate

Moderate

Satisfactory

Poor

Low

High

Soft maple

Easy

Fair

Well

Mod. poor

Low

Mod. high

Red oak

Difficult

Excellent

Satisfactory

Good

Low

High

Pecan

Difficult

Excellent

Satisfactory

Poor

Low

Very high

Sycamore
Tupelo

Difficult
Difficult

Poor
Poor

Well
Well

Good
…

Low
...

Moderate
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Table 16-4.General ratings of common southern hardwoods relative to processing procedures,
exposure to the elements, and heat value.
SPECIES

Drying

Machining

Gluing

Fastening

Durability

Heat
value

White oak

Difficult

Good

Satisfactory

Good

High

High

Ash

Easy

Good

Satisfactory

Moderate

Low

Mod. high

Basswood

Easy

Poor

Easy

Good

Low

Low

Beech

Difficult

Good

Satisfactory

Poor

Low

High

Cherry

Moderate

Excellent

Satisfactory

…

High

Moderate

Cottonwood

Difficult

Poor

Easy

Very good

Low

Low

Elm

Difficult

Moderate

Well

Good

Low

Moderate

Gum

Difficult

Fair

Well

Moderate

Low

Moderate

Hackberry

Moderate

Good

Well

Moderate

Low

Moderate

Hickory

Difficult

Good

Satisfactory

Poor

Low

Very high

Holly

Difficult

…

…

…

Low

Moderate

Magnolia

Moderate

Moderate

Easy

Good

Low

Low

Hard maple

Moderate

Moderate

Satisfactory

Poor

Low

High

Soft maple

Easy

Fair

Well

Mod. poor

Low

Mod. high

Red oak

Difficult

Excellent

Satisfactory

Good

Low

High

Pecan

Difficult

Excellent

Satisfactory

Poor

Low

Very high

Sycamore

Difficult

Poor

Well

Good

Low

Moderate

Tupelo

Difficult

Poor

Well

Moderate

Low

Moderate

Walnut

Easy

Mod. good

Well

Mod. poor

High

Moderate

Willow

Easy

Fair

Easy

Good

Low

Low

Yellowpoplar

Easy

Fair

Well

Good

Low

Low

Drying difficulty-relates to how rapidly the wood dries, and to its tendency to warp and check.
Machining-indicates how well the wood can be planed, turned on a althe, bored, sanded, etc.
Gluing-describes how easy it is to produce strong glue joints. The rankings progress from "easy", to
"well", to "satisfactory", to "difficult".
Fastening-relates how successfully the wood can be joined with nails and screws without splitting.
Durability-an indication of the ability of untreated heartwood to consistently resist deterioration when
exposed to conditions favoring damage by insects and decay organisms.
Heat value -suggests the relative amount of heat that will be released when buring air-dry wood.
--no information found.
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GLOSSARY
Annual (growth) ring: A growth sheath produced during one growing season.
Check: A split or crack in the surface of a log or lumber. Small, minor checks may even be difficult to
see, and major checks can turn into wide splits.
Cross section: A wood surface formed by cutting perpendicularly across a log or board.
Diffuse porous: A description of woods with pores that are numerous, scattered throughout growth
rings, and are too small to see without magnification. On cross sections, woods with rings that are so
uniform as to be nearly indistinguishable from one another are called "typically diffuse porous". Woods
having rings with distinctly larger earlywood pores are called "semi-diffuse porous".
Earlywood: The part of a growth sheath that forms first. It makes up the inner portion of each sheath
(ring).
Figure: A distinctive grain pattern.
(Ray) fleck: The appearance of the "wide faces" of rays on radial surfaces. Some species have
characteristic ray flecks.
Grain: The direction in which major elongated cells are oriented in a piece of wood. Logs or lumber with
"straight grain" have these cells aligned with the length of the log or board. Sometimes the term is used to
describe ring widths too. "Open grained" describes wood with wide rings, "close grained" is wood with
narrow rings.
Green: The condition of being "fresh cut". More specifically it means having wood moisture content
above the point where shrinkage begins.
Growth ring: A cross-sectional view of a growth sheath. It contains both earlywood and latewood, and on
a whole cross section it forms a complete ring.
Growth sheath: A layer of new wood produced beneath the bark, over the entire "surface" of a tree.
This woody sheath is continuous from tree top, to near branch and root ends.
Heartwood: The innermost or central core of a tree in which all cells have died, and in which a variety of
natural chemicals has been deposited. It is generally darker than sapwood. Sapwood "matures" into
heartwood, although wood structure remains the same. However, deposition products may make
heartwood heavier and more decay resistant. Wood moisture content usually differs from sapwood to
heartwood, being higher or lower depending on species.
Interlocked grain: An alternating pattern of spiral grain. Moving from the center of a tree outward, the grain
spiral fluctuates periodically from an "S" helix to a "T' helix and back again.
Latewood: The part of a growth sheath which forms last. It makes up the outer portion of the sheath
(ring) and is characteristically denser, harder, stronger, etc. than earlywood.
Longitudinal surface: Wood surface produced when cutting along the length of a log.
Moisture content: A measure of the amount of water in wood. It is expressed as the percent water
contained, by weight, compared to the dry weight of the wood alone.
Plainsawn lumber: Lumber with wide faces that are predominately tangential surfaces.
Pores: The long conducting tubes in hardwoods, made up of continuous stacks of cells called vessel
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elements. Some are quite large and easily seen on a cross section. Others are too small to see without
magnification.
Quartersawn lumber: Lumber with wide faces that are predominately radial surfaces.
Radial surface: A longitudinal surface produced when cutting lengthwise, but across (along a radius of)
growth rings. On the end of a board, growth rings run perpendicular to this surface.
Rays: Ribbon-shaped structures in wood composed of storage cells, running radially across growth rings.
Their narrow edges appear as radii of growth rings on cross sections. On radial surfaces, the wide faces of
large rays form distinctive patterns called flecks. On tangential surfaces, the ends of rays may be seen as
separated vertical lines, more or less obvious depending on ray size.
Ring porous: A description of woods containing large, easily-seen pores. On cross sections, earlywood of
"typically ring porous" woods is formed predominately of these large pores. Latewood contains only small
pores. In "semi-ring porous" woods, large pores are seen throughout ring cross sections, usually decreasing
in size toward latewood.
Sapwood: The outer layer of wood in a tree, containing functioning conducting cells, as well as some
living storage cells. Conducting and supporting cells in all wood are dead, even in sapwood. Their cell
wall structures provide conducting paths and strength, though.
Spiral grain: A grain orientation created as the elongated wood cells are laid down during growth at some
angle to the long aids of a tree. This creates a spiral pattern around the tree from bottom to top, made visible
in a log by checks that follow the grain. When the spiral goes "from lower right to upper left" on the surface of
a standing log, it is called an "S" helix or spiral. If it goes "from lower left to upper right" it is a "Z" helix. On
tangential surfaces of a board, spiral grain runs across the wide faces at an angle instead of straight up and
down along its length.
Tangential surface: A longitudinal surface produced when cutting lengthwise, but tangent or "parallel" to
growth rings. On the end of a board, growth rings run "parallel" to this surface.
Texture: Describes pore sizes. Woods with small pores are called "fine textured", those with large pores
being "coarse textured". It is also used to describe uniformity of pore sizes. Woods with similar size pores
are called "even textured", and those with widely differing sizes are called "uneven textured". It also may be
used to describe the "hardness" or "weight" of wood, with hard, heavy, strong, elastic woods called "tough
textured". Soft, light-weight, weak woods would be called "soft textured".
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SOUTHERN HARDWOOD MANAGEMENT

17. Product Quality and Marketing
Karen Kenna
USDA Forest Service
1720 Peachtree Rd, NW
Atlanta, GA 30367

INTRODUCTION
Product quality is all important to the management and sale of hardwood timber. In virtually
every case forest landowners should strive to manage their timberland for the highest quality
material. Obviously, at the time of a timber sale, high quality products will command a better price
than low quality products. Beyond this, though, high grade trees tend to be healthier trees, better
able to heal wounds, withstand insect and disease attacks, and the force of strong winds. During
times of extreme climatic conditions a tree's good health can help it survive stress. Possibly the
only instance of a low quality tree being favored is in the wildlife management practice of providing
hollow trees as dens for small game.
Unless the wood is truly rotted, all hardwoods have value. This value, however, will vary
depending on your species, diameter, clearness of the bole surface, straightness of the bole, and
the soundness of the material. The low end-value has been traditionally defined as firewood or
pulpwood and the high end as veneer. The middle ground is material described generally as
sawlogs. Note that this is how the market place values these products under normal market
conditions.
There may be times when a normally low-value product will bring a higher dollar value. An
example of this would be if the demand for pulpwood drove pulpwood values to exceed those of
sawlogs. These situations, when they do occur, are usually a local phenomena and short lived. A
forest landowner should thoroughly research local market conditions before making a timber sale.
The landowner has a lot invested in the timber and should receive the highest return possible. To
begin, obtain an accurate stand inventory of volume by species and product -- pulpwood, sawlogs
by grade, specialty products and veneer. With this information in hand, along with market price
information, a landowner can get an idea of the worth of the standing timber.
Numerous publications are available to help identify trees by species and measure the tree
volume in board feet. There are also commercial publications reporting on current price levels of
stumpage. The more difficult task is to identify the product to which the tree is best suited. A major
object of log classification is to separate all the logs out into those suitable for the manufacture of a
given product or class of products.
It is not the intent here to detail explicitly all hardwood product grading systems. Such a
task could cover volumes in itself. Since over half of all hardwood log production is destined for
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factory lumber, this chapter will concentrate on describing a system of grading for this product alone.
This type of log is adapted to the production of boards that later can be remanufactured so as to
remove defects and yield smaller strips of clear wood. An examination of almost any piece of solid
hardwood furniture will demonstrate how these strips have been further utilized by edge-gluing to
produce drawer fronts, table tops, chair seats and bed rails. It is important to note that any log suitable
for sawing into factory lumber may also be suitable for firewood, pulpwood, veneer, or specialty
products. It cannot be emphasized enough that a thorough investigation of local market conditions is
necessary in order to know which log classification will generate the highest income and return on
investment.
Some people judge the usefulness of a grading system by simplicity or ease of application.
This is not a sound approach. Whether grades are suitable for a given objective depend not upon
how easy they are to use, but upon how well they meet stated performance standards. The USDA
Forest Service developed a log-grading system which, by grade, predicts the quality of lumber that
can be sawn from the log. The grades of lumber cut from such logs are determined by specification of
the National Hardwood Lumber Association grading rules for standard lumber.
Lumber grades specify the minimum yield of defect-free material obtainable from boards in
each grade. High grade boards are relatively free of defect. A defect is any irregularity occurring in or
on wood that may lower some of its strength, durability, or utility. Defects in boards include
irregularities such as knots, holes, deep surface checks, splits and stain.
There are six established standard grades of hardwood factory lumber. They are: FAS,
Selects, No. 1 Common, No. 2 Common, No. 3A Common, and No. 3B Common- FAS boards yield
the most defect-free wood. For a board to qualify as FAS, its surface must be at least 83-1/3 percent
clear. A Select board, which is a cross between an FAS and No. 1 Common board, must also yield
83-1/3 percent. A No. 1 Common board must be 66-2/3 percent free of defects. A No. 2 Common 50
percent; a No. 3A Common 33-1/3 percent; and a No. 3B Common 25 percent clear. The
comparative values of these grades of lumber reflects the fact that the clearer the board the more it
is worth.
The USDA Forest Service's standard grades for hardwood factory lumber sawlogs predicts
that a grade No. 1 log will yield 60+ percent 1 Common and better lumber. This means that at least
60 percent of the volume of the lumber produced from that log will be in grades FAS, Select, and 1
Common. A grade No. 2 log will yield between 40 to 60 percent 1 Common and better lumber, and
grade No. 3 logs yield 20 to 40 percent 1 Common and better lumber. Any log that does not meet the
specifications for a factory grade No. 3 log is termed "below grade." Again, this designation does not
mean that the log does not have value. R means that it would be uneconomical for a sawmill to saw
this log because not enough grade lumber would be produced to pay its way through the mill. R may,
however, have value as a railroad tie or mine timber, firewood, pulpwood, or for local use such as in
farm buildings.
Because the log grading system is intended to predict lumber quality, hardwood logs are
graded in much the same way hardwood lumber is graded and the specifications between log and
lumber grades are closely con-elated, i.e., log grades are based on the percentage of clear area on
the surface of the log. Because log quality is intended to predict lumber quality, the percentage of
clear area required is the same. Both the FAS board and a No. 1 log are required to be 83-1/3 percent
clear-, a No. 1 Common board and a No. 2 log are both required to be at least 66-2/3 percent clear;
and a No. 2 Common board and a No. 3 log must both be at least 50 percent clear.
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LOG GRADING
The major factors that affect the quality of factory lumber logs are: (1) position of the log in
the tree (butt or upper log); (2) size of log, especially diameter; (3) straightness; (4) amount and
distribution of scalable defects; and (5) defects in the useable wood outside the heart center. Table
17-1 describes the specifications for the grades:

1

2

Ash and basswood butte can be 12 inches if they meet all other No. 1 requirements. Ten-inch logs of all species can be No.
3
2 if they meet all other No. 1 requirements. A clear cutting is a portion of a face free of defects, extending the width of the
4
5
6
face. See Table No. 1. Otherwise No. 1 logs With 41-60% deductions can be a No. 2. 0therwise No. 2 logs with 51-60%
deductions can be No. 3.
*Source: U.S. Department of Agriculture, Forest Service (1966).

