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PREFACE

The Fourth Biennial Southern Silvicultural Research Conference was held in Atlanta, Georgia, on
November 4-6, 1986. This volume contains 104 presentations from the 21,-day conference. The meeting
opened with a general session on World Forestry Trends, followed by four concurrent sessions covering 13
areas of research and a poster session. The general session was conducted for only the second time, and
the poster session was presented for the first time; both were well received. In addition, a new session
on pine-hardwood mixtures was added to the agenda. Also for the first time, abstracts of the papers were
printed and distributed at the meeting. At this fourth conference, the Society of American Foresters was
added as a new sponsor.

Initiated in 1980 and held in November on succeeding even-numbered years, the Southern Silvicultural
Research Conference provides a forum for scientists actively engaged in silvicultural research to report
study results, to present new concepts and techniques, to discuss topics of mutual interest, to coordinate
cooperative efforts, and to remain current on developments in the field. Nonresearchers find the con-
ferences and the proceedings to be valuable sources of information on current and developing trends in
southern silviculture.

The Fourth Biennial Conference was sponsored by the Southeastern and Southern Forest Experiment
Stations of the USDA Forest Service, the Southern Region of the National Association of Professional
Forestry Schools and Colleges, the Southern Industrial Forestry Research Council, and the Silvicultural
Working Group of the Society of American Foresters.

The Steering Committee, made up of individuals from universities, industry, and the Forest Service,
are gratefully acknowledged for the time and effort they gave to assure the success of the meeting.
Following are the members of the 1986 committee:

Jim Bell and John W. Henley, Conference Co-chairpersons, Southern Forest Experiment Station,
New Orleans, LA

Gordon D. Lewis, Conference Co-chairperson, Southeastern Forest Experiment Station,
Asheville, NC

Douglas R. Phillips, Program Chairperson, Southeastern Forest Experiment Station,
Clemson, SC

M. Boyd Edwards, Southeastern Forest Experiment Station,
Dry Branch, GA

Constance A. Harrington, Southern Forest Experiment Station,
Monticello, AR

David L. Graney and Edwin R, Lawson, Southern Forest Experiment Station,
Fayetteville, AR

David H. Van Lear, Clemson University,
Clemson, SC

Eric Jokela, University of Florida,
Gainesville, FL

D. M. Crutchfield, Westvaco Corporation,
Summerville, SC

Howard Hanna and Tim McIlwain, Container Corporation of America,
Fernandina Beach, FL

Special thanks are extended to the contributors who prepared and presented research papers and to
the 16 moderators who presided over topic sessions and maintained a very strict time schedule. Thanks
also to others who submitted abstracts for consideration by the Program Committee and to those who
attended the conference and participated in the discussions.

Papers published in this proceedings are as they were submitted by the authors--in camera-ready
form. Authors are responsible for the content and accuracy of their papers. Printing and production were
supervised by the editorial staff of the Southeastern Forest Experiment Staticn, USDA Forest Service,
Asheville, North Carolina.

DOUGLAS R. PHILLIPS
Program Chairman
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Technology Development for Increased Use of Hardwoods?

Peter J. Ince?

Abstract.~-New developments in technology are altering the historical
dominance of softwood over hardwood as a preferred raw material for many
kinds of products. Developments span the whole range of forest products,
from traditional products such as lumber, wood panels, and paper, to
energy uses and biotechnology. In the lumber area, new drying technology
overcomes the problem of excessive warp in low density hardwoods and
permits their use for framing lumber. In addition, new technologies are
being developed to make lumber substitutes from wood strands or wafers,
that enable use of higher density hardwoods in applications where soft-
wood lumber is used exclusively today. In the structural panel area,

waferboard and oriented strandboard panels are replacing conventional
softwood plywood in a substantial share of the market. These new panel
products can be made entirely from hardwoods. In pulp and paper,

a general trend toward greater use of hardwood fiber is evident as the
proportion of industry capacity dedicated to production of printing and
writing grades increases. Also, improvements in pressing, drying, and
refining technologies are allowing high quality linerboard to be made

with much higher proportions of hardwood.

A growing use of wood for

energy, in residential heating and industrial uses, favors hardwoods

because of their higher density.

Finally, through biotechnology, hard-

woods will probably play a more significant role than softwoods.
Consequently, silvicultural knowledge about lower valued timber species,
such as hardwoods, needs to be developed for the future.

Keywords: Technology, hardwoods, silviculture.

INTRODUCTION

This paper addresses ongoing technology
developments for increased use of hardwoods.
A wide range of technological and economic
developments are described that are reducing the
advantage of softwood over hardwood as a pre-
ferred wood raw material.

These developments reflect a principle of
human behavior which I call the "leveling
principle."” The principle says that when less
expensive resources are available, people develop
new technologies to use less expensive resources.
Thus, people seek to level the advantages of
more expensive resources in order to improve
economic efficiency. This kind of very rational
human behavior presents complexity for silvi-
cultural researchers, because it means that as
you focus your objectives on timber species that
you think will have the highest value in the
future, others will be trying consciously and
vigorously to develop new technologies to utilize
the less expensive timber species.

1This paper was presented in the General
Session of the Fourth Biennial Southern
Silvicultural Research Conference, Atlanta, GA,
Nov. 4~6, 1986.

2Research Forester, Forest Products
Laboratory, U.S. Department of Agriculture,
Forest Service, Madison, WI 53705-2398.

OBJECTIVES OF SILVICULTURAL RESEARCH?

Let me begin by asking a very general question:
What are the objectives of silvicultural research
in the South? No doubt you've wrestled with this
question before. If we had time to ask everyone
about silvicultural research objectives, we would
probably find a variety of ideas. However, among
the most practical objectives we would find a
common goal something like the following: to
expand knowledge needed to improve abundance and
quality of timber resources which society will
demand in the future.

The problem is that we can't say for certain
what kind of timber resources society will demand
30 or 40 years from now, so it's difficult to
say what kind of silvicultural knowledge needs
to be developed. It would be easy to set silvi-
cultural research objectives if we could believe,
for example, that growth in the southern pine
plywood industry, observed in the past 20 years,
will continue into the next century. But,
believe me, that would ignore some important
developments taking place in structural panel
technology.

Evidence suggests that future forest product
technology is not necessarily going to be any-
thing like the past. Industry is developing
technologies to level the advantages of higher
value timber resources and to enable the use of
lower value timber resources. For example,
technology is being applied that allows the use




of low density hardwoods or softwood pulpwood

in place of softwood veneer logs in manufacturing
structural panels. Developments are occurring
also in lumber, structural panels, pulp and
paper, energy, and biotechnology. We will loock
at specific examples in each of these areas. 1
hope that as I discuss these examples, you will
recognize their significance in terms of silvi-
cultural research objectives in the South. Let's
look first at the framing lumber area.

Technology to Produce Hardwood
Framing Lumber

Softwood dominates the market for framing
lumber in the United States. Last year, we
consumed nine times as much softwood lumber as
hardwood, and in structural framing we depend
entirely on softwood.

Historically, industry has avoided the use of
low density hardwoods for framing lumber largely
because of the problem of excessive warp. Years
ago, grading rules were established which limited
allowable warp to small fractions of an inch in
all but the lowest grade of framing lumber.
Because of the way that framing lumber is used
in modern comstruction, each piece needs to be
dimensionally precise and stable. Unfortunately,
hardwood lumber would typically come out of a
conventional sawmill and drying process with
excessive warp. Because of this dimensional
stability problem, production of hardwood framing
lumber was not economical.

However, in our Eastern forests, mnet growth
and volume of hardwood exceed that of softwood.
Forests in the South contain increasingly
abundant quantities of inexpensive low density
hardwoods such as yellow-poplar, sweetgum,
blackgum, and soft maple. These hardwood species
have strength values between southern pines and
spruce-pine-fir, and can be nailed easily or
joined with truss plates.

Researchers have now developed a sawmilling
innovation that eliminates the problem of exces-
sive warp in hardwood framing lumber. The inno-
vation is called Saw-Dry-Rip, or SDR. With SDR
technology, the mill saws a log into full width
flitches. The flitches are dried, and then sawn
(or "ripped") into warp free framing lumber.

The key innovation is that framing lumber is cut
from the wood after drying, instead of before,
as in conventional sawmilling. This simple
innovation eliminates the problem of warp
(Maeglin and Boone 1983).

Recently, a recommended grading stamp was
developed for yellow-poplar framing lumber, and
building codes will now accept yellow-poplar
lumber (Allison and Deal 1983). The new hardwood
lumber is less splintery than softwood, is
lighter and easier to handle than southern pine,
and tests show that yellow-poplar lumber has
higher truss plate holding capacity than southern
pine. In demonstration projects, the hardwood
lumber appears to be a very attractive structural
material.

With SDR technology, you can envision a sawmill
able to use either low density hardwoods or
softwoods. In the future, there will be less
differentiation between softwoods and low density
hardwoods for framing lumber.

The point I am making is not a forecast but
simply a recognition of present capability. The
technology is now available which levels the
advantage of softwoods over low density hardwoods
in framing lumber. So long as softwoods remain
economical and abundant, as they are now, you can
expect that softwoods will continue to dominate
the framing lumber market. But, if softwood
becomes too expensive relative to low density
hardwoods, you can expect to see a switch to
hardwoods. If you are a silvicultural researcher
developing knowledge based on an assumption that
softwood sawtimber will have a tremendous market
advantage over hardwood in the decades ahead, I
would suggest that you might go back over your
assumptions. You might alsc comsider silvi-
cultural research objectives that will foster
improved management of the low demsity hardwood
resource in the South.

Technology to Produce Hardwood
Structural Panels

The structural panel market is alsoc an area in
which softwood traditionally dominated, but where
things are now changing.

Until recently, softwood plywood thoroughly
dominated the structural panel market. Softwood
plywood itself was a major technological develop-
ment of the early part of this century, and the
softwood plywood industry grew tremendously in
the South in the 1960's and 1970's. Today, more
than half of U.S. softwood plywood is produced
in the South. There is no doubt that the
tremendous growth of the southern pine plywood
industry contributed enormously to an enthusiasm
for pine silviculture in the South.

However, if you lock closely at comstruction
sites around the country these days, you will
see that a growing share of the structural panels
are a new class of products, known in the market
as waferboard and OSB (oriented strandboard).

In the 1970's at the Forest Products Laboratory
we developed computer models of manufacturing
processes for these kinds of products. We were
quite enthusiastic about how economical the
process was relative to conventional plywood
technology. Part of the reason for our enthu-
siasm was the fact that waferboard and OSB tech-
nology offered the ability to use lower quality
timber, such as pulpwood instead of veneer logs,
and hardwood instead of softwcod. As many of
you know, this kind of technology exists now,
not just in the form of a computer model, but in
the form of a growing and rapidly expanding
industry.

The new waferboard and 0SB structural panel
products provide excellent structural performance
and are accepted by building codes as a substi-
tute for softwoed plywood in most types of con-
struction. Although performance is comparable




to softwood plywood, the new waferboard and 0SB
products are cheaper to produce. As a result,
we have seen the industry installing new wafer-
board and OSB mills in significant numbers in
recent years, while we see almost no capacity
expansion in softwood plywood.

Growth of the U.S. waferboard and OSB industry
has been exponential. From only one plant with
a capacity of 100 million square feet as late as
1979, the industry has grown to a capacity of
nearly 4 billion square feet, by late 1986, and
the growth is continuing (Anderson and Hutton
1986). Today, waferboard and OSB capacity equals
nearly 20 percent of U.S. softwood plywood pro-
duction, and 12 percent of total structural panel
capacity. Industry is locating many of its new
waferboard and OSB mills throughout the South.

Many new waferboard and OSB mills in the South
will be using southern pine pulpwood because of
the economic abundance of the resource and good
board quality that is obtained with southern
pine. However, there is a demonstrated ability
to use many species of hardwoods in the wafer-
board and OSB products. Most mills in the North
use hardwood species exclusively, and some mills
in the South are using hardwood species as well.

Besides being economical to produce, waferboard
and OSB products offer much more latitude for
product innovation. Structural components can
be made in an infinite variecy of molded forms
and shapes which are not attainable with conven-
tional lumber or plywood technology. Most sig-
nificantly, unlike structural wood products of
the past that were made entirely out of soft-
woods, the structural products of the future can
be made out of small diameter hardwoods, using
technology similar to waferboard and OSB tech-
nology. Even the hardwoods such as oak may be
useful, as in thick roof decking samples that
have been made in the laboratory from southern
red oak. Simple innovations, such as using
lenger strands or detaining better strand align-
ment, will also enable the industry to take full
advantage of the inherent strength in dense
hardwood species. The market is already seeing
the introduction of high strength parallel strand
lumber, made by gluing together long strands of
wood. In the future, lumber substitutes and
complete structural components may be made from
hardwood wafers and strands, using technology
similar to waferboard and OSB.

Once again, I am not really making a forecast,
but simply pointing out the current status of
technological development. If your silvicultural
research objectives are based on an assumption
that there will be growing demands for softwood
veneer logs, I would suggest that you go back
over your assumptions. Structural panel products
can be made economically from small diameter, low
guality, hardwood species, as well as from small
diameter softwoods.

Technology to Utilize Hardwood
Fiber in Pulp and Paper

The U.S. pulp and paper industry is another
important market area where softwoods have
dominated, but where new technology is leveling
advantages of softwoods over hardwoods. Pulp-
wood consumption increased over the last 20 years
by about 75 percent, to a present level of
90 million cords per year. Over 65 percent of
that pulpwood comes from Southern forests. As
most of you know, the largest share of that
pulpwood is southern pine, and pine pulpwood
generally has a higher value than hardwood
pulpwood.

The technical advantages of pine versus hard-
wood can be explained in terms of morphological
differences between softwood and hardwood fibrous
material. Softwood fibers are comparatively long
and flexible. Softwood fibers naturally provide
good strength characteristics in products like
kraft linerboard. By comparison, hardwood
fibers are generally smaller, shorter, and less
flexible. Consequently, hardwood does not pro-
vide good strength performance with conventional
technology, although hardwood can provide
a smoother sheet with better opacity, which is
useful in printing and writing grades (Amidon
1981).

One major technological trend is toward
increased production of those grades of pulp and
paper products which utilize more hardwood fiber.
Production of hardwood-based pulps, which include
bleached and semibleached hardwood kraft and
semichemical pulps, has increased more rapidly
than production of all other grades of pulp.
Consequently, in the South, we have seen hardwood
pulpwood go from around 15 percent to nearly
30 percent of pulpwood consumption in the past
30 years (Ince 1986). This trend is continuing,
particularly with recent conversions of a number
of mills from packaging grades to printing and
writing grades. Even in packaging grades, the
need for good surface printability has led a
number of mills to increase their demand for
hardwood furnish. These gradual changes,
favoring increased use of hardwood pulpwood, are
expected to continue in the future. However, a
much more dramatic kind of technological develop-
ment is underway, and that involves development
of new technology that will produce high strength
paper and paperboard products from hardwood
fiber.

Manufacturing pulp and paper involves a series
of process steps. Wood chips are converted into
pulp in digesters and refiners. The pulp goes
in a slurry to the paper machine, where pulp is
formed into a fibrous mat, pressed, and subse-
quently dried. Conventional papermaking is
largely a felting process, in which sheet
strength depends on random interlocking and con-~
formability of fibers. Therefore, long flexible
softwood fibers have always provided better
strength than short stiff hardwood fibers.

However, in recent years, new pressing equip-
ment, including high pressure and wide nip




presses, have been installed in many linerboard
mills. With the new equipment, much better
quality is obtained with higher proportions of
hardwood and recycled fiber (Wicks 1983).
Furthermore, researchers have developed an even
more advanced technology, known as press drying.
Unlike conventional papermaking, press drying
involves simultaneous application of heat and
pressure in the press section of the paper
machine, resulting in good conformability and
bonding among hardwood fibers. With press
drying, a very good kraft linerboard can be made
from 100 percent hardwood, such as southern red
oak (Horn and Setterholm 1983). The press drying
technelogy is not yet available commercially,
but it appears economical, and it illustrates

a potential technological capability to utilize
much higher proportions of hardwood fiber in
pulp and paper products. In addition to improved
pressing technology, improvements are being made
in technology for refining pulp fibers, for
putting strength enhancing chemical additives in
paper and paperboard, and for producing higher
quality hardwood pulp with mechanical pulping
processes.

As a result of these technological develop-
ments, there has been a significant leveling of
the former advantage of softwood fiber in pulp
and paper technology. The industry has only
begun to adopt these technological improvements,
and change will be gradual, but we can no longer
point te a future in which softwood fiber will
absolutely dominate because of its fiber charac-
teristics. In fact, it is possible to conceive
of a future in which hardwocd fibers may be
preferred over softwood fibers in pulp and paper
technology.

The Increasing Importance
of Wood for Energy

Another development favoring the future use of
hardwood is the increased importance of wood for
energy in our economy. As a result of energy
price shocks in the 1970's, we have seen a sub-
stantial shift toward increased use of wood for
residential heating, particularly in rural
America. Even though the South has a warmer
climate than northern regions, fuelwood use is
significant because of a large rural population.
Across the United States, we are consuming about
49 million cords of fuelwood for residential
heating per year (Energy Informaticn
Administration 1986). Of the 49 millionm cord
total, about 16 million cords are consumed in
the South. In addition, several million cords
of fuelwood are being used directly for indus-
trial energy. Provided that petroleum and gas
prices stabilize in the years ahead, I exzpect to
see a leveling off of the increase in fuelwood
demand. Still, I would expect that fuelwood
will continue to be an important use for wood in
the future.

The important thing about the increased use of
wood for energy is that hardwood species are
preferred by households, the major roundwood
users. A nice seasoned piece of red oak burns
better and longer than softwood in fireplaces

and woodstoves. Im all regions of the country,
fuelwood producers have appeared. These com-
mercial operations derive their income in the
fuelwood market. Other wood product companies
that have traditionally derived income in dif-
ferent markets have also branched out into the
fuelwood market. They advertise and sell their
fuelwood in both rural and urban areas, amd are
utilizing primarily hardwood.

I'm not suggesting that silvicultural
researchers should give total attention to the
growth of hardwoods for fuelwocod. There is
certainly a tremendous abundance of low quality
hardwoods in the South that will adequately
serve needs for fuelwood in the future. However,
in your process of establishing silvicultural

‘research cobjectives, you should consider not

only such things as precommercial thinnings and
pulpwood harvests in softwood stands, but also
such things as fuelwood thinnings or fuelwood
harvests in hardwood stands. Perhaps if fuelwood
demand is put into the equation, you will find
that hardwood silviculture looks a little more
attractive.

Hardwood Use Associated
With Biotechnoclog

A final area of technological development that
I'd like to talk about is biotechnology. Most
of you are aware of the importance that biotech~
nology has assumed in many areas of research.
Biotechnology is no less important in the area
of wood utilization research. At the Forest
Products Laboratory, we recently organized
biotechnology research into an institute, which
we call the Institute for Microbial and Bio-
chemical Technology. The scope of research in
this area is expanding. The focus continues to
be on basic research, with possible applications
in biopulping, and promising applications in
bleaching, modifying pulp properties, removing
chemicals, and treating effluent (Kirk et. al.
1983).

Most of the wood biotechnology research is
directed at utilization of the abundant and
inexpensive hardwood resource. For one thing,
the molecular structure of hardwood and softwood
lignins are different. Hardwood lignin is'more
readily and rapidly biodegraded than softwood
lignin. Another reason why biotechnology is
focusing on hardwoods is a matter of economics.
Hardwoods are relatively cheap and abundant,
whereas softwoods are already in high demand.

In addition, hardwood biotechnology is receiving
greater attention because the chemistry of hard-
woods is approximately the same as that of agri-
cultural crop residues, which are also receiving
much research attention. Xylans, from which
xylose sugar is derived, are abundant in hard-
wood hemicellulose and agricultural residues,
but not in softwoods. Utilization of glucose
sugars from ordinary cellulose is already
feasible, but utilization of xylose is one aim of
current research.

It is hard to say where this research will lead
30 or 40 years from now, but it is apparent that
the biotechnology of the future may just as



likely utilize hardwoods as softwoods. Im fact,
due to differences in lignin chemistry and com-

parative economics, bio-utilization of hardwoods
may be more near at hand than bio-utilization of
softwoods.

CONCLUSION

Change in technology is a gradual process, so
we won't see a wholesale switch to hardwoods from
softwoods overnight, or even in a matter of 5 or
10 years. Change in forest management techmiques
is alsc a slow process. However, to be effective
in the future, changes in the philosophy of
silvicultural research should be made today.
Technological change is relentless and it can
have profound impacts on resource utilization.
Look at how improvements in basic energy tech-
nology over the past 15 years have dramatically
altered the world market for oil. There used to
be an oil shortage, now there's an oil glut. Of
course the leveling principle in human behavior
is limited by laws of thermodynamics and laws of
nature. But, when we look at the forests of the
Fastern United States, when we look at the dif-
ferences between hardwoods and softwoods, and
when we look at current human endeavors aimed at
reducing the advantage of expensive softwoods
over cheap and abundant hardwoods, we do see that
this leveling principle is at work. In summary,
there is 2 message here for silvicultural
researchers: We should be critical of time-worn
guidelines regarding such things as optimal
species, stand conversion, site preparation, and
other factors related to species distribution.
When we do research that enables foresters of
the future to grow timber resources that we think
will have the highest value 30 or 40 years from
now, others in society will be attempting con~
sciously and vigorously to change technology in
order to utilize other lower valued timber
species. If we find that our research, partic-
ularly our basic research, is focusing narrowly
on only a few species that are currently in high
demand, we should consider how we can expand our
research to focus on other species as well. It
may be feasible for example to inexpensively
replicate our experiments across a wider array
of species, so that we develop more silvicultural
knowledge about species that may be in greater
demand in the future. We should recognize that,
where feasible, silvicultural knowledge about
lower valued timber species, such as hardwoods,
needs to be developed for the future.
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INTERNATIONAL TRADE AND SOUTHERN FORESTSl/

James E. Granskong

Abstract.--The value of southern
wood exports has dropped by more than a
third since 1980, after rising sharply
during the 1970"s. Major factors in the
recent decline were a worldwide recession
and a strong U.S. dollar, which made
southern wood products more expensive
overseas. However, trends for individual
products have varied; exports of softwood
plywood and hardwood lumber have grown
while other product shipments have fallen.
Currently, a weakening U.S. dollar appears
to be turning the overall trend for south-

ern wood exports upward again.

International trade is becoming increasingly
important to our nation”s economy. In 1985,
imports and exports accounted for 21 percent of
our country”s gross national product--almost
double the percentage from 20 years earlier. Per-
haps more enlightening is that 70 percent of all
products manufactured in this country now face
international competition. 1In other words, mar-
kets for most U.S. products no longer are deter-
mined solely by domestic forces.

Timber markets also have been vulnerable to for-
eign influences. A strong rise in the value of
the U.S. dollar in the first half of the 19807 s—-
which made U.S. products more expensive and for-
eign goods cheaper—-has increased the flow of
forest products from abroad. Domestic markets
for lumber, pulp, and paper products have been
impacted by rising imports of softwood lumber
from Canada, and new inflows of eucalyptus pulp
from Brazil and coated paper from Scandinavia.

While recent events have focused attention on
the import side of international trade, there has
been nonetheless a growing interest in exporting
forest products as well. This interest has been
stimulated by a combination of factors, including:

-~ unstable domestic markets for wood products
over the past decade,

~ expanding foreign competition in certain pro-
duct lines,

~ forecasts of slow growth in domestic wood
markets and faster growth overseas, and

- a national concern over a widening trade
deficit and the need to increase the sale of
products abroad.

l/Paper presented at the Fourth Biennial South-
ern Silvicultural Research Conference, Atlanta,
Georgia, November 4~6, 1986.

z/Principal Economist, Southern Forest Experi-
ment Station, USDA Forest Service, New Orleans, LA
70113.

As a result, potential markets overseas are being
viewed as a vital ingredient for future growth.

To support the growing interest in exporting
forest products, the Southern Forest Experiment
Station has been conducting research aimed toward
investigating the potential for southern wood
products in overseas markets. 1In this paper,
recent trends for the principal wood products
exported from the South are examined, and the out-
look for southern wood products in foreign markets
is discussed.

Although exports represent only a small fraction
of total production for most southern forest pro-~
ducts, they are important from a value standpoint.
For the most part, export demand for wood products
is for high-quality material. Exports can enhance
timber values, thereby encouraging more complete
utilization while providing incentives for more
intensive silvicultural practices.

SOUTHERN WOOD EXPORTS

Southern exports of wood products have been
declining since 1980, following a dramatic rise
during the 1970°s (table 1). The total value of
southern exports rose from near the $50 million
level in the early 1970°s to almost $500 million
in 1980, but it has dropped by more than a third
since then.

Several factors have influenced this rise and
fall, but currency fluctuations have been a key
item. The strong upturn during the 1970"s was
stimulated by a weakening U.S. dollar. 1In effect,
prices for southern wood products--in terms of
foreign currencies-~were reduced. Other con-
tributing factors to the upturn were: a rising
demand overseas, other global sources becoming
congstrained by resource depletion or government
restriction, and a growing recognition among
domestic producers of the importance of diversi-
fying markets. Trial shipments of wood chips to
Scandinavia, in particular, seemed to trigger a
greater awareness of the market potential abroad.




Since 1980, however, changing economic and mone-
tary conditions have turned the direction for
southern wood exports downward. First, a world-
wide economic slowdown lowered total demand. Then
the continuing rise in the value of the deollar
through early 1985 made southern wood products
more expensive and less competitive in foreign
markets. But a recent weakening of the U.S. dol-
lar since March 1985 has stopped the decline and
appears to be turning the trend upward again.

Table 1.—~Value of southern wood exports by pro-
duct group.

Product 1870 1975 1980 1985
Million §

Roundwood 15.3 26.9 93.4 52.2

Lumber 26.6 37.0 206.0 160.0

Panels 3.3 18.2 59.6 61.6

Other 13.1 16.4 140.0 52.1

Total 58.3 98.5 499.0 325.9

Among the major commodity groups, lumber is the
largest export, on the average accounting for
about 45 percent of the total value of shipments.
However, only panel products have increased since
1980. The size of the miscellaneous group——pri-
marily millwork and prefabricated wood buildings——
was inflated in 1980 by a huge, one-time shipment
of prefabricated housing to Syria. Roundwood
shipments include logs, poles, and chips.