There are four basic steps in grading hardwood factory logs for standard lumber: (1) scale the
log, (2) establish the grading face, (3) identity the clear cuttings on the grading face, and (4)
examine the log ends.
1. Scale the Log
Scaling the log is the first step in grading. It not only gives an estimate of the content, but also
gives some data needed to apply grade specifications. Average diameter inside the bark on the small
end of the log is used in scaling and grading. The length for figuring the necessary clear cuttings is
dropped to the full foot, but cuttings are allowed to include the overlength. Scaling a log includes
making deductions where an irregularity in the log reduces its usable volume. Figure 17-1 describes
the common methods of making scale deduction.
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Figure 17-1. Methods of determining scaling deductions, examples are based on a 16-foot
log with 20-inch scaling diameter
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2. Establish The Grading Face
After measuring the log, the next step is to visually square the log full length into four faces so
oriented as to give the largest possible number of good faces. Confine any given defect to one face
wherever possible instead of permitting it to extend over two faces unnecessarily. The grade of the
log will be established by the poorest face of the best three remaining faces. In other words, disregard
the poorest face on the log, and grade the poorest of the remaining three faces. This is the grade of
the log. See figure 17-2

Figure 17-2. Selecting the grade face.
3. Identify the Clear Cuttings on the Grading Face.
The grade of a face is established on the basis of clear-eutting requirements. Clear cuttings
are portions of the length of the face that lie between defects or between the ends of the logs and
defects, and extend the full width of the face. See figure 17-3.

Figure 17-3. Identifying clear-cuttings.
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The challenge in grading factory-lumber logs is to locate clear cuttings. This requires the
proper evaluation of surface indicators of defects. Branch stubs and knot overgrowths are clearly
evident, so they present no problem. But the grader usually needs some training and experience to
detect and evaluate accurately other less obvious indicators.
Note from table 17-1 that a log grade No. 1 must yield 5/6 or 83-1/3 percent of the length of
the grading face clear. Log grade No. 2 must yield 2/3 of the length of the face clear and log grade
No. 3 must be 1/2 clear. Table 17-2 helps you to determine what 5/6, 2/3, and 1/2 is of various log
lengths. For example 10 feet is 5/6 of a 12-foot log; 9 feet 4 inches is 2/3 of a 14-foot-long log; and
5 feet is 1/2 of a 10-foot-long log. The amount permissible to lose can also be used and is listed in
the table.

Table.17-2. Total Cutting Lengths for Hardwood Log Grades
Log Length
(feet)

Log Grade
1 (5/6 yield)

2 (4/6 yield)

3 W2 yield)

Clear

Lose

Clear

Lose

Clear

Lose

10

8'4"

1'8"

6'8'

3'4"

5’

5’

12

10’

2'

8’

4’

6'

6’

14

11’8"

2’4”

9'4"

4'8”

7’

7’

2'8”

10’8”

5’4”

8’

8’

16

13'4"

4. Examine Log Ends
Once the faces have been graded, the log ends must be examined for grade defeat indicators that
may not show on the log surface. All abnormalities, regardless of type, can be disregarded when
they are confined to the heart center. Heart center is considered to be a core in the center of the
log with a radius equal to one-fifth of diameter. Only when the abnormality enters the quality zone,
that portion of the log from which grade lumber is produced, does it become a problem.
The quality zone of a log is that portion of the log outside the heart center. R is further divided
into the inner quality zone and the outer quality zone, each having a radius equal to 15 percent of
the diameter of the log. See figure 17-4. If an abnormality is confined to one quality zone in a
quadrant of the log end it can be disregarded as a defect. However, if the defect is found in both
the inner and outer quality zone it must be considered a defect in the quarter and face involved
See figure 174. If it is determined that the defect extends the full length of the log, no clear cutting
can be taken on the face overlying the defect.
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Figure 17-4. Location of end figures in hardwood factory lumber logs.

93

Figure 17-5. Evaluation of rot and shake in hardwood factory lumber logs.
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Figures 17-6 to 17-8 display examples of the three factory-lumber log grades .

Figure 17-6. Examples of hardwood factory grade 1 logs.
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Figure 17-7. Examples of hardwood factory grade 2 logs.
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Figure 17-8. Examples of hardwood factory Grade 3 logs.
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TREE GRADES
The Forest Service's grades (Hanks 1976) were developed for use on standing sawtimber.
Those already familiar with the log grades will immediately see a great similarity between the two
grading systems. Table 17-3 contains the specifications of the tree grading system.

Table17-3. Hardwood tree grades for factory lumber.

Grade factor
Length of grading zone (feet)
a

Length of grading section (feet)

Tree grade I

Tree grade 2

Tree grade 3

Butt 16

Butt 16

Butt 16

Best 12

Best 12

Best 12

13

10

b

Dbh, minimum (inches)

16

Diameter, minimum inside bark at top of
grading section (inches)

b

c

13

16

20

11

12

8

7

5

3

3

3

2

2

3

(e)

d

Clear cuttings (on the 3 best faces :
Length, minimum (feet)
Number on face (maximum)

2

Yield in face length (minimum)

5/6

4/6

9

9

3/6

Cull deduction, including crook and sweep
but excluding shake, maximum within
grading section (percent)

a

f

50

Whenever a 14- or 16-foot section of the butt 16-foot log is better than the best 12-foot section, the grade of the longer
section will become the grade of the tree. This longer section, when used, is the basis for determining the grading factors
such as diameter and cull deduction.

b
c
d

In basswood and ash, dib at top of grading section must be 12 inches and dbh must be 15 inches.
Grade 2 trees can be 10 inches ib at top of grading section if otherwise meeting surface requirements for small grade is.
A clear cutting is a portion of a face free of defects, extending the width of the face. A face is one-fourth of the surface of
the grading section as divided lengthwise.

e
f

Unlimited.
Fifteen percent crook and sweep or 40 percent total cull deduction are permitted in grade 2 if size and surface of grading
section qualify as grade 1. If rot shortens the required clear cuttings to the extent of dropping the butt log to grade 2, do

not drop the tree's grade to 3 unless the cull deduction for rot is greater than 40 percent.
* Source: Hanks (1976)

These specifications are applied in much the same way that logs are graded. First, the tree's
size is determined by measuring the d.b.h. to the nearest inch. The grader then walks around the tree
to identify the location of all defect indicators on the surface of the butt 16-foot log. As in log grading,
as many defects as possible are grouped into one face because the worst face can be disregarded.
The second worst face is then identified and graded. The grade of this face is the grade assigned to
the tree. See figure 17-9.
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In grading the second worst face of the butt 16-foot log, at least 12 feet must be graded. This
is known as a "sliding 12-foot section." For example, if the defect indicators are clustered in the top 4
feet of a 16-foot log, grade the bottom 12 feet. In another instance, rot may be noticed at the base of
the tree. The grader then has the option of grading the upper 12 feet. See figure 17-10.

Figure 17-9. Defect indicators clustered at top of grading zone. The best 12-foot section is
the butt 12-feet.

99

Figure 17-10.

Large rot at base of tree. Because of rot, the grade of the butt 12-foot section is
2. By grading the top 12-foot section, the tree's grade can be raised to 1.

The flexibility to slide the 12-foot grading section of the grading face accounts for one big
difference in specifications between log and tree grades, which is scalable defect limitations. Grade 1
logs may contain up to 40 percent defect while the grading section of grade-1 trees is limited to 9
percent. The reason for this is that the influence of a large defect in a tree may be eliminated by
grading the best 12-foot section, while the log grader is required to grade the log in its entirety.
Table 17-4 compares the value of the lumber sawn from two trees of the same size but different
tree grades. Using Hardwood Market Report prices for September 1992, and lumber yields from the
publication Hardwood Tree Grades for Factory Lumber we find that the difference in the value of
lumber sawn from these two trees is $77.43.
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Table 17-4.

Comparison of the value of the lumber1 sawn from a Forest Service Grade I
and Grade 3 tree.

Grade One Tree:
Lumber Grade
FAS
IF-SEL
#1 COM
#2 COM
#3A COM
#3B COM

$/BF
.810
.800
.705
.360
.300
.200

X
X
X
X
X
X
X

BF
63
47
97
98
40
11
356

Lumber Value
$51.03
37.60
68.39
35.28
12.00
2.20
$206.50

Grade Three Tree:
Lumber Grade
FAS
IF-SEL
#1 COM
#2 COM
#3A COM
#3B COM

$/BF
.810
.800
.705
.360
.300
.200

X
X
X
X
X
X
X

BF
9
17
64
81
71
63
305

Lumber Value
$7.29
13.60
45.12
29.16
21.30
12.60
$129.07

1 Size: 20", 2-1/2 logs. Species: northern red oaks.
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INTRODUCTION
Environmental concern has resulted in more regulation of water management practices in
forest lands over the past decades. Landowners, consultants and foresters cannot ignore these
without expecting some form of penalty. It is difficult for regulators to distinguish the initial phases of
land development from silviculture. Therefore, it behooves forest landowners to clearly establish the
ongoing nature of their normal silvicultural operations. It is the responsibility of foresters to educate
new public officials about the nature and standards of normal silvicultural operations. This is
especially true for silviculture in wetlands.
Wetlands are those areas that are frequently and long enough saturated or flooded to
regenerate and support vegetation adapted to those conditions (during the growing season).
Examples are tidal marshes and mangrove swamps, normally inundated freshwater marshes and
peat bogs, and seasonally-wet floodplains and forest swamps. Wetlands are legally defined by their
plant, soil and hydrologic characteristics.
The following summary presents the major laws, regulations, and permitting requirements of
water-related Federal and State agencies as they apply to wetland forest management. State and
local governments may regulate standards more stringently than does the Federal government.
However, State laws may not be weaker than the Federal standards.

FEDERAL REGULATIONS
Common law for water use in the nation is mostly based on court cases. First come, first
right of water transfer and use developed in western jurisdictions. However, in eastern jurisdictions
the landowners own the water rights. The more recent administrative laws based on reasonablebeneficial water use have been established for Federal reservations and by some States through the
legislative process (Carriker, 1985).
Section 10 of the 1899 Rivers and Harbors Act prohibits any obstruction of navigable waters
up to the ordinary high-water line. The U.S. Army Corps of Engineers administers this control of
dredge and fill for all projects in navigable waters. The dredge-and-fill rule of the Rivers and Harbors
Act was also the basis for the Water Pollution Control Act (VVTCA) of 1948. This act went beyond
navigable waters to include all waters of the United States. The 1972 amendments put teeth in the
WPCA by creating the Environmental Protection Agency (EPA) to enforce pollution laws. The EPA
defined industrial and municipal point-source effluent limits for section 404, and
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diffuse nonpoint-source pollution for section 208 of the WPCA. The regulation of dredge-fin for section
404 was left with the Corps. However, court action expanded its authority beyond the ordinary
high-water line to include wetlands as waters of the United States. The 1977 amendments of section
208 identified Best Management Practices (BMP) for nonpoint-source pollution control, and section 404
was amended to allow dredge-fill exemptions for normal silvicultural activities. In 1986, the EPA created
the Office of Wetlands Protection to reduce net losses of wetlands in the United States. Section 319 of
the 1987 WPCA amendments authorized funding for State non-point source pollution control programs
(Cubbage et al., 1987).
Other Federal laws related to wetland management include the Coastal Zone Act of 1972,
requiring all construction to be approved by Coastal Zone Management (CZM) programs of the
States, the Fish and Wildlife Act of 1956 and the Endangered Species Act to protect aquatic
environments for fish and wildhfe resources, and the Wild and Scenic Rivers Protection Act.
Section 402 of the WPCA authorized EPA to control point-source discharges to implement the
National Pollutant Discharge Elimination System program. The EPA set water pollution standards and
deadlines for water pollution control, but program development and implementation were delegated to
the States. The EPA accepted BMP's for nonpoint-source pollution control as substitute performance
standards for water quality. Pesticide use is regulated more stringently by the EPA for the Endangered
Species Act, including aquatic species.
The Corps developed regulations and permitting thresholds for all waters of the United States,
including wetlands and floodplains having important functions. A nationwide general permit exempts
normal activities of an established silvicultural operation. A silvicultural operation ceases to be
established when the land is idle long enough to require alteration of the hydrologic regime for renewed
operations. To simplify the process, the Corps instituted regional permits for activities with minimal
impact in areas of similar site and use conditions. The evaluation of individual permit applications for
non-exempt projects includes impacts on wetland importance, functions and values, the cumulative
effect of all wetland alterations in the area, possible mitigation of impacts, and an economic review.
To be exempt, normal silvicultural activities may not modify a wetland from its present state for
crop conversion, nor jeopardize threatened-endangered species, fish and fowl migration, shellfish
production, public water supplies, or designated wild and scenic rivers (U.S. Army Corps of Engineers,
1986). Normal silviculture in wetlands includes harvesting, site preparation, and minor drainage.
Harvesting means cutting and removal of trees from the site, but does not include forest road
construction. Site preparation includes soil cultivation, plowing-bedding and seeding-planting to
improve crop growth, quality or yield. Minor drainage includes ditching-damming to control water levels
for harvesting, site preparation and forest crop growth.
Forest road construction in wetlands has to follow State-approved BMP's to be exempt. This
includes a minimum number of stabilized fill roads of minimum width and length. They must be located
away from open waters and properly culverted for unimpeded flood flow. Nontoxic road fill preferably
comes from upland sources, with minor crossings allowed less than 200 cubic yards within 100 ft
beyond and below the ordinary high-water line.