Markets

Furope, the Caribbean, and the Far East are the
largest regional markets for southern wood pro-
ducts (fig. 1). Most important within Europe are
the nations in the European Economic Community
(EEC). The Caribbean market includes the West
Indies and Central America. Japan, Taiwan, and
South Korea are the primary destinations in the
Far East. The remaining markets are made up
mostly of the oil-exporting countries in the
Middle East, Africa, and South America.

The material shipped to each of these markets
ig different. In general, EEC nations have been
major buyers of the principal hardwood exports
(logs, lumber, and veneer) as well as selected
southern pine products (plywood and rough-cut
clear lumber). Wood chips for Scandinavia and
rough southern pine lumber have been the primary
products shipped to European countries outside the
EEC. The Caribbean is largely a market for soft-
wood products, while the Far East is a southern
hardwood market. Oil-producing countries in the
Near East region import poles and prefabricated
wood buildings.

'EUROPE-EEC
~

CARIBBERN

OTHER (3.4%)
SO0. AMERICA

HAFRICA

asIA-FAR EAST ' EUROPE-OTHER

Figure 1l.--Export markets for southern wood
products.

Products

Trends since 1980 for individual products have
varied according to the markets gerved and the
specific items demanded in those markets (table
2).

Table 2.--Southern wood product exports, 1980 and
1985.

Product 1980 1985

Roundwood :

Softwood logs (mill. bd. ft.) 7 5
Hardwood logs (mill. bd. ft.) 44 37
Poles (thousand) 142 87
Chips: (thousand toms, dry) 424 67
Lumber: (mill. bd. ft.)
Softwood 274 191
Hardwood 67 86
Panels: (mill. sq. ft.)
Veneer, softwood 46 9
Veneer, hardwood 336 206
Plywood, softwood 62 179
Plywood, hardwood 12 14
Particleboard 11 2
Miscellaneous: (mill. dollars)
Cooperage 9 3
Prefabricated buildings 101 24
Other 30 25
Roundwood

Southern log exports are mostly hardwood. Soft-
wood log shipments have been relatively small,
fluctuating between 5 to 10 million board feet
annually. Southern pine logs going to the
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Miscellaneous Products

In addition to the primary products, the South
exports a variety of manufactured items or pro-—
ducts of secondary manufacturing. Since there is
no common measure of volume, only the value of
shipments is shown in table 2. 0f the numerous
products covered in this category of exports,
cooperage and prefabricated wood buildings ate cf
particular interest.

Cooperage is one wood export that has steadily
declined over a long period. In the late 19607s,
cooperage accounted for 20 percent of the total
value of southern wood exports, ranking second
only to southern pine lumber. 3y 1985, it
amounted to less than 1 percent of the total.
When inflation is factored in, the decline in
real terms has been about 95 percent.

Prefabricated wood buildings have replaced
cooperage as the largest miscellaneous product
export. Shipments of modular congtruction camps
to the oil exporting countries became a notice~
able item following the first surge in oil prices
in 1973. In 1980, as mentioned earlier, there
was also a huge shipment for government sponsored
housing in Syria.

More recently, however, the comstruction camp
market has dried up and a new market for rustic,
recreation~oriented type structures has developed.
For the South, shipments have been primarily for
resort developments in the Caribbean islands, but
nationwide there have alsc been shipments to Japan
and other Pacific destinations. In any case, the
demand is for panelized structures, pre—cut kits,
and log homes, all of which can be gshipped in con-
tainers. This substantially reduces handling and
transportation costs, which can be excessive for
modular units and mobile homes.

OUTLOOK

As noted at the outset, the dollar”s steady rise
during the early 1980"s made southern wood pro-
ducts more expensive and less competitive in
foreign markets. However, the more recent dollar
decline is producing signs of a turnaround.
Although exports of southern pine lumber and ply-
wood were down slightly overall in 1985 compared
to 1984, shipments in the third and fourth quar-
ters were asbove the previous year. And for the
first half of 1986, southern pine lumber exports
were up 14 percent and southern pine plywood
jumped 59 percent.

Exchange rate developments will continue to
affect the prospects for southern wood exports,
but long-term impacts are uncertain. It”s largely
through exchange rates that the relative competi~
tive position of different countries is estab~-
lished. Indeed, the head of GATT-~the General
Agreement on Tariffs and Trade--recently stated
that tariffs, on the average, are no longer impor-
tant obstacles to world trade. What counts more,
in his opinion, are exchange rates for national
currencies. What lies ahead is difficult to say,
but more and more there are proposals calling for

iimits or ranges to be established to improve the
current floating exchange system and prevent the
wide fluctuations that have occurred over the last
decade.

Whatever the outcome, an important point con—
cerning exchange rates is how changes affect the
markets that are significant for southern wood
products. For example, hased on recent currency
shifts and considering exchange rate effects
alone, the South should see increasing exports to
Furope, stagnation or decline in the Caribbean
because of currency devaluations, and some addi-
tional growth in the Far East due to the rising
Japanese yen. These effects may be enhanced or
moderated by other factors, however.

Fzchange rates aside, the outlock for southern
wood exports appears favorable~-provided world
economic conditions continue to improve, free
trade policles prevail over protectionist forces,
and the forest products industry maintains a
commitment to expand export markets.

In western Europe, we should see opportunities
to increase exports of clear southern pine lumber,
southern pine plywood, high-quality hardwood
lumber, and hardwood veneer. Two products that
have been important previously-—hardwood logs and
wood chips--may not recover due to restrictions
relating to oak wilt disease and the pinewood
nematode. Also, a Furopean quota for softwood
plywood is an obstacle, since a l0-percent tariff
is levied on amounts that exceed the quota. But
southern pine”s share of the total U.S. plywood
exports continues to rise; it reached 53 percent
in 1985 after averaging only 5 percent during the
18707s.

In the Caribbean, future shipments of southern
gsoftwood products will depend largely on the rate
of econcmic progress in the area, the actions of
competing softwood suppliers, and whether
exporting programs are designed to meet the
unique characteristics of the market. Although
per capita incomes are relatively low in most
countries, rapidly expanding populations are
generating housing needs that support continuing
imports due to the lack of domestic softwood
resources. Political instability in Central
America has disrupted the flow of lumber from
that area, but Honduras--our largest competitor
in the region—-is expanding sawmilling capacity.
Chile also has been a recent supplier of Radiata
pine lumber in the region. Thus maintaining or
expanding scuthern shipments will reguire aggres—
sive and innovative marketing efforts.

The developing market for hardwoods in the Far
Fast has become important, and may become even
more so. This is somewhat of a mixed blessing,
however, since U.S. manufacturers must compete
with furniture imports that are coming back into
our country.

An encouraging development for future southern
wood exports has been the involvement of industry
trade associations and government agencies in the
promotion of wood products in foreign markets.
Associations such as the Southern Forest Products
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Association (SFPA), and the American Plywood
Association (APA), in cooperation with the
National Forest Products Association and the For-
eign Agricultural Service, have developed programs
that will support increased sales to countries
that offer opportunities for export expansion.
For example, both the SFPA and APA have conducted
educational seminars in Caribbean countries where
the use of softwood products could be expanded.
In addition, SFPA placed a European representa-
tive in London in 1985, and more recently added

a Caribbean representative in the Dominican
Republic.

Success in developing foreign markets, however,
may be determined in large part by the extent of
the commitment of southern producers to exporting.
In the past, interest in exporting has declined as
domestic markets improved, leaving U.S. producers
with a reputation as unreliable suppliers. But
progress 1s being made in changing this percep~
tion. Several recent articles in foreign trade

journals have noted a growing commitment by U.s.
producers to exporting, as well as a favorable
view concerning our reliability compared to other
world sources of wood products.

Summing up our recent export performance and
the outlook: the South has not done as badly as
the initial overall value trends may have sug-
gested, since several product exports have
remained strong; however, it may not do as welil
in the future as the popular reports about the
decline in the dollar might lead us to believe,
as most exchange indexes do not reflect all of
the currencies in markets important for scuthern
wood products. Nevertheless, there are Oppor-
tunities that should be pursued--both to @more
fully utilize the highest value potential from
our forest and to help reduce the nation”s trade
deficit. One thing 1is certain: the international
marketplace can no longer be ignored if southern
forests and forest industries intend to survive
and grow in today’s integrated world economy.




THE LATIN AMERICAN FORESTRY EXPERIENCE'

J. Iweede’

Abstract.--Among Latin American countries, Brazil has the greatest
potential for becoming a major force in world wood and forest products
markets. The Amazon Basin contains 570 million ha. of forest land.
Only 5% of this area's forest has been permanently cleared. Relatively
1ittle progress has been made in managing of existing forests in the
Amazon Basin, but in central and south Brazil much land has been planted
with Eucalyptus and pine. yields in successful Eucalyptus plantations
have been very high, and plantations are supplying about half of the
nation's wood needs for forest industries, steel manufacturing, and
fuelwood. Between 1970 and 1980, the value of wood products exports
from Brazil grew by 660%, and continued growth is anticipated. With
major investments in forestry, Brazil could become a leading world
supplier of wood and wood products.

In traveling to the meeting in Atlanta, I flew and is a resource potential we will have not only
from the city of Belem, at the mouth of the Amazon to accept but also understand as professionals.
Basin, to the city of Manaus, halfway up the
Amazon. This flight took 2-1/2 hours by jet over As we discuss South America in more detail,
nothing but forest broken only by the occasional keep in mind the prerequisites for development of
cleared patch of land caused by shifting agricul~ the forest resources:

ture. One could continue and fiy another 3 hours
on to the city of Quitos, Peru, over the same con-
tinuous forest.

. land
. right amount and distribution of people
. infrastructure

capital goods industry

While i di i World °
le flying I was reading an articie by Wor . capital for investment and operating.

Watch stating that 40% of the forest would be
cleared by the year 2000. That would mean clear-
ing on the order of 16 million ha./year and
destroying 3 billion tons of wood. On the other
hand, in the first 391 years of the Amazon's
settlement only 5% was permanently cleared (NASA

[S2 00~ PSS R

We tend to take these items for granted. How-
ever, they are limiting factors for many developing
countries.

1986). Why so little clearing? I believe the FORESTRY IN SOUTH AMERICA WITH EMPHASIS ON BRAZIL
answer is that it is difficult and expensive to
clear this land. In order to discuss forestry, we should first

situate ourselves.

This forest, instead of being the legendary lung
of the world, produces its own acid rain and
gases, aiding the greenhouse effect {INPA/NASA
1986). The article about this largest and most
controversial forest accepts no middle-of-the-road
thinking on utilization and sustained productivity.
One has to choose between destroying this forest
and leaving it forever wild.

1. Latin America

Latin America is composed of 21 countries on 2
billion ha. of land as compared to the remainder
of North America with 2 countries and also roughly
2 billion ha. of land. Latin America as a whole
is a net importer of forest products (1980 net
imports = $924 million).

Returning to the topic of the paper--it's rather Honduras is the only net exporter in Central
difficult to cover South American forestry in this America (1980 - $4 million). The restraining
short time. Certainly many others are more factors in Central America are high population,
qualified to cover the various topics. However, a limited land availability, other Tland use priori-
unique opportunity and experience was afforded to ties (fruiticulture and horticulture on better
me in tha; w1th1q a 12-year period, the project I soils), and shifting agriculture. However, some
was associated with: very good forestry work has been accomplished such

as the work by CATIE and seed work on Caribbean

1. cleared land . pine and other tropical pines. A high priority

2. established plantations has been placed on production of fuelwood for

3. harvested the tree crops individual consumption.

4. produced high grade pulp
5. replanted and coppiced a second generation
6. SgdéiggzkéiaSt of all, learned from Tots 'paper presented at Fourth Biennial Southern
* Silvicultural Research Conference, Atlanta,
Georgia, November 4-6, 1986,

In other words, short-rotation, high-yield
plantation forestry is practiced in South America 2consultant, Seneca, South Carolina.
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IT. South America

South America is composed of 13 countries on 1.7
billion ha. of land. Forest occupies 56% or 957
million ha. of this land. The Amazon Basin alone
has 570 million ha. of forest land. In order to
relate this--the forested land of the world today
is estimated at 4 billion ha.

South America is a net exporter of forest prod-
ucts (net exports 1980 = $340 million). However,
this figure is misleading because the only two net
exporters are Chile and Brazil (Net exports = $1.21
billion). The three other large forest product
producers, Argentina, Columbia, and Venezuela, are
all net importers ($400, $100, and $222 million,
respectively).

A1l have very active plantation forestry pro-
Jects, including innovative ones like the Savannah
Pine plantations in Venezuela and Columbia. The
strongest growth has been in Chile (oldest forest
products industry and plantation forestry) and
Brazil. Some countries like Surinam accumulated a
great wealth of R&D in forest resources during
colonial times but no application. In general,
population pressure, forest distribution, and other
Tand uses have kept the other countries from devel -
oping their forest resources.

ITI. Brazil, Past, Present, and Future

General

Brazil has more than 50% of the total Tand,
forest land, and forest products production of
South America and is now considered a world class
exporter. In order to relate, let's look at some
comparative statistics.
Brazil United States
937 mil. ha.
292 mil. ha.

850 mil., ha. Total land

570 mil. ha. Total forest

300 mil. ha. Brazilian Amazon
135 mil. Population

200 mil. (est. yr., 2000)
142 mil./M? 1970 roundwood prod. 334 mil./M3
245 mil./M> 1980 roundwood prod. 390 mil./M3

236 mil.

$5 bil. 1980 trade deficit
$5 bil. 1983 trade surplus
$100 bil. Foreign debt

T

In some respects, I compare Brazil in its state
of development to the United States in the early
1950's during its resource expansion period.

FOREST AND FOREST PRODUCTS INDUSTRY
Development and growth in the forest products

sector of Brazil can be shown by changes in the
following statistics:

1970-1980 Units Change
Sawn wood M3 85%
Panel products M3 210%
Wood pulp T 312%
Paper T 176%
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Wood product imports $ 388%
$

Wood product exports $ 660%
Net trade $ 910%
1980-1985

Roundwood M3 25%

0f Brazil's total forest land, 570 million
ha., 300 million ha._are unexploited reserves con-
taining 45 billion M’ of wood in heterogeneous
tropical forest.

Although Brazil still imports $250 million of
forest products, of which 50% is from the u.S., it
has changed its status during the past decade from
net importer to net exporter. The value of forest
products produced annually is $1.7 billion, of
which exports account for $916 million.

The pulp and paper industry, for example, grew
at a rate of 10%/year for the last 15 years. The
value of exports in this sector was $180 million
in 1979 and $514 million in 1983. Today, the 160
small to medium pulpmills produce 3,600,000 T./yr.
of wood pulp.

The energy forest often spoken of today is very
real in Brazil. 1In 1980, 20 million TOE (tons of
0il equivalent) in wood were consumed for energy,
or 24% of the country's energy need. BRrazil has
no coal to speak of, especially coking coal for
the steel industry. Charcoal has always been used
for this purpose. Most people don't realize that
over 50% of all wood produced by Brazil ends p as
charcoal for the steel industry, 30 million M’/yr.,
and another 30 million M’/yr. as direct fuel.

The natural forest still plays a big role (50%
of wood produced) in the forest product industry,
and most of this is in the Amazon Basin area.
Selective logging provides wood for more than 1200
small to medium sized forest products industries.

Not commonly known is the fact that once-
cleared land reverting to secondary forest is sup-
plying much of the wood for the export industry.
The more homogeneous pioneer species supply a
better resource than the climax forest.

FORESTRY DEVELOPMENT

Plantation forestry was stimulated in 1916
when the Railroad Company of the State of Sao Paulo
sent a botanist to Australia to collect Eucalyptus
seed. Many Eucalyptus species were tested and
planted along the railways to provide fuel. As
mentioned previously, the steel industry followed
quickly, establishing plantations for charcoal pro-
duction,

In the steel producing areas, the natural
forest has been cut. Thus plantation forestry for
charcoal and direct energy consumption developed
rapidly in central Brazil.

In 1966 two events occurred, The Brazilian
forest Service (IBDF) was established and the "tax
incentive investment law for reforestation" was
instituted. Very quickly, a few million hectares




were planted in Eucalyptus species and the first
large-scale pine plantations (mostly loblolly and
slash) were established,

Due to entrepreneurial manipulation of funds,
lack of forestry knowledge, and the short time
frame, a lot of these plantations were unsuccess-
ful and a lot of money was wasted. However, some
U.S. companies with plantation Torestry experience
and some very responsible Brazilian companies
established a very good resource base. Most of the
development occurred in the central South region.
The pulp and paper industry had its strongest growth
due to the effect of this investment incentive.

Other laws were passed to stimulate and protect
forest resources., Example are:

1. plant 4 trees for every M> used by any
industry

2. 50% of any land ownership has to stay in
natural forest.

These two laws have had very little impact in
reality. We won't discuss.their failure.

The Amazon region was and is the last to
develop any sort of plantation forestry or ration-
al management of the natural forest. Some futile
attempts have been made with the natural forest.
There are two significant examples of plantation
forestry. The Amcel project of planting tropical
pines on savannah land has done quite well and
today has developed 50,000 ha. The Jari project
(controversial as it may be) has in a short time
(18 years) proven and disproven many theories of
plantation establishment in the tropics.

Although economically the dJdari project is
debatable, biologically and forest resource-wise,
it made a great impact on forest development in
the tropics. It demonstrates the potential for
forestry applications in other tropical environ-
ments.

FORESTRY PRESENT AND FUTURE

Much development has taken place in the last
15 years. Many exotics were planted. More
Eucalyptus species have been planted in Brazil
Than in any other country. Both U.S. southern
pines and tropical pines are being planted. of
all southern and related pines planted in the
world, 10% are being planted in Brazil. Other
exotic species, such as Gmelina arborea and Acacia
spp. have been commercially planted.

To date, 6.6 million ha. are in plantation
management, of which 70% is Eucalyptus, 25% pine,
and 5% other. In 1985, the plantation establish-
ment schedule was 1 million ha., with 55%
Eucalyptus, 35% pine, and 10% other. Of the plan-
tations established, 65% were with tax incentive
money of the total sum of $180 million.

The actual harvest in 1986, not counting the
natural forest, is 80 million M> and 800,000 ha.
Rotation ages vary from 3-7 year for Eucalyptus to
8-16 years for pine. Average MAI per year can pro-
duce 15 to 30 M° over the rotation. To state that
25 M3/ha./yr. can be a fact would be no overstate-
ment.

With genetic improvement and crossing, some
Eucalyptus plantations are producing 75 M>/ha./yr.
With a tendency to reach 100 M°/ha./yr. As with
most plantations in Brazil, these are fertilized.
However, with these yields many silvicultural
activities will be sound investments.

Brazil's targeted roundwood harvest from plan-
tations in the year 2000 is 267 million M” yr. The
year 2000 target also includes a total of 14 mil-
Tion ha. in tree plantations, replanting 2 million
ha. per year, and an employment of 1.1 million
people in this sector. If only 50% of this near-
impossible program is achieved, it will provide a
resource base that will affect world trade, even
though at last 50% will be consumed by the steel
industry and by energy requirements.

Brazil, in fact, has the necessary land, cli-
mate, and technological expertise to become a
leading world supplier of wood and wood products.
However, an annual investment of over $1 billion
for forestry alone would be required.

CONCLUSION

There is no doubt that several countries in
South America, due to their land base, climate and
labor, could develop a strong forest industry. So
far, only Brazil and Chile have developed this
resource as an export potential. However, if the
desire to develop this resource is matched with
capability, some areas in South America could
become a strong factor in world weod fiber markets.

The two most limiting factors are capital
availability and the existing socio-economic phi-
losophy. The philosophy of many developing
countries is that forestry and forest industries
are too primitive and have no place in a developed
country except as a predatory activity.

Certainly, plantation resource development is
a great achievement. However, the vast majority
of forested hectares in Latin America are still
in climax forest and the greatest problem is still
how to manage and develop these forests rationally.
In the Amazon Basin, this need is especially
urgent. Of the 570 million ha., only 5% has been
cleared so far, but pressure does exist for land
utilization. The race to clear the forest for con-
version to cattle pasture of the 1970's has luckily
slowed down. Ths conversion and land use was an
ecological disaster. Tree crops may be the answer,
but how and what are the great questions that need
an urgent answer.,
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CURRENT AND FUTURE WOOD SUPPLY TRENDS IN AUSTRALIA,

NEW ZEALAND AND CHILE'

Dr. W. R. J. Sutton?

Abstract,--Australia, New Zealand and Chile are not significant wood pro-
ducers. Their current combined harvest is only 12,3 million cunits -

i.e. only 1/17th the combined annual ha
est potential (mostly plantations) shows
increase production to the levels
In a1l three countries, scope for
e the mid 1990's, Australia will

comprehensive review of their for
that none of the three countries

which have recently been published.
production increases is limited befor

rvest of the USA and Canada. A

remain a net importer well into the next century. New Zealand and Chile
between them could be producing an additional 7 to 10 million cunits per
year by the year 2000. Given the low levels of these increases, and
given the perceived market opportunities in Asia, the "threat" to North
America from the forests of the South Pacific Rim is much less than many

now believe,

DISCLAIMER

Where possible, factual material used in this
paper is either referenced or the source identi-
fied, Decisions on which data source to use must
introduce a degree of subjectivity., Interpreta-
tion of the data also involves elements of subjec-
tivity. A1l such decisions and interpretations
are my own. They are not necessarily those of the
company for whom I work.

INTRODUCTION

This paper summarises for Australia, New
Zealand and Chile:

{(a) The present supply situation;

(b) The structure of the plantation
resource; and

(c) Projections of future yield.

The paper is an updated, but shorter version
of a paper given in July 1985 in Vancouver to the
Pacific Rim Markets for Forest Products (1985-2000)
(Sutton 1985),

Australia is the largest of the three
countries. Its area is only fractionally less
than the USA (excluding Alaska). Chile is much
smaller - 1/10th the area of the USA. New Zealand
is smaller still. 1Its total area only equals the
State of Colorado or about 1/30th that of the 48
contiguous States,

PRESENT SUPPLY SITUATION

The most recent wood harvest statistics are
summarised in Table 1. The total harvest sta-
tistics for the USA and Canada are also given for
comparison, By North American standards, the
three South Pacific countries are not significant
producers. USA production is around 30 times that
of Australia, just over 40 times that of Chile,
and nearly 50 times that of New Zealand. On pre-
sent levels, the combined harvest of Canada and
the USA is 17 times that of the combined harvest
of Australia, New Zealand and Chile.
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Ninety-three percent of New Zealand's wood
supply comes from plantations of introduced trees
(mostly radiata pine). In Chile 90% of the harvest
is radiata pine. Australia's plantation production
(again, mostly radiata pine) is as yet unimportant,
supplying only 30% of Australia's total require-
ments - the balance comes from indigenous forests
(mostly eucalyptus). New Zealand and Chile are
net exporters of wood.

New Zealand exports just on 1.4 million cunits
(1ogs, sawn timber, chips, pulp and newsprint,
Chile exports about the same wood volume in much
the same products. Australia is a net importer.

Current industrial and trade levels are given in
Table 2. Although these production and export
levels are significant to the relatively small
economies of New Zealand and Chile, neither
country "can be regarded as a significant producer
or exporter at world level. Combined production
totals for the USA and Canada for the major forest
products is 50 times, or more, the levels achieved
by either New Zealand or Chile. Australian
imports, except in mechanical pulp, are in excess,
and sometimes well in excess, of New Zealand's
exports.,

FUTURE WOOD SUPPLIES

There is widespread belief, almost fear,
that the plantations of the three countries will
soon mature and that significant, ever increasing
volumes of wood will be placed on the world
market. Many see these volumes as a real threat
to the traditional forest products producers and
exporters, especially in North America.

"Paper presented at Southern Silvicultural
Research Conference, Atlanta, Georgia, November
4-6, 1986.

2Tasman Forestry Limited, Private Bag, Rotorua,
New Zealand




Table 1.--Current annual wood harvest

Wood Harvest (million cunits/year)
Country Information For PTantation
Source Year Indigenous Total
Forests Saw- Pulp/ Total Supply
logst Other

Australia | BAE (1985) 1984 3.6 1.0 0.7 1.7 5.3
N.Z. 2 1985 0.2 1.8 1.3 3.1 3.3
Chile INFOR (1986)3 1985 0.4 1.8 1.5 3.3 3.7
USA FAO (1986) 1984 154.7
CANADA 1984 56.8

Notes and Sources:

1Sawlogs include peeler logs and logs for export
2Valentine (1986) Table 16
3From Table 33 of INFOR (1986) Plantation values are those for radiata pine

Only. All other assumed to be indigenous.

Table 2.--Current Production and trade of forest products

AUSTRALIA NEW ZEALAND CHILE
Production Balance of | Production Balance of | Production Balance of
Import/ Import/ Import/
Export Export Export
Sawntimber (million bd ft) 1208 (-439) 978 200 928 300
Logs for export (thousand - - - 127 - 449
cunits)
Wood chips for export - 2170* - 322 - Neg
(thousand BDU's)
Mechanical Pulp (thousand 229 (=5) 572 259 158 Neg
long tons)
Chemical Pulp (thousand 430 (-225) 573 168 680 503**
long tons)
Newsprint (thousand long 378 (~190) 298 187 172 116
tons)

Source: Australia 1984 BAE, 1985 (*Green tonnes value converted to b.d.u.'s by multiplying by 0.444)
New Zealand 1985 Valentine 1986
Chile 1985 INFOR 1986

(*Separate export figures for mechanical and chemical pulp are not available but almost all
exports will be of chemical pulp.)

17




The plantation resources, age class
structures, and projections of future supply for
each of the three countries are reviewed below.

CURRENT AREA OF PLANTATIONS

The most recent estimate of plantation areas
is given in Table 3.

Australia has just on 2 million acres of plan-
tation forest. Sixty-seven percent is radiata
and other pine species, mostly in Queensland, make
up the balance.

New Zealand has just under 2.6 million acres
of plantation, 86% of which is radiata - 2.4 million
acres.,

Chile is now reported to have the greatest
area of plantations of the three countries -
approximately 3 million acres. Chile also has the
greatest area of radiata pine - 2.6 million acres
- 87% of the country's total plantation area.

Future wood availability from plantations
depends partly on the rate of earlier planting
(and restocking of felled plantations) and partly
on other factors such as growth rates, commercial
thinning and age at final felling.