STATE REGULATIONS
The EPA delegated regulation and implementation of the WPCA to the States, while
retaining oversight authority. In contrast, the Corps retained all its authority, but eased the permitting
process with nationwide and regional permits, and a joint application procedure with State agencies
and CZM programs for individual permits. Local county government can regulate more stringently
than the State and Federal agencies. Land use zoning, specific tree cutting ordinances, and setback
zones next to open waters and wetlands are some examples.
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Some States in the South already had legislation for water pollution control before 1972 that
applied to the Federal WPCA, and other States enacted new legislation. Most of the legislation is
broad enough to address silvicultural operations if necessary, but little more detailed regulation has
been developed. A few States have enacted specific wetland legislation to replace the 404
dredge-and-fill regulations of the Corps. A summary of State legislation and regulatory agencies is
presented in table 18-1. All the States rely on voluntary BMP's and 208 plans assembled with the aid
of grants from EPA. Several forestry associations in the South have formulated BMP's specifically for
wetlands.
The silvicultural BMP's for roads and lands in the States have many standards in common.
Permanent roads should be on highest ground. They should have ditches, drainage dips, and
turnouts or wing ditches to dissipate runoff. Culverts and bridges may not change the high-water
channel. Culverts need to be placed to pass fish at normal low-water levels. Fill below the ordinary
high-water line is discouraged and approaches need to be protected against erosion. Fords should
only be constructed on solid streambed. Temporary roads should avoid fragile areas and have
minimum construction and use impacts on drainage. Log landings should be above the ordinary
high-water line. Runoff from landings and firelines should be diverted into the forest.
Harvesting on forest lands below the normal high-water mark is discouraged. No trees and
slash should be left in channels. Skidding should avoid changing natural drainages and crossings
made of temporary culverts, log bundles or portable bridges. Skidding should be toward uphill
landings to form a pattern that disperses runoff. Wet-weather harvesting should be limited to high
and sandy soils. Skidding should be spread over many trails in sandy soils, but concentrated on few
trails in organic or clay soils. The water management system should follow natural drainage patterns.
Stormflow should be slowed by wetlands, ponds and porous coffer dams. Ditch spoil and road
sidecast should be placed away from open channels and immediately stabilized to reduce erosion.
Ditches and crossings should be kept clear to prevent washouts of structures.
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Table 18-1.

Legislation and agencies for water quality control and wetland management of the
States in the South.

STATE

STATUTE

AGENCY

ADDRESS

ALABAMA

Water Pollution Control
Act, 1972

Alabama Department of
Environmental
Management

Water Division
1751 Dickinson Drive,
Montgomery, AL
36130
(205)271-7700

ARKANSAS

Arkansas Water and Air
Pollution Control Act,
1949, and Stream
Obstruction Act

Dept. of Pollution
Control & Ecology

8001 National Drive
Little Rock, AR 72219
(501)570-2130
FAX (501)562-4632

FLORIDA

Environmental Control
Act; Henderson
Wetlands Act, 1984

Florida Department of
Environmental
Regulation
(plus 6 water
management districts)

2600 Blair Stone Road,
Tallahassee, FL
32399-2400
(904)488-9334

GEORGIA

Georgia Water Quality
Control Act

Georgia Environmental
Protection Division

Water Protection Br.
7 M.L.K. Drive
Atlanta, GA 30332
(404)-656-4905

KENTUCKY

KRS Chapter 224,
Environmental
Protection

Kentucky Division of
Water

14 Riley Road
Frankfort Office Park
Frankfort, KY 40601
(502)564-3410

LOUISIANA

Environmental Quality
Control Act
Stream Obstruction
Law, and Natural and
Scenic River System
Law

Louisiana Department
of Environmental
Quality

P. 0. Box 82215
Baton Rouge, LA
70884
(504)765-0634

Louisiana Department
of Wildlife and Fisheries

MISSISSIPPI

Mississippi Air and
Office of Land and
Water Pollution Control Water Resources
Act

P. 0. Box 10305
Jackson, MS
39286
(601)961-5650

NORTH CAROLINA

North Carolina Air and
Water Resources Act,

Div. of Water
Resources
P. 0. Box 27687
Raleigh, NC 27611

1951, and Stream
Obstruction Act

North Carolina
Department of
Environmental Health
and Natural Resources
(919)733-4984

-continued
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Table 18-1, continued

STATE

STATUTE

AGENCY

ADDRESS

OKLAHOMA

Oklahoma Pollution
Control Coordinating
Act

Department of
Environmental Quality

1000 N.E. 10th
Oklahoma City, OK
73117
1-800-522-0206

SOUTH CAROLINA

South Carolina
Pollution Control Act,
Scenic Rivers Act, 1974,
Stream Obstruction Act,
and Stream Clearing
Act

Department of Health
and Environmental
Control

2600 Bull St.
Columbia, SC 29201
(803)734-5360

South Carolina Wildlife
and Marine Resources
Department

P. 0. Box 167
Columbia, SC 29202
(803)734-4006

TENNESSEE

Tennessee Water
Quality Act, 1971, and
Scenic Rivers Act

Dept. of Environment
and Conservation,
Water Pollution Control
Division

401 Church St.
6th Floor, L&C Annex
Nashville, TN
37243-1534
(615)532-0625

TEXAS

Texas Water Quality
Act, and Stream
Obstruction Act

Texas Water
Development Board

P. 0. Box 13231
Austin, TX 78711
(512)463-7847

VIRGINIA

Virginia Water Control State Water Control
Law, Erosion and
Board
Sediment Control Law,
Stream Obstruction
Law, Scenic Rivers,
Va. Div. of Soil and
Storm Water
Water Conservation
Management Control
Law
Chesapeake Bay
Preservation Act

Chesapeake Bay
Local Assistance Dept.
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P. 0. Box 11143
Richmond, VA 23230
(804)527-5158
203 Governor St.
Suite 306
Richmond, VA 23219
805 E. Broad St.
Suite 701
Richmond, VA 23219
1-800-243-7229

SOUTHERN HARDWOOD MANAGEMENT
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INTRODUCTION
Because of their great variety, hardwoods have exceptional value as wildlife habitat. The
habitats associated. with them can be very diverse and develop a high degree of permanence
especially as compared to southern pines, which tend to be replaced by hardwoods as years go by
and forests mature. This summary describes some of the ways to help desired wildlife in hardwood
forests as well as ways to reduce damage done to hardwood habitat by timber harvest.
The term hardwoods in the South refers to a couple hundred or so species of broad-leaved
trees. Wildlife in its broadest sense means all that is wild -- plants and animals. For this article,
wildlife means a thousand or so species of birds, mammals, reptiles, and amphibians.

Forest Succession and Wildlife Management
A forest is always changing. Change is most rapid when the forest is young, such as after a
wildfire or clearcut. Young seedlings and sprouts compete for light, water and essential elements.
There are winners and losers -- some kinds of trees and other plants increase while others decline.
Because wild animals directly or indirectly depend on habitat, the numbers and kinds of animals
using the land will change as well. This process of change through time, where one living community
replaces another, is called ecological succession. Animals that roam widely may visit all forest
growth stages that are within their home range. In general, however, undisturbed, mature forests with
well-developed understory vegetation and midstory shrubs and trees, as well as occasional
openings, offer the greatest diversity of wildlife. In a Louisiana study, for example, 13 species of
songbirds were most abundant in early regeneration, 5 were most abundant in seedlings, 1 in
pole-size trees, 1 in sawtimber and 31 in mature forests.

Timber Site Quality vs. Wildlife Habitat Quality
Stands of timber and the sites occupied by these stands are evaluated based on how well
trees produce wood and the value of the wood in the trees. All variables can be measured in terms
of how much wood a stand can produce. Generally, the quality of wildlife habitats is not as easily
measured--one does not normally equate wildlife to meat the way trees are equated to wood. Poor
habitats for some animals may be excellent for others. Excellent stands of timber may be poor
habitat for certain wildlife species, while poor stands of timber may be excellent for other species.
Deep sands, for example, may make poor soil for timber but they are excellent for gopher tortoises
and other animals associated with sand hill habitat.
107

In general, forest habitats that are wetter tend to be more productive. That is, they contain
more total living material or "biomass." Likewise, forests that produce more wildlife food in the form of
browse, nuts or fruits tend to be considered "better" than those that do not. Mature forests and
maintained forest clearings generally tend to be "better" wildlife habitat for many favorite game
species. However, certain "poor" habitats may be ideal for some kinds of wildlife. Intermediate
successional stages may be preferred for relatively fewer favorite game animals and fewer species of
nongame birds.
Animals can also be classified according to their habitat needs as edge species, interior
species, specialists, and those that need large areas of generalized habitat. Quail in forest habitat
are edge species. They tend to be common in diverse forest habitats featuring lots of edge. A
black-throated blue warbler is an interior species. R lives in the interior of large blocks of forest. A
gopher tortoise is a specialist. It needs special sandhill habitat. Bears are one of those species that
need large areas of almost any kind of forested habitat.

Values of Hardwoods for Wildlife
Food production is the most obvious way to value trees as supporters of wildlife. All trees have
food value for wildlife. Some food values of trees such as oaks are well known. The value of elms is
less known. If you see a squirrel or a flock of goldfinches feeding on elm seeds in the spring then you
will know two of the values of elms for wildlife. Table 19-1 shows some commonly known wildlife food
values of selected trees.
Sometimes the value of trees as food support for wildlife is indirect. For example, in some
years, red mulberry leaves support a good crop of caterpillars in September. Summer tanagers,
tufted titmice and migratory warblers feed on these caterpillars. Likewise, the leaf litter under
hawthorns provides a valuable foraging habitat for white-throated sparrows and towhees in winter.
These little birds need little leaves to scratch in. Large coarse leaves such as those of sycamore offer
little scratching habitat for small birds.
A bird watcher might value a certain grove of hardwoods because every spring it attracts a
high number of migrating warblers. The warblers follow leaf opening as the season advances
northward, providing opportunities to feed on insects. Another place in the forest may be a traditional
roost for wild turkeys during the spring -- a fact which only a landowner might know.

APPROACHES TO WILDLIFE HABITAT MANAGEMENT IN FORESTS
Four general approaches are commonly used to manage forest habitat:
1. Protect and maintain habitats as they occur naturally: Let nature take its course and maintain
plant and animal communities in more or less intact ecosystems.
2. Coordinate timber management activities to also achieve wildlife habitat enhancement.
3. Manage for timber and accept whatever wildlife is adapted to that habitat. Keeping these
approaches in mind, consider your forest as a painting. Do you like the way it looks? Is it full
of interesting habitats and animals? If so, you can leave it just the way it is. There is no need
to try to improve on nature. However, if you wish to make some changes in the "painting," the
main tools at your disposal are chainsaws, fire, plows, seeds and seedlings.
4. Manage a forest for wildlife as a primary goal. If wildlife management is a primary goal you
can:
a. Manage featured species.
b. Enhance diversity.
c. Protect and maintain natural communities.

Manage Featured Species
This approach to habitat management is to emphasize a particular species. Suppose you
have a uniform stand of old trees and you want more ruffed grouse and rabbits. You can
108

Table 19-1. Some wildlife food values of common trees.
Trees do not necessarily have high or low value for wildlife. A stand of any kind of tree has wildlife
value--especially if the trees are mature.
Species

Remarks on Value of Wildlife

Apple, Crab

Fruits eaten by many games species. Sprouts
preferred by deer.

Beech, American

Highly ranked as a food source (nuts, buds,
catkins). Nut production in south is
inconsistent and unreliable. Manage to
increase crown development. Often a good
cavity tree.

Cherry, black

Important because of the long fruit-ripening
period and frequency of good seed years.
Needs full sun or dominant position to thrive.

Dogwood

Because it is widespread, with fruit that
persists on the tree into the early winter, it is
very important for many game species,
especially turkeys and squirrels, as well as
songbirds and mice.

Elm, American winged

Produces seeds relished by squirrels,
goldfmches, and certain other birds in early
spring when other tree seeds are scarce.
Seedlings and half cut trees make good deer
browse.

Gum, black (tupelo)

Fruit is important, but remains on the tree
for only a short period after ripening. Good
fall color.

Hickory, bitternut
mockernut
pignut
shagbark

Shagbark and mockernut are considered
preferred mast producers for wildlife,
especially squirrels. Bitternut is the least
preferred. Hickory nuts provide a food source
from late summer to the spring. Favor
shagbark and mockernut over bitternut when
thinning hickories.

Hornbeam, American

Seeds eaten by squirrels.

Hophornbeam, eastern

Valued as a seed producer in midstory.

Maple, red

Produces seeds preferred by squirrels and
quail in early spring. Important because of
its widespread occurrence.

Mulberry, red

A good food source in midspring. Fruit is
available for only a few weeks.
---continued--109

Table 19-1. Some wildlife food values of common trees.
(continued)
Species

Remarks on Value of Wildlife

Oak
black
post
southern red
swamp chestnut
water
white
willow

Oaks rate high as producers of wildlife food
because many animals eat acorns. Water,
willow and cherrybark oaks near streams and
ponds are important as a food source for
ducks. On drier sites, a good balance of
species in the white and red oak groups will
help maintain a consistent level of mast
production. Cherrybark, swamp chestnut,
and white oaks are top timber species.