RATES OF PLANTATION ESTABLISHMENT

Figure 1 gives the annual planting rates for
the three countries. For New Zealand, estimates
begin from 1921, for Australia 1945, and Chile
1952,

New Zealand's plantings during the late 1920's
and early 1930's aimed to provide increasing volumes
of wood for the domestic market from the 1960's
onwards. It was expected that by then supplies
from the slow growing and largely non-renewable
indigenous forests would be nearly exhausted. New
Zealand's initial planting effort was not matched
by the two other countries. However, during the

1950's and 1960's Australia created new plan-
tations faster than the other two countries
(between 12,500 and 25,000 acres per year more).
New Zealand's rate of new planting was usually the
lowest of the three, but there was little dif-
ference between New Zealand and Chile.

Through the 1960's the rate of new planting
increased in all three countries. By the early
1970's all were planting about 75,000 acres per
year. Since the mid 1970's, there have been major
differences. Over the last 10 years (1974-1983)
Australia's average rate of planting was 91,000
acres per year. New Zealand's was 113,000 acres
per year and Chile's an impressive 205,000 acres
per year,

New planting is not the only contributing fac-
tor. New plantings are supplemented by regenerated
clearfelling., This is particularly important in
New Zealand because clearfelling of the 1925-35
plantings began in the 1950's and has continued
ever Ssince,

A more realistic measure of the plantation
resources, and their potential, is the age class
distribution of the plantations.

AGE CLASS DISTRIBUTION OF THE
PLANTATION RESOURCE

The published age class distributions of plan-
tations as of the end of 1983 are given in Figure 2,
A1l plantations are included for Australia. For
New Zealand, figures for all plantations, and for
radiata only are included. For Chile, only the
radiata plantations are available.

New Zealand has a significant area of trees older
than 36 years. More than half of that is in spe-
cies other than radiata pine (mostly Douglas fir).
Nearly all the old radiata pine crop will be
felled before 1990 to sustain supplies until
significant areas of new planting become available
for harvest.

Table 3.--Total Area of Plantations - 1984/5

(million acres)

[ Radiata Pine Only

Country Source Total Area Total As % of

Area Total
Australia 1 2.07 1.38 67
New Zealand 2 2.71 2.37 88
Chite 7 3 2.94 2.57 87

|

Sources:

1. BAE (1985a) Table 3,
2. Valentine (1986) Table 9,
3. INFOR (1986) Table 14,
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None of the countries has significant areas of
plantations older than 20 years. So unless rota-
tions are short (i.e. considerably shorter than 30
years), it is impossible to greatly increase
plantation wood yields until the mid 1990's. There
are some possibilities for yield from commercial
thinnings in younger stands but, except possibly in
Chile, thinnings are not expected to significantly
increase yields within the next decade.

New Zealand and Chile have equal areas

(195,000 acres) of 16-20 year old stands. Australia

is ahead with 200,000 acres. For the 11-15 year
age class, all three countries have very similar
areas (380-410,000 acres).

Australia has the smallest area of stands less
than 10 years, and Chile the most. Assuming,
reasonably, that average growth rates are similar
for both countries, the advantage Chile has over
New Zealand is almost entirely in stands younger
than 10 years. Chile can only have greater volumes
available for felling than New Zealand, if Chile
clearfells her forests earlier, Sustainment - let
alone increased production - is only possible for
both New Zealand and Chile if the planting rates
of the last decade are maintained.

PROJECTIONS OF FUTURE SUPPLY

In this section I attempt to provide the most
realistic assessment of future yjelds. I report
and comment on projections made by authorities in
each country.

But, a note of caution. Predictions are estimates
based on a series of assumptions. They may, or
may not, represent what will actually happen. It

is important to repeat a warning about projections
given by Valentine and Wije-Wardana (1985).

"The New Zealand projections were based on a
particular set of assumptions., However, as the
Director-General of Forests has noted: ‘No pro-
jection of forest yields at a national level can
be described as accurate or precise. Any single
projection simply represents a possibility chosen
from a wide array of such possibilities...'
(Kirkland 1984). We cannot over-emphasise that
observation."”

These remarks refer specifically to New
Zealand but they apply equally to the other two
countries.

AUSTRALIA

Over the last five years there have been
several projections of future Australian supply
through to the year 2000-2010. The most recent is
being prepared by the Australian Forest and Forest
Products Industy Committee (FAFPIC). Their preli-
minary estimates, not yet published, are very
similar to the 1981 projections of the Australian
Forestry Council (AFC) 1981. In 1985 the
Australian Bureau of Agricultural Economics (BAE)
published projections of future yield for two
alternative harvesting options. Again, values
were very similar, especially where rotations were
assumed to be 40 years. Reducing the rotation to
30 years significantly increased harvest levels
(see Table 4). 1 beliave that Australia will aim
for longer rather than shorter rotations and that
the 1981 projections for plantations are probably
the most realistic.

Table 4.--Projections of total future wood supply (volumes in million cunits)

Australia
1985 1990 2000 2010
Projection
Source

NP P Tot NP P Tot NP P Tot NP P Tot
AFC '81 3.8 2.4 6.2 3.7 3.1 6.8 3.5 4.5 8.0 3.5 5.5 9.0
BAE 1 3.7 3.2 6.9 3.6 4.0 7.6 3.3 6.6 9.9
BAE 2 3.7 4.5 8.2 3.6 6.6 10.2 3.3 8.3 11.6

Notes: P = Plantations (all assumed to be conifer).
NP = Wood from all other souces {mostly indigenous forest),

AFC '8
BAE 2

Both BAE projections assume
- five thinnings

1 = from Tables 8 & 9 of Australian Forestry Council, AFC (1981).
BAE 1 = Option 1 of BAE (1985) - 40 yr rot., 20% pulp, 16m3/ha/yr.
= Option 2 of BAE (1985) - 30 yr rot., 30% pulp, 19.8m3/ha/yr.

- @ continuous new plant in a rate of 34,000 hectares per year

A1l BAE values interpolated from figures 2 and 3 of BAE (1985),
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The most questionable aspect of the projec-
tions is the predicted supply for the indigenous
eucalypt forest. All projections, including the
preliminary 1986 estimates by FAFIPC suggest that
the indigenous supplies will continue, with only a
stight drop, well into the next century.

However, at the recent 12th A1l Australia
Timber Congress Conference (August 1986) several
authorities claimed that these levels could not be
sustained. Between 1970 and 1984 environmental
pressures have resulted in the withdrawal of 1.8
million acres of hardwood forest from production.
The consequence of this, and other restrictions,
will be to reduce saw and peeler log availability
by the year 2000 by over one million cunits (i.e.
to about the present supply level) (Duncan 1986).
I expect there would be the same proportional
reduction in the pulpwood harvest (i.e. giving a
total hardwood harvest of 1.8 million cunits by
the year 2000). 1 also expect that the hardwood
harvest will decline even further after the year
2000,

It seems certain that Australia will remain a
net importer until well after the year 2000.

NEW ZEALAND

Until & short time ago, the most authorita-
tive, and comprehensive prediction of plantation
supply was that of Eiliott and Levack 1981. They
predicted that New Zealand has limited scope for
increasing production before 1990. The harvest
could increase to around 8.5 million cunits after
the year 2000. These figures have now been
revised and new estimates (see Table 5) predict
that the increases will be lower than formerly
expected. The harvest just after the year 2000 is
now expected to be 7.7 million cunits per year.
Some authorities (e.g. Allison 1984) present evi-
dence that suggests even the revised predictions
are too optimistic.

Very few pruned Togs are currently available.
Supplies will slowly increase and volumes are

Table 5.--Projections of future wood

supply

expected to exceed 1 mitlion cunits scon after the
year 2000.

Major uncertainties make predictions difficult:

1. Will present levels of new planting be
maintained, especially given recent Government tax
changes which positively discriminate against new
forest planting and restocking?

2. What rotations will be adopted, especially
now that economics now favour longer, rather
than shorter, rotations?

My view is that new planting rates will fall
and that rotations will lengthen. Projected
yields are therefore probably on the high, rather
than the low, side.

On one supply aspect there is total agreement.
Supplies from indigenous forests will diminish to
negligible amounts in the near future.

New Zealand will be an increasing exporter of
wood, but for the next 10 years any increase will
be relatively small. The big increase will not
come until after the turn of the century and that
depends on new planting rates being maintained.

CHILE

Although Chile has more radiata pine than New
Zealand, the advantage is limited to stands less
than 10 years old. Chilean forestry practice is
going through a revolution. The emphasis is
changing from pulpwood to sawn timber. Pruning
was the exception 5 years ago, but it is now stan-
dard practice. To capitalise on this quality
improvement, rotations will have to be lengthened
from around 24 years to 30 years or more.

In 1984 the Chileans published comprehensive
projections of future yield (see Table 6 for the
predictions assuming rotation lengths of 24 and 28
years). Our company has been looking at this (as
have some Chilean organisations) and our analysis

New Zealand - Plantations Only

Average Annual Yield Forecast for Periods

(in million cunits)

Product 1986-90 91-95 96-00 01-05 06-10
Pruned logs 0.1 0.4 0.7 1.2 1.4
Total sawlogs 2.3 2.5 3.9 5.1 6.1
Pulpwood 0.6 0.8 1.0 1.4 1.5

Total 3.0 3.7 5.6 7.7 9.0
Source: Levack (1986) (pers. com)
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Table 6.--Projections of Future Wood Supply

Chile - Radiata Pine Plantations Only

B4,

Pean Annual Yields (million cunits) for periods

83-85 86-88 89-91 92-94 95-97 98-00 01-03 04-06
Main Sawlogs 2.9 2.9 3.8 3.7 4.5 9.3 8.8
Scenario Pulp 1.3 1.6 2.7 3.5 3.1 5.3 4,2
(24 yr rotation)

Total 4.7 4.5 6.5 7.2 7.6 14.6 13.0 13.8

Totals for
28 yr rotation
scenario Total 3.5 3.8 4,1 5.0 6.5 9.3 11.9 19.7
Source:
CORFOQ- /alues for the 24 year rotations from the table accompanying Graph Ne. 2 {page 45).

INFOR 1984

Values for 28 year rotation from the table accompanying Figure No. 1 (page 56), also

total value for 2004-06 on a 24 year rotation.

leaves us in no doubt that the published Chilean
projections are very optimistic., Our own projec-
tions are not yet complete but they suggest that
the Chilean yield for the rest of this century
will be very similar to that which Levack {1986)
now forecasts for New Zealand. Chile will have to
wait until the next century before she can capita-
lise on her expanded planting programme,

DISCUSSION

The data presented above is based on projec-
tions. There are doubts about many aspects and
about what will actually happen. Some important
aspects are:

Data Accuracy

There are doubts about whether all the planta-
tions claimed to exist do in fact exist. Yield
forecasts, despite recent advances, are not always
reliable. Silviculture alone can affect the
volume produced in New Zealand by 25% or more,

The trend to lower stockings will improve finan-
cial returns but lower overall yields,
Tree Quality

Rarely is tree quality taken into account in
projections. Silviculture, site and genetics can
affect tree size and quality, and therefore, end
use., Apart from a division between sawiogs and
pulpwood this aspect is generally ignored in all
projections. Quality (and economic) considerations
have major implications on rotation length. The
trend is towards longer rotations.

Environmental Pressure

This will certainly influence wood availability
from indigenous forests in Australia and, to a
lesser extent, New Zealand. It may influence
plantation supplies as well. This aspect does not
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appear to have been given the consideration it
warrants.

Locational and Industrial Considerations

Some plantations are remote and may not be
harvested when planned. This could affect future
projections., Some industries (say, a new
pulpmiil) need continuous targe supplies of raw
material before they can begin production.
Capital, energy, infrastructure, and markets have
to be organised before new ventures can begin.
These factors will tend to delay harvest, These
projections usually ignore forest ownership,
another factor which could delay development,

CONCLUSIONS

The evidence does not support a helief that
the three South Pacific Rim countries are soon to
produce vast additional volumes of wond which will
flood the world market. All three countries
appear to have limited potential increases in
production before 1990. Even by the year 2000 the
increased volume production potential may not be
great,

Australia will be a net importer of wood well
beyond the end of this century,

Even when the potential production for New
Zealand and Chile are comhined, the additional
volume available in the year 2000 will probably
only be in the range of 7 to 10.5 million cunits,

I repeat that I believe the real threat to
northern hemisphere producers from southern
hemisphere plantations is much more from the tech-
nology of plantation management, than from
increased volumes of low cost wood.

That plantation technology offers much more of
an opportunity than it does a threat,
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THE PULP AND PAPER INDUSTRY IN THE NORDIC COUNTRIES

IN AN ERA OF INCREASING INTERNATIONAL COMPETITION'

Kari Pesonen?

INTRODUCTION

I am very pleased to have this opportunity to
discuss the pulp and paper industry in the Nordic
countries. During the last ten to fifteen years,
the global pulp and paper industry has experienced
considerable changes due to fluctuating exchange
rates, increasing oil prices, new producers and
consumers, etc,

The Nordic countries, where the importance of
the pulp and paper industry sector is among the
highest in the world, have been strongly challenged
to meet these changing conditions in such a manner
that this key industry could survive and even
prosper.

[ will divide my presentation into five
parts:

1 Nordic countries and the role of forest
industries to their economies.

2 Role of the Nordic countries in global
pulp and paper markets.

3 Changing international market conditions
for pulp and paper products.

4 Changes in pulp and paper industry struc-
ture in the Nordic countries.

5 Competitiveness of the Nordic puip and
paper industry.

[ will concentrate on Finland, Sweden and
Norway. Denmark is a part of the European
Economic Community (EEC) and has completely dif-
ferent resources and problems. I will also leave
Iceland out as its raw material base does not sup-
port the production of pulp or paper products.
Additionally, I will concentrate on pulp and paper
industry only as the importance of this sector
within the forest industries in the Nordic coun-
tries today is clearly most important.

COUNTRY PROFILES FOR THE NORDIC COUNTRIES

Land and People

The expression, Nordic countries, usually
refers to Finland, Sweden, Norway, Denmark and
Iceland. The often used expression, Scandinavia,
actually does not include Finland which only
belongs to the expanded expression Fenno-Skandia.
Finland, Sweden and Norway, where the production
of pulp and paper in the Nordic countries is con-
centrated, are located between 55 and 70 degrees
Northern latitude. As can be seen from Figure 1
this geographical location suggests a climate
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hardly suitable for the production of forest pro-
ducts, The influence of the warm Gulf-stream,
however, has resulted in a climate far warmer than
geographics alone suggest.

To give a general idea of the Nordic countries,
some basic indicators of the people and the coun-
try have been summarized into Table 1. In this
table, the population in millions, GDP in USD bil-
lions and forest area in millions of hectares are
presented. To make comparisons somewhat easier
also, some per capita figures are presented.

o The total population of the Nordic countries
is only some 17 million, but the land area is con-
siderably large (Sweden is the fourth largest,
Finland the fifth, and Norway the sixth largest
country in Europe). As a result, the number of
inhabitants per square kilometre is low (only some
20 compared to 163 in the EEC countries). For
reference, the USA has slightly higher number than
the Nordic countries with 25 (31 excluding Alaska)
but Canada has one of the lowest figures in the
world with only 3 inhabitants per square kilo-
metre.

o The Nordic countries have a very high stan-
dard of living measured as GDP per capita. It was
12 000 USD in 1984 compared to 7000 USD as the EEC
average. For reference, the income per capita in
the USA was about 16 000 USA and in Canada some
13 000 USD. The magnitude of the total GDP com-
pares roughly with Canada.

o The forest area in the Nordic countries is
considerable compared to population and the average
forest area per capita is 3 hectares compared to
Tess than 0.2 in the EEC countries. For reference,
the forest area per capita in the USA is about 1
hectare per capita but in Canada a substantial 12,
The total forest area in the Nordic countries (52
million hectares) exceeds that of the EEC-10 (34
million) but is small compared to the USA (298
million) or Canada (314 million).

The above facts about the Nordic countries can
be summarized as follows:

0 a small population with a large land area
o high standard of Tiving
0 a lot of forests,

‘Paper presented at Southern Silvicultural
Research Conference, Atlanta, Georgia, November
4-6, 1986.

2 Jaakko Poyry Oy, P.0. Box 16, Kautintie 3,
00441 Helsinki, Finland
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PROFILES OF THE NORDIC COUNTRIES COMPARED TO
WESTERN EUROPE AND NORTH AMERICA

TOTAL
POPULATION TOTAL GDP FOREST AREA
(MILLIONS) (BILLION USD) (MILLION HA)

NORDIC COUNTRIES 17 212 52
EEC-10 273 1934 34
USA 239 3841 298
CANADA 25 342 314
INHABITANTS/ INCOME FOREST AREA
SQUARE KILOMETRE USD/CAPITA HA/CAPITA
NORDIC COUNTRIES 16 12 000 3.0
EEC-10 165 7000 0.15
USA 26 16 000 1.2
CANADA 3 13 000 124
Table 1
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Role of Forest Industries to the Economy

Due to their small population, the manufactur-
ing industries in the Nordic countries soon found
their domestic markets limiting and were forced to
Seek export markets. This trend has continued and
is clearly seen in Figure 2 where the share of
exports as percent of the GDP for the Nordic coun-
tries is presented in 1970 and 1984,

0o The-share of exports as percent of the GDP
in the Nordic countries is very high and has grown
clearly since 1970.

o The share of exports is highest in Norway
where they accounted for almost half of the GDP in
1984, For Norway, however, crude oil has had a
decisive role in this development.

o In Finland and Sweden export revenues
accounted for more than 30 % of the GDP in 1984
compared to some 25 % in 1970.

0 For reference, in the USA the share of
exports is less than 10 %, but in Canada exports
accounted for almost as much as in the Nordic
countries.

Looking closer at the exports (Figure 3) in
1970 and in 1984 it can be concluded that:

0 The share of forest products as percent of
total exports has declined in the Nordic countries.
This does not mean, however, that forest industries
had not grown but rather that other industries such
as the metal and chemical industries in Finland and
Sweden and the oil industry in Norway have simply
grown faster.

o The importance of the forest industry is
highest for Finland where it accounts for almost
40 % of export revenues. In Sweden, the share of
forest products is today already less than 20 % and
in Norway only some 5 % of total exports.

o For reference, the share of forest industry
of total exports in the USA is only 3 % but in
Canada it accounts for almost 15 % of all exports.

The role of the forest industry in the Nordic
countries can be summarized as follows:

0o The importance of forest products to the
economy is clearly biggest for Finland. For
Sweden, it is today the number two industry and
for Norway its importance is relatively small,

0 Export of paper in the Nordic countries has
grown faster than that of other forest products
making it the most important export product of
the Nordic forest industry today.

ROLE OF THE NORDIC COUNTRIES IN
WORLD PULP AND PAPER TRADE

Share of Markets and Main Products of the Industry

The share of the Nordic countries of world
production of pulp and paper is illustrated in
Figure 4:
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o The share of the Nordic countries is about
14 % in pulp production and 8 % in paper production.

0 North America has clearly the highest
capacity of both pulp and paper.

o The share of the Nordic countries of pulp
exports is about 24 % and 31 % of paper exports.

o North America dominates exports of market
pulp.

0o Western Europe is an important exporter of
paper with a 24 % share of world exports.

The importance of the Nordic countries is con-
siderably bigger in world exports than in world
production. Together with North America, the
Nordic countries still dominate exports of market
pulp and together with North America and Western
Europe the exports of paper.

The production of main pulp and paper grades
in the Nordic countries is presented in Figure 5:

0 Sweden is the biggest producer of pulp
within the Nordic countries with a production of
some 9 million tons in 1984 followed by Finland
with close to 8 million tons,

0o Norway is clearly least significant with a
production Tess than 2 million tons in 1984.

0 Bleached kraft pulp is the most important
chemical pulp for Finland and Sweden. Sweden pro-
duces mostly softwood kraft whereas Finland also
has a sizeable hardwood kraft production.

o The share of other chemical pulps including
unbleached kraft and sulphite pulps is consider-
able in Sweden due to higher share of industrial
paper grades of total paper production but small
in the other Nordic countries.

The paper production in the Nordic countries
can be summarized as follows:

o Finland is the biggest producer of paper
with a production of 7.5 million tons in 1984
followed by Sweden with 7 million tons.

o The production of paper in Norway was less
than 2 million tons in 1984,

0o The share of newsprint of total paper pro-
duction in Finland and Sweden was about 20 % and
equivalent to over 1.5 million tons for each in
1984, In Norway the production of newsprint was
only some 0.8 million tons but accounted for 60 %
of total paper production.

0 Printing and writing papers accounted for
close to 50 % of paper production in Finland with
3.5 million tons whereas in Sweden their share was
only about 20 % with slightly over 1 million tons,

0 The share of industrial papers including
sack paper, linerboard bleached board, etc.
accounted for over 50% of paper production in
Sweden with close to 4 million tons of production
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in 1984. In Finland their production totalled
about 2.5 million tons but was only about 30 % of
production.

Finland and Sweden are clearly the most impor-
tant producers of pulp and paper among the Nordic
countries. The product mix between the Nordic
countries for both pulp and paper differs consider-
ably as Finland produces printing and writing
paper, Sweden mostly industrial grades and Norway
newsprint. Because the demand for pulp in the
Nordic countries is mostly created by the
countries own paper milis it is logical that the
differences in produced pulp grades result mainly
from differences in paper mix.

Main Markets

The main markets of pulp and paper for the
Nordic countries are presented in Figure 6:

o The majority of the pulp production in the
Nordic countries is used in integrated paper
mills,

o The volume of exports is about 4.8 million
tons representing about 25 % of total pulp
production.

o MWestern Furope represents the main market
for pulp exports with a volume close to 4 million
tons or about 8C % of exports.

o Other markets for pulp are marginal with a
total volume of about 1 million tons. Oceania and
Asia are most important among them.

The paper markets can be summarized as follows:

o Domestic markets account for only 21 % of
total production of paper.

o Also for paper, Western Europe is the most
significant export market with an export volume
close to 9 million tons or 72 % of exports.

o Australia and Asia are the second most
important export markets for paper from the Nordic
countries with a volume of 1.5 miilion tons.

o North America and especially the USA has
increased in importance considerably during the
last years and this market today takes 6 % of the
paper exports with a volume close to 1 million
tons.

The markets of the Nordic pulp and paper
industry can be summarized as follows:

o The majority of the pulp production is con-
sumed domestically and the remainder is exported
to Western Europe.

o Domestic markets only absorb 20 % of the
paper production and the majority of paper is
exported to Western Europe. Markets outside
Western Europe have, however, increased in impor-
tance.

MAIN MARKETS FOR PULP AND PAPER PRODUCTION
OF THE NORDIC COUNTRIES
PULP ZJOEET;HN EUROPE

AUSTRALASIA 32%
OTHERS 23%

POMRT%

TOTAL PRODUCTION 18.7 MILL. TONS

PAPER
NORTH AMEBICH

Q%ﬁﬁﬂﬁsm

TOTAL PRODUCTION 16.1 MILL. TONS

Figure 6

Main Competitors

The competitors of the Nordic countries are
discussed mainly on the Western European markets
as this market clearly dominates in importance for
both pulp and paper exports.

The market shares of main competitors for
selected pulp and paper grades are presented in
Figure 7 and Figure 8. The following can be
concluded:
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MARKET SHARE OF BLEACHED SOFTWOOD KRAFT PULP
IN THE EEC

UWERWESﬁmNEUggﬁ

MARKET SHARE OF BLEACHED HARDWOOD KRAFT PULP
IN THE EEC

Figure 7

0 The Nordic countries together with the USA
and Canada are the most important suppliers of
softwood chemical pulp to Western Europe. The
Nordic countries and especially Finland and Sweden
are main competitors to each other.

o For bleached hardwood kraft pulp the domes-
tic supply from Spain and Portugal is the most
important. The Nordic countries compete also
against each other and Canada, USA and Brazil.

o A1l Nordic countries are important produc-
ers of newsprint and supply about 50 % of the
Western European demand. The competition stems
largely from domestic producers but also Canada
is an important competitor in Western Europe.
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MARKET SHARE OF NEWSPRINT
IN THE EEC

OTHERS 4.0%

SA°

W

MARKET SHARE OF PRINTING AND WRITING PAPERS
IN THE EEC

PGS

Figure 8

0 For printing and writing papers, Finland
and Sweden compete against each other for some
grades but are relatively small compared to the
main competition from local producers.

CHANGING INTERNATIONAL CONDITIONS

The markets for pulp and paper like the whole
world trade have experienced considerable changes
during the last fifteen years. Among the most
important changes affecting the pulp and paper
industry have been:

o fluctuating exchange rates.
0 increasing energy prices.
0 new producers.




Exchange Rates

The exchange rates of world currencies
remained fixed until 1971 when the Bretton Woods
agreement was signed (Figure 9). Until then the
US dollar was fixed to the price of gold, and the
exchange rates of foreign currencies were adjusted
periodically only if there was a need for it.
Since, the exchange rates started to fluctuate in
1971:

o The US dollar depreciated against the
European currencies up until 1980. This had a
negative influence for the pulp and paper industry
in the Nordic countries as most of their products
were traditionally invoiced in US dollars.

o Since 1980, the development was reversed
and a dramatic appreciation of the US dollar was
experienced in the world. This was very benefi-
cial for the pricing of the Nordic pulp and paper
producers and improved the cost competitiveness to
such extent that exports to the US markets became
economically feasible.

o Since 1985, the US dollar has, however,
again reversed its development and has depreciated
against most industrialized currencies and has
again applied cost pressures for the pulp and paper
producers in the Nordic countries.

Energy Prices

The prices of energy have experienced dramatic
changes during the last fifteen years influencing

the whole world economy. We have all in a very
concrete fashion experienced the effects of rising
0il prices in the 1970's. The rising oil prices
have also influenced the price development of other
fossil fuels such as natural gas.

0f the Nordic countries, Finland and Sweden
have no o0il, gas or coal deposits of significance
within their boundaries while Norway has developed
big reserves of oil in the North Sea. The rising
0il prices have consequently had an opposite
effect for Norway than_for Finland and Sweden.

The pulp and paper industry which is an energy
intensive industry was strongly challenged by the
rising oil prices both in Finland and in Sweden.
The dramatic price development of crude oil since
1973 is illustrated in Figure 10 in US dollars:

o The oil price in US dollars increased a
substantial 42 % p.a. during 1974-1980 to 35
UsSb/barrel.

o The appreciation of the Nordic currencies
against the US dollar partly reduced the effect up
to 1980.

o Since 1980, the price of oil decreased
slightly to USD 28/barrel, but the appreciation of
the US dollar created still strong increases in
local currencies.

o Since 1985, the dramatic drop in oil prices
together with a depreciating US dollar have com-
pletely reversed the situation.

EXCHANGE RATE DEVELOPMENT OF NORDIC
CURRENCIES AGAINST THE US DOLLAR
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CRUDE OIL PRICES 1973-1986
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New Producers WORLD PRODUCTION OF BLEACHED SULPHATE
HARDWOOD MARKET PULP
The supply of both pulp and paper has experi- - 1000 TONS -
enced considerable changes during the last fifteen 10000
years. New producers have appeared on both domes- s000k 3
tic and export markets of several grades changing
the overall market picture. 6ooof
7000F
This development has been especially dramatic 6000k
for bleached hardwood kraft market pulp. In Figure
11, the development of the market shares for main 5000F
producers of this grade are illustrated during s000k ngsrop“ﬁgtEURmF
1965-1985.
3000 CAN
The following conclusions about the develop- 2000 USA 3
ment can be drawn: 4
jasy NORDIC COUNTRIES
0 Producers in Latin America, mostly Brazil - . : L ,
and in the Southern Europe, in Spain and Portugal, b 70 e 80 e
have initiated a massive production of bleached 1BRAZIL
hardwood kraft from eucalyptus plantations since
the 1970's. This wood which produces a low cost, - -
high quality pulp has had a tremendous impact on 100 REST OF WORLD
the global pulp markets. sof ASIA 3
80

o The share of the Latin American and Southern
European producers today is close to 40 % of the
market for bleached hardwood pulp compared to
slightly over 10 % in 1965.

o The North American producers have kept
their market share whereas producers in the Nordic
countries have integrated into paper production
and have seen their 35 % market share in 1965
decline to about 15% in 1985,

The production of chemical market pulp where
the cost of wood raw material is decisive for prof-
itablilty has begun its shift to southern regions
where huge plantations guarantee availability and
the favourable climate results in astonishingly
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fast growth and consequently Tow cost of wood.
This trend will continue in the years to come as
production is expanded and new applications for
eucalyptus pulps are developed. This will place a
strong challenge for the market pulp producers

in the Northern parts of the world.

CHANGES IN THE NORDIC PULP AND PAPER INDUSTRY

Markets

As previously discussed, the Nordic pulp and
paper industry has its main market in Western
Europe for most pulp and paper grades. Due to
changing international conditions, however, also
other markets have become attractive. Good exam-
ple of this has been the rapidly growing demand
for pulp and paper products in the Asia. Another
example is the US market which became attractive
due to the appreciation of the US dollar since
1980. In Figure 12, the exports of the Nordic
countries to the USA are illustrated during 1970-
1985, The annual growth rate in the 1980's has
exceeded 20 %. The following can be concluded
about the development:

o The increase in exports has been very rapid
and the level today is close to 0.8 million tons.

o Newsprint exports have reached a level of
200 000 tons in 1985. Norway and Sweden are the
major forces behind increased exports of
newsprint.

o Exports of printing and writing papers to
the USA were close to 0.5 million tons in 1985,
Finland is the major force for these grades con-
stituting close to 80 % of the Nordic exports.

o The exports of industrial grades from the
Nordic countries have remained at marginal levels,
most of them coming from Sweden.

It must be, however, remembered that although
the Nordic producers constitute a considerable
portion of the off-shore imports, they are still
small compared to the total paper imports of close
to 9 million tons or total paper consumption of 65
million tons in the USA. For certain higher
quality paper grades where the market volume is
Timited the importance of the Nordic producers
has been of significance.

It remains to be seen how the recent deprecia-
tion of the US dollar against the Nordic currencies
will influence export incentive to the USA., Sever-
al Nordic pulp and paper companies have expressed
their determination to stay on the US markets and
the export continues at about the same rate,
although certain grades such as SC and LWC paper
have seen a slackening of demand.

Production

Product Mix

In the production of pulp and paper, the share
of fiber cost of total costs varies considerably

between different grades as illustrated in Figure
13 where cost structure of bleached softwood kraft

and woodfree fine paper is presented. As previ-
ously discussed, the Nordic pulp and paper industry
has faced increasing competition for products where
the share of fiber cost is high such as chemical
pulp. This has forced the industry to integrate
into papermaking, to develope new products such as
SC (supercalendered) paper and to invest in prod-
ucts where the cost competitiveness is better. In
Figure 14, the share of market pulp of total pulp
production is demonstrated for Finland and Sweden:

o The share of market pulp of total pulp pro-
duction has decreased significantly during the
last twenty years.

o Finland has decreased its dependence on
softwood market pulp from 64 % in 1965 to 28 % in
1985 and Sweden from 85 % in 1965 to 65 % in 1985.
Sweden is thus still more dependent on softwood
market pulp.

o In hardwood pulp, Finland has decreased
dependence from 85 % in 1965 to 48 % in 1985. For
Sweden, the development is even more dramatic as
the dependence on hardwood market pulp in 1965 was
97 % compared to 57 % in 1985. Also in hardwood
pulp, Sweden is more dependent on market pulp than
Finland.

In addition to higher degree of integration,
the Nordic countries have invested in paper prod-
ucts where the share of expensive fiber is lower.
In Figure 15, the product mix of paper production
in Finland and Sweden is demonstrated:

o The share of cultural papers including
newsprint and printing and writing papers has
increased in both countries.

o The share of cultural papers has increased
considerably in Finland, from 53 % in 1965 to
67 % in 1985. Sweden which has traditionally had
a lower share of cultural papers has also
experienced the same development. The increase
has, however, not been as dramatic as in Finland,
from 37 % in 1965 to 42 % in 1985,

The pulp and paper industry in Finland and
Sweden have significanlty decreased their depend-
ence on market pulp by integrating into paper-
making. Both countries, and especially Finland,
have changed their product mix in the increasing
competitive markets and have invested heavily in
the production of cultural papers, and consequent-
1y they account for the majority of paper produced
in Finland today and approach the 50 % market also
in Sweden.

Production Inputs

The production costs of pulp and paper differ
considerably by product, but usually the most
important cost elements are fiber, energy and
labor.

Fiber
Due to the Northern geographical location, the

growth of wood in the Nordic countries is clearly
slower than in most competing regions. This is
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one of the key factors resulting in higher wood
costs than in the competing regions as illustrated
in Figure 16. To compensate this, the Nordic
mills have developed new mechanical pulps such as
thermo-mechanical pulp (TMP) and pressurized
groundwood pulp (PGW) which enable usage of more
economical fiber mix for several paper grades.
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Energy

The Nordic countries must import most of their
fossil fuels, and the prices consequently follow
international price trends as described in previous
section. This low self-sufficiency is a disadvan-
tage as the pricing usually takes place in US
dollars and transportation and other costs must be
added to the basic costs. As a result of ‘expen-
sive cost of fossil fuels, the pulp and paper
industry in the Nordic countries has been forced
not only to look for alternative fuels but also to
reduce consumption of outside fuels (Figure 17).
As a result of continuous energy savings and
improved recovery systems, the Nordic pulp and
paper industry today consumes less outside fossil
fuels per product than any other country in the
worid.

The cost of power, which is one of the most
important cost elements in the production of
mechanical pulps, is cheap in international com-
parison in Sweden and Norway as demonstrated in
Figure 18. This low price is a result of high
share of cheap hydro power and nuclear energy of
total energy generation.
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Labor

The Tabor costs in the Nordic countries are
expensive compared to several EEC countries in
Western Europe. In North America the labor costs
are, however, clearly higher than in the Nordic
countries. The high share of fringe benefits of
total labor costs is a special feature of the
Nordic countries.

To compensate higher labor costs, the Nordic
pulp and paper industry has always tried to take
advantage of the economy of scale as demonstrated
in Figure 19. The average size of new paper
machines in the Nordic countries has clearty
exceeded that of the rest of the world.

Size of Companies

The Nordic pulp and paper industry has experi-
enced considerable changes in product mix, markets
and structure of production of capacity. Another
important development in the Nordic pulp and paper
industry is the increasing concentration of the
production (Figure 20):

0 The decline in the number of companies is
dramatic as in 1970 there were a total of 129 pulp
and paper companies in the Nordic countries com-
pared to 72 in 1986.

0 The number of pulp and paper companies in
Finland today is 20 compared to 30 in 1970.

0 In Sweden the number of pulp and paper com-
panies today is 26 compared to 42 in 1970.

0 The decline has been biggest in Norway
where several small mechanical pulp mills have
beeen united into bigger units.

The increasing production of pulp and paper in
the Nordic countries together with a smalier number
of companies has resulted in a considerable
increase in average company size:

o The average size of companies today is big-
gest in Finland with an average capacity of 750 000
tons per company. Sweden is second with 620 000
tons per company and Norway third with 130 000 tons
per company.

o The increase has been biggest in inland and
Sweden where the average output of pulp and paper
companies has more than doubled during 1970-1985,

The pulp and paper industry in the Nordic
countries has experienced considerable changes in
ownership during the last fifteen years. Smaller
units have heen merged into bigger units to take
advantage of economy of scale and to reduce domes-
tic competition. The size of companies is still
smaller than in North America, and it appears
Tikely that more restructuring will still take
place in the next couple of years to estahlish
internationally competitive units.
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AVERAGE CAPACITY OF NEWLY INSTALLED
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COMPETITIVENESS OF THE NORDIC PULP
AND PAPER INDUSTRY

The competitiveness of any industry can be
measured in several ways, but in industries where
the products do not substantially differ from one
another the comparison of manufacturing costs is
one of the most interesting ones.

Size of Paper Machines

As previously discussed, the pulp and paper
industry in the Nordic countries has invested in
bigger paper machines than the competing regions.
This is clearly illustrated in Figure 21 where the
average size of existing paper machines for selec-
ted countries is presented:

o Finland has the biggest existing paper
machines with an average capacity of over 70 000
tons per year followd by Sweden with over 60 000
tons. This is very high compared to EEC where the
average size still is less than 20 000 tons per
year.

o Norway has clearly smaller machines than
Finland and Sweden.

o Canada and the USA also have big machines
in international comparison with average capaci-
ties of over 50 000 tons.

Cost Competitiveness

The cost competitiveness i.e. manufacturing
costs and delivery costs to Western Europe of the
Nordic producers for two different products,
namely bleached hardwood kraft pulp and uncoated
woodfree paper are presented in Figures 22 and 23.

In these figures each graph represents a region
and the y-axis shows costs of producers placed in
ascending order while the x-axis shows cumulative

tonnage of each region.

For bleached hardwood kraft following can be
concluded:

o Portugal and Brazil have about 30 % Tower
costs than Finland.

0 Most mills in the US South have also lower
costs than the Finnish producers.

For uncoated woodfree paper the conclusions
are following:

o The integrated mills in Finland and Sweden
are competitive in Western Europe.

o The integrated mills in Sweden appear to
have the lowest costs.

o The unintegrated mills in the Nordic
countries have higher costs than most other
producers.

The cost competitiveness of the Nordic pro-
ducers clearly illustrates that even the big,
modern production units cannot compensate the
substantially lower wood costs of the Southern
producers for hardwood pulp and the cost com-
petitiveness against them is weak.

For uncoated woodfree paper the situation is
reversed and the integrated producers in Finland
and Sweden have a clear cost advantage against the
unintegrated producers of the EEC.
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CONCLUDING REMARKS

The Nordic countries where the importance of
the pulp and paper industry to the national econ-
omy is among the highest in the world have been
strongly challenged to meet the changing inter-
national conditions during the last fifteen years.

The industry has gone through several changes
concerning industry structure, energy efficiency,
product mix, markets etc. Among the most impor-
tant changes are the following:

o The pulp production in the Nordic countries
has been increasingly integrated into paper pro-
duction. This has been especially true for hard-
wood kraft pulp where new producers with substan-
tially lower production costs have emerged on the
markets.

o The share of cultural papers where the
share of fiber cost is less important have grown
at the expense of industrial papers.

o The Nordic producers have looked at new
markets such as the Far East to take a share of
the rapid growth of pulp and paper consumption.
Increasing marketing efforts have also been aimed
at the USA which has been attractive due to the
strong US dollar.

o Fiber costs have been decreased as a result
of new mechanical pulps developed in the Nordic
countries such as the TMP and PGW.

o Considerable investments in energy conser-
vation have made the Nordic pulp and paper industry
the most energy efficient in the world.

o The new paper machines in the Nordic coun-
tries have been bigger than in competing regions
resulting in Tower manhours per ton of end prod-
uct.

o The Nordic pulp and paper industry has also
experienced considerable restructuring which is
still in progress. The result of this development
is the bigger size of companies which enables more
efficient units and greater rationalization of
production.

The pulp and paper industry in the Nordic
countries today can be considered as a leader in
the world with modern and cost efficient produc-
tion units. Its importance to the national econo-
mies will remain important for many years to come,
but in order to keep its leading position on the
key markets in Western Europe integration into
papermaking shall be further increased and new
paper products are developed where full advantage
of the competitive advantages such as the low
power rates and big production units can be taken.
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SLASH PINE PLANTATION SPACING STUDY--AGE 301/

2/

Earle P. Jones, Jr.

Abstract.--In 1952, slash pines (Pinus elliottii Engelm.
var. elliottii) were planted at spacings of 6x6, 6x8,
5x10, 8x8, 6x12, 10x10, 7.5x15, and 15x15 feet on an old

field (site index 65 feet at age

25) in the middle Coastal

Plain of Georgia. Except for a few trees removed to
salvage ice damage, plots were not thinned. Merchantable
volumes at ages 25 and 30 did not differ significantly
among original spacings. Recommendations are: (1) For
pulpwood production, plant 600-800 trees per acre and
harvest at age 25. (2) For sawtimber, plant 600-700 trees
per acre and thin at age 15 to 20, or plant 400 to 600 and

delay thinning until after age 20.

INTRODUCTION

Most studies of pine plantation spacings have
incorporated some cultural treatment, such as
fertilization or thinning, when the trees
attained merchantable size. Although thinnings
are certainly warranted in most pine plantations,
it is interesting to see how slash pine (Pinus
elliottii Engelm. var. elliottii) responds to
eight spacings, unaltered by thinning or any
other cultural activity. Early results of this
study were reported after 8 years (Bennett 1960)
and 12 years (Harms and Collins 1965). Interim
growth information derived from the study has
been included in other reports {Bennett 1963 and
1975). Results through age 30 are reported here.

METHODS

The study site was an old field, which had
been cultivated the previous year, on the Holt
Walton Experimental Forest in Dooly County,
Georgia, in the middle Coastal Plain. The soil
is loamy sand, mostly of the Lakeland and Gilead
series. In January 1952, nursery-run 1-0 slash
pines from the Georgia Forestry Commission
nursery at Albany, Georgia, were planted. The
study was laid out in plots of approximately
0.8-acre with a 12-foot wide firebreak around
each plot. Two blocks were established, with
each of the eight spacings represented in each
block. Spacings were precisely measured in NS
and EW directions, and planting spots were marked
with a peg prior to arrival of the seedlings.
Seedlings were dibble-planted under careful

1/
_ Paper presented at Fourth Biennial Socuthern
Silvieultural Research Conference

Atlanta, Georgia, Hovember 4-6, 1986.

2/

Research Forester, USDA Forest Service,
Southeastern Forest Experiment Station,
Macon, Georgia.

supervision over a 2-day period when soil
moisture was plentiful. The few dead seedlings
found in inspections were replaced in March and
May of 1952, and resulting overall survival at
the end of four growing seasons was 97 percent.
Eight spacings were installed: 15x15, 7.5x15,
10x10, 6x12, 8x8, 5x10, 6x8 and 6x6 feet

(table 1). These spacings represent densities
from 194 to 1210 trees per acre (TPA). Hardwoods
and shrubs were never a problem on this recently
cultivated study site, and the few invading stems
that did appear, including volunteer pines, were
removed.

MEASUREMENTS

Since age 12, measurenents have been taken on
permanent interior measurenment plots of
approximately 0.37 acre. Measurements were made
annually until age 22, then at ages 25, 28, and
30. At these times, d.b.h. was measured and
orown class and mortality were noted of all trees
on the sample plot. Total heights and live crown
ratios were measured on no less than 20 randomly
selected trees proportionally representing the
1-inch diameter classes encountered.

Diameter distributions, height data, and plot
dimension information were combined to generate
stock and stand tables by 1-inch diameter classes
for total and merchantable cubic-foot volune,
basal area, mean total heights of all trees and
the dominant stand, and other stand parameters.

For each treatment plot, by year, a
height-diameter relationship was fitted to the

form:

Log H=a+b (D)‘1 (n

"

common logarithm, base 10,
total height (feet),
diameter breast height
(0.1 inch), and

a and b = calculated coefficients.

where: Log

m
oo
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Table 1.-~Various stand characteristics averaged for each

v

original spacing treatment, by selected ages

ORIGINAL H
TREES |
SPACING PER ! AGE (YEARS)
(FEET) ACRE! 10 15 20 25 30 i 10 15 20 25 30
| 1/ Survival, all trees (percent) ! Basal area, all trees (sq. ft./acre)
15%x15 194 | 95 a 87 a 86 ab 82 a 76 a | uyf 71 4 95 d 110 d 114 b
7.5x15 387 | 94 a 91 a 87 a 81 ab 73 ab | 71 e 103 ¢ 122 ¢ 134 ¢ 136 a
10x10 436 | 91 a 86 a 83 abe 72 be 60 be | 76 e 109 ¢ 132 be 140 be 135 ab
6x12 605 | 91 a 85 a 77 abe 66 ¢ 55 ¢ i 884 116 ¢ 132 be 138 be 132 ab
8x8 681 1 96 a 92 a 84 abe 71 be 58 ¢ ! 94 od 131 b 149 a 151 abe 140 a
5510 871 ) 96 a 86 a 78 abe 63 ¢ 48 ¢ ! 103 be 131 b 146 ab 146 abe 133 ab
6x8 907 | 94 a 86 a 75 ¢ 60 ¢ 15 ¢ I 113 ab 143 ab 155 a 154 ab 134 ab
6x6 1210 |} 95 a 88 a 76 be 64 ¢ b9 e 1 117 a 146 a 158 a 160 a 1Y a
! Mean d.b.h., all trees (inches) i Mean crown ratio, all trees (percent)
15x15 194 | 6.6 a 8.8 a 10.2 a 11.2a 12.0 a i 69 a 54 a 4h a 35 a 31 a
T.5215 387 | 6.0 b 7.3 b 8.1 b 8.9 b 9.4 b ! 590 46 b 36 b 27 b 26 b
10x10 436 | 5.9 b 7.3 b 8.2 b 9.1 b 9.7 b i 56 be 44 be 35 b 27T b 25 be
6x12 605 | 5.4 ¢ 6.4 ¢ 7.2 ¢ 7.9 ¢ 8.5 ¢ | 54 bed 42 ed 31 ¢ 25 ¢ 24 be
8x8 681 ! 5.1 cd 6.2 cd 6.9 cd 7.6 cd 8.1ed | 51 cd 38 de 30 ¢ 23 d 22 cd
5x10 871 ) 4.7 e 5.6 e 6.3 e 7.0 d 7.6 d ! 4g 4 36 ef 31 ¢ 24 cd 23 ed
6x8 907 | 4.9 de 5.8 de 6.5 de 7.2 d 7.8 ed | U8 de 35 ef 29 ed 22 e 20 d
6x6 1210 | 4.3 ¢ 5.0 £ 5.6 f 6.1 e 6.6 e I 44 e 32 f 27 d 21 e 20 d
| 5/ Mean total height, D+C, (feet) ! Merchantable volume (cu. ft./acre)
15x15 194 | —a 48 ab 59 a 67 a 71 a ! 573 ¢ 1506 ¢ 2562 b 3392 a 3720 a
T.5x15 387 | - 49 ab 59 a 66 a 70 ab | 935 ab 2160 b 3208 a 3942 a 4364 a
10x10 436 | - 148 ab 58 ab 66 a 70 ab | 977 ab 2272 ab 344y a 4110 a 4247 a
6x12 605 | - 46 abc 55 abe 62 ab 67 abe 11056 a 2233 ab 3145 a 3795 a 3962 a
8x8 681 | - 46 ab 55 abe 62 ab 66 abe 1103 a 2489 ab 3/U9 a 4102 a 4129 a
5x10 871 | - 45 be 53 ¢ 60 b 64 cd | 962 ab 2280 ab 3246 a 3734 a 3757 a
6x8 907 | ~- 45 be 54 be 62 ab 66 be 11166 a 2559 a 3593 a 4120 a 3925 a
6x6 1210 | - 43 ¢ 51 ¢ 57 b 60 d i 747 be 2168 ab 3158 a 3632 a 3697 a
3V

For given ages and characteristics, treatment means
significantly at the 5 percent level.

2/

- Crown class not recorded at age 10.

Height estimates for each diameter class on a
given plot were used in calculating cubie-foot
volume estimates by these equations:

TCFV

where:

TCFV

MCFV
TCFV

<h.6
MCFV

TCFV
<h4.6

o0

.002575(p2H) -

.00
.00

5 .4588 (2)
2668(3 H) - .128974 (3)
595(D"H) - .88985 (1)

Merchantable cubic-foot velune,
o.b. to U inches top d.o.b.,

Total cubic-foot volume o.b.,
Total cubic-foot volume of

trees less than 4.6 inches d.b.h.,
and D and H are as stated above.

Equation (2) was derived from an equation
published by Bennett and others (1959) for
old-field planted slash pines up to 12 inches
d.b.h., but revised to include trees up to 18
This step seemed appropriate because
trees up to 15 inches d.b.h. were present at age

inches.
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followed by the same letter do not differ

30. Equation (3) is also from Bennett and g;hers
(1959), and Equation (4) is an unpublished
equation for small diameter trees. Volumes were
calculated for each diameter class represented on
a given plot, accumulated across classes for a
plot total, and converted to per acre
equivalents,

Study data were examined by block analysis of
variance at five selected ages: 10, 15, 20, 25,
and 30 years. Significant differences among
spacing treatments were compared by Duncan's
multiple range test at the 5 percent level of
confidence.

3/Personal communication with Douglas R.
Phillips, Southeastern Forest Experiment Station,
Clemson, South Carolina, 1982.




RESULTS
Survival

Initial planting densities ranged from 194 to
1210 TPA (15%15 to 6x6). As would be expected,
the number of surviving TPA remained directly
related to initial density, through age 30, with
but a few exceptions. Survival ranged from 91 to
96 percent at age 10 (table 1). A severe ice
storm on New Year's Day, 1964, at age 12, caused
some top breakage and branch stripping throughout
the study. The 6x6 had significantly less damage
than all other spacings. Those trees that
appeared unlikely to survive were removed to
reduce the risk of attack by bark beetles (Ips
spp. and Dendroctonus spp.), but removals as a
percent of the number of surviving trees on the
plots were not significantly different among
spacings. By age 15, survival still was not
significantly related to initial density and
varied from 92 to 84 percent. Significant
differences were apparent at age 20, in a range
from 87 to 75 percent. By age 30, survival
varied from 76 percent on the 15x15 spacing to 45
percent for the 6x8 spacing.

Most early mortality can be attributed to a
combination of competition and fusiform rust
caused by the fungus Cronartium gquercuum (Berk.)
Miyabe ex Shirai f. sp. fusiforme. Survival, at
least through age 20, was above normal for
operational planting and represents very nearly
the effect of full stocking at the initial
spacing.

Basal Area

Total basal area has remained directly
correlated with original spacing, with few
exceptions, through age 25. By age 10 the three
closest spacings (5x10 and closer) already had
over 100 =zquare feet of basal area per acre, and
there was a T3-square-foot range between spacing
extremes (table 1). By age 20, the four closest
spacings (8x8 and closer) had converged at about
150 square feet, and from age 20 to age 25, they
showed little or no increase in basal area.
Basal area stocking on all but the two widest
spacings culminated at or before age 25. A
maximum basal area of 165 square feet was reached
on one of the 6x6 plots at age 25. Only the
15x15 and 7.5x15 had not shown a downturn by age
30.

Diameter Breast High

Quadratic mean diameters of all trees were
calculated; they are perhaps 0.1 inch higher than
the arithmetic mean. A significant difference in
mean diameter first occurred at age 5 at a
density of 500 to 550 TPA (Bennett 1960), and
means have become increasingly more divergent
across the range of densities to age 30. Average
diameter of all trees at the widest spacing was
53 percent larger than that at the closest
spacing at age 10, and 81 percent larger at age
30 (table 1). The strong effect of planting
density on d.b.h. can be seen in the fact that
over the 1000-tree range of initial densities in

this study, there are five or six significant
differences in mean diameter. Two of these
differences consistently occur at the two spacing
extremes--the 6x6 and 15x15 have significantly
smaller and larger diameters, respectively, than
all other spacings. At age 20, only the 15x15
spacing had more than half its surviving trees in
merchantable sizes, but by age 30 all surviving
trees were merchantable at all spacings.

Crown Ratio

Crown ratio is important in maintaining
diameter growth, and it is significantly related
to stand density. Assuming a 35~-percent crown
ratio is desirable in pulpwood size slash pine,
the 6x6 spacing was in jeopardy at age 15, with
32 percent of total height in green crown (table
1). At age 20, all spacings 6x12 and closer
(over 600 TPA) had less than 35 percent green
crown, and by age 25, only the 15x15 spacing
still had 35 percent crown.

Total Height

Mean total height is usually not related to
stand density among the densities normally
encountered in managed stands of southern pines.
This spacing study has been an exception since
age 10 (Harms and Collins 1665, Lloyd and Jones
1983). Plots planted closer than 8x8 (681 TPA)
generally had significantly shorter trees through
age 30 (table 1). Only the very wide and very
close spacings were clearly different in height,
j.e., fewer than 400 vs. more than 800 TPA.

These height differences also have an ef fect
on the estimation of site index when widely
different densities are found on otherwise
similar sites. The average height of the
dominant stand at age 25 in this study is a
direct measure of 25-year site index (table 1),
and a 10-foot difference in site index can be
recognized due to spacing, while the difference
between blocks was not signifiecant. With two
overlapping significance ranges by Duncan's test,
the difference point can be generalized at 600
TPA surviving at age 10.

Perhaps we should remind ourselves as we are
looking for numbers to put into computer models,
that site index was not originally intended as an
absolute measure of site potential. In fact,
site index is usually estimated to the nearest
10-foot class. In that light, variations of less
than 10 feet are not serious defects. However,
if these eight spacing treatments are assigned to
10-foot site index classes, the three widest
spacings will be site 70, and all others site 60.