Persimmon, common

Favorite fall fruit for many game animals.
Fruit is persistent on tree during years of
early frost.

Pine, loblolly
shortleaf
Virginia

Seeds of southern pines are an important food
source for quail, turkey, songbirds and
squirrels. Pine hardwood forest provides a
great variety of wildlife food.

Sugarberry

Fruits are an important food for turkey and
many summer and wintering songbirds. An
important seed producer. Thrives on moist
sites.

Sweetgurn

Songbirds and quail eat seeds; some birds eat
buds. Deer, sweetgum sprouts. A preferred
food of beaver. In some areas, sweetgum
may outcompete more desirable trees.

Yellow-poplar

A prolific seed bearer. Seed will persist in
cone and can be used by many birds and some
mammals in winter. Deer browse seedlings.

Locust, honey,
black

Fallen honeylocust pods are a favorite deer
food. Birds and rodents also feed on pods.
Seedlings and sprouts are preferred deer
browse.

Walnut, black

Nuts are favorite food of squirrels. Fallen
nuts keep well. Some last 2 or 3 years.

Ash
white
pumpkin

Seeds are eaten by a variety of wildlife.
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temporarily increase the carrying capacity for these animals by harvesting patches of woods.
Thickets that develop in these man-made openings will make the forest better for grouse and
rabbits than a forest having only large well spaced trees. The effects would be temporary as the
trees grow large. Over time, the thickets, rabbits and ground cover plants will disappear or
change. On the other hand, don't cut the forest if gray squirrels are the target species. Gray
squirrels prefer mature forests with large oak trees.

Enhance Diversity
A second approach to habitat management is to enhance diversity. This often appeals to
small landowners in love with their land and who do not have a favorite species. The greater the
variety of trees and plants, the greater the variety of animals that will live there. When removing
trees the "scarcity factor" is a major consideration. For example, on land where oaks are common
and magnolias are rare, favor the magnolia. Rare species may be particularly important components
of the forest ecosystem, and indicators of overall forest health.
Protect and Maintain Natural Communities
A third approach to habitat management is to maintain and protect outstanding natural
communities already present on the land. For example, if there is a spectacular stand of a
particular forest type, or a grove of picturesque trees, try to maintain them, especially if they
harbor desired wildlife populations. Scarce habitats such as sandhills, Carolina bays, streamside
forests or forested wetlands can be kept as they are with minimum interference.

THINNING A FOREST FOR WILDLIFE
Thinning means cutting out some trees so the remaining ones can thrive. Many trees must
die as a forest develops from seedlings to saplings and then on toward maturity. Thinning will take
place naturally if no one interferes. Numbers of trees will decline from perhaps tens of thousands of
seedlings per acre down to perhaps a few hundred large trees, in a century or so. This is the normal
course of plant succession.
During the decline in numbers of trees, landowners can steer plant succession by removing
the less desirable trees to favor those that support preferred wildlife. What is less desirable or more
desirable depends on the person's point of view and knowledge. Making decisions as to which trees
to remove is relatively easy in a young, managed forest. As a young forest grows, wildlife
management considerations can help guide the thinning process. For example, in a mixed forest,
removing sweetgums while leaving oaks would favor deer and squirrels. Deer and squirrels dislike
sweetgum. as a food source, but both animals relish acorns. Beavers and goldfinches on the other
hand, prefer sweetgum. Beavers like the bark and goldfinches eat the flowers and seeds.
Even age stand management for timber can reduce habitat layering. As thinning takes
place, the timber producer tends to try to channel as much sun energy and elements into timber
producing trees. This tends to reduce vertical layering and habitat variety. This layering is often best
developed in old wild, unmanaged forests which have the most diverse wildlife, especially bird life. A
natural forest tends to have diverse ground cover, shrub layer, midstory layer of small to medium
sized trees with an overstory of dominant trees.
Flowering dogwoods, shadbush, red mulberry, rusty blackhaw, and sparkleberry are
examples of small midstory trees that are especially valuable for wildlife.
In general, when thinning a forest with wildlife in mind, look at each tree and ask yourself
what is its future as a part of a wildlife habitat. You can cut the tree or leave it, according to your
judgement.
When thinning a forest to enhance wildlife and aesthetic values there are no simple rules.
The greater the knowledge of the wildlife manager, the more things there are to complicate
decisions on what trees to remove. Consider all the potential wildlife values when you look at a
tree--seeds, fruit, forage, insects that live on the tree, and the potential for nests and dens. Also
consider a tree's individual beauty of form and color changes during the season. Consider
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especially the edges of the forest and how the finished job will look from a distance. When
thinning for wildlife and aesthetics consider that the forest need not be cut down when it is
"finished", but rather, it may remain for lifetimes.
A thinning can be accomplished by selling timber, which removes a tree completely, or half
cutting. Half cutting involves partly severing a trunk and then pushing a tree over. Some half cut trees
will live for years and provide good ground-cover. Trees can also be cut and left to rot there, providing
habitat for animals that need dead wood.

CONFLICTS AND TRADE-OFFS BETWEEN MANAGING WILDLIFE AND TIMBER
Does a young, healthy forest mean healthy wildlife? Modem forest management for timber
tends to favor young, vigorously growing trees. Large trees are usually cut when they are
economically mature and the land is "rotated" back to the seedling and sprout stages. Such young
forests contain abundant wildlife of certain kinds.
Forests of old decadent, diseased trees with their rots and holes, on the other hand, do not
mean poor wildlife habitat. Old forests make better habitat for certain wildlife than do young healthy
trees. Old forests in a wild condition are becoming rare because they are being replaced by younger,
managed forests. If you have an old hardwood forest, you may find management decisions are
difficult. This can be especially true if a forest has developed without management. Large, old
"decadent" trees may have cavities suitable for squirrels, raccoons, owls, or wood ducks, but the tree
likely has little timber value. Old trees use space that productive young timber trees could use. A
beautiful, old forest may be crowded with trees that are unproductive economically and yet be a
paradise for a diversity of wildlife. Aesthetic qualities, in addition to wildlife benefits, may make timber
harvest unthinkable to the landowner even though a forester might recommend harvest to meet
economic goals and improve the timber quality of the forest. The conflict is between preserving
something culturally or aesthetically valuable versus exploitation for commodities. Therefore, some
landowners choose to protect rather than manage their forest for optimum economic return. Even in
an intensively managed forest, a few acres of old, unmanaged forest makes an interesting island in
time to serve as a reference point and comparison with young forests managed for timber.

ROADS AND WILDLIFE HABITAT
Many kinds of favorite wildlife may be common in forests with roads. However, roads usually
do not improve wildlife habitat. Roads tend to facilitate access for vehicles and removal of forest
commodities while they can damage wildlife habitat. Making roads is generally the first step in the
habitat fragmentation process. Fragmenting habitat into smaller pieces by roads and development can
reduce or eliminate wildlife species that uses large blocks of forest. Roads change rainfall run-off
patterns and increase the speed of run-off and erosion. Roads along stream tend to be particularly
undesirable, due to potential increased sedimentation of stream . Roads can encourage casual
visitors, littering, and hunting from vehicles. In general roads decrease wildness.
Roads maintained with broad borders can mitigate some losses by functioning as forest
clearings. Roads for occasional use by light vehicles can be made simply by removing enough trees
and shrubs to make a passageway. Such roads will last indefinitely without disturbing the earth if they
are used only by light vehicles during dry weather when the soil is firm.

DEER AND FOREST MANAGEMENT
Whitetail deer are popular animals with hunters and wildlife watchers. They are adapted to
all Southern forest environments. Likewise, deer are compatible with most timber production
practices. Almost any timber harvest can be argued as being beneficial for deer because deer use
forests at all stages of succession- Early forest stages can provide browse, intermediate stages
provide cover for hiding; mature forests can provide preferred foods such as acorns. All harvests,
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including clearcuts, create more browse, although this benefit is temporary. Harvest of oaks and
other fruit and nut trees may hurt food production. Only when deer management becomes intense
do trade-offs with wood production normally create conflicts. In general mature hardwood forests
with abundant oaks provide plenty of food for deer in fall. This food declines during the winter.
Mature forest habitat is often fair to poor for deer in spring and summer.

NEST BOXES
Timber management emphasizes sound, healthy trees that have commodity value. In such
forests, lack of nest and den sites may limit certain wildlife populations, so the use of nest boxes will
likely be beneficial. Table 19-2 gives specifications for wildlife nest boxes. If nest sites are a limiting
factor, nest boxes can increase populations of raccoons, squirrels, certain owls, and some hole
nesting songbirds.

MAKE A MANAGEMENT PLAN FOR WELDLIFE AND TIMBER
Most landowners have diverse goals for their forests which include both protection and
integrated wildlife and timber plans, depending on the habitat. If you are an experienced forest
manager and you spend a lot of time on your land, you can keep your management plan in your
head. But because there are so many possibilities for managing a forest to favor wildlife and
timber, it pays to make a written plan. Basically, a forest management plan for wildlife, timber and
other values includes identifying the features of the land and the plans to protect or manage each
part.

What Does a Management Plan Do?
A management plan considers all aspects of land management. It helps you achieve goals,
avoid losses and helps keep you from falling behind in your work. It can be simple or complex. The
more care and thought you put into your plan, the more you will get out of it. Working on a Plan
makes you think about your forest. Planning helps you enjoy your forest more.
A management plan is an inventory. It is a summary of the current condition of the land and
all its resources of interest to the landowner. An inventory can include geographic, recreational and
wildlife features. It should include more than trees. An inventory is a kind of snapshot of a changing
condition. It serves as a reference point against which you can view change and measure success.
A management plan predicts changes and includes predictions based upon past growth rates
and estimates of site indices, for example. Also, it includes your own personal plans.
A management plan schedules tasks to achieve goals. Goals might be to improve timber
stands, regenerate new trees, preserve special areas, cut firewood or timber, or establish food plots
for wildlife. To make a management plan you need knowledge and skills. If you are short of skills, get
information and help from the Extension Service, or state forest or wildlife agencies, private
consultants or other professionals. As time goes by, experience will increase your capabilities.

Tips for Making Your Management Plan
1. Inventory Your Resources
Start management plan by making notes as you roam around your forest. Identify
boundaries. Get a topographic map, a soil map and an aerial photograph. These may be available
from U.S. Geological Survey, ASCS office or Soil Conservation Service offices. Next make a map
that shows details of the land: roads, trails, fences, power lines, buildings, and stands of trees
according to species and size.
Also make note of streams, marshes, ponds, rocky outcrops, sandhills, animal burrows, den
trees, nesting sites of unusual birds, rare plants, old house sites, Indian artifact sites and anything
else that interests you. Identify features on the map with names or numbers. Make notes on the
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Table 19-2. Summary of specifications for some wildlife nest boxes. Nest boxes can
substitute for tree cavities for many birds and mammals. Note - entrance holes do
not need to be round - square or triangular holes are ok.

Birds

Hole size
diameter

Approximate box
dimensions

--------------------------------inches---------------------------House wren

1

5 x 5 x 10 high

Prothonotary warbler

1 1/4

5 x 5 x 10 high

White breaded nuthatch

1 1/4

5 x 5 x 10 high

Chickadee

1 1/8

6 x 6 x 12 high

Eastern bluebird

1 1/2

6 x 6 x 12 high

Crested flycatcher

1 3/4

6 x 6 x 12 high

Flicker

2 1/2

7 X 7 X 24 high

Screech owl

3

9 X 9 X 16 high

Wood duck

3" high, 4" wide (oval hole)

11 x 11 x 24 high

Barred owl

8

13 x 13 x 24 high

Gray and fox squirrel

3

8 x 8 x 15 high

Flying squirrel

2

8 x 8 x 15 high

Raccoon

5 high x 9 wide

13 x 13 x 24 high

Mammals
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ecological development of your stands or habitats. For example, you might note dates and locations
Of previous fires or grazing, beaver damage, soil erosion, soil type, timber harvest, and areas of
young seedlings. List wildlife species that are likely to occur on the land, with notes on where these
animals occur. The greater your appreciation and knowledge of wildlife the more decisions you need
to make. If you need help, hire a qualified wildlife biologist.
After your map is complete, make a cruise of each stand of trees. A timber cruise details the
number of trees of each kind and size class bearing the name or number of the section of the map
to which it applies. The cruise gives the volume and value of your wood products. It enables you to
show a timber basis value so you can deduct the cost of your timber at the time of land purchase
from future sales. Hire a professional forester if you are uncertain about your ability to cruise timber.
2. Predict Changes and Make Plans
After your inventory is complete, determine your goals for each forest stand, habitat type or
special area. These are your management units. Consider these factors when you choose your
management goals for each management unit.
a)
b)
c)
d)
e)
f)
g)
h)

How rare is the habitat?
What is the present timber value?
What is the timber potential?
What present and potential wildlife does it support?
What are your recreational interests on this property?
What is its value for subdividing and building?
How long will you own the land?
What are likely to be the goals of children, future owners, or buyers?
Some management units may be for income production, while others may be for recreation,
preservation, or other goals.
3. Schedule Tasks to Achieve Goals
Make a list of jobs for each management unit. For example, a stand of young hardwoods
might need thinning. Estimate how many years will elapse before a stand needs cutting, based on
current growth. Plan for access roads. Plant groves of mast-bearing trees, or thin an existing forest to
make a grove by taking out all but the desired species. Plan for nest boxes if den trees are scarce.
Schedule regular seasonal jobs such as planting wildlife food patches, hay mowing, and equipment
maintenance.
Some places in your forest don't need work. They need protection. Streamsides and water
edges need special care. A rocky outcrop surrounded by picturesque oaks and wildflowers might be
such a place. Do you have a favorite swimming hole or picnic spot? Plan to exclude logging
equipment from favorite spots during timber harvests.
After you select management practices for a stand, write them down. Update the
management plan every 5 to 10 years. A complete management plan for a diverse tract of land might
be a large complex document. On the other hand, an informal management plan could be as simple
as an annotated sketch map.