Merchantable Cubic-Foot Volume

From ages 10 through 30, there were very few
significant differences in merchantable volume
production among the eight spacings, but
variation among treatments was high (table 1).
At age 10, the widest and closest spacings had
significantly less volume than the intermediate
spacings. At ages 15 and 20, only the 15x15 was
significantly belqQw other spacings in cubic
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volume. There was considerable variation in
cubic volume among treatments at ages 20, 25, and
30 (fig. 1), but the differences at ages 25 and
30 weré not statistically significant.
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Figure 1.--Merchantable volume over initial trees
bper acre and spacings, by age, for slash pine
spacing study.

These results should be viewed with caution.
They represent only the effect of initial TPA
(spacing) on volume, and not surviving TPA, which
is the product of initial density and current
survival percent. Yield studies consistently
show a highly significant effect of surviving TPA
on cubic volume yields (Bennett 1963),

DISCUSSION AND CONCLUSIONS

Merchantable cubic-foot volumes at ages 25 and
30 were not significantly different across the
eight initial spacings in this study (15x15 to
6x6, 194 to 1210 TPA), but yields for the two
extreme spacings were consistently lower than for
the others (table 1). However, spacing alone
does not account for changes in TPA over time, as
a result of mortality. Further investigations
with these data will examine effects of TPA on
growth and yield. Merchantable volume growth
declined sharply after age 25 (fig. 1),
especially for spacings of 8x8 and closer (over
680 TPA). For example, the 6x8 spacing (900 TPA)
had the highest volume of all spacings at ages
15, 20, and 25, but fell to fifth highest at age
30, when the 7.5x15 spacing had the highest
volume, Lacking significant differences in
merchantable volume, the choice of initial
spacing may therefore be based on other factors.
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Average d.b.h. at spacings below 6x12 (less
than 600 TPA) were significantly larger than at
closer spacings. Average diameters of 10 inches
were obtained by age 20 at the widest spacing
(200 TPA), which is desirable for early sawtimber
production.

Although this study was not designed to
compare square vs. non-square spacings, evidence
indicates no significant difference in
nerchantable cubic volume production through age
30 due to spacing configuration. Ten feet or
more between rows permits access into the stand,
but apparently does not sacrifice merchantable
volume production.

Mutual competition was evident in the early
decline of live crown ratio at the closer
spacings. Crown ratio was approaching 30 percent
by age 20 at spacings of 6x12 and closer (over
600 TPA). If sawtimber is the ob jective,
thinnings should be applied by age 20 for stands
planted with over 600 TPA. Thinnings in stands
starting from fewer than 600 TPA can be deferred
until after age 20. Perhaps stands originating
with 400 or fewer TPA could g0 unthinned to age
30. Without thinning, basal area will peak at
150-160 square feet per acre, and then declined
due to mutual competition among planted trees.

Several conclusions can be drawn from this
study and applied to similar unthinned old-field
slash pine plantations on sites 60 to 70:

1. A 6x6 spacing is not efficient for
merchantable volume production.

2. Select a spacing pattern to allow 10 to 12
feet between rows.

3. For pulpwood production only, plant 600 to
800 TPA and harvest at age 25.

4. For sawtimber production, plant 600 to 700
TPA and thin at age 15 to 20, or plant 400 to 600
trees and delay thinning until after age 20.

5. On similar sites, unthinned slash pine
stands starting from 200 TPA will have dominant
stand heights approximately 10 feet taller than
plantings originating with 1200 TPA.
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CONVERTING "THE BARRENS' FROM LOW-QUALITY HARDWOODS TO HIGH-YIELDING

1/

LOBLOLLY PINE PLANTATIONS—

b
- . . . . s . 2/
Edward Buckner, Richard Evans, John Mullins and Eyvind Thor>

Abstract.--A split-plot design was used to test no
treatment, fire plowing and double disking as main treatments
for controlling residual hardwoods following a commercial
timber harvest and planting 1-0 seedlings vs direct seeding
as sub-plot treatments for converting a low-quality hardwood

stand to a loblolly pine plantation.

This evaluation was

made at plantation age 23. Double disking was more effec-
tive than the other site preparation treatments and planting
was more effective than direct seeding. Average annual
growth where this combination was used was 2.4 cords per acre
per year. Although less productive, the following treatment
combinations resulted in stands of acceptable stocking:
plow/plant, no site preparation/plant and disk/seed. High
yields from the disked/plarted plots makes this treatment
attractive for intensive management. Planting without site
preparation appears to be a viable option on small ownerships
where intensive site preparation is not feasible.

INTRODUCTION

The long-term and high risk nature of forestry
investment is such thatr production~oriented
foresters generally prefer to "practice their
trade" on suitable land that is free from conflict
with other possible land-use options (e.g.,
wilderness, agriculture, urban development,
natural areas, etc.). Finding land free from
these constraints that is suitable for the practice
of intensive forestry is becoming increasingly
difficult as pressures for land increase. '"'The
Barrens,' an extensive region on the Eastern
Eighland Rim in south-central Tennessee, may be one
such area.

This flat to gently rolling region is covered
with a loess mantel in which soils develop that
commonly have a fragipan at 16-24 inches. The
characteristic soil for this region is Dickson
silt loam (undulating phase). It is not in demand
for agricultural crops although there is increasing
use for pasture. It is not suitable for subdivision
development or other urban construction due to
impermeability. Septic systems do not work
efficiently, especially in the winter when a
pearched water table commonly waterlogs the soils.

1 B C oy
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The "native" forests also suggest that these
soils would be unproductive for forest crops.
The dominant trees are primarily oaks - scarlet
(Queng§v£9££§Q§§4L.}, chestnut (Quercus prinus L.),
post (Quercus stellata Wangenh.), blackjack
(Quercus marilandica Muenchh.), and southern red
(Quercus falcata Michx.) with a few hickories,
elms and an occasional ash. Understory trees are
largely dogwood, sourwood and redbud. In the
spring rapid evapotranspiration quickly dries the
shallow rooting zone making drought a common
occurrence during much of the growing season.
The pines native to Tennessee are not generally
found in this region.

A history of frequent fires, grazing and
high-grading have combined to mask the potential
productivity of these sites for forest crops.

The general lack of interest in forest management
by landowners likely results from the low inherent
value of the native species, their degraded
condition (fire scars, limbiness, etc.) and a
general lack of markets for unprocessed forest
products. Converting these sites to pine has not
been widely practiced as the region is outside

the procurement zones for all butr 2 or 3 pulp
companies.

In 196C approximately 860 acres in ''The
Barrens" was acquired as surplus government
property by the University of Ten ssee, essentially
all of which supported a low-quality hardwood
forest that was typical for this region. It was
composed of two distinct age classes - a pooriy
stocked overstory dominated by oaks that were
generally over 10-12 inches dbh and an understory
of mixed hardwoods generally less than 10 vears
old. In the mid-1950's an effective forest fire
control program was implemented in Tennessee which
alloved the vounger ase class to become establighed.




THE STUDY

This study was established in the winter of
1961-62. It was prompted by the apparent low
productivity of the ''mative’ forest cover. An
early indication of the greater productivity of
loblolly pine on these soils was evident from
plantations established on Arnold Engineering
properties (a federal ownership) in the 1940's
and 50's.

Study objectives were to evaluate:

1) mechanical site preparation methods for
controlling the residual hardwood under-
story sufficient to establish a loblolly
pine plantation,

2) planting vs seeding for establishing a
loblolly pine plantation, and

3) the potential for loblolly pine on these
seemingly unproductive sites.

METHODS

A1l merchantable timber 12 inches dbh and
larger on the 115 acre study area was removed in a
commercial timber sale. The remaining overstory
trees (3 inches dbh and larger) were injected
using a mixture of 2,4-D and 2,4,5-T. There
remained a hardwood understory that would compete
with planted pines.

The experimental design was a split plot
arrangement of 3 site preparation treatments in
which 2 planting methods were tested (Table 1).
There were 3 replications; however, one was largely
destroyed by a wildfire in 1970.

Table 1.--Main and subplot treatments ‘or the split
plot experimental design.

Main treatments were (plot size = 1,000' x 500'):

1. Control = no treatment of understory
hardwoods (a few were damaged/killed by the
logging operation).

2. Fire plow = opening fire plow lanes on 8
foot intervals.

3. Double disking = uniform coverage of entire
area using bog-type disk.

Sub-plot treatments were (plot size 500" x 500'):

1. Direct seeding of stratified loblolly pine
seed. In the disked plots seeding was done
with a cyclone seeder at the rate of cne
pound per acre. In the fire plow plots
geeding was continucus along the bottom of
the trench while in the coatzol plots
seeded spots were spaced as were the
planted trees and at the rate of 1/2
pound per acre using a Panama seeder.

2. Planting 1-0 loblolly pine seedlings on &
spacing that would give 1,000 trees per

acre (approximately 8' x 5.5,

These main and sub-plot treatment combinations
give the following treatments in the 5.75 acre
sub-plots:
1. no site preparation + direct seeding
(in spots using Panama seeder)
2. no site preparation + planting seedlings
3. fire plow + direct seeding {continuous
along fire plow trench)
4, fire plow + planting seedlings
5. double disking + direct seeding
(broadcast using Cyclone seeder)
&. double disking + planting seedlings

Site preparation and planting were done in
the spring of 1962. Twenty five permanent sample
plots were established in each treatment plot.
The stand parameters used in this report were
obtained in the fall and winter of 1984-85,
following the 23rd growing season.

RESULTS AND DISCUSSION

Main treatment (site preparation} effects
indicate that double disking resulted in signifi-
cantly greater stocking and basal areas than the
other two treatments (Table 2). Plots receiving
this treatment also had significantly greater
tree heights than the control and greater cordwood
volumes than the plowed plots. Plowing did not
result in significant improvement ovel the controls
for any of the measured parameters. These plots
had the lowest stocking, which was likely due to
competition from residual hardwoods and frost
heaving (as planting was in the bottom of the
furrow where water often stcod during the winter
months) .

Table 2.--Stand density and growth parameters for
the various treatment combinations.

Trees DBH  Height Basal Cords
Treatment per Acre (in.) (feet) Area (sq.ft.) per Acre
AVERAGES FOR INDIVIDUAL TREATMENTS

SITE PREPARATION a a ab
None 3512 7.49 55 113.57 33.57
Plowed 304 8.00 57, 106.6, 32.4
Disked 430 7.76 58 146.6 45.1

PLANTING METHOQ a a a
Seeded 294, 7.67 55 97.1 28.6,
Planted 438 7.80 59 149.6 46.0

b/

AVERAGED FOR COMBINED TREATMENTS—

SITE PREPARATION/PLANTING METHOD

Disk/plant 465 8.17 61 174.2 56.0
Plow/plant 387 7.66 58 127.3 38.9
None/plant 452 7.64 57 148.1 44.1
Disk/seed 405 7.49 56 128.2 37.8
Plow/seed 221 8.34 56 85.9 25.9
None/seed 198 7.27 52 61.7 17.6

E/Values in columns followed by the same letter are not
significantly different at the .05 probability level
according to Duncan's Multiple Range Test.

b :

-jStatistical analysis of the combined treatments was not
appropriate due to a fire that destroyed portions of
two replications.

All of the tree/stand parameters measured
were higher in the planted plots than in those
established by direct seeding (Table 2). The
one-year growth advantage of planted seedlings
likely made them better competitors against
hardwoods and accounts for their larger size.
Higher stocking in all planted plots was not the
case at age 5 when the double disked/direct seeded
plots had 2,471 trees per acre, the heavest
stocking in the study at that time (Thor and
Huffman, 1969). While high mortality is expected
with stand development in such overstecked stands,
a contributing factor may have been the slow
early growth of seeded pines relative to sprouting
hardwoods.

Although not analyzed statistice all of
the tree/stand parameters measured ~xcept average
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diameter were the highest in

plots (Table 2). This indica that the rapid
development of fully stocke ne stands is

strongly dependent on effec control of hard-
woods and the growth advant:
pine seedlings. While the
likely reduced diameter growth, only the plow/seeded
plots had higher average diameters. These large
diameters were likely due to low stocking
combined with some hardwood co o However,
stocking in these plots was unsatis actory.

w3
B ot
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All stand parameters were the lowest where
direct seeding was done with no site preparation
(Table 2). Not only were these plots understocked,
but individual tree parameters (height/diameter)
were the lowest. This likely reflects the growth
advantage of the relatively undisturbed hardwood
understory over the direct seeded pines resulting
in slow pine growth and high mortality.

Stands with satisfactory stocking were ob-
tained in all of the planted plots and in the
direct seeded plot that was double disked. In
planted plots tree height and diameter appeared
to improve with increasing intensity of site
preparation but did not appear to be related to
pine stand density. This suggests that the growth
of individual pines, although in "free-to~grow"
positions, were strongly influenced by the residual
hardwoods. Low stocking in the plow/plant plots
resulted because frost heaving was especially
damaging to pines planted in the plow furrow.
While this resulted in the lowest basal areas
and volumes in the planted plots, these stands are
now fully stocked (Table 2).

For both planting methods average diameter
and height were the lowest where there was no
site preparation. Since these parameters did not
appear to be influenced by pine stocking the
slower growth is likely due to hardwood competition,
which was especially apparent in the seeded plots.

Since height differences among treatments
were small and even the smaller pines were of
pulpwood size, there was a strong correlation
between basal area and cubic volume (cords) per
acre (Table 2). Considering direct seeding with
no site preparation to be the minimum silviculture
that might be applied in establishing pines on
these sites after removal of the hardwood over—
story, cubic volume gains achi d in this study

from applying more intensive treatments were:

no site prep _ plowed .

disked _ plowed . ho site prep . disked
seeded seeded  seeded

) ) " planted

planted planted

Percent Gain 47 115 121 151 218

The significant gains achieved in t
through intensive site preparation and planting
seedlings are consistent with experience in pine
plantation management throughout the h
Controlling the aggressive hardwoods that com
with and constantly threaten to replace pin
essentially all sites in the South is essential if
vigorous, fully-stocked pine plantations are to he
maintained. The rapid early growth of pines
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established on a "regular" spacing, as is best
omplished by planting genetically improved

stock suited to the planting site, greatly increases
the likelihood of obtaining vigorous, fully-stocked
plantations in which competing hardwoods do not
seriously erode productivity.

a

A major finding in this study was the produc-
tivity of the loblolly pine plantations established

on these seemingly unproductive sites (Figure 1).

MEAN ANNUAL GROWTH OF LOBLOLLY PINE

g

IN CORDS PER ACRE PER YEAR

PLANTED

NONE PLOW

Figure 1. Average annual growth in cords per acre
per year for 23 year old loblolly pine according
to site preparation and planting methods.

Average annual growth of 2.4 cords/acre/year on a
23 year rotation represents high productivity even
for the better pine sites in the South (Smalley
and Bailey, 1974). That this occurred on "The
Barrens" where pines do not normally grow and
native hardwcods are largely inferior species of
low quality, suggests that a significant improve-
ment in forest productivity can be achieved by
applying intensive forest practices that are now
"standard" throughout much of the South. Although
planting following commercial logging and injec-
tion of overstory trees without further site
preparation established an acceptable plantation
in this study, it is questionable whether this
would be successful under present conditions. A
long period of effective fire protection has
resulted in larger, more vigorous hardwood stands.
A similar treatment today would not likely be as
effective as was the case in this study.

Additional research needed to further define
the potential for pine on these sites includes
studies on: 1) forest fertilization, 2) ripping
(to fracture the fragipan), and 3) carrying the
pine through a sawtimber rotation. A study to
test thinning and prescribed burning as suitable
treatments for maintaining stand vigor through a
sawtimber rotation is being implemented on this
study site.
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RELATIONSHIPS BETWEEN HEIGHT GROWTH AND ROOT SYSTEM ORIENTATION

1/
TN PLANTED AND SEEDED LOBLOLLY AND SHORTLEAF PINES™

2
Constance A. Harrington“/, William C.Carlsoné/, and John C.Brissettei

Abstract.—-Trees in 34 young (3 to 8 year-old) loblolly (Pinus
taeda L.) and shortleaf pine (Pinus echinata Mill.) stands in
Arkansas, Oklahoma, and Texas were sampled to characterize the
general root system orientation of planted and seeded trees.
Seventeen stands had been planted, and 17 had been regenerated via
artificial or natural seeding. In each stand, 12 trees were
excavated and total height and height growth increments for the
previous 3 years were recorded. Stand origin, either planted or
seeded, influenced the percentage of trees in each of four general
root system orientation classes. For both species, seeded trees
were much more likely to have a single taproot type of root system
than planted trees. For seeded and planted trees of both species,
trees with root systems oriented downward (either with a main
taproot or with several lateral roots) had better height growth than
trees with surface-oriented root systems. The least favorable root
orientation class differed by species; surface-oriented lateral
root systems were least favorable for shortleaf pine, and taproots
not oriented downward were least favorable for loblolly pine.
Overall, 3-year height growth did not differ between seeded and
planted trees; however, planting did increase the percentage of
trees in the root orientation classes which were less favorable for

height growth.

INTRODUCTION

Loblolly (Pinus taeda L.) and shortleaf (P.
echinata Mill.) pine are the major commercial
tree species in Arkansas, southeastern Oklahoma
and northeastern Texas. The natural range of
shortleaf pine extends farther west and north
than that of loblolly pine (Fowells 1965);
however, in central Arkansas and southeastern
Oklahoma large-scale plantings of loblolly pine
outside of its natural range have been very
successful (Lambeth and others 1984). In many
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g/ Research forester, Southern Forest
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Research forester, Southern Forest
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areas, when natural stands of shortleaf pine are
harvested, the site is regenerated by planting
loblolly pine because of the greater growth
rates that can be achieved over short rotations
by loblolly on some sites.

In addition to inherent differences in
growth rates between loblolly and shortleaf
pines, other reasons for differential performance
in plantations include differences in the quality
of planting stock produced by nurseries and
differences in the way the root systems of each
species develop after planting. This study was
designed to investigate if: (1) there were species
differences in root system orientation between
planted and seeded trees, and (2) differences in
root system orientation were associated with
differences in height growth. The information
presented here is part of a larger study
comparing root systems of planted and seeded
loblolly and shortleaf pines.

METHODS

Seventeen paired plots (34 plots in total)
were set up in 3- to 8-year-old, well-established
stands of either loblolly cr shortleaf pine in
Arkansas, Oklahoma, and Texas (fig. 1). One plot
of each pair had been regenerated by artificial
or natural seeding; the other had been planted
using a local seed source. Both plots of each
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Figure 1. Location of sites used in root

system orientation study: X= loblolly pine
site, O= shortleaf pine site.

plot pair were of the same tree species, on
similar soil with comparable site conditions and
located within 10 km of each other; mean ages
differed by a maximum of 2 years., Plots were
established in both the Interior Highland and
Upper Coastal Plain physiographic provinces. As
would be expected given the overall range in site
conditions and tree age, mean tree size varied
substantially (table 1).

Randomly generated X-Y coordinates were used
to locate 12 sampling points in each plot; the
tallest of the five trees closest to the sampling
point was chosen as a sample tree if it appeared
healthy, free from major damage, and had one main
terminal leader. If the tallest tree did not
meet the criteria, another tree was substituted.
Trees with minimal top damage were selected;
however, on some sites almost all trees exhibited
repeated replacement of the main terminal. The
observed damage was probably caused by Nantucket
pine tip moth (Rhyacionia frustrana).

Each sample tree was tagged on the north
side and marked to indicate location of the
groundline. Trees were then excavated using
shovels and mattocks to a depth of approximately
40 cm. Lateral roots were severed about 20 cm
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out from the base of the tree. Total height and
height increment for the three growing seasons
prior to excavation were measured for each tree.
Height increments were determined by counting the
number of height growth flushes and using
characteristics such as relative needle length,
relative flush length, needle retention, and
changes in bark and branching characteristics.
Questionable flushes were assigned to the correct
year by cutting above and below the bud scale
scars and counting the number of annual rings.
After the height measurements were taken the tops
of the trees were severed from the roots 15 to 25
cm above the groundline mark.

Root systems were transported to the
laboratory, washed, and then either measured
immediately or stored indoors until measured.
Prior to measurement, stored root systems were
rehydrated by soaking in water for 24 to 48
hours. Roots were suspended in a cylindrical
frame for measuring; the groundline mark was
placed at the top of the frame. The frame was 36
cm deep and divided into three 12-cm deep layers.
Each layer was subdivided into 4 compass
quadrants; thus, the frame had 12 measurement
sections plus a top and a bottom. Tree diameter
was measured at the groundline mark. '

Root systems were classified as to their
general orientation (fig. 2). Orientation 1 was a
root system with one major root oriented
downward. No attempt was made to distinguish
between undisturbed taproots and a major root
that may have originated after the original root
was cut or damaged. Orientation 1 also included
taproots with major turns if the overall
orientation of the root system was primarily
downward; thus this category would have included
both trees with straight (vertical) taproots and
trees with a taproot originally in a "L" or "J"
configuration that recovered or corrected itself
and grew downward. Orientation 2 was for root
systems having one major root, but the root
system was not oriented downward; this included
root systems having an "L" or "J" configuration
that were not included in orientation 1.
Orientation 3 was applied to root systems that
had a downward orientation but more than one
major root was involved. This included root
systems with two to four large "sinker" roots as
well as more fibrous root systems with a strong
downward orientation. Orientation 4 was for root
systems without a major root where the
orientation of the lateral roots was primarily
outward rather than downward.

The number of major turns made by the
taproot between groundline and where the taproot
ended or where it exited the measuring frame was
recorded for all roots. After the root systems
were measured the stump was severed from the root
system at the groundline mark and aged by
counting the number of annual rings.

Planted and seeded trees were compared by
root orientation class using a chi-square test
for each species-physiographic province




Table 1.--Mean tree characteristics by species, physiographic province and stand origin.

Physiographic Stand Number Total height Diameter at
Species province origin of plots Age groundline
years m cm
Shortleaf pine Interior Highlands Seeded 5 4.4 1/ 1.5 3.5
(0.4)~ (0.3) (0.6)
Planted 5 4.1 1.4 3.5
Coastal Plain Seeded 4 6.5 4.2 8.3
(1.0) (1.0) (1.6)
Planted 4 5.7 3.8 8.3
Loblolly pine Interior Highlands Seeded 4 4.8 2.1 5.8
(0.4) (0.1) (0.4)
Planted 4 5.3 2.2 6.2
Coastal Plain Seeded 4 7.1 5.3 10.0
(1.1) (1.1) (1.7)
Planted 4 6.1 4.3 10.3

Value in parentheses is the mean absolute difference between seeded and planted paired plots.

Figure 2. The four root system orientation classes. See text for detailed explanation.
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group. Differences between planted and seeded
trees in annual and 3-year total height growth
were tested on a paired-plot basis and by
combining trees in each species-physiographic
province group. The effects of root orientation
class on height growth were examined by: (1)
comparing weighted averages for height growth by
root class for each species-province combination,
and (2) ranking root orientation classes in each
plot by height growth in the year preceding
excavation., A split-plot analysis of variance was
precluded by the number of empty cells. Loblolly
and shortleaf pine plots had not been paired in
site selection. Thus statistical tests of the
differences between species were not appropriate
and direct comparisons between species could not
be made.

RESULTS AND DISCUSSION

Root orientations

The majority of seeded loblolly and shortleaf
pines had a taproot type of root system (root
orientation class 1; table 2). There were small
but consistent differences between provinces and
between species in the percentage of seeded trees
having taproots; these differences could be the
result of variability in plant populations or
could be related to the generally higher rock and
gravel content in the Interior Highlands compared
to the Coastal Plain, In addition, shortleaf pine
plots in the Interior Highlands had higher rock
contents than the loblolly pine plots. For both
species in both provinces, the distribution of
root systems by root orientation class differed
between planted and seeded trees. The percentage
of trees in orientation 1 was lower in planted
than in seeded stands, and, in general, the
percentage of trees in the other three root
classes was higher in planted stands.

Planted trees of both species were more
likely to have one major root (orientation
classes 1 and 2) in the Coastal Plain than in the
Interior Highlands. The reasons for this
difference between physiographic provinces are
not known. Growing conditions on the Coastal
Plain sites were generally more favorable and
this may have encouraged the retention of a
taproot type of root structure. Root systems
with two or more major laterals heading downward
(classified as orientation class 3) could have
"grown into" orientation class 1 if one of the
downward-oriented laterals increased in relative
size and appeared dominant or if two or more
roots twisted together, were overgrown, and
appeared as one root. This type of scenario is
more likely to have occurred in the Coastal Plain
than in the Interior Highlands because the root
systems in the Coastal Plain were more developed
due to their somewhat greater age and better
growing conditions.
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Height growth

As would be expected in these young stands,
annual height growth is still increasing over time
(table 3). Differences in 3-year and annual
height growth between planted and seeded trees
were generally small and inconsistent. None of
the paired-plot analyses of the total 3-year
height growth resulted in statistically
significant (p=0.10) differences between planted
and seeded trees for either loblolly or shortleaf
pine. Analysis of height growth by the three
individual years also resulted in nonsignificant
differences between planted and seeded plots for
shortleaf pine in both provinces.

The seeded loblolly pine plots in the Coastal
Plain had significantly greater annual height
growth the 3rd year prior to excavation (n-3) than
planted trees; however, this difference in growth
between stand origins was not maintained over
time.

The loblolly pine plots in the Interior
Highlands exhibited a different pattern of height
growth for seeded and planted stand origin types.
For these plots, seeded stands had significantly
less annual growth than planted stands the 3rd
year prior to excavation (n-3), the same growth
the 2nd year prior to excavation (n-2), and
greater annual growth the year prior to excavation
(n-1). This group of loblolly pine plots was more
similar in stand history than the other species-
province groups, and this greater similarity may
have allowed small differences in height growth
patterns to be visible. All the loblolly pine
plots in the Interior Highlands had been either
planted or seeded after the regeneration failure
associated with a severe drought in 1980. Thus,
although the stands had been established the same
year, the seeded stands were a year younger (age
from seed) than the planted stands, and initially
had poorer growth. Once the seeded trees became
well established, however, they were able to
catch-up to the planted trees. The fact that the
seeded trees were able to catch-up with the
planted trees indicates that there may have been
detrimental effects associated with the plantings.

Height growth by root orientation class

The patterns of height growth by root
orientation class differed between species but
were generally similar for planted and seeded
trees and across provinces (table 4). For both
planted and seeded shortleaf pine in the Interior
Highlands, orientation class 4 had the poorest
mean height growth; there was very little
difference in mean growth between the other three
root classes. Planted shortleaf pine in the
Coastal Plain followed the same pattern--with the
poorest mean height growth associated with
orientation class 4. Seeded shortleaf pine in
the Coastal Plain exhibited a different pattern,
with the best growth in orientation root class 4
and the worst in orientation class 2. This
anomaly was based on a few trees, however, and is
probably the result of sampling variability.




Table 2.-—Q§stribution of root systems by root orientation class, stand origin, physiographic province and
species.—

Number(and percent) of root systems
by root orientation class

Physiographic Stand 2
Species province origin 1 2 3 4 X level
Shortleaf pine Interior Highlands Seeded 38(63) 2(3) 13(22) 7(12)
9.81 0.025
Planted 21(35) 5(8) 22(37) 12(20)
Coastal Plain Seeded 35(73) 2(4) 7(15) 4 (8) .
v 6.15 0.150
Planted 25(52) 8(17) 8(17) 7(15)
All Plots Seeded 73(68) 4(4) 20(18)  11(10)
15.02 0.005
Planted 46(43) 13(12) 30(28)  19(18)
Loblolly pine Interior Highlands Seeded 37(77) 3(6) 5(10) 3 (6)
24.22 0.005
Planted 14(29) 3(6) 23(48) 8(17)
Coastal Plain Seeded 39(81) 1(2) 6(12) 2 (4)
14.02 0.005
Planted 22(46) 7(15) 12(25) 7(15)
All Plots Seeded 76(79) 4(4) 11(12) 5 (5)

34.38 0.005
Planted 36(38) 10(10) 35(36)  15(16)

1/

—~' The hypothesis that planted and seeded trees did not differ in their distribution across root orientation
classes was tested using chi-square ( X2).

Table 3.--Mean height growth by year prior to excavation, stand origin, physiographic province and
species.

Species Physiographic Stand Mean height growth by yearif

province origin n-3 n-2 n-1 3-yr total
Shortleaf pine Interior Highlands Seeded _3; T ;2— TET ;2 ...... 1;5~ )

Planted 28 42 62 132

Coastal Plain Seeded 76 76 100 252

Planted 7 83 106 260

Loblolly pine Interior Highlands Seeded 40**2/ 58 88%% 186

Planted 48 56 76 181

Coastal Plain Seeded 92¥* 92 115 299

Planted 80 98 121 299

1
’/ n-3 = 3 years prior to excavation, n-2 = 2 years ...

2
*j Significance of differences in growth between planted and seeded trees in a species—physiographic
province group is indicated by the symbol next to value for seeded trees, *¥p<0.01.
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Table 4.~-Mean height growth the year prior to excavation by root orientation class, stand origin,

physiographic province, and species,

1
Height growth by root orientation class~

Species Physiographic Stand

province origin ; e ; - ; = ~4_ - _Azl-cZa;s;s

Shortleaf pine Interior Highlands Seeded 53 52 53 43 52

Planted 66 68 64 47 62

Coastal Plain Seeded 95 90 119 122 100

Planted 109 98 118 91 105

Loblolly pine Interior Highlands Seeded 90 66 88 86 88

Planted 70 58 83 76 76

Coastal Plain Seeded 114 89 136 100 115

Planted 127 103 124 114 121

1/ Refer to Table 2 for the number of roots in each class.

Table 4 combines information from trees in
each species-province combination; differences
between values on each line of the table could be
due to plot effects as well as the effects of
root orientation class. The plot effects were
eliminated by examining the effects of root
system orientation on height growth on a plot-by-
plot basis. For each plot the root orientation
class having the best height growth was
determined (table 5). TFor shortleaf pine,
downward-oriented classes (orientation 1 and 3)
had the greatest number of plots with the best
height growth. Orientation class 4 did not have
the best height growth in any of the shortleaf
pine plots sampled. Loblolly pine exhibited a
similar pattern with the downward-oriented
classes (1 and 3) most frequently having the best
height growth per plot. Orientation class 2 was
apparently the least favorable class for loblolly
pine, as no plots were tallied in this class.

GENERAL DISCUSSION AND CONCLUSIONS

Root system structure or general orientation
can affect tree performance in several
categories: initial survival, initial and later
growth, stability (e.g., resistance to windthrow
or snow and ice damage), and response to
silvicultural treatments (e.g., soil-active
herbicides). Our study was based on healthy
trees in well-established stands. Thus nothing
can be concluded about the effects of root
orientation on survival or stability.
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Loblolly pine, on the other hand, had the
poorest height growth in orientation class 2;
this pattern was consistent for planted and
seeded trees in both provinces (table 4). 1In
general, loblolly pines in orientation class 1
had mean height growth approximately equal to or
better than the average for all orientation
classes, Planted loblolly in the Interior
Highlands were an exception. Examination of the
data on the number of major turns made by the
tap or main root revealed a possible reason for
this discrepancy. If loblolly pine seedlings
are sensitive to root deformation as may be
indicated by the poorer growth associated with
orientation class 2, then poorer growth should
also be associated with trees in orientation
class 1 that had major turns. Planted loblolly
pines in orientation class 1 in the Interior
Highlands had an average of 2.7 major turns per
tree, while seeded trees averaged less then 0.5
turns per tree. MNo major turns were recorded
for either planted or seeded loblolly pine in
orientation class 1 in the Coastal Plain,
Coastal Plain trees may have had fewer turns
recorded because the sampled soils had fewer
restrictions to rooting (and would have been
easier to plant in), In addition, the root
systems of young trees are very plastic and can
quickly grow over bends or twists that do not
result in large displacements from the center of
the main root. Thus the generally older and
larger trees on the Coastal Plain have put on a
thicker sheath of wood than those in the
Interior Highlands and may have "hidden" or
grown over any major turns that were associated
with stand establishment.




Table 5.--Distribution of the maximum mean height growth per plot Ma

prior to excavation by root orientation class.

x H) the year

Physiographic Stand Max H by root class™

Species province rigin 1 2 3 4
- - number of plots - - - =

Shortleaf pine Interior Highlands Seeded 3 0 2 0

Planted 2 1 2 0

Coastal Plain Seeded 12/ 1 2 0

Planted 1 1 2 0

Total all plots 7 3 8 0

Loblolly pine Interior Highlands Seeded 2 0 2 0

Planted 1 0 2 1

Coastal Plain Seeded 2 0] 2 0

Planted 2 0 1 1

Total all plots 7 0 7 2

1/

~/ Root orientation classes with only one value per plot were excluded from consideration

2/

= All root systems in this plot classified as root orientation class 1.

Differences were observed between seeded and
planted populations in the percentage of trees in
the four root system orientation classes. In
particular, planted trees were much less likely
to have one main downward oriented taproot than
seeded trees. When all trees were combined,
there were no significant differences in 3~year
height growth between planted and seeded trees.
However, there were some differences in height
growth between root orientation classes, and
planting increased the percentage of the
population in the less desirable root orientation
classes. Height growth was best in the root
classes with downward-oriented root systems. The
effect of root deformation or root orientation in
relation to height growth differed somewhat by
species. In particular, loblolly pines performed
poorest in root orientation class 2, and shortleaf
pines performed poorest in root orientation class

4.

The results of previously published studies
on the effects of root orientation or deformation
on future growth have not been consistent. Hay
and Woods (1974) reported that larger loblolly
pines had more root deformation than smaller
seedlings and speculated that root deformation
may stimulate growth. They also commmented that
the larger seedlings (with more root deformation)

had more surface roots, which may initially be
beneficial in taking advantage of summer showers.
Hay and Woods (1974) mentioned the possibility
that the largest seedlings at the time of
planting may have been more likely to have

been J-rooted than smaller seedlings. This
alternative hypothesis was confirmed by field
studies reported by Mexal (and others) 1978.
Therefore it seems quite possible that the largest
seedlings initially grew the best, in spite of
root deformation.

In another study, loblolly pine seedlings
were planted with purposely deformed roots
(Cabrera and Woods 1975). They reported no
statistical differences in height between
treatments at age 3. It is noteworthy, however,
that photographs of root system structure showed
less variation than encountered in the present
study, and that the ranking of growth by
treatment showed better growth in the treatments
with the least deformation. Another reason for
the differences in results between the Cabrera
and Woods study in 1975 and this study is the
definition of the root orientation (or
deformation classes). We compared height growth
based on root system orientation at the end of
the height-growth period, while they used root
system characteristics at the time of planting.
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For example, our root orientation class 2
included only root systems with uncorrected J or
L configurations, while their roots with J or L
configurations could include both root systems
that remained as J or L and root systems that
corrected themselves,

Root system deformation and general root
system orientation are factors in the long-term
performance of both loblolly and shortleaf pine
plantations. Foresters should maintain tight
controls over the quality of the planting to
ensure that expected growth rates are achieved.
Careful writing of planting contracts with
penalties for nonperformance and on-the-job
inspections should result in more uniform and
better growing plantations. In addition,
utilization of site preparation treatments such
as ripping, which make it easier to correctly
plant trees, should also result in less root
system deformation and better seedling
performance.
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NURSERY CULTURAL PRACTICES, SEEDLING MORPHOLOGY, AND
FIELD PERFORMANCE OF LONGLEAF PINE!

Glyndon E. Hatchell?

Abstract.--Preliminary results of a nursery and
outplanting study of longleaf pine indicate that nur-
sery cultural practices and certain morphological
attributes of 1-0 bare-root seedlings strongly affected
early field performance on a sandhills site. Seedbed
density and lateral-root pruning altered morphological
attributes of stock. Lateral-root pruning, which was
associated with increased abundance of fibrous roots
and ectomycorrhizae, significantly improved survival
during droughty conditions in the spring and summer of~
the first growing season. Seedling vigor and survival
were strongly correlated with abundance of fibrous
roots and ectomycorrhizae, the number of large first-
order lateral roots, and the interaction of these

attributes.

INTRODUCTION

Morphological and physiological character-
istics of planting stock and genetic factors
influence the quality of southern pine seedlings
(Brissette 1984). The ultimate measure of seed-
ling quality is generally considered to be field
performance.

Results of nursery and outplanting studies of

longleaf pine (Pinus palustris Mill.) indicate

that inoculation of fumigated nursery soil with
isolithus tinctorius (Pt) during spring sowing

and certain nursery cultural practices greatly
increase survival and early growth of seedlings
planted on deep sandy soils (Hatchell 1985). 1In
addition to inoculation, nursery cultural practices
that increase development of fibrous roots, such

as optimum seedbed density, lateral-root pruning,
maintenance of optimum nutrient availability, and
adequate growing space between individual seedlings,
also tend to increase seedling quality. This re-
search showed that seedlings with abundant fibrous
roots and abundant ectomycorrhizae survived and
grew better than seedlings with smaller and fewer
fibrous roots supporting few ectomycorrhizae.

This paper summarizes preliminary results of
a longleaf pine study testing seedling responses
in the nursery and in the field. The objectives
of this study were (1) to test the effects of
nursery cultural practices on morphological
attributes of bare-root seedlings and on field
performance after outplanting on a sandhills site,
and (2) to associate key morphological attributes
of the seedlings with field performance for a

1Paper presented at Southern Silvicultural
Research Conference, Atlanta, Georgia, November
4-6, 1986.

2Research Forester, Southeastern Forest
Experiment Station, U.S. Department of Agriculture,
Forest Service, Athens, GA 30602.

better understanding of seedling quality and for
possible use as a guide for culling poor quality
seedlings.

NURSERY EXPERIMENT
Methods

Seedling production.--Seedlings were produced
in 1985 at the Whitehall Experimental Nursery,
Athens, Georgia. Aboveground nursery beds con-
taining a uniform mixture of forest topsoil, sand,
and milled pine bark (2:1:1, volume ratio) were
fumigated with methyl bromide under clear plastic.
Soil samples collected after fumigation were
analyzed and, in ppm, the average nutrient con-
tents of the soil were: total N = 460, available
P = 38, and extractable K, Ca, and Mg = 74, 220,
and 19, respectively; pH was 4.7 and organic matter
content was 1.2% (Analyses by A&L Laboratories,
Inc., Memphis, Tennessee). These relatively high
nutrient contents were from residual fertilizer
concentrations applied in production of longleaf
pine in previous years. Fertilizer (10-10-10) was
broadcast at 500 1lb/acre. Vegetative inoculum of
Pt, with a moisture content of 72 percent and pH
5.11 was mixed with the upper 4 inches of soil
before sowing at the rate of 75 ml/ft? of soil
surface. Longleaf pine seed (Dodge County,
Georgia, seed source) were sown on March 20, 1985,
at two times the desired seedbed density, and
nursery beds were thinned May 20, 1985, to the
seedling density that was assigned to each plot.

The nursery phase of this study was a 2x2x2
factorial experiment replicated in four randon
complete blocks. The facters and levels consisted
of two seedbed densities (6 or 12 seedlingsfﬁtz),
two spacings of seed drills (6 or 12 inches), and
two lateral-root pruning treatments (pruned or un-—
pruned). Offset "double" drills were sown at the
12-inch spacing to provide additional growing space
between seedlings. Lateral roots were pruned on
June 25, August 16, and September 30, 1985, by
vertically cutting roots midway between seed
drills to a depth of 6 inches.

.
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Seedlings were side dressed on June 24, July
15, August 13, and September 3, 1985, with ammonium
nitrate at the rate of 50 lb/acre N and with muriate
of potash at the rate of 10 1b/acre K. Captan was
applied as a drench to the soil in all beds at 4.2
1b/acre on March 26, 1985. Benlate was applied as
a drench at the recommended rate from July to
October to control Fhi a needle blight.

Lifting and evaluating stock.--Seedlings were
lifted and seven morphological attributes of each
seedling were assessed on December 9 to 12, 1985.
All seedlings from the border rows of all plots
were excluded from this assessment. Fifty healthy
and undamaged seedlings with >3/16 inch root-collar
diameter (RCD) and having other specifications of
plantable stock suggested by Wakeley (1954) were
randomly selected from each of the 32 plots in the
nursery experiment for outplanting.

Seedlings that did not meet specifications of
Wakeley's (1954) grade 1 or 2, had mechanical
damage or had fusiform rust (Cronartium quercuun
(Berk.) Miyabe ex Shirai f. sp. fusiform) galls,
were rated as culls. Cull rate by treatment is
shown in Table 1. The mean cull percentage was
10.1 and 13.2 for seedbed densities of 6 and 12
seedlings/ft°, respectively. The higher cull
percentage 1in the highest bed density was caused
by a greater proportion of seedlings with less
than 3/16 dinch RCD. However, fusiform rust cankers
caused more culls at either seedbed density than
did the failure of seedlings to meet morphological
standards.

The seven morphological attributes included
(1) RCD, (2) total fresh weight, (3) length of
needles, (4) number of large first~order lateral
roots (diameter >1 mm), (5) arbitrary rating of
the abundance of fibrous roots as low, medium,
or high, (6) percent of short roots ectomycorrhizal
with Pt, and (7) percent of short roots ectomycor-
rhizal with all fungi. Taproots were cut to a
uniform length of 10 inches on all seedlings.
Numbers of first-order lateral roots larger than 1
mm were included as parameters fellowing the
recommendation of Kormanik (1986).

Data analysis.--The main effects and inter—
actions of the three nursery cultural treatments
on the morphological attributes of seedlings were
examined by analysis of variance (ANOVA). Linear
correlations among the morphological attributes
were computed.

RESULTS AND DISCUSSION

Effects of nursery cultural practices.--Seed-
bed density had a highly significant effect on six
of the seven morphological attributes that were
assessed. Needle length, which averaged 18 inches
for all treatments, was the only measured attribute
not affected by the nursery cultural treatments.
Seedlings produced at the 6/ft® seedbed density
had 25 percent larger RCD, 56 percent greater fres
weight, and nearly twice as many large first-order
lateral roots as seedlings produced at the 12/f¢?
density. However, a greater abundance of fibrous
roots and a higher percentage of short roots ecto-
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mycorrhizal with Pt or all fungi occurred on seed-
lings produced at the higher seedbed density
(table 2). Lateral-root pruning caused an
increase in the abundance of fibrous roots.

Relationships among morphological attributes.
—--Linear correlation coefficients among six morpho-
logical attributes (excluding needle length) of
the 1,600 seedlings that were assessed are shown
in Table 3. Total fresh weight was strongly cor-
related with RCD (r = 4+0.82). The number of large
first-order lateral roots was positively corre-
lated with total fresh weight and RCD, with values
of +0.79 and +0.77, respectively. The abundance
of fibrous roots was positively correlated with
the percent of short roots ectomycorrhizal with
either Pt or all fungi (r = +0.59 and +0.61,
respectively). The percent of short roots ecto-
mycorrhizal with Pt was positively correlated with
the percent of short roots ectomycorrhizal with
all fungi (r = +0.99). The abundance of fibrous
roots was negatively related to the number of
large first-order lateral roots, but the r value
was only -0.16.

Table 4 shows the frequency distribution by
number of lateral roots for the 1,600 seedlings
in the test, with percentage of seedlings having
various combinations of fibrous-root abundance.
For example, seedlings with low abundance of
fibrous roots coupled with 0-2, 3-5, and 6-8
larger first-order laterals were 2.69, 6.12, and
7.69 percent, respectively, or a total of 16.5
percent of all the seedlings in the test. Only
9 percent of the seedlings in all fibrous root
classes had 15 or more large lateral roots. The
distribution of seedlings by classes of fibrous
roots was 29 percent with low, 56 percent with
medium, and 15 percent with high abundance.

FIELD EXPERIMENT

Methods

Study area.--The outplanting site was on the
Savannah River Forest Station, Aiken, South
Carolina. The soil is Lakeland sand. The study
area was within a larger unit designated for site
preparation using the "brown and burn" method,
because it was occupied principally by scrub oaks
and other unmerchantable hardwoods and shrubs.
The herbicide Pronone 10-G was applied at 13 1b/
acre during May 1985, and the site was burned in
September 1985. The cost of site preparation,
$48/acre for herbicides and $10 to $20/acre for
burning, was much less than an alternate method,
V-blading and rootraking, with expected costs of
$170/acre.

Plantable seedlings were assigned numbers
indicating their nursery treatment, tagged, packed
in wet peat moss, sealed in shipping bags, and
placed in cold storage for 10 days or less until
removal for planting. Seedlings were machine-
planted on December 17, 1985, at approximately
6x10 foot spacing.

Experimental design.-~Seedlings were planted
completely at random in 18 rows without regard to




nursery cultural treatment. Treated stakes with
tags were placed beside the lst, 20th, 40th, etc.,
and last seedling on each row. A record was made
of the seedling number (1-1,600) corresponding to
each planting position and row number.

Seedling inventory.--Survival and vigor were
recorded during September of the first growing
season. Vigor of surviving seedlings was judged
on a scale of 1 to 5 as follows: 1 = very poor,
perhaps dying; 2 = poor; 3 = average; 4 = good;

5 = excellent, with total height > 4 inches.

Data analzsis.——ANOVA's were made of the main
effects and interactions of nursery cultural
treatments on survival and vigor in September of
first year. Linear correlation coefficients
between survival and vigor as dependent variables
and morphological attributes as independent vari-
ables were computed, and the strongest relationships
were tested by multiple regression analysis.

RESULTS AND DISCUSSION

Spring and early summer of 1986 during the
first growing season were extremely dry, with a
rainfall deficit of approximately 10 inches by
the end of July. Also, the average daily temper-
ature during July was the highest recorded in
this locality during the past 100 years. Thus,
it is remarkable that an overall mean survival of
61.4 percent was recorded in September 1986 near
the end of the first growing season.

Effects of nursery cultural practices on
field responses.-—-Both lateral-root pruning and
seedbed density significantly affected vigor of
seedlings, but lateral-root pruning was the only
nursery cultural treatment that significantly
affected survival. Mean survival was 71.6 and
51.2 percent for pruned and unpruned seedlings,
respectively (table 5). Mean vigor ratings were
also higher for pruned seedlings than unpruned
seedlings, and seedlings produced at the 6/ft?
seedbed density had higher vigor than seedlings
produced at the 12/ft” density.

Relation of field responses to morphological
attributes.-—-Linear correlations between field
responses and certain morphological attributes of
bare-root stock are shown in Table 6. Significant
positive correlations were found between survival
and the following attributes: rating of the abun-
dance of fibrous roots; percent of short roots
ectomycorrhizal with Pt; percent of short roots
ectomycorrhizal with all fungi; and the interaction
term (rating of the abundance of fibrous roots) x
(number of large first-order lateral roots).
Significant positive correlations were found
between seedling vigor and the following attri-
butes: RCD; total fresh weight; number of large
first-order lateral roots; the interaction term
(RCD) x (number of large first-order lateral
roots); and the interaction term (rating of the
abundance of fibrous roots) x (number of large
first-order lateral roots).

Multiple linear regressions with three inde-
pendent variables, rating of the abundance of

fibrous roots, number of large first-order lateral
roots, and (rating of the abundance of fibrous
roots) x (number of large first-order lateral
roots) had an R® value of 0.401 with survival as
dependent variable and an R® value of 0.583 with
vigor as dependent variable. Both of these
regressions were highly significant.

Survival and vigor were computed by class of
fibrous-root abundance and number of large first-
order lateral roots (table 7). Survival was 82
percent or more for planting stock having a high
abundance of fibrous roots coupled with six or
more large first-order lateral roots, and the vigor
rating for this group of seedlings was above
average. In contrast, survival was 38 percent or
less for stock having a low abundance of fibrous
roots coupled with eight or less large first~order
lateral roots and the vigor rating for seedlings
with these attributes was below average.

Culling seedlings with certain attributes to
improve field performance.--Only seedlings that
did not meet the specifications for Wakeley's
grades 1 and 2 were culled. If higher standards
for selecting planting stock had been used, field
performance might have been improved. If seedlings
with low abundance of fibrous roots and <9 large
first-order lateral roots had been culled, the
resulting cull percentages would have been 10.5
for seedlings receiving lateral-root pruning and
22.5 for unpruned seedlings. After such culling,
the expected survival would have been 75.0 percent
for pruned seedlings and 57.6 percent for unpruned
seedlings. After subtracting mean survival for
the respective treatments (71.6 percent for pruned
and 51.2 percent for unpruned, table 5) one obtains
the following increase in survival due to such
culling: 3.4 percentage points for the lateral-root
pruning treatment and 6.4 percentage points for the
unpruned treatment, based on the actual performance
of seedlings.

CONCLUSIONS

Although these results and findings are pre-
liminary, they indicate that nursery cultural
practices for longleaf pine, especially lateral-
root pruning and seedbed density, strongly
influence field performance. Responses to treat-
ments in the field reflected changes in key
morphological attributes. These include the
relative abundance of fibrous roots, the number
of large first-order lateral roots, and their
interaction. First-year survival and vigor were
more closely correlated with these attributes than
with other seedling characteristics. When high-
quality seedlings are produced under sound nursery
managment practices, including fumigating soil,
inoculating with Pt, controlling seedbed density
with a range of 6 to 1Z seedlings/fté, pruning
lateral roots two or three times during the growing
season, fertilizing at near optimum levels
throughout the growing season, and controlling
pests, then one can expect only a modest increase
in survival by culling seedlings with undesirable
morphological attributes. However, important gains
in field performance are directly attributable to
improvement in seedling quality by certain nursery
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cultural practices and the resulting alterations
in key morphological attributes.
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longleaf pine seedlings based on Wakeley's
longleaf pine grade 2 stock, by nursery

Seedbed density, spacing

Primary reason for culling

between seed drills, and Root-collar Damaged
lateral root pruning Fusiform diameter root Total
treatment canker <3/16 inch system culls
R Cull percentage
6 _seedlings/ft”
6-inch drills-pruned 7.5 0.9 2.7 11.1
6-inch drills-unpruned 6.9 0.9 0.9 8.7
12-inch drills-pruned 5.9 1.4 2.2 9.5
12-inch drills-unpruned 4.9 2.2 4.0 11.1
Mean 6.3 1.3 2.5 10.1
12 seedlings/ft?
6-inch drills-pruned 6.6 4.9 0.0 11.5
6-inch drills-unpruned 7.5 3.9 0.9 12.3
12-inch drills-pruned 5.6 7.3 0.9 13.8
12-inch drills-unpruned 7.6 7.6 0.4 15.6
Mean 6.8 5.9 0.5 13.2

Table 2.--Means of morphological a

by nursery cultural treatment

ttributes of longleaf pine bare-root stock

Root- Total No. lst- Fibrous % of Short roots
Treatment collar fresh order root ectomycorrhizal with:
and level diameter weight laterals rating Pt All fungi
Inch Gram Number Scale:1 to 3 - = Percent - -
Lateral-root
pruning:
Pruned 0.45 87 7.1 2.0 60 67
Unpruned 0.45 90 7.3 1.7 56 63
Seedbed density:
6/£t” 0.50 108 9.3 1.7 54 61
12/ft* 0.40 69 5.1 2.0 62 69
Drill spacing:
6 inches 0.44 86 7.0 1.9 58 64
12 inches 0.45 90 7.4 1.9 59 66
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Table 3.--Linear correlation coefficients among morphological attributes of 1-0

longleaf pine seedlings

Root- Total No. lst- Rating 7 Short % Short
collar fresh order fibrous roots w/ roots w/
diameter weight laterals roots Pt ecto’ all ecto®
r value and significance level®
Root-collar
diameter e +0.819%% +0.770%%* -0.150%*% +0.017 +0.025
Total fresh
weight +0.819%#* —— +0.793%% -0.191%% -0.076%%* -0.066%%
No. first-order
laterals +0.,770%%  +0.793%%* - -0.158%* +0.006 +0.013
Rating of fibrous
root abundance -0.150%% +0.191%* -0.158%% — +0.593%%* +0.608%%
% Short roots
with Pt ecto. +0.017 -0.076%% +0.006 +0.593%% —_— +0.992%%
% Short roots
with all ecto. +0.025 =0.066%* +0.013 +0.608%% +0.992%%* —

1pt ecto. = Pisolithus tinctorius ectomycorrhizae.
2A11 ecto. = total ectomycorrhizae formed by all fungal species.
3xx significant at the 17 level; N = 1,600.