PRACTICES THAT MAY FAVOR WILDLIFE
No simple wildlife management practices will work in all situations. Here are some
suggestions to consider, depending on your wildlife habitat management goals.
1.

Design timber harvest to favor wildlife diversity. Identify what wildlife communities you wish
to perpetuate.
a) Harvest, thin, or protect certain areas from timber harvest, depending on wildlife to favor.
b) Plan edges of cuts to be wavy and irregular to increase the amount of habitat edge.
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c)

d)
e)
f)
g)
h)

Leave forests uncut along stream and drains to maintain corridors of undamaged
streamside habitat. Keep logging equipment away from streams to protect stream banks
and maintain water quality.
Leave forest corridors for wildlife travel lanes between patches of woods and along
roadsides.
Leave a few clumps of large trees in clearcuts.
Leave den trees. Large den trees are much more rare and valuable than small ones.
Spare some good seed- and mast-producing trees such as persimmons,
crabapples, dogwoods and oaks during harvest.
Pile logging slash to make brush piles.

2. Use prescribed fire in openings. Set back plant succession and maintain browse plants.
3. Plant roads, clearings, odd areas, and log loading decks to wildlife foods.
a) Plant clovers, ryegrass or wheat or other cool season crops in late summer to produce fall,
winter, and spring forage.
b) Plant browntop millet or sorghum or other warm season crops for summer and fall wildlife
food.
c) Plant field borders or clearings to bicolor lespedeza, to make thickets and feeding areas for
quail.
d) Plant nut and fruit trees in permanent wildlife food patches and clearings. Oaks,
persimmons, pears, chestnuts, and crabapples are good choices. Pick trees adapted to
your area. Protect seedlings with a wire mesh cylinder when young or deer and rabbits will
eat them.
4. Use good harvest systems.
a) After harvest or thinning, leave piles of logging slash unburned. Bobcat, fox, raccoon,
rabbits, and other small game will den in those places.
b) Protect fragile or rare groundcovers. Consider natural regeneration in such areas. In
hardwood forests, ground covers of Lycopodium, certain wild flowers, or rare plants may
be damaged by logging.
c) Avoid site preparation or other soil disturbance near stream , gullies or other erosionprone sites.
5. Install artificial nest boxes for owls, songbirds, wood ducks, squirrels, raccoons, and other
cavity-nesters. Nest boxes can increase populations in areas where den trees are -scarce. Get
plans from your county agent. Don't put nails into trees with timber potential. Attach next
boxes to branches, not main stems.
6. Inventory and protect rare animals or plants and their habitats.
7. Protect grapevine and other fruit-producing plants useful to wildlife.
8. Harvest deer during the hunting season to maintain deer populations at a level where they
won't harm the habitat.
9. Ask a qualified wildlife biologist for advice on specialized management problems. "Certified
wildIife biologist" is the professional designation for qualified wildlife managers.
10. Read books and articles on wildlife management.
Acknowledgements: Sincere thanks to Marc Bosch, Jim Byford, Phyllis Jackson, Syd
Johnson, Larry Marchinton, and Karl Miller for their helpful comments on the manuscript.
116

REFERENCES
Duryea, Mary L; Dougherty, Phillip M. 1991. Forest regeneration manual. Dordrecht, Boston:
Kluwer Academic Publishers. 433 p.
Harlow, Richard F.; Van Lear, David H. 1987. Silvicultural effects on wildlife habitat in the South, an
annotated bibliography, 1981-1986. Clemson, SC: Clemson University. 42 p.
Haymond, Jacqueline L.; Zahner, Robert. 1987. Forestry acre by acre: improving low-quality oakpine woodlands. Clemson, SC: Clemson University. 37 p.
Jackson, Jeff. 1984. Wildlife and timber -- can we help small landowners manage them
together? Tops. 17(l):26-35.
Jackson, Jeffrey J.; Walker, George D.; Shell, Ronnie L.; Heiges, Dave. 1981. Managing timber and
wildlife in the Southern Piedmont. Athens, GA: University of Georgia, College of Agriculture,
Cooperative Extension Service. 51 p.

117

SOUTHERN HARDWOOD MANAGEMENT

20. Alternative Forest Products

Nancy P. Arny
Department of Forestry
University of Florida
Gainesville, FL 32611-0303
Deborah B. Hill and Allan J. Worms
Department of Forestry University of
Kentucky
Lexington, KY 40546-0073

In planning hardwood forest management there are a number of nontimber products that
should be considered. They are in no way just "minor forest products." Some of them, such as
recreation, could produce substantially greater income and involve more acreage than timber
production. Nor can we categorize them as "nontraditional forest products" for several of have long
traditions in the United States and elsewhere. The term "alternative forest products" comes to mind,
as one or more of these opportunities may be available to provide a welcome supplement to timber
income in hardwood regions of the United States.
Among the alternative forest products that provide substantial income in hardwood regions of
the East are: forest recreation including hunting, fishing and other recreational leases; maple sugar
production, beekeeping, ginseng collection and cultivation and shiitake mushroom cultivation. Other
products such as deer tongue (Carphephorus paniculatus), blueberries, Spanish moss, Christmas
greens and nut crops may also be of local importance. While many of these sources of income may
occur naturally on your forest land, there are practices that can substantially improve their
profitability.
Generating income from any of these endeavors will depend to a large extent on marketing.
Profitability of many of these products will also be affected by labor intensity, capital investment, and
good record keeping. You must be willing to invest some "sweat equity", and study production and
marketing, to develop a successful operation. If, you are interested in dabbling in a new venture and
are in a position to invest some time (and some capital), you may be pleasantly surprised.
City stores and country markets alike sell products generated from America's forestland at
prices that would amaze you. Ginseng roots may retail for over $100 per pound. Shiitake
mushrooms sell in some areas for $28 per pound. A boutique in Florida sells 10-pound bags of
mesquite wood (a pest species in the west) for $25 each. Wood shavings swept off your workroom
floor can be mixed with some fragrant spices and oils, leaves from bay trees and a few rose petals
to sell for $1 per ounce! Marketing is the "magic" ingredient in most cases. Knowledge of production
then maximizes profitability.
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Alternative forest Products may have a place in your forest management Plan. You are
limited only by your knowledge, imagination, and resources. This chapter should increase your
knowledge base. the imagination is up to you, family members and friends. Production
considerations on a number of alternative possibilities are presented along with general marketing
suggestions.
As forestland owners You may utilize natural resources as they are found, cultivate existing
products or introduce products not found naturally on your property.

GINSENG
Ginseng is an herb with medicinal values long recognized in the Orient. Since the 18th
century, American ginseng, Panax quinquefolium L., has been harvested for export to the Far East
by southern land owners. For example, combined miles of wild and cultivated ginseng in Kentucky
yields close to $5 million annually.

Growth and Reproduction
Ginseng grows naturally in rich hardwood stands in the eastern United States and Canada.
The ginseng Plant has growth requirements similar to those of jack-in-the-pulpit and wild ginger, so
you may expect to find wild ginseng plants in shady, moist but well-drained locations with soil high in
organic matter.
Severe over-exploitation of ginseng in the 1800's resulted in drastic reduction of populations
of the wild plant. Wild ginseng, where available, currently sells for as much as $100 per pound.
Cultivated American ginseng may bring over $50 per pound. Uncontrolled collections have brought
the plant to the brink of "threatened and endangered" status in some areas.
Before harvesting, check the Ginseng Harvest Act, passed in 1985. Key provisions of the act
require a landowner's permission to remove ginseng grown on private land. No digging of wild
ginseng is allowed between August 15 and December 31. Plants with green berries may not be
harvested, nor may plants with less than three prongs (younger than 3 years old). If a plant has red
berries, the berries must be planted in the vicinity when the root is harvested.
If considering trade in ginseng, it would be wise to plan for cultivation of the plant from
purchased seeds. The 6- to 8-year “rotation". for ginseng allows multiple cropping between hardwood
harvests. Ginseng requires shade, and the shifting shade of overstory hardwoods promotes an ideal
microclimate for growth. The best Sites include rich, moist but well-drained soil, supporting long-lived
hardwoods such as oak, hickory, beech or walnut. Moist north or northeast slopes are preferred over
drier South-facing slopes.

Cultivation
Seeds or roots can be planted in beds where weeds and understory growth have been
removed and soil has been cultivated to a depth of 6 inches or more. Soil testing should be done in
advance since high fertility may produce top-heavy plants. General procedure involves stratifying
seeds, spacing and mulching plants, weeding and pest control. It takes 18 months for plants to
emerge from seed. Ginseng cultivation is labor-intensive since most weeding must be done by hand.
At this time there are no herbicides labeled for ginseng cultivation.

Harvest
Sufficient Seeds for harvesting will probably be available at the end of the second growing
season of the new ginseng plant, and every subsequent year before the root is harvested. Seeds
must be depulped and properly stored to prevent drying. Yields of 150 to 200 pounds per acre have
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been reported. At market values of $50 to $70 per pound, seeds can bring $7,500 to $10,000 per
acre once the plants are 5 to 6 years old.
The ultimate harvest, however, is the harvest of roots, which may occur between 4 and 10
years of age, depending upon size, market conditions and personal preference. Several years of
seed production provides additional income. Roots generally do not grow substantially beyond
marketable size after the 8th year of growth.
Undersized roots can be replanted. Whole roots bring much higher values than broken
pieces, so careful harvesting with a hand tool is recommended. Roots should be dried naturally, not
oven dried (which reduces quality). Store them in a dry, rodent-proof area until ready for sale.
Current prices for cultivated roots in the South fluctuate around $50 per pound. Rates vary
from year to year so check your markets before harvest. Yields of 1,500 to 2,00 pounds per acre, dry
weight, can be expected with good management.

Consideration
Theft, pests, intensive labor requirements and rotations of at least 4 years must be
considered before embarking on ginseng production. The return on your investment can be
significant and the flexibility of realizing your income for tax purposes or personal financial planning is
desirable. Even a small backyard ginseng patch (1/10 acre or less) can yield substantial
supplemental income.

SHIITAKE MUSHROOMS
Another alternative forest product from hardwood forests, like ginseng, arose in the Orient,
where environments similar to those of eastern deciduous forest are found. Shiitake or forest
mushrooms (Lentinus edodes) are native to Japan and China. Changing dietary habits of
Americans, including gourmet and Oriental cuisine, have resulted in a definite growth opportunity in
production of these distinctive mushrooms. Although most shiitakes consumed in the United States
are still imported, there is a growing market for domestically produced shiitakes. They are high in
some vitamins and essential amino acids. Japanese medical research indicates that eating these
mushrooms tends to reduce blood cholesterol levels.

Growth and Reproduction
The shiitake mushroom is a wood-destroying fungus that feeds on specific hardwood trees.
In their native Japan, shiitakes have been cultivated for centuries. They typically grow larger than the
white, button mushrooms common in supermarkets. Shiitakes vary from honey-colored to chocolate
brown.
Shiitake culture may provide a profitable use for logs of many tight-barked hardwood
species that are of precommercial size (2.5 to 8 inches) or low timber quality cultivated on-site
under partial shade.
The basic steps:
1.

Market Location

Explore your area to determine whether or not there is a market for your product. Gourmet or
French restaurants, Oriental food stores, natural or health-food stores are good potential markets. If
none of these exist in your area, you may need to build a market by educating local consumers and
restaurant chefs about the flavor and nutritional qualities of shiitakes. Try
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demonstrations, newspaper articles or promotion in a local grocery store. Demand will determine
your price. Local markets could be flooded easily, so check with other potential growers and
consider cooperative marketing. This may allow sufficient volume to sell to supermarkets, which
would need a constant supply greater than one grower could handle, or to produce wholesalers in
nearly urban centers.
2.

Plan Ahead

Gather current information on mushroom culture from you State Cooperative Extension
Service. Research on shiitake mushrooms is being conducted at several universities, and recent
findings may help you avoid pitfalls and improve production.
3.

Select Yarding Area and Logs

Locate a shady area for stacking and storing inoculated logs. Select the trees to be cut.
White oak appears to be a preferred species, but mushrooms have been cultivated on sweetgum,
hickory, maple and other oaks. Logs with a diameter of 2.5 to 8 inches and a length of 3 to 4 feet
will provide sufficient sapwood for good growth while remaining small enough to move around.
4.

Ordering Inoculum

The active material, or spawn comes in two forms: dowel spawn (spores pre-injected into
small dowels), or sawdust spawn (usually packed in blocks which are then broken down into loose
sawdust for inoculation). Spawn should be ordered a month or more in advance of planned
inoculation.
There are several strains of shiitake, which vary not only in size and color of mushroom, but
also in, speed of fruiting and optimal fruiting temperature. Depending upon the climate m your area,
different strains may prove more successful than others. Shiitakes are now grown as far north as
Canada and as far south as Florida. Contact your Extension office for strains appropriate for your
area.
5.