Table 4.--Frequency distribution of the 1,600 longleaf pine seedlings analyzed
for morphological attributes, by number of large first-order lateral roots and
the rating of the abundance of fibrous roots

Abundance of

Number of first-order lateral roots >1 mm

fibrous roots 0-2 3-5 6-8 9-11 12-14 15-17 >17  Total
———————————— Percent - - = - = - —- —- - — = =

Low 2.69 6.12 7.69 5.06 4.31 2.19 0.75 28.81

Medium 11.81 12.69  13.25 8.38 5.38 3.37  1.62  56.50

High 3.81 3.75 3.12 2.44 0.50 0.69 0.38 14.69

Totals 18.31  22.56  24.06 15.88 10.19 6.25 2.75 100.00
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Table 5.--Mean survival and vigor of longleaf pine seedlings in September of
first growing season after outplanting on a sandhills site

. s s
Nursery cultural treatment Survival percentage Vigor rating

Lateral-root pruning

Pruned 71.6 3.19
Unpruned 51.2 2.84
Seedbed density
-, 2 ~
6/ft° 60.9 3.20
12/ft° 62.0 2.84
Drill spacing
6 inches 4.8 3.02
12 inches 58.1 3.02
Overall means 61.4 3.02
1RaLing of seedling vigor: 1 = very poor; 2 = poor; 3 = average; 4 = good;
5 = excellent (heightAi 4 inches).

Table 6.--Linear correlations between survival and vigor of longleaf pine
seedlings in September of first growing season and morphological attributes
of bare-root stock

Morphological attribute Field response of seedlings after 1 vear
of bare-root stock Survival Vigor
r value and significance level!

Root-collar diameter -0.063 +0.509%%*
Total fresh weight -0.157 +0.432%%
Length of needles +0.008 -0.124
Number of strong lateral roots ~0.038 +0.49] %%
Rating of fibrous roots +0.553%* +0.203
% Short roots with Pt ectomycorrhizae +0.425%% +0.202
% Short roots with all ectomycorrhizae +0.427%% +0.226
(Root-collar diameter) x (number of

first-order lateral roots) ~0.025 +0.536%*
(Rating of fibrous roots) x (number

of first-order lateral roots) +0.264% +0.645%%

Lik and * significant at 1% and 5% level, respectively; N = 64,

Table 7.--Survival and vigor of seedlings in September of first growing season, by number
of large first-order lateral roots and the rating of the abundance of fibrous roots

Abundance of Number of first-order lateral roots >1 mm

fibrous roots 0-2 3-5 6-8 9-11 12-14 15-17 >17
Survival (Percent)

Low 32 30 38 51 51 69 75

Medium 52 63 71 72 74 70 96

1igh 74 72 88 82 88 82 83
Vigor raﬁing1

Low 2.4 2.3 2.7 2.8 3.3 3.7 4.4

Medium 2.6 2.8 3.0 3.2 3.3 3.8 4.0

High 2.7 3.1 3.4 3.4 3.7 4.1 4.4

-

iRatimg of seedling vigor: 1 = very poor, 2 = poor; 3 = average; 4 = good; 5 = excellent
(height > 4 inches).




EFFECT OF TIME AND DEPTH OF PLANTING ON SURVIVAL AND GROWTH OF LOBLOLLY PINE

(PINUS TAEDA L.) SEEDLINGS IN TEXASl/

2/

M. Victor Bilan

Abstract.--Loblolly pine seedlings were lifted from a nursery bed in
two-week intervals (November 4-April 21) and were immediately planfed in

an open field. Fach planting included seedlings planted at the root collar
(A), one-half of shoot buried (B) and most of the shoot buried except for the
one-inch terminal (C). Average mortality during the first year was 107,

137 and 167 for the A, B and C planting depths, respectively; the
corresponding values for the second year mortality were 2%, 3% and 57.

Average first year mortality by the plant

the highest values for April plantings.

eriods ranged 7% - 247 with
Deep (C) planting produced most

height growth during the first growing season and least during the second

and third growing seasons.

INTRODUCTION

This study was initiated in 1958, during the
period of intensified interest in survival of
outplanted southern pine seedlings and in the
successful establishment of pine plantations.
Review of then available literature (Ferguson and
Stephenson, 1955) concluded that some attempts
have been made to rationalize the results in view
of weather conditions and morphological
development of planting stock. Slocum (1951) and
Slocum and Maki (1956) reported that deep planting
had some positive effect on growth of loblolly
pine seedlings, but no literature was available
dealing with the season of planting.

Preliminary experiments conducted by the author
revealed that in East Texas roots of the pine
seedlings were actively growing in the winter, so
he had concluded that early planting would enable
seedlings to develop sufficient root systems
before the occurrence of the late spring and
summer droughts. It was, however, necessary to
determine the time in the autumn when seedlings in
a nursery were 'hardened" enough to be
transplanted in a field without sustaining high
mortality. It was also postulated that, other
factors being equal, pine seedlings with
well-developed deep-reaching root systems have a
much better chance of surviving prolonged drought
than the seedlings with superficial shallow root
systems. This study was designed to plant
seedlings in two-week intervals from November till
April by using three different depths of
plantings.

l/Paper presented at Southern Silvicultural
Research Conference, Atlanta, Georgia, November
4-6, 1986.

g/Professor of Forestry, School of Forestry,
Stephen F. Austin State University, Nacogdoches,
Texas 75962,

EXPERIMENTAL PROCEDURES

The study was established on a Woden sandy
loam soil of old field in Nacogdoches County,
Texas. The field was plowed and disked six
weeks before the establishment of the experiment
and then it was subdivided into three blocks,
each 164 feet by 108 feet. Each block consisted
of 41 rows, each 108 feet long and four feet
apart. Two edge rows served as isolation strips,
while the remaining 39 rows represented randomly
assigned 13 different dates of planting at the
three different depths. The plantings were made
in two-week intervals beginning November 4, 1958
and ending April 21, 1959. Each row in a block
contained 27 seedlings spaced four feet apart
and planted on the same date and at the same
depth. Two edge seedlings were considered as
isolation.

The depths of planting were as follows: (&)
root collar at the ground level, (B) one-half of
the shoot buried, (C) most of the shoot buried
except for the upper one-inch of terminal.
Standard planting bar was used for regular (A)
planting, while 18-inch bar was used for B and C
planting depths. All roots were trimmed to the
length of seven inches.

Statistically, this study consisted of 13
planting dates and three depths of planting,
each represented by three replications of 25
seedlings. All data were analyzed by two-way
analysis of variance.

RESULTS
Mortality
Periodic survey of experimental planting
revealed that by March 19, 1959, attrition due
gophers and weather damage was 6 percent, 4

percent and 2 percent in A, B and C planting
depths, respectively (Table 1). Mortality was
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particularly very high in November 18 planting,
amounting to 22 percent in A and 16 percent in B
depth of planting. It is important to notice
that this planting was made just two days before
the first freeze of the season. The loss due to
inclement weather was four times as high as was
the loss due to the obvious damage by gophers.

Average annual mortality for 1959 amounted to
10 percent, 13 percent and 16 percent in the
planting depths A, B, and C, respectively (Table
2). Both April plantings suffered very high
mortality in all depths of planting, averaging
19 percent, 21 percent and 33 percent in A, B
and C, respectively. The highest mortality in
A (25%) and B (277) depths of planting occurred
in planting made on November 18, while the
highest mortality in C (36%) depth of planting
occurred in April 21 planting.

Average mortality during 1960 growing season
was 2 percent in A, 3 percent in B and 5 percent
in C depth of planting, and no particular
pattern was noticed in respect to the season of
planting.

Seasonal Height Growth

Average seasonal height growth in 1959 was
significantly different for each depth of
planting, amounting to 9 inches in A, 11 inches in
B and 13 inches in C planting (Table 3).

Seedlings planted on November 4 grew most, while
those planted in March and April grew least,
regardless of the depth of planting.

In 1960 and 1961, average height growth of A and
B plantings was significantly higher than that of
C plantings (Table 4), but in 1962 growth was
identical in all depths of planting. Height
growth of all April plantings continued to lag
behind all others through 1960 and 1961 growing
seasons.

Total Height

Average height of all A plantings was greater
than was the height of either B or C plantings
from 1959 through 1962 (Table 5 and Table 6),
while average height of all C plantings was
significantly smaller than that of average B
plantings. Average height superiority of November
4 planting was maintained in A plantings 1959
through 1961 and in B plantings 1959 through 1960.
During four years of study, average height of
trees planted in March and April was shorter than
the height of trees planted in November-February
in all depths of planting.

DISCUSSION

Deep planting by burying shoot to one inch
terminal reduced survival during the first two
yvears and resulted in less height growth during
the second and third vear. The increased height
growth during the first year did not compensate
for less growth during the second and third year.
Burying one-half of the shoot reduced survival and
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increased height growth during the first year
only. Deep planted trees were shorter than the
conventionally planted trees during four following
years.

Slocum (1951) and Slocum and Maki (1956)
reported that deep planting on well-drained clay
did not effect survival and it increased height
growth of loblolly pine seedlings through the
second growing season, but the authors warned that
similar results might not be expected elsewhere,
Deep planting reduced survival of loblolly pine on
droughty sandy loam (Ursic 1963) and poorly
drained silt and clay soils (Switzer 1960) in
Mississippi as well as on sandy loams in East
Texas (Koshi, 1960).

The highest mortality in this study occurred in
the seedlings lifted and planted before the first
freeze in the fall or after broken shoot dormancy
in April. It seems that high mortality in
November 18 planting was caused by the first cold
spell of the season, while root disturbance of the
seedlings during the onset of shoot elongation was
responsible for high mortality in the April
plantings. Low temperature as the cause of high
mortality in November 18 planting is supported by
the fact that mortality was relatively low in the
C depth of planting where only tips of the shoots
were exposed to freezing atmosphere.,

Poor survival of loblolly pine seedlings
lifted prior to dormancy was reported by Venator
and Barnett (1984), and Brissette and Roberts
(1984) found less root regeneration potential in
seedlings lifted in November. Bilan and
Ferguson (1985) reported that all seedlings
survived when they were 1ifted and outplanted in
a field in two-week intervals December 1 through
March 2.

Reduction of height growth in all March and
April plantings during the first growing season
resulted probably from the interruption of
spring shoot elongation. Poor survival of
loblolly pine seedlings lifted and planted
during late spring was reported by Dierauf
(1978) and Venator (1985). The author (Bilan
and Ferguson 1985) found that loblolly pine
seedlings lifted and planted in March grew less
in height by early May than did seedlings lifted
and planted December 1 - January 12,

The author concludes that loblolly pine
seedlings have their highest survival and early
growth potential when they are lifted and
outplanted during their dormancy, but the actual
survival and growth in the field may be to a
great degree affected by the climatic conditions
following outplanting.




Table 1. Average Attrition of Seedlings Due to Gophers and Weather by Time and Depth of Planting by
March 19, 1959.

Planting Depth A Planting Depth B Planting Depth C
DATE
PLANTED GOPHER DEAD TOTAL GOPHER DEAD  TOTAL GOPHER DEAD  TOTAL
= - - - - PERCENT - - - - -
NOV. 4 1.3 11.7 13.0 1.3 3.9 5.2 1.3 1.3 2.6
18 3.9 18.2 22.1 2.6 13.0 15.6 1.3 0 1.3
DEC. 2 3.9 6.5 10.4 1.3 2.6 3.9 1.3 0 1.3
16 1.3 1.3 2.6 1.3 0 1.3 2.6 2.6 5.2
30 1.3 3.9 5.2 1.3 2.6 3.9 1.3 1.3 2.6
JAN. 13 0 1.3 1.3 0 1.3 1.3 0 0 0
27 0 1.3 1.3 0 0 0 1.3 0 1.3
FEB. 10 0 1.3 1.3 0 0 0 1.3 0 1.3
14 0 0 0 0 0 0 0 0 0
AVERAGE 1.3 5.1 6.4 0.9 2.6 3.5 1.2 0.6 1.8

Table 2. Average Annual Mortality of Loblolly Pine Seedlings by Time and Depth of Planting During 1959

and 1960.
DATE Planting Depth Planting Depth
PLANTED A B C A B C
1959 1960
i/ - - PERCENT - - - -
NOV. &4 7.4¢ 16.0b 12.3b 2.5 2.5 5.0
18 24.7a 27.2a 9.9b 0 3.7 2.5
DEC. 2 9.9bc 4.9¢ 9.9 0 1.3 5.0
16 6.2¢c 4.9¢ 14.8b 0 4.9 2.5
30 7. he 13.6be 17.3b 2.5 0 7.4
JAN. 13 2.5¢ 9.9¢ 14.8b 3.7 3.7 2.5
27 4.9¢ 4.9¢ 9.9 1.3 1.3 2.5
FEB. 10 4.9¢ 7.4¢c 7.4b 6.2 7.4 8.6
24 il.1be 8.6 9.9 1.3 2.5 7.4
- MAR. 10 2. bc 21.0ab 18.5b 3.7 7.4 3.7
24 7.4¢c il.ic 13.6b 1.3 3.7 0
APR. 7 21.0ab 22.2ab 30.9a 0 0 11.1
21 17.3ab 19.8ab 35.8a 2.5 2.5 3.7
AVERAGE FOR
‘PLANTING 2/
DEPTH 10.3a 13.2b 15.8¢ 1.9a 3.2ab 4.8b

1/ Values in individual columns for year 1959 followed by the same letters are not statistically
different at the 95 percent confidence level by Duncan's multiple range test.

2/ Average values for planting depth for 1959 and 1960 followed by the same letter are not statistically

different at the 95 percent confidence level by Duncan's multiple range test.
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Table 3. Average Annual Height Growth of Loblolly Pine Seedlings by Time and Depth of Planting for 1959

and 1960.
DATE Planting Depth Planting Depth
PLANTED A B C A B C
1959 1960
-y - I N CHE E S - -
NOV. 4 14.4 a! 16.8a 16.7a 31.6a 31.0a 28.8a
18 9.8b 12.3b 14.4a 28.4a 30.3a 29.4a
DEC. 2 10.7b 12.1b 14.5a 30.8a 29.6a 29.1a
16 10.6b 12.8b 14.5a 29.8a 30.4a 28.4a
30 9.1b 12.2b 13.8b 29.8a 31.4a 29.7a
JAN. 13 12.3a 14.1b 15.3a 30.6a 32.1a 29.6a
27 10.2b 12.5b 15.2a 29.9a 30.5a 30.1a
FEB. 10 10.5b 13.1b 13.2b 32.8a 30.5a 29.9a
24 7.9bc 11.7p 10.6¢ 29.2a 27.6b 28.1a
MAR. 10 5.5¢ 7.9¢ 10.3¢ 28.0a 24.7b 27.1a
24 6.7¢ 8.3¢c 10.2¢ 29.2a 29.7a 28.8a
APR. 7 4.7¢ 7.6¢c 9.0c 26.3b 26.3b 23.8b
21 6.4c 6.9¢ 8.7¢ 25.2b 25.3b 25.9b
AVERAGE
FOR PLANTING 2/
DEPTH 9.1c 11.4b 12.8a 29.3a 29.2a 28.1b

1/ Values in individual columns followed by the same letter are not statistically different at the 95
2/ percent confidence level by Duncan's multiple range test.
Average values for planting depth within yvears filler by the same letter are not statistically
different at the 95 percent confidence level by Duncan's multiple range test.

Table 4. Average Annual Height Growth of Loblolly Pine Seedlings By Time and Depth of Planting for 1961

and 1963,
Planting Depth Planting Depth
DATE
PLANTED A B C A B C
1961 1962
- - I N C H E 8 - -
NOV. 4 50.0a / 49.9a 46.5a 48.5a 49.0a 52.0a
18 45,8a 49.4a 46,8a 50.5a 51.3a 47.2ab
DEC. 2 47.0a 46.9a 48,3a 49.6a 51.9a 50.4ab
16 45.8a 47.1a 47.1a 48.4a 51.0a 51.0a
30 46.4a 46.6a 47.3a 50.7a 53.2a 51.1a
JAN. 13 48.0a 50.4a 44.,8b 49.6a 50.8a 46.7b
27 49.8a 47.0a 49,2a 50.9a 51.1a 50.6ab
FEB. 10 46.9a 48.0a 45.5a 50.6a 52.5a 52.1a
24 46,2ab 49.2a 43.1c¢ 50.1a 51.2a 48.7ab
MAR. 10 44.7b 40.8b 43.9b 49.8a 47.7a 49, 2ab
24 47.7a 47 .6a 43.5¢ 50.7a 49.2a 50.1ab
APR. 7 43,.5b 43.5b 42.0c 47.6a 46.5b 47 .8ab
21 43.9b 43.4b 39.9¢ 50.3a 45.9b 46.9b
AVERAGE FOR
PLANTING 2/
DEPTH 46,6a 46.7a 45.2b 49.9a 50.1a 49.5a

1/ Values in individual columns followed by the same letter are not statistically different at the 95
2/ percent confidence level by Duncan's multiple range test.

Average values for planting depth.within years followed by the same letter are not

statistically different at the 95 percent confidence level by Duncan's multiple range test.
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Table 5. Mean total height of loblolly pine seedlings by time and depth of planting in 1959 and 1960.

Planting Depth Planting Depth
DATE 1959 1960
PLANTED A B C A B C
- - I N C H E S - -

NOV. 4 24 .,4a 21.8a 17.7a 56.0a 52.8a 46.5a
18 19.8b 17.3b 15.4a 48.2b 47.6b 44 . 8a

DEC. 2 20.7b 17.1b 15.5a 51.5b 46.7b 44.6a
16 20.6b 17.8b 15.5a 50.4b 48.2b 43.9a
30 19.4b 17.2b 14.8a 49.2b 48,60 44 ,5a

JAN. 13 22.3ab 19.1b 16.3a 52.9b 51.2b 46.4a
27 20.2b 17.5b 16.2a 50.1b 48.0b 46.3a

FEB. 10 20.5b 18.1b 14.2a 53.3b 48.6b 44, 1la
24 17.9bc 16.7b 11.6¢ 47.1bc 44.3bce 39.7b

MAR. 10 15.5¢ 12.9¢ 11.3b 43.5¢ 37.6¢c 38.4b
24 16.7¢ 13.3c¢ 11.2b 45.9c 43.0bc 40.0b

APR. 7 14.7¢ 12.6¢c 10.0b 41.0c 38.9c 33.8b
21 16.4c 11.9¢c 9.7b 41.6¢c 37.2c 35.6b

AVERAGE BY

PLANTING 2/

DEPTH 19.27"a 16.4b 13.8c 48.5a 45.6b 42.2¢

1
/ Values in individual columns followed by the same letter are not statistically different at the 95
percent confidence level by Duncan's multiple range test.

2
/ Average values for planting depth within years followed by the same letter are not statistical
different at the 95 percent confidence level by Duncan's multiple range test.

Table 6. Mean Total Height of Loblolly Pine Seedlings by Time and Depth of Planting in 1961 and 1962.

Planting Depth Planting Depth
DATE
PLANTED A B C A B C
1961 1962
- - I N C H E S - -
NOV. 4 106.0a 99.7a 93.0a 154.5a 148.7a 145.0a
18 94.0b 97.0a 91.6a 144.5b 148.3a 138.8ab
DEC. 2 98.5b 93.6a 92.9%a 148.1b 145.5a 143.3a
16 96.2b 95.3a 91.0a 144.6b 146.3a 142.0a
30 95.6b 95.2a 91.8a 146.3b 148.4a 142.9a
JAN. 13 100.9b 101.6a 91.2a 150.5a 152.4a 137.9ab
27 99.9b 95.0a 95.5a 150.8a 146.1a 146.1a
FEB. 10 100.2b 96.6a 89.6a 150.8a 149.1a 141.7a
24 93.3bc 93.5a 82.8b 143.4b 144.7a 131.5b
MAR. 10 88.2c 78.4c 82.3b 138.0c 125.1b 131.5b
24 93.6bc 90.6b 83.5b 144.3b 139.8b 133.6b
APR. 7 84.5¢ 82.4c 75.8¢c 132.1c 128.9b 123.6c
21 85.5¢ 80.6c 75.5¢ 135.8¢c 126.5b 122.4¢c
AVERAGE FOR
PLANTING 2/
DEPTH 95.17"a 92.3b 87.4c 144.9a 142.3b 137.0¢

1/ Values in individual columns followed by the same letter are not statistically different at the 95
percent confidence level by Duncan's multiple range test.

2/ Average values for planting depth within years followed by the same letter are not statistically
different at the 95 percent confidence level by Duncan's multiple range test.
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ANNUAL AND GEOGRAPHIC VARIATIONS IN CONE PRODUCTION BY LONGLEAF PINE~—

William D. Boyerz/

Abstract——Cone production by longleaf pine (Pinus

palustris Mill.) has been monito
shelterwood stands since 1966.

red on sample trees in
Eleven locations, three each~

in Alabama and Florida and one in Louisiana, Mississippi,
Georgia, South Carolina, and North Carolina were included in

the study. Each location had t

wo test areas, with 50 sample

trees each. Six locations had 15 or more years of record,
the others less. Annual counts of cones, conelets, and
flowers (pistillate strobili) on each sample tree were made
until trees were cut. Over 20 years, cone Crops in which the
average number of cones per tree exceeded 50 occurred only

in 1967, 1973, and 1984. The frequency of cone crops
potentially useable for natural regeneration (average of 20

or more cones/tree) varied co

Cone crop frequency was very

two locations in northwest Florida
Georgia. Cone crop frequency reac

nsiderably among locations.
low (< 0.1 or 1 year in 10) at

and one in southwest

hed a peak of 0.62 and

0.75 at two locations in central Alabama. The ratio of

flowers counted to cones produce

d suggests that low cone

crop frequencies near the Gulf Coast were due more to flower
losses than failure to produce flowers.

INTRODUCTION

Longleaf pine is a poor seed producer compared
to other southern pines, and cone Crops good
enough for natural regeneration are relatively
infrequent (Boyer and Peterson 1983). Wahlenberg
(1946) noted that good crops occur every 5 to 7
years, and failures about 1 year in 5. In south
Mississippi over a period of 21 years, there were
9 years in which medium or better cone Crops
occurred in longleaf pine (Maki 1952).
Shelterwood stands in south Alabama produced 5
cone crops adequate for natural regeneration
(> 50 thousand seeds/acre) over a period of 19
years (Croker and Boyer 1975). Heavy or bumper
seed crops through much of the range of longleaf
pine may occur once in 8 to 10 years (Maki 1952).

Very few systematic observations of cone produc-
tion by longleaf pine have been reported, (e.g.,
Croker 1973, McLemore 1975). These are normally
from a localized area and cover only a few years.

A region-wide test of the shelterwood system of
natural regeneration of longleaf pine was

l/Paper presented at the Fourth Biennial Southern
§ilvicultural Research Conference, Atlanta,
Georgia, November 4-5, 1986.

g/Project Leader, George W. Andrews Forestry
Sciences Laboratory, Auburn, AL, maintained by
the Southern Forest Experiment Station, Forest
Service, USDA, in cooperation with Auburn
University.

initiated in 1966. Data obtained on cone and
flower production at test sites have provided
information on the variability of longleaf pine
cone production over a period of time among
several locations across the southeastern United
States.

METHODS

Natural regeneration tests for longleaf pine
were established at 11 locations ranging from
Louisiana to North Carolina (table 1). One test
location was the Escambia Experimental Forest,
Escambia County Alabama; four were National
Forests in Louisiana, Mississippi, Alabama, and
Florida; three were State forests in Florida,
South Carolina, and North Carolina; two were
private lands (Alabama and Georgia); and one was a
military reservation (Florida).

At each of 10 locations (the experimental forest
excluded), 2 test areas ranging from about 20 to
60 acres in size were established. One tested the
two-cut and the other the three-cut shelterwood
system. These tests were initiated from 1966 to
1970. Several two-cut tests were located on
experimental forest sites. All tests were located
in maturing stands of longleaf pine nearing end of
a sawlog rotation. Within each test area, 25
sample points were established. The two seed
trees nearest each sample point were marked for
annual springtime counts of flowers and conelets
using the method described by Croker (1971).

Cones produced the preceding fall by each sample
tree were also counted at the same time. This
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Table 1.--Study sites and years of observation on The sampling period reported here covers the 20

longleaf pine cone production years from 1966 through 1985, Five locations were
represented in the first year, and also the last.

The number of years of cbservation at each of the

State County Years of observation 11 locations is given in table 1. The 20 years
and 11 locations covered in this report result in
a total of 220 cells. Of these, 144 included at
LA Grant 15 least one observation (one test area). A total of
110 had two observations (both test areas at a
MS Perry 8 location) and 7, all on the Escambia Experimental
Forest, included observations from 3 test areas.
AL Coosa 8
Perry 8
Escambia 20 RESULTS
FL Santa Rosa 18 Annual Variation in Cone Production
Okaloosa 15
Leon 10 Cone production by longleaf pine at all locations
combined, in terms of average number of cones per
GA Decatur 19 tree, ranged from a low of 1 in 1966 to a high of
66 in 1973 (fig. 1). Cone production exceeded an
sSC Chesterfield 15 average of 50 cones per tree only in 1967, 1973, and
1984. Cone production averaged less than 20 cones
NC Bladen 8 per tree in 13 of the 20 years and less than 10 cones
per tree in 9 of the 20 years. Normally, an average
of 750 cones per acre is needed to obtain adequate
was the total of cones on the ground under the natural regeneration in a longleaf pine shelterwood
tree, plus a binocular count of cones remaining in stand. Shelterwood stands in this study averaged
the tree. Sample trees were not replaced when about 30 trees per acre, so an average of 25 cones
removed through thinning or natural mortality. per tree would be required for successful regenera-
The number of residual sample trees had dropped to tion. Anything less than 20 cones per tree is
less than 20 on only one area. likely to be ineffective.
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Figure 1.--Annual variation in cone production by longleaf pine for all locations combined.




Variation among Locations in Cone Production

Average annual cone production per tree varied
considerably among the 11 locations (table 2).
The two locationms in the Mountain Province of
Alabama had the highest average cone production,
with 71 and 86 cones per tree. Locations in
northwest Florida and scuthwest Georgia had the
lowest cone production.

Data on average annual cone production were
derived from all sample trees for each year of
observation. The years of observation varied
among locations, and there were also differences
among locations in seed-tree size, which affected
cone production. All 11 locations provided cone
production data for the 5 years from 1969 to 1973,
inclusive. For these years, cones produced by
sample seed trees in the 11- and 12-inch diameter
classes only (10.6-12.5 in d.b.h.) were deter-
mined. This provided for a direct comparison of
cone production among locations (table 2). Again,
two northwest Florida sites and the southwest
Georgia site had the lowest cone production.