Cultivation

Once the appropriate strains are identified and ordered, harvest trees for the logs. Ideally,
trees should be cut late in the dormant season when sugar content in the wood is highest.
Mushrooms need a high carbohydrate content in the sapwood to grow well. Late winter is probably
best, ranging from late January in the South to late March in the North. Trees should be cut into
approximately 3-foot lengths. Inoculate the logs no later than 1 to 2 weeks after harvest to avoid
infection by other fungal species.
To inoculate the logs, drill rows of 1/2 inch holes about 6 inches apart along the entire
length of the log. If you select dowel spawn, holes may need to be slightly larger to accommodate
the dowel. Rows may be evenly spaced every 1 1/2 to 2 inches around the log. Offset the
alternating rows to provide maximum room for growth of mushrooms in the resulting diamond
pattern.
Inject or hammer the spawn into each hole and then seal the inoculation site to prevent
bacterial or fungal competitors from entering the log. Styrofoam. plugs and hot wax have been used
successfully. Hot wax will kill the top layer of spawn, but it will also sterilize the area, preventing
growth of unwanted competitive fungi. The spawn not contacted by the wax will still be able to grow.
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Market Location
As in any business venture, the first step is to analyze your potential market. Although it is
possible to sell honey in bulk to processors, your profit per pound of honey is generally higher if you
sell retail. For this reason, your major strategy should be to develop a local market. Many of the
same promotions mentioned with mushroom marketing will apply.
Roadside stands, local farmers markets, local grocery and health food stores all may be
suitable outlets for your product. If you can sell direct to the consumer you gain the profits the
middleman (store owner) would otherwise reap. It pays to advertise!

Examine Investment Requirements
If you own your own land, but are not interested in capital outlay for equipment and supplies,
(hives, bees, medicines, food, honey containers, etc.) you may be interested in leasing your land to
someone who is already involved in beekeeping. In the national forests in Florida, bee leases go for
about $24 per quarter acre (50 hives) per year, on one forest, to nearly $45 per quarter acre, on the
most productive forest. Offer leases to nearby beekeepers and negotiate a reasonable charge.
If you have money and time to invest, explore your land and learn where bees might be
most productive. If you have suitable sites and the motivation to invest, send for A Study in
Profitability for a Mid-sized Beekeeping Operation. This circular will provide you with investment
information, estimated costs and projected profits to assist you in decision making. Copies are
available from the Florida address below the title of this chapter.
Contact your county Cooperative Extension Service for information on bee culture in your
State. Climate, available nectar and pollen sources, local agricultural practices and local pests and
problems (high populations of bears, for example), may make beekeeping more or less feasible. In
the South, where growing seasons are long, bees can produce honey and more bees much of the
year. In more northern climes, dormant hives are not productive for several months and, in fact, may
require supplemental feeding by the beekeeper in severe winter weather.

If Beekeeping Looks like a Good Bet
Build your first hives, order your wax and bees and give it a try.
Be wary if you find that beekeeping is made to look simple in many popular articles and
books. The reality is that it is perhaps more difficult to be successful in beekeeping than in other
forms of agriculture. This is because of the number of variables over which the beekeeper has little or
no control.
So begin your experiment, armed with current information and a conservative outlook.

Keep Records
A permanent record-keeping system where you record investments, productivity of each
hive, seasonal variation in productivity, time of blossoming of various nectar plants, health and
numbers of bees, income from sales and time invested in labor will help you to streamline your
operation and to make a profit, where others may fail. If you know that hive #9 in the northeast
clearing consistently outproduces every other hive, you are in a position to determine what factors
make it productive.
Relocation of other hives and/or requeening with a queen of the same quality and
temperament may improve your overall productivity substantially.
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Market Location
As in any business venture, the first step is to analyze your potential market. Although it is
possible to sell honey in bulk to processors, your profit per pound of honey is generally higher if you
sell retail. For this reason, your major strategy should be to develop a local market. Many of the
same promotions mentioned with mushroom marketing will apply.
Roadside stands, local farmers markets, local grocery and health food stores all may be
suitable outlets for your product. If you can sell direct to the consumer you gain the profits the
middleman (store owner) would otherwise reap. It pays to advertise!

Examine Investment Requirements
If you own your own land, but are not interested in capital outlay for equipment and supplies,
(hives, bees, medicines, food, honey containers, etc.) you may be interested in leasing your land to
someone who is already involved in beekeeping. In the national forests in Florida, bee leases go for
about $24 per quarter acre (50 hives) per year, on one forest, to nearly $45 per quarter acre, on the
most productive forest. Offer leases to nearby beekeepers and negotiate a reasonable charge.
If You have money and time to invest, explore your land and learn where bees might be
most productive. If you have suitable sites and the motivation to invest, send for A Study in
Profitability for a Mid-sized Beekeeping Operation. This circular will provide you with investment
information, estimated costs and projected profits to assist you in decision making. Copies are
available from the Florida address below the title of this chapter.
Contact Your county Cooperative Extension Service for information on bee culture in your
State. Climate, available nectar and pollen sources, local agricultural practices and local pests and
problems (high populations of bears, for example), may make beekeeping more or less feasible. In
the South, where growing seasons are long, bees can produce honey and more bees much of the
year. In more northern climes, dormant hives are not productive for several months and, in fact, may
require supplemental feeding by the beekeeper in severe winter weather.

If Beekeeping Looks like a Good Bet
Build your first hives, order your wax and bees and give it a try.
Be wary if you find that beekeeping is made to look simple in many Popular articles and
books. The reality is that it is perhaps more difficult to be Successful in beekeeping than in other
forms of agriculture. This is because of the number of variables over which the beekeeper has little or
no control.
So begin your experiment, armed with current information and a conservative outlook.

Keep Records
A permanent record-keeping system where You record investments, productivity of each
hive, seasonal variation in productivity, time of blossoming of various nectar plants, health and
numbers of bees, income from sales and time invested in labor will help you to streamline your
operation and to make a profit, where others may fail. If you know that hive #9 in the northeast
clearing consistently outproduces every other hive, you are in a position to determine what factors
make it productive.
Relocation of other hives and/or requeening with a queen of the same quality and
temperament may improve your overall productivity substantially.
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Keep Watch
Frequent inspections of hives are necessary to assure health and productivity of the bees,
and to prevent unwanted swarming. Constant communication with neighbors, especially those
involved in agricultural or horticultural endeavors, is a necessity. Unprotected hives subjected to
nearby pesticide applications can be destroyed. If neighbors are going to spray or the mosquito
commission is going into action, you need to know it.

Keep it Small
A few successful hives can produce some added income with little risk of financial disaster,
even if frost hits early or the local bruins raid your hives. Once you have established a successful
small business and a reasonable local market, explore possibilities of expanding both. Experience
and good records are your most valuable assets in beekeeping. Building on these cornerstones can
bring the sweet taste of success.

MAPLE SYRUP
A strange subject in a guide for southern hardwood management? Yet, in some regions of
the South, especially at higher elevations in Kentucky and Tennessee, ecological and climatic
conditions for maple syrup production do exist. While all maples produce the sweet sap that
eventually may become syrup, it is only the sugar maple and black maple that are generally tapped.
At least 75 percent of all commercial maple sugar comes from sugar maple trees because they are
the species with the highest sugar content in their sap. If you have mature sugar maples on your
land and the seasonal variations are conducive to good sap flow, maple sugaring may be a viable
source of income.
The characteristics of good sugaring trees are different from. those of good timber trees. In a
sugar bush (a maple stand managed for syrup production) trees should be fairly widely spaced, so
they will develop wide crowns and increase diameter without gaining great height. Trees with crowns
greater than 30 feet in diameter can produce as much as 100 percent more syrup than those with
narrower crowns. Their sap may also be as much as 30 percent sweeter. Before thinning a stand, it
is important to evaluate individual trees, so that you do not thin out the trees that may be your best
producers. A professional forester with sugar bush experience can help you in initial tree selection.

Tree Selection
Sugar maple is the preferred species and trees over 10 inches d.b.h. (diameter measured at
4.5 feet above ground level) are required for tapping. Average sugar maples contain about 2 percent
sugar in the sap. Higher sugar content will mean more syrup from less sap, so select for trees with
high sugar content. Sugar content is measured by drawing off a sample of sap and floating an
instrument called a hydrometer in the sample. The hydrometer is marked in degrees of Brix. Brix
measurements are temperature-dependent and readings must be adjusted according to the following
temperature ranges:
Temperature
32-50
51-59
60-68

Brix Adiustment
-0.4
-0.3
-0.1

The adjusted Brix measurement indicates that the sap has the density (and therefore the
percent sugar content) equal to the Brix reading. A 2 Brix indicates that the sap is about 2 percent
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sugar. Trees with less than 1 Brix should be culled from your sugar bush. If thinning is required,
keep the trees with the highest Brix readings. Tapped trees should be remeasured annually and
records kept to assure continued maximum production.
Twenty-five to thirty productive trees per acre are ideal for a modest, commercial, maplesyrup operation. Crown spacing should be wide enough to allow at least 6 feet between crown edges
of trees. Reduce competition from other canopy and understory trees by cutting them, but maintain
ground cover between trees to prevent erosion. Keep wood from the trees you have cut to provide
fuel for boiling the sap. Do not plan to graze cattle in your sugar bush, as soil compaction is likely to
damage trees and reduce their productivity.

Sap Collection
Sap is removed from trees through spiles, which are specialized metal tubes inserted into the
tree. A tap hole is drilled about 3 inches into the tree with a V16 inch drill bit at a slightly upward
angle. If the tree has been tapped before, locate new holes at least 6 inches to one side and 4
inches lower or higher than the old hole. After drilling, tap the spile gently into the hole with a
hammer.
Trees under 10 inches d.b.h. may be damaged by tapping. Larger trees may support more
than one tap. The following guidelines are advised.
Tree diameter
(inches d.b.h..)
10-15
16-20
20-25
Greater than 25

Number of trees
1
2
3
4

Sap may be collected in buckets, plastic bags or plastic tubing from a vacuum system.
Buckets should be covered to prevent contamination and dilution of sap. Vacuum-tube systems are
the high technology method, requiring an increased level of capital investment, but lower labor
intensity in sap collection. The sap is also kept cleaner and the system may increase sap production
significantly. Detailed information on tube-collection systems is available from the Cooperative
Extension Service in several New England States where the cost/benefit ratio makes such
investments commonplace. In the South, such capital investments need careful analysis of your ROI
(return on investment).
Sap will generally begin to flow in the spring when daytime temperatures approach 45 to 55
degrees and nights remain cool (20 to 35 degrees). This is generally in February or March in "sugar
country", but you should have your equipment ready and clean anytime after the new year in
southern regions. Boil your sap as soon as possible to prevent it from fermenting. If the sap run
stops, do not leave sap in the bucket. It will spoil and ruin the next run.

Processing the Syrup
If you have processed sorghum, you will find "sugaring off" to be very familiar. The ideal
location for evaporator pans is inside an enclosure that is well ventilated. Do not try to process syrup
M a home kitchen, however, because vast amounts of moisture given off by evaporation may
damage your home and furnishings. Small-scale processing may be accomplished outdoors, but a
roof and walls will keep the operation cleaner and more comfortable. In the shed or sugar house you
will need steam vents in the roof and air intake and exhaust vents for smoke from a wood fire.
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Before processing, store the sap in an insulated tank. The evaporating pan sits over a
firebox, the source of heat for evaporation. When you start boiling the sap, keep adding more sap to
the pan as the water boils away. Maintain at least 1 inch in the pan or it may burn. You can pour cold
sap into boiling sap, but in more sophisticated setups, sap is heated before it is added to the
evaporating pan. It will take a lot of boiling to reduce the sap to syrup. Generally, about 10 gallons of
sap will yield 1 quart of maple syrup. As the syrup boils, you will need to take Brix readings from time
to time. When Brix reaches 55 to 60, remove the sap to a finishing pan and continue boiling until it
reaches 66 Brix. Syrup of an appropriate sugar content weighs about 11 pounds per gallon. If your
syrup weighs more than this, its sugar content is too high, and it may crystallize in the bottom of the
container. After syrup reaches 66 Brix, it may be cooled, filtered and then reheated to boiling or, if the
syrup is pure and free from danger of crystallizing, it may be bottled immediately.
Equipment must be thoroughly cleaned between batches to prevent sediments or old sap
from contaminating a new batch. Syrup should be stored in a cool place. A freezer is ideal because
properly-prepared syrup will not freeze, and if the syrup is not properly sealed, it is less likely to spoil.

Marketing
Pure maple syrup is a very popular and valuable forest product. Local marketing of your
syrup should be painless if it meets USDA standards. Outlets similar to those listed for honey and
mushrooms should be appropriate for maple syrup also. Information on grading and additional
information on processing may be obtained from the Maple Syrup Producers Manual, Agriculture
Handbook 134. Although out of print, it is available from a library.

Considerations
In much of the South, maple trees are not within their ideal range for maximum growth.
Geographic and climatic factors do not lend themselves to high quality maple syrup production as
they do in Vermont, New Hampshire and Maine. Should you have sugar maples on your property,
tap one or two trees for testing and family consumption before investing heavily in equipment and
time. If you find your syrup is sweet and amber, you may proceed to sweeten your forest income. If,
however, you are prone to enjoy early spring on the ski slopes or southern beaches, remember that
sugaring off requires constant work and critical timing. To paraphrase one of the great truths of life,
"Time and sap wait for no one.”--Maple Syrup Producers Manual.

FOREST RECREATION
As in other ventures, the profitability of a forest recreation business will depend on the
marketability of your "product". Forms of forest recreation, including hiking, camping, hunting, fishing,
nature study or picnicking are popular with many Americans. Often, opportunities to enjoy these
forms of recreation are available without fee, and they will not support a business activity. If you
expect to operate a successful business enterprise, you must find a way to profit from people's
recreational interests. This may involve charging for access to your land. If similar land is open to
them without charge, you may still establish a profitable business by selling supplies or charging for
services in conjunction with the recreational opportunity.
There are six basic steps you should take before establishing a forest recreation business.
Once these steps are completed, you will know better whether to develop your land for recreational
use or select an alternative land use.

Conduct Site Evaluation
The characteristics of your property will determine, to a large extent, the feasibility of
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establishing a recreational business. Your forest land must be composed of a mixture of wooded
and open land that can tolerate recreational impacts. Soils should be well-drained, respond well to
treatment and not be subject to compaction due to normal recreational use. If vehicles will be
allowed, paving or other protective techniques must be possible and affordable. Too many "pest"
plants, (poison ivy, greenbriar, poison sumac, palmetto) reduce the suitability of your land for
recreational use.
Most profitable sites will have great natural beauty and/or be located near a major
recreational attraction such as a beach, ski area, theme park, or national park. The site must also be
within reasonable driving distance of large population areas to assure a market. Not only must the
distance be reasonable but also the access roads must be good. “Privacy" and "secluded" are not
the same as "inaccessible ". Location may be the critical factor. Undesirable neighboring
businesses, poor access roads, dense populations, and high traffic may be real deterrents to
establishing a positive recreational experience. If there isn't a large population of possible customers
within an acceptable distance, it may cost more to attract them through advertising and promotion
than the business can generate.
For camping, you will have to provide water for drinking and washing as well as sanitary
facilities. If soil percolation is a problem, you may want to investigate some of the waterless toilet
options. Other utilities will be needed if you allow recreational vehicles.
Picnicking is a very popular forest recreational activity. Few people, however, are willing to
pay for use of a picnic site, unless sites are very scarce or special features accompany it. The
combination of a number of activities (swimming, picnic sites, game area, hiking trails) may present
a strong enough attraction that sales of food and supplies will generate income on a sustained
basis. Such an operation is usually successful only when there is high demand, a large local
population or an established campground/resort.
Differences in the natural resource base on your land will affect the types of recreational
business opportunities possible there. Flat land with large water bodies is excellent for fishing,
swimming, boating and other associated recreation, Hilly or mountainous property will provide more
of a challenge and variety for hikers, backpackers and many birdwatchers. Mountain stream may be
excellent trout fishing spots, but may also be ecologically fragile and therefore not suitable for heavy
use.
Recreational consultants may prove to be of great value in surveying your property. Potential
problem sites can be discovered early and avoided or treated during development. Consultants can
point out areas where high traffic may require paving or mulching to prevent destruction of the soil
and, in other cases, you may have to restrict some sensitive areas from public use. A consultant
looks at the area with a fresh perspective, seeing opportunities you have overlooked.
Diversity in your land, such as a mixture of natural wooded areas and open spaces, makes it
more attractive. A variety of mature and uneven stands, with an occasional snag to provide food and
nesting sites for wildlife will prove more attractive than. vast evenaged stands or plantations. A
certain degree of tidiness is important in wooded areas: removal of dead limbs and fallen trees on
trails will reduce hazards to hikers.
Topography, as well as forest cover, will affect sun-shade patterns. The aspect (or
compass direction faced) of a slope may make it too hot for comfortable summer hiking, while the
same southern exposure may be very pleasant for winter hikes and camp sites. Slope will influence
microclimate, as well as susceptibility to erosion and ease of walking.
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Determine Business Potential
If, after a thorough evaluation of the site, you think your land has recreational potential, you
must analyze the business potential of your site. The principal problem is determining if the right mix
of natural resources exists to develop and operate a successful business. One method of
determining this is to study areas similar to the one you wish to develop. If you select businesses
with which you will not be directly competing and explain your purpose, you will usually find them
cooperative. A few tips for your study tour follow:
*

Select and visit at least three businesses that relate to your conditions. You will find
different operational procedures at each and learn much more.

*

Look for the kinds of information that make a difference in managing the business. The
"surface" conditions evident to the average camper often have little to do with
successful business management.

*

Prepare a list of questions that have to do with your site, or which deal with specific
information you need.

*

Listen carefully and do not waste your hosts' time. Take careful notes or record the
session with your hosts' permission.

*

Talk to the customers. Ask what they like about this particular site. Don% be
negative or disrespectful to your hosts or their facilities.

*

Ask the manager what aspects of the business are most profitable, least profitable
(and why), most labor intensive and most costly to maintain.

*

Finally, ask your business hosts what they would do differently if they were
building another such business.

By the time you have finished, you should have a good idea of what venture capital is
required, what your prospective returns may be and what is required to manage customers. You may
also have decided that such a business is a lot more work than you expected! The amount of work
involved will vary substantially with the type of forest recreation that you decide to manage. A staffed
campground will require more labor and capital than will leasing land on which to hunt or fish.
Maintaining hiking trails in rough terrain may involve more work than will maintaining a nature trail
through a well-drained forest ecosystem.
Recreational opportunities may include hunting, fishing, camping, resort recreation,
photography, nature study, hiking, cycling, off-road-vehicle use, horseback riding, swimming or
target shooting. In each instance, a fundamental understanding of how a business may be based on
the recreational activity is necessary. Using hunting as an example: a successful business may have
sufficient animals for fees from hunting to exceed costs of doing business. With the exception of
some migratory waterfowl species, this will involve either intensive wildlife habitat management or
purchase of birds to be shot. You must have knowledge of habitat management, hunting, the
requirements of target animals, as well as business management skills and people skills needed to
deal with clients. Charging a fee for hunting wild boar is drastically different from operating a quail
shooting area. As with any business venture, good records of expenses and income will help in
improving profitability or minimizing loss.

Review People Management Requirements
If you aren't people oriented, if you do not enjoy working with people of all sorts, and if you
are unable to use tact and good judgment in the face of all kinds of problems, stay out of the
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recreation business. No matter how well your land lends itself to recreational development or how
much you may learn about the business, recreational business involves serving people. You need to
be able to cater to the whims of customers, create and enforce reasonable regulations concerning
pets, noise, drinking and vandalism. If hunting leases are your bread and butter, you need to be able
to control trespass and shooting near livestock, pleasantly but firmly, as well as to protect yourself
from liability in case of accidents.
You could also live elsewhere and hire a manager, but here too, you will need to interact
effectively and knowledgeably with your employee. Hiring someone to do the work, of course,
reduces your net income from your recreational business venture.

Exploring Marketing Potential
You are not selling a bar of soap. Instead, you are offering a campsite, a wild-game shooting
opportunity, or perhaps a hiking experience through a part of scenic America. As in more
conventional product sales, the quality of what you offer is vital. Your customers must be able to see
immediately the level of recreational experience possible at your site. The quality relates
dramatically to the likelihood of their returning and referring other customers to your business. If they
are put off by potholed roads or shoddy buildings, they may never discover the excellent fishing
experience provided by your well-managed lake.
Appropriate pricing is another element of business that must be considered. You must clearly
understand your customers' evaluation of the experience at similar facilities, the time of year, the
quality of their surroundings, will all enter into their evaluation of your site. Even when your price is
right, external factors such as weather or competition from a new recreation option may reduce the
number of “buyers".
Advertising (purchased messages), publicity, direct contact and promotional events may all
be used to attract customers to your site. Radio, television, newspapers and appropriate magazines
are all useful forums for getting out the word that you are in business and have a quality experience
to offer. Brochures, posters and billboards can also be informative. Target your promotions to your
intended clientele in order to attract the customers you want. Then you must select the appropriate
formats or medias in which to advertise.
Unlike a fairly localized marketing program for products like honey or mushrooms,
recreational marketing may involve a large geographic area, possibly statewide or even national in
scale. The following are marketing options, from basic to sophisticated.
Word-of-mouth referral-- communication among individuals; usually involves a high level of
trust, personal receptivity and feedback; limited in numbers of audience reached.
Direct Mail -- allows recreational area owner to convey specific information to a specific
audience. Bulk mail or individual letters may be sent to appropriate individuals or organizations.
Newspapers -- Advertisements may resemble direct-mail fliers, but reach a larger, less
specific audience at less expense. News articles featuring your site may be of even more value.
This may vary from a visiting dignitary to use of your location for some event of community
concern. The bagging of record deer, turkey or fish by one of your customers will be legitimate
news of great value in your marketing program.
Magazines -- Provide access to more specific audiences such as readers of hunting, fishing
or camping magazines. Magazines provide an opportunity to mix articles with advertising. Quality of
presentation in magazines is usually higher than in other print media.
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Radio -- Messages can be targeted to specific audiences (such as country music or
classical), at specific times of day (after-work commuters ready for a relaxing weekend), in localized
areas (via local stations) and may be repeated on other stations with variations for other audiences.
Television -- The most colorful and most general medium. National airtime is extremely
expensive, but local stations may be within your budget. The high credibility and opportunity to
embellish your message may make television worth the price.
To assure that your potential customers receive the message you want to get across, you
must have a clear idea of what you are offering them and what you want them to know about your
area and facilities. Once you establish the image you want to portray, you can develop a marketing
plan more efficiently and accurately. Most of the media listed employ sales people with whom you
may consult. Visit with them and see what each has to offer.

Outline Development, Operation and Management Procedures
Development, construction, operation and management of different types of forest recreation
each had its own peculiarities, but fundamental concerns are common. Most important is a clear
understanding of what kinds of experiences result in employment, what type of structure may be
necessary to support activities, and what constitute the differences between outstanding and secondrate recreational experiences.
Secondly, you must plan for development, often under adverse conditions (such as
steep slopes or erodible soils) very different from a typical subdivision situation. Yet, with added
constraints, you must be able to "develop" without destroying the natural beauty of the
environment to which your customers are attracted.
Finally, you must develop a resource management plan, including both the natural resources
of your site and the financial resources attached to it. Financial record keeping (including the value of
the long hours and hard work you invest) must be accurate and consistent in order to determine the
actual worth of your enterprise.

Project Feasibility
No matter how carefully you do your research, success is not guaranteed. Before you commit
yourself to a recreational development venture you must research it thoroughly to eliminate
guesswork. Set out all the development, construction, promotion, finance, operation and labor costs
you can project. Be liberal with cost estimates. Then develop a conservative estimate of probable
returns from sales and fees.
With this cost-income estimate before you, you are in a reasonable position to decide if the
time, effort, money and personal costs to you and your family are worth the probable returns. It
would be worth your time to calculate your actual expected profitability or return on investment
(ROI). The ROI indicates what return, as a percent of your investment, you might expect to achieve.
A good basic economic text can provide formulas for ROI that can be applied to any business
venture.

Considerations
A successful recreational business can provide substantial income and satisfaction, but a
business so dependent upon external factors that you cannot control is not a wise venture for those
in marginal financial situations. It may take several seasons for even the best recreational facility to
"catch on" with your potential customers. Poor weather conditions during your peak season may cut
income below your breakeven point several years in a row. For these reasons, a recreation
business, like most other businesses, should be approached conservatively. Also, taxation
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treatments, licensing, and liability insurance should be major buying concerns.
An overall plan for your ideal recreational center should be prepared ahead of any
investment, but a modular development/investment plan can allow you to build gradually, one
segment at a time. Leave something for your customers to look forward to next time they come,
(the new swimming dock, the wetland boardwalk, the laundry room, the paved parking area, the
advanced hiking trail) so you need not invest all your funds "up front". Let your customers know
what they may expect next reason if all goes well.

OTHER OPTIONS
Southern hardwood forests have produced food and other products useful or essential to
human inhabitants for thousands of years. While you may be able to find all the necessities of life at
your local market, there is someone who made a profit getting them there. You may be the one to
garner the profits by providing necessities or luxuries others are willing to buy. The following list of
additional forest products may include items associated with your land. These are items that people
may be willing to purchase. Most simply need to be gathered and marketed. On a small scale, local
stores or markets may be your best outlet. In some cases a seasonal roadside stand will suffice.
If you have a product you think may be marketable, contact your county Cooperative
Extension Service and ask for advice. The agents will be able to assist you or put you in contact with
someone who can provide you with recommendations or assistance with resource management,
business skills or marketing.
Potentially Marketable Products
Nuts:

Black walnuts, pecans

Roots:

Sassafras

Berries:

Blueberries, blackberries,
raspberries, holly berries

Greens:

Holly, laurel, ground pine or partridgeberry, bay
(for cooking, seasonal decorations or floral use)

Wood:

Unusual species or forms (burls) for carving, ship
building and crafts, locust wood (for fence posts)

Fruits:

Cherries, persimmons, apples, crabapples, pawpaws,
and wild grapes

Spanish moss:

For floral use and crafts

Vines:

Wild grape or kudzu for craft

Deer tongue:

Aromatic additive to tobacco products
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SOUTHERN HARDWOOD MANAGEMENT

21. Forestry Assistance
Michael J. Walterscheidt
Extension Forestry
Texas A&M University
College Station., TX 77843

Accurate and precise answers and recommendations about your specific forest property are
available from several sources, and you are encouraged to contact them. These sources can
provide educational, technical and, in many instances, cost-share financial assistance to
nonindustrial landowners throughout the South. Following is a list of the different sources.
1. Cooperative Extension Service -- Extension Services are responsible for the public
educational and informational activities for the land-grant universities located in each State. Working
cooperatively between the U.S. Department of Agriculture, the universities and colleges, and
cooperating local governments, Extension specialists and agents provide educational programming
for all interested groups and individuals. Educational programs and materials are available on all
aspects of natural resources management and utilization. Extension, in cooperation with Forest
Farmers Association, offers a woodland management correspondence course. Extension's
assistance is available through your local Cooperative Extension Service agent listed in the telephone
directory, under local government. Extension forestry specialists can be reached through your county
Extension agent or by contacting the Cooperative Extension Service at the land-grant universities and
colleges listed below:

ALABAMA

ARKANSAS

Auburn University
Extension Forestry
Alabama Cooperative Extension Service
Auburn, AL 36849-5418
205/844-1007

University of Arkansas
P.O. Box 391
Little Rock, AR 72202
501/671-2186
University of Arkansas-Pine Bluff
P. 0. Box 82
Pine Bluff, AR 71601
501/541-6860 or 6576

Alabama A&M
P.O. Box 628
Normal, AL 35762
205/851-5417

FLORIDA
Tuskegee University
School of Agriculture & Home Economics
Tuskegee University, AL 36088
205/727-8327

University of Florida
118 Newins-Ziegler Hall
Gainesville, FL 32611-0303
904/392-5420
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Florida A&M University
P.O. Box 338
Tallahassee, FL 32307
905/599-3550

NORTH CAROLINA
North Carolina State University
Extension Forest Resources
Box 8003
Raleigh, NC 27695-8003
919/737-5578

GEORGIA
University of Georgia
Extension Forest Resources
University of Georgia
Athens, GA 30602
706/542-3446

North Carolina A&T State University
1601 E. Market Street
Greensboro, NC 27411
919/334-7709

Fort Valley State College
P.O. Box 4061
Fort Valley, GA 31030
912/825-6451

OKLAHOMA
Oklahoma State University
239 Ag. Hall
Stillwater, OK 74078
405/744-6432

KENTUCKY
University of Kentucky
Lexington, KY 40546-0073
606/257-2906

Langston University
P.O. Box 846
Langston, OK 73050
405/466-2231, Ext. 340

Kentucky State University
Atwood Research Facility
Frankfort, KY 40601
502/227-6738
LOUISIANA

SOUTH CAROLINA
Clemson University
272 Lehotsky Hall
Clemson, SC 29634-1003
803/656-2480

Louisiana State University
Extension Forestry
265 Knapp Hall
Baton Rouge, LA 70803-1900
504/388-4087

South Carolina State College
P. 0. Box 1892
Orangeburg, SC 29116-1892
803/536-8397

Southern Univ. A&M College
P.O. Box 75044
Baton Rouge, LA 70874-5044
504/771-5704 or 3660

TENNESSEE
The University of Tennessee
P.O. Box 1071
Knoxville, TN 37901-1071
615/974-7346

MISSISSIPPI
Mississippi State University
P.O. Box 5446
Mississippi State, MS 39762
601/325-3150

Tennessee State University
P. 0. Box 522
Nashville, TN 37209
615/320-3337

Alcorn A&M University
P.O. Box 1323
Lorman, MS 39096
601/877-3849
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TEXAS
Texas A&M University
Extension Forestry
Room 302 Hort/Forestry Bldg.
College Station, TX
77843-2135
409/845-1351
Prairie View A&M University
P.O. Box B
Prairie View, TX 77446
409/857-2517
VIRGINIA
Virginia Tech
100 Cheatham Hall
Blacksburg, VA 24061-0321
703/231-8844
Virginia State University
Box 540
Petersburg, VA 23803
804/524-5959
2. State Forest Services -- Each State in the South has a State forestry agency responsible
for many activities important to forestry. Although responsibilities may vary slightly from State to
State, most have as a portion of their work the production and sale of seedlings, fire prevention and
suppression, preparation of management prescriptions for landowners, administration of State and
Federal cost-share programs, enforcement of forestry practices and laws, and information programs.
Each State forestry agency has county or regional offices where professional advice is available to
landowners. Offices are listed in your telephone directory or the State forester's office can be
contacted. State Foresters' offices in the South are:
Alabama Forestry Commission
513 Madison Avenue
Montgomery, AL 36130-0601
205/240-9300

Georgia Forestry Commission
P.O. Box 819
Macon, GA 21398-4599
912/751-3521

Arkansas Forestry Commission
P.O. Box 4523 Asher Station
3821 W. Roosevelt Road
Little Rock, AR 72214
501/664-2531

Kentucky Division of Forestry
627 Commanche Trail
Frankfort, KY 40601-1798
502/564-4496
Louisiana Office of Forestry
Louisiana Dept. of Agriculture
P.O. Box 1628
5150 Florida boulevard
Baton Rouge, LA 70821
504/925-4500

Florida Division of Forestry
Florida Dept. of Agriculture
3125 Conner Boulevard
Tallahassee, FL 32399-1650
904/488-4274

135

Mississippi Forestry Commission
301 N. Lamar Street, Suite 300
Jackson, NO 39201
601/359-1386
North Carolina Division of Forest
Resources
Box 27687
512 N. Salisbury Street
Raleigh, NC 27611
919/733-2162
Oklahoma Forestry Division
Oklahoma Dept. of Agriculture
2800 N. Lincoln Boulevard
Oklahoma City, OK 73105
405/521-3864
South Carolina Commision of Forestry
P.O. Box 21707
Columbia, SC 29221
803/737-8800
Tennessee Division of Forestry
Department of Conservation
Box 40627
Nashville, TN 37204-4062
615/360-0720
Texas Forest Service
Texas A&M University
College Station, TX
77843-2136
409/845-2641
Virginia Department of Forestry
P.O. Box 3758
McCormick and Alderman Roads
Charlottesville, VA 22903-0758
804/977-6555
3. Consulting Foresters -- Consultants throughout the South offer complete forestry
services from site preparation and stand establishment through timber harvesting and marketing.
Consultants can be found in the yellow pages of your telephone directory. Directories listing
consultants can be obtained from your county Extension agent, Extension forester or State
forestry agency.
4. Forest Farmers Association -- Organized in 1941 to give private landowners a greater
voice in matters affecting their interests. The membership includes private landowners,
representatives from wood products industries, professional foresters, manufacturers, and
leaders in related fields. Costs are minimal and include a magazine subscription. The address is:
Forest Farmers Association, P.O. Box 95385, Atlanta, GA 30347-0385.
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5. Forest Industry -- Many wood-using industries offer assistance to landowners in the
form of technical advice, management planning, site preparation and planting services. Local
wood-using industries can be contacted to determine the extent of services available in your
area.
6. State Forestry Associations -- membership in State associations is open to all
groups and individuals. They sponsor many types of informational, educational, and service
functions forlandowners and the public.
Texas Forestry Association
Alabama Forestry Association
P.O. Box 1488
555 Alabama Street
Lufkin, TX 75902-1488
Montgomery, AL 36104
Virginia Forestry Association
Arkansas Forestry Association
1205 East Main Street
410 S. Cross St.
Richmond, VA 23219
Little Rock, AR 72201-3014
Florida Forestry Association
P.O. Box 1696
Tallahassee, FL 32302
Georgia Forestry Association
500 Pinnacle Ct. Suite 505
Norcross, GA 30071-3634
Kentucky Forestry Industries Association
310 Kings Daughters Drive, #7
Frankfort, KY 40601
Louisiana Forestry Association
P.O. Drawer 5067
Alexandria, LA 71307
Mississippi Forestry Association
201 Realtors Building
620 N. State Street
Jackson, MS 39202-3398
North Carolina Forestry Association
1600 Glenwood Drive, Suite I
Raleigh, NC 27608
Oklahoma Forestry Association
13 North Central
Idabel, OK 74745
South Carolina Forestry Association
P. 0. Box 21303
Columbia, SC 29221
Tennessee Forestry Association
P. 0. Box 290693
Nashville, TN 37229
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7. American Forest Council, Southern Region -- A nonprofit State organization that is
supported by the forest products industry to encourage the full development of the forest
resources. Its programs include news and information services for media, group conferences,
conservation communications training, Project Learning Tree and the American Tree Farm
Program. AFC manages the Tree Farm Program through State tree farm committees. Its
address is: American Forest Council - Southern Region, 2900 Chamblee-Tucker Road, Building
#5, Atlanta, GA 30341.
8. Agricultural Stabilization and Conservation Service -- ASCS county offices
distribute funds to private nonindustrial landowners for woodland conservation practices. An
ASCS office is located in most counties in the South.
9. USDA Forest Service -- An agency of the U.S. Department of Agriculture, the Forest
Service manages our national forest lands in the South. In addition, the Forest Service conducts
research applicable to management of privately-owned lands and publishes information that is
available from the Southeastern Forest Experiment Station, Box 2680, Asheville, NC 28802, and
the Southern Forest Experiment Station, U.S. Postal Service Building, 701 Loyola Avenue, New
Orleans, LA 70113. The State and Private Forestry branch of the Forest Service's Southern
Region assists State forestry agencies, industry, and individual landowners through publications,
consultation, and other types of assistance. Headquarters for the agency's Southern Region is:
USDA Forest Service, 1720 Peachtree Road, N.W., Atlanta, GA 30367-9102.
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Appendix
Checklist of Common and Scientific Tree Names1
Common Name

Scientific Name

Apple, southern crab

Malus angustifolia

Ash
green

Fraxinus pennsylvanica Marsh.

pumpkin

F. profunda (Bush) Bush

white

F. americana

Basswood, American

Tilia americana L.

Beech, American

Fagus grandifolia Ehrh.

Birch
river

Betula nigra L.

sweet

B. lenta L.

Boxelder

Acer negundo L.

Buttonbush, common

Cephalanthus occidentails L.

Casuarina

Casuarina species

Chestnut

Castanea spp.

Cherry
black

Prunus serotina Ehrh.

pin

P. pensylvanica L.

Cottonwood
black

Populus trichocarpa Torr. & Gray

eastern

P. deltoides Bartr. ex Marsh. var. deltoides

swamp

P. heterophylla L.

Cypress
baldcypress

Taxodium distichum (L.) Rich. var. distichum

pondcypress

T. distichum var. nutans (Ait.) Sweet

'Adapted from references at end of appendix .
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Dogwood

Cornus florida

Elm
American

Ulmus americana L.

cedar

U crassifolia Nutt.

red

U rubra

winged

U alata Michx.

Eucalyptus

Eucalyptus species

Hackberry, common

Celtis occidentalis L.

sugarberry

C laevigata Willd.

Hickory
bitternut

Carya cordiformis (Wangenh.) K. Koch

mockernut

C tomentosa (Poir.) Nutt.

nutmeg

C myristicaeformis

pignut

C glabra (MR.) Sweet

shagbark

C ovata (AM.) K. Koch

shellbark

C laciniosa (Michx F.) L*ud.

water

C aquatica (Michx f) Nutt.

Holly, American

Ilex opaca

Honeylocust

Gleditsia triacanthos L.

Hophornbeam, easUrn

Ostrya virginiana L.

Hornbeam, American

Carpinus caroliniana Walt.

India rosewood

Dalbergia sissoo

Locust

Robinia species

Magnolia
cucumbertree

Magnolia acuminata L.

southern

M. grandiflora L.

sweetbay

M. virginiana

Mahoe

Hibiscustiliaceus

Mangrove

Rizophora species

Maple
black

Acer nigrum Michx. f

red

A. rubrum L.

silver

A. saccharinum L.

sugar

k saccharum Marsh.

Mulberry, red

Morus rubra L.
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Oak
black
blackjack
bur
cherrybark
chestnut
chinkapin
laurel
live
northern red
Nuttall
overcup
pin
post
scarlet
Shumard
southern red
swamp chestnut
swamp white
water
white
willow

Quercus velutina Lam.
Q. marilandica Muenchh.
Q. macrocarpa Michx.
Q. falcata var. pagodifolia Ell.
Q. prinus L.
Q. muehlenbergii Engelm.
Q. laurifolia Michx.
Q. virginiana Mill.
Q. rubra L.
Q. nuttalli Palmer
Q. lyrata Walt.
Q. palustris Muenchh.
Q. stellata Wangenh.
Q. coccinea Muenchh.
Q. shumardii Buckl.
Q. falcata Michx. var. falcata
Q. michauxii Nutt.
Q. bicolor Willd.
Q. nigra L.
Q. alba L.
Q. phellos L.

Palmetto cabbage

Sabal palmetto

Pawpaw

Asimina species

Pear

Pyrus communis L.

Pecan

Carya illinoensis (Wangenh.) K. Koch

Persimmon, common

Diospyros virginiana L.

Pine
loblolly

Pinus taeda L.

shortleaf

P. echinata

Virginia

P. virginiana

Roughbark lignumvitae

Guaiacum sanctum

Sassafras

Sassafras albidum (Nutt.) Nees

Sweetgum

Liquidambar styraciflua L.

Sycamore

Platanus occidentalis L.

Tupelo
black (blackgum)

Nyssa sylvatica Marsh. var. sylvatica

water

N. aquatica L.
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Walnut
black

Juglans nigra L.

white (butternut)

J cinerea L.

West Indies mahogany

Swietenia mahogani

Willow, black

Salix nigra Marsh.

Yellow-poplar

Liriodendron tulipifera L.
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