The practical application of natural regenera-
tion methods for longleaf pine depends on the
frequency of cone crops large enough to provide
acceptable regeneration. Considering an average
of 20 cones per tree as a minimum, the frequency
of cone crops this large or larger was determined
for each location (fig. 2). These ranged from
0.75 and 0.62 for the two Mountain Province loca-
tions to 0, 0.06, and 0.07 for the three

stands

Table 2.--Longleaf pine cone production by location

Cones per tree

All trees, 11-12 in d.b.h.
State County all years trees, 1969-73
——————— Average number—-—-—-—--=-=
LA Grant 33 14
MS Perry 16 33
AL Coosa 86 24
Perry 71 80
Escambia 13 12
FL Santa Rosa 7 9
Okaloosa 4 7
Leon 19 12
GA Decatur 3 5
SC Chesterfield 30 21
NC Bladen 7 17

e Location of observed

Florida-Georgia sites. The overall average
frequency of useable come crops was 0.30 or one
crop every 3.3 years. All locations with cone
crop frequencies of 0.10 or more have been
successfully regenerated (6,000 or more established
seedlings per acre), although sometimes this has

g0
«e®®

Figure 2.--Frequency of acceptable conme crops in longleaf pine.
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beei accomplished by two or more smaller cone crops
(15-20 cones/tree) rather than a single large cone
crop. The three locations with cone crop frequencies
of less than 0.10 have not yet been regenerated.

Low cone crop frequencies could be due to failure
of trees to flower or to loss of flowers and deve~-
loping cones, or both. Flower counts (annual
average/tree) are given in table 3. Cone counts on
each area were compared to associated flower counts
obtained from the same trees 2 years earlier and to
conelet counts obtained 1 year earlier. The ratios
of flowers to cones and conelet to cones were then
determined (table 3). Cone crops on each test area
during the first 2 years of observation were not
counted at the flower stage, so ratios could not be
determined for these years. For example, cones
counted in the spring of 1967 were from the 1966
cone crop, but the flowers counted at the same time
represented the 1968 cone crop.

Table 3.~-Average annual flower counts and ratios
of flowers to cones and conelets to cones

Avg. No.

flower Flowers Conelets

State County counts/tree /Cones /Cones
LA Grant 36 4.1 0.66
MS Perry 18 2.1 0.94
AL Coosa 27 0.5 0.29
Perry 23 0.5 0.23
Escambia 28 3.3 0.72
FL Santa Rosa 21 10.6 0.82
Okaloosa 12 5.4 0.66
Leon 16 26.2 1.13
GA Decatur 18 13,7 1.13
scC Chesterfield 30 1.2 0.43
NC Bladen 5 0.9 0.48

Flower production among the 11 locations was much
more uniform than the resulting cone production
(coeffizient of variation of 41 percent for flowers
vs. 106 percent for cones). The ratios indicate con-
siderable variation among locations in both flower
losses during the first year and losses of developing
cones during the second year (table 3). Higher
values indicate greater losses. The highest flower
losses were recorded at two Florida sites plus the
Georgia site. These same sites also had higher than
average losses of developing cones. Conversely, the
high cone-producing sites in Coosa and Perry
Counties, Alabama had the lowest losses of both
flowers and developing cones.

An analysis of variance of all data on flower and
cone counts iidicated that for flowers, the variation
associated with year (33 percent) was nearly double
that associated with location (18 percent). For
cones, the vaviation associated with location
(26 percent) was greater than that associated with
year (18 percent). Flower production is highly
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variable from year—to-year, and in large part this
reflects climatic conditions before initiation.
Flower losses, however, appear to be associated
with location, being more severe some places than
others. Final cone crop size, therefore, reflects
factors affecting initial flowering and also
flower and cone losses.

CONCLUSIONS

Production of longleaf pine cones varies
considerably from year-to-year and from place-to-
place. Considering the region as a whole, the
frequency of cone crops large enough to establish
natural regeneration in shelterwood stands is
almost 1 year in 3. Among the locations sampled,
however, frequency of useable cone crops ranged
from 3 years out of 4 to zero. Three locations
had cone crop frequencies of less than 1 year in
10. At locations such as these, natural regenera-
tion of longleaf pine may not be a viable option.

Over time, flower production is more consistent
among locations than cone production. The
evidence in this study suggests that low cone
production is associated more with flower losses
and, to a lesser extent, cone losses than with
failure to flower in the first place.
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VALUATION OF SEED VIGOR IN LONGLEAF, SHORTLEAF,
VIRGINIA, AND EASTERN WHITE PINES

27

. T. Donner—

ile sced lots of longieaf
.), qnartlea‘ ’P echinata
and

Abstract.--Hult
(Pinus palustris Mi
Mill.), Virginia (P
eastern white (P. g}rouua u.) pines were used

to evaluate measurements of seed vigor for pre-
diction of seedling emergence in nursery bed en-
vironments. The highest correlations with seed-
ling emergence were obtained with the germination
ination and peak

test parameters--percent ge
value and with electrical conductivity =
ments of seed leachate with the ACAC~1000 Seed
Analyzer. Correlation coefiicients differed only
slightly. Conductivity measurements were best
for shortleaZ, Virginia, and eastern white pines
(r= 0.790, 0.774, and -0.888), and germination
test parameters were best for longleaf (r= 0.838
and 0.957). 1In five of six tests, percent jer-

asure-—

mination and peak value were more higl or-
related with ceedling omergence than bator's

germination value. The data suggest that these
four species are similar to other southern pines
in test responses. A good leboratory test is

wductivity test is an able

ic limiting. Tnterprctatien

desirabtle, but the <o
substitute when tiie
of the test results {
seeds in nurseries is discusaed.

chate conductivity measurements were also very

IHTRODULCTION Lea
promising for loblolly and slash pines (Bonner 1980},
The frequent inability of laboratory germina- as well as for zome other conifers (Bonner and Vozzo
tion tests to accurately predict nursery germination 1986) .
has been a common problem for nursery managers.
When field conditions are favorable, there are Zew Sther southern pines have been included in re-
problems. But when bed environments are stressiul, search on seed vigor test methods at the author's
standard, germination test percentages may not be laboratory from 1976 to 1885. This paper summarizes
e-uate predictors ol seed performance. results obtained in 1983-85 with four of them: lony-
leaf (?. palustris Mill.), shortleaf (P. echinata
Barnett and McLemore (1984) concluded that ger-— ill.), Virginia ( . virginiana lMill.), and eastern
mination tests to accurately predict nursery germi- hite (2. btrDQEEVL.) pines.

nation percentages were the best predictors of
ling production in stratified loblolly (Pinus t

L.) and slightly dormant slash pine (2. elliotti

MATERIALS ANL METRODS

Ingelm), and that Czabator's germination value {(GV) Multiple seed lots of varying ages and zeo-
(Czabator 1762) was bast for dormant or slowly ger- graphic sources were assembled for testing. Until
mineting lot:. CLarlier work in our laboratory ised, they were stored at 39C with moisture contents
(Bonner 1983) agreed with the use of germination oF 10 percent or lower. 3Samples were taken {from as
percentages, but we found peak va lue (PV), another many as 22 and zs few as 10 socd lots of each 2
Czabator parameter, to be a Letter predictor than SV. years. OGome seed lots vere used in both years.

Laboratory germination eachate conductivity, te-
-

trazolium staining znd eastern white pines

on tests were conducted

17/ only), and nursery ati
~/Paper presented at Fourth Biennial Southern on ail lots., The LOrl ation of test parameters
Silviecultural Research Zonference, /tlanta, Jeorgia, with nursery emergence was used to evaluate the
')Je%? er 4-5, 1986. effectiveness of the tests.

£LiPlant Ph}SlolD"lSt and Pro’ect Leader, Couthern
rorest Experiment Station, U.5. Department of Acri- Laboratory permination.~ Cermination tests were

out under official test conditions (Associ~

Tture, -orest Jervice Starkville, C 39759,
s b b
Official Seed Analysts 127€). Four
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replications of 5C to 100 seceds each were germinated
in cabinet germinators on moist blotters for 28 days.
Test temperatures were 30°C for 8 hours of light,
followed by 16 hours of darkness at 20°C. Germina-
tion was counted a minimum of three times a week to
facilitate calculation of rate parameters. In Cza-
bator's formula, PV is the highest quotient obtained
by dividing cumulative percent germination on each
day by the number of days elapsed. This value on
the last test day is the mean daily germination
(MDG) ; thus, GV = (PV) (MDG) .

Eastern white pine was stratified for 28 days
at 3 C, but longleaf received no stratification.
Virginia and shortleal pine seeds were stratified
for 14 days at 3°C in the 1984 tests. These species
received no stratification in the 1985 tests because
the treatment was detrimental to the lower quality
seed lots in 1984,

Leachate conductivity.- Samples of 100 seeds
(four per lot) were leached in deionized water for
24 hours at room temperature. Current flow (namp)
through the leachate of individual seeds was measured
with an automatic seed ag\?lyzer manufactured by
Neogen Food Tech.,Inc., 2/Models 610 and ASAC-1000
were both used, but primarily the latter. Means and
standard deviations of conductivity and germination
estimates based on the histogram segment (1S) method
were calculated as described by Bonner and Vozzo
(1926) .

Tetrazolium staining (TZ).- Seeds from 50-seed
samples were cut down one side with fingernail clip-
pers and soaked in deionized water for 24 hours at
room temperature. Then they were placed in a 0.5-
percent solution of 2,3,5-triphenyl tetrazolium
chloride, pH 6.5 to 7.0, at 20°C for 18 to 24 hours
in the dark. Seeds were scored as "good" or "bad"
according to the criteria of Moore (1971), and vigor
was expressed as the percentage of "good" seeds in
the sample. TZ staining was used on longleaf and
eastern white pines in 1 year only.

Nursery emergence.- Four 50- or 100-seed samples
were planted in completely randomized rows in nur-
sery beds at the Forestry Sciences Laboratory.
LongleaZ seeds were sown on the surface and pressed
into the soil with a board. The other species were
planted about 3 mm deep. All plots were mulched
with chopred pine straw and protected by bird net-

ting. Eastern white pine was stratified 28 days at
3%. Virginia and shortleaf pines were stratified

14 days in the 1984 tests and 21 days in the 19€5
tests, Longleal received no stratification. All
tests were planted in April, and emerging seedlings
were counted one to three times per week until
emergence was complete.

Mention of trade means is for information
only and does not imply endorsement or recommenda-
tion by the U.S. Department of Agriculture of any
product or service over others that may also be
available,
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Data analysis.~ Correlation coeflicients between test
parameters and nursery emergence were calculated,

and significance was tested with the "¢" test
(p=0.05). We assumed that the test parameters that
were cousistently significantly correlated with nur-
sery emergence should be considered as valid esti-
mates of seed vigor.

RESULTS

Longleal pine.- Both laboratory zermination and
leachate conductivity estimates showed strong sig-
nificant correlations with nursery emergence and
survival in the first test vear (table 1.) 1Ina the
second year, all "r" values were lower, and germi-
nation test parameters were much better than those
in other tests. Although TZ staining was i
cantly correlated with nursery factors in gz,
test was dropped from [urther consideration because
ol the difficulties encountered in standardizing
interpretation of taining patterns. The highest

s
1 Iy 3 .
'r'" values obtained were from percent jerminacion,

mean conductivity, and PV.

Shortleaf pine.- Nursery germination was so
poor in 1984 that no measurements were talen. In
the 1985 test, significant correlations with nursery
performance were obtained from percent germination,
PV, GV, and germination estimates from leachate con-
ductivity (table 2). Conductivity estimates save
the highest "r" values, then PV,

A

Virginia pine.- Results with Virginia pine were
very similar to those obtained with shortlea” pine
(table 2)., After nursery test failure in 1984, the
1285 results showed the highest "r' values Irom con-
ductivity estimates. ALl laboratory sermination
test parameters were also signiiicantly correlated
with emergence and survival.

Eastern white pine.- Leachate conductivity and
laboratory germination parameters showed significant
correlations with emergence and survival in the nur-
sery plots (table 3). The highest "r" values were
obtained with mean conductivity for emergence in
both years and with percent germination for survival
in 1984, There was little difference among these
values, however, Among germination test parameters,
percent germination and PV coe{ficients were always

re

higher than the coefficients for 5V.

Results from these tests were very similar to
results reported previously for loblolly and slash
pines (Bonner 1926). Laboratory germination para-
meters and leachate conductivity measurements were
about equal in their correlation with nursery emer-
gence.

Standard, but time consuming, laboratory tests
are always desirable for proper sced management de-
cisions, but rapid estimates of seced quality also
have their place. In many situations, seeds must he
planted or shipped before a germination test can le
scheduled and completed. Leachate conductivity tests
can apparently £ill that need. Other rapid tests,
such as 72 or X-ray, may be just as accurate, but
ecach has serious drawbacks in subjective interpre-
tation or time-consuming methodology.




Table 1.--Correlation coefficients (r) between vigor estimates
and nursery emergence and survival for longleaf pine

) 1983 1984
L Percent Fercent Percent Percent
. : a .
Vigor estimates—’ emergence emergence emergence survival

Percent germination 0.957% 0.955% 0.858% 0.83
(& .880% .909% .853% 838
PV L954% L940% .8 56%
Conductivity mean -.824%* -.908% —-.664% -
Conductivity 5D -.922% -.915% -.250 -
Conductivity 03 - —— . 549%

T L779% .750% - -

a/ GV, germination value; PV, peak value; Conductivity, 5D
(standard deviation), HS (histogram segment); TZ, tetra-
zolium staining.

% Significant at p = 0.05.
Table 2.--Correlation coefficients (r) between vigor estimates

and nursery emergence and survival for shortleafl and
Virginia pines in 1985

Shortleaf Virginia

Percent Tercent Percent Tercent
Vigor estimates emergence survival emergence survival

_____________________ o
Percent germination  0.744% 0.61C% 0.697%* 0.583%
GV .622% . 540% L688% . 570%
2V L748% L64T* L676% L765%
Conductivity HS .790% .67 5% LT74% .616%

=

*Significant at p = 0.05.

Table 3.--Correlation coefficients (r) between vigor estimates
and nursery emergence and survival for eastern white

pine &/
1983 1984
Percent Fercent Percent Percent
Vigor estimates emergence survival emergence survival
____________________ R
Percent germination 0.857% - 0.845% 0.748%
GV L784% e L727% .622%
PV .860% - L794% . 669%
Conductivity mean -.869% - ~.388% -.726%
Conductivity SD -.545% - -.591% ~. 434
Conductivity M5 - - 717 . 593%
TZ . 208 - - -

a/ No survival counts were taken in 1983.

% Significant at p = 0.05.
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In five of the six primary tests in these
sumum,patmtgammmjmxmdPunemwebghM
correlated (larger "¢ values) with seedling emer—
gence than GV. The same was true with loblolly and
slash pines (Bonner 1986), although differences for
all six species were very small. Other researchers
have shown a direct relationship between germination
rate and seedling quality of southern pines (Boyer
and others 1985; Barnett and McLemore 1984; VWasser
1978). Therefore, it seems there are good reasons
for making more use of germination rate in evalua-
tion of seed lots.

Under the conditions of these studies, minimum
PV values for "high-quality" seed lots can be sug--
gested: eastern white pine - 3.0; shortleaf pine -
3.5; longleaf pine - 4.0; and Virginia pine - 5.0.
These values assume removal of empty seeds by pro-
per seed cleaning, and they may differ slightly un-
der different test conditions. When test results
show PV's above these levels, normal stratification
periods should be used: Virginia pine - 14 days;
shortleaf pine - 14 to 28 days; and eastern white
pine - 30 to 60 days. Longleaf pine should not be
stratified. If PV's are below the suggested values,
stratification periods should be shortened by about
one-third to avoid damage to the seeds.

Since more vigorous seeds will germinate bet-
ter at low temperatures than weak seeds, seed lots
with the higher PV's should be sown first when soil
temperatures are usually lower. Less vigorous lots
(PV below the minimum) should do better when soil
temperatures are higher. The best utilization of
seeds, however, will result from the nursery man-
ager knowing how each of the seed sources react to
stratification and conditions o~ the nursery. With
the current practice of repeatedly sowing with the
same Iamilies or seed sources from the same orchards
year after year, there is no reason why this infor-
mation should not be available.

Interpretation of leachate conductivity data
is not well-defined at this time. Both mean con-
ductivity and estimates by the IS method have been
reliable in certain situations, However, seed con-
ditions can influence the conductivity/vigor rela-
tionship in many cases (Vozzo 19845 Vozzo and Ronner
1986), and additional research must be done to de-
velop this promising technique. ost seed managers
would sacrifice a certain amount of accuracy to get
an estimate of quality in 24 hours as compared to
the 30 or 60 days of a germination test,

CONCLUSTOHS

Laboratory germination tests and seed leachate
conductivity measurements can be used to evaluate
seed vigor in longleaf, shortlea?, Virginia, and
eastern white pines., Total germination and PV, a
measure of germination rate, are preferred parame-
ters of germination tests. Electrical conductivity
measurement shows great promise as a rapid estimate
of vigor.

80

LITERATURE CITED

Association of Cfficial Seed Analysts. Rules for
testing seeds., Journal of Seed Technology. 3(3):
1-126; 1978,

Barnett, J. P,; MeLemore, B. 7, Germination speed
as a predictor of nursery seedling performance.
Southern Journal of Applied Forestry. £:157-1 2;
1986.

Bonner, F. T. Measurement of seed vigor for lob-
lolly and slash pines. Forest Science, 32:170-

1785 1986,

Bonner, F, T.; Vozzo, J. A. Evaluation of tree seeds
by electrical conductivity of their leachate.
Journal of Seed Technology. 10:142-150; 1986,

Boyer, J. N.; South, D. B.; Muller, C. [and others]
Speed of germination affects diameter at lifting
of nursery-grown loblolly pine seedlings. Souther
Journal of Applied Forestry. 9:243-247; 1985,

Czabator, F. J. Germination value: an index com-
bining speed and completeness of pine seed ser-
mination. Forest Science. $:386-396; 1962.

Moore, R. P. Tetrazolium evaluation of tree and shrut
seeds. 16th ISTA Congress. Preprint No. 69.; 1971.
7 p.

Vozzo, J. A. Evaluating seed leachzate measurement
relative to imbibition time and solute volume.
Journal of Seed Technology. 9:54-59; 1984,

Vozzo, J. A.; Bonner, 7. T. Using electrical con-
ductivity of seed leachate as a measure of seed
quality in southern pines. In: South, D.3.,ed.
Proceedings, international symposium on nursery
management practices Ior the southern pines; 1985
Aug. 4-9; Montgomery, AL. Auburn, AL: Alabama
Agricultural Experiment 5Station and International
Union Forestry Research Organization; 1985. 594 5,

Wasser, R. G. Tree improvement research. In: Lantz,
C.l., Comp. Proceedings, 1978 southern forest nur-—
sery conferences. Atlanta, GA: U.3. Depar tment
of Agriculture, Forest Service, State and Private
Forestry; 1978, 170 p.




THE EFFECT OF SEED TREATMENT AND SOWING METHOD
ON GERMINATION OF OCALA SAND PINE Y

Kenneth W. Outcalt 2/

Abstract.-- Ocala sand pine (Pinus clausa var. clausa D. B. Ward)
seeds, half of them presoaked and half untreated, were sown in a green-
house study in fine sand soil at moisture contents (by weight) of 2, 5,
and 10 percent by pressing into the soil, by broadcasting and covering
with soil, or by broadcasting and covering with soil which was packed.
In a second test presoaked and control seeds were sown in soil at 3, 5,
and 7 percent moisture by pressing into the soil. Soil at 2 percent
moisture content was too dry for any germination even if seeds were
presoaked. The seeding method had no effect on speed of germination or
total germination. Presoaking seeds resulted in more rapid germination
in both tests and at the 5 percent soil moisture content an increase in
total germination of about 20 percent in the first test. Most of the
time soil moisture will be between wilting point, about 2 percent, and
field capacity, about 10 percent. Thus, presoaking may be a way to
increase seed germination. In addition presoaking could reduce losses
to predation by speeding up germination. Although presoaking appears
beneficial and did not have any negative effects on viability of seeds
lying in dry soil, field tests are needed before a final evaluation can

be made.

INTRODUCTION

Ocala sand pine (Pinus clausa var. clausa D.B.
Ward) is native to the droughty, acid, infertile,
marine deposited sandhills of Florida. The largest
concentration occurs in the center of the state on an
area known as the Central Highlands. The understory is
primarily evergreen shrubs 6 to 10 feet tall with very
Tittle herbaceous ground cover (Laessie 1958). Typical
understory species(are sind liv§ oak (Quercus virgini-
ana var. geminata (Small) Sarg.), myrtle oak (Q. myrti-
folia Wildl.), Chapman oak (Q. chapmanii Sarg.;, and
palmetto (Sabal spp.). This area has hot, humid sum-
mers, somewhat dry winters, and a long growing season
of 269 to 312 days. Precipitation is abundant, 53 to
60 inches per year, and is fairly well distributed
(Burns and Hebb 1972).

Sandhills soils are acid, infertile and droughty
marine deposits from the interglacial stages of the
Pleistocene epoch. Because of sorting action during
deposition, they are largely quartz sands, ranging from
a few feet to more than 20 feet deep. Organic matter
content is low because the climate promotes rapid ox-
idation. Because of the low levels of organic matter

Y Paper presented at Southern Silvicultural Re-
search Conferrence, Atlanta, Georgia, November 4-6,
1986.

2/ Soil Scientist, USDA Forest Service, South-
eastern Forest Experiment Station, Olustee, FL 32072.

and of clay colloids, cation exchange capacities and
moisture retention of these soils are low (Burns and
Hebb 1972). Due to the soil's Tow moisture-holding
capacity, drought conditions can exist within 2 weeks
of a heavy rainfall. Also surface temperatures of ex-
posed soils may reach 140° F on summer days, which is
why these areas have been called deserts in the rain
(Burns and Hebb 1972).

Ocala sand pine begins cone production at an early
age, about 5 years, and has abundant annual crops (Bar-
nett and McLemore 1965). The cones are predominately
serotinous and persist on the tree for many years.

Most natural stand have originated from seed released
by the serotinous cones following wildfires. Attempts
have been made to get natural regeneration by using the
heat from the sun to open cones in logging slash, but
stocking has been below acceptable levels (Price 1973).
Burning logging slash to release seeds has also been
tried, but it gave poor results because available cones
were unevenly distributed and the fire destroyed many
seeds (Cooper et al., 1959).

Ocala sand pine can be planted, but due to its
lack of true winter-type dormancy (Zelawski and Strick-
land 1973), survival is generally poor, about 60 per-
cent, and variable (Burns and Hebb 1972, Hebb and Burns
1973). The most successful and economical system for
regeneration has been clearcutting, site preparation,
and direct seeding (Price 1973). Seed is broadcast at
a rate of 0.5 to 1.0 pound per acre following site
preparation by double chopping with a heavy, duplex
brush cutter. Research and experience has shown that
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some method of covering the seed with a layer of soil
0.25 to 0.75 inches thick will reduce seed predation
and increase germination (Burns and Hebb 1972).

Although broadcast seeding has been the most suc-
cessful system for regeneration of Ocala Sand Pine it
has not been entirely satisfactory. Many areas, es-
pecially during years with extended drought periods,
which occur about 3 years out of 10, fail to regenerate
adequately. In addition many areas are overstocked and
require precommercial thinning to prevent stand stag-
nation. In an attempt to improve spacing, eliminate
precommercial thinning, and reduce costs, a new system
using a bracke scarifier-seeder was recently employed.
This system was very successful the first year, but
since then almost all of the areas seeded with it have
failed, as have the majority of the areas that were
broadcast seeded. If the success ratio could be im-
proved by even a small margin it would result in con-
siderable savings. Two areas where gains might
possibly be made are improving the seeding method or
pretreating the seed.

The specific purpose of this study was to determine
if packing the soil over the seed or presoaking the
seeds in water would increase gemination and if there
were any interactions between packing, soil moisture
content, presoaking and germination.

METHODS

A sample of the Ocala sand pine seed from four dif-
ferent seed lots being used for regeneration during the
1985-86 season was obtained from personnel on the Ocala
National Forest. All seeds were from cones collected
on the Ocala National Forest and processed by the Na-
tional Tree Seed Laboratory. Processing included ex-
traction, cleaning, and coating with Arasan and
Aluninum powder. Prior to study initiation seeds were
tested for viability on germination paper in boxes at
the Olustee Laboratory, Florida. Because all lots had
similar and high viabilities of about 80 percent, all
tests were done using a mixture of seeds from all lots.

A split-plot factorial design was used in both por-
tions of the study. All germination tests were done in
6.75 x 4.75 x 2.25 inch germination boxes under green-
house conditions at the Olustee Laboratory. Control
seeds were planted in half of each germination box and
presoaked seeds in the other half. Presoaking was done
in tap water at 38° F for 24 hours. Upon removal from
cold storage the water was drained from soaked seeds
and they were blotted dry enough with towels so they
would not stick together and then planted. In the
first test, soil from the E horizon of a Blanton fine
sand (loamy, siliceous, thermic grossarenic paleudult)
with moisture content by weight of 2, 5, or 10 percent
was used in factorial combinations with seed planted
three ways: by pressing into the soil; broadcasting and
covering with soil; or broadcasting and covering with
soil which was then packed. these moisture levels were
chosen to represent effective wilting point, minimally
adequate, and field capacity and the methods were to
simulate drilling in seeds, the present system of sow-
ing, and present system with the addition of a packing
wheels, respectively. In the second test the surface A
and E horizons from a Paola sand (hyperthermic, uncoat-
ed spodic quartzipsamment) soil at moisture contents of
3, 5, and 7 percent with three replications was used
and all seeds were planted by pressing into the soil.
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The number of seedlings emerging from the soil was
counted in each box at weekly intervals for three weeks
following sowing. At the end of the initial three
weeks in the second study, enough moisture was added to
the boxes that originally had 3 percent water to bring
them to 10 percent and these were monitored for an ad-
ditional three weeks. Percent germination data were
analyzed by analysis of variance for each test by indi-
vidual week.

RESULTS AND DISCUSSION

There was not enough moisture available at the 2
percent level for any gemmination to occur. This was
expected since this moisture level was included to rep-
resent soil at the effective wilting point. Germin-
ation was also very limited (about 3 percent) at the 3
percent soil moisture level. The sowing method used
had no effect on total gemination which was 79, 77,
and 74 percent for broadcast, cover and pack; drill;
and broadcast and cover, respectively. As could be
expected, total germination increased with percent soil
moisture (Table 1 and 2). Presoaking seeds signifi-
cantly increased the speed of germination, especially
in the first test. The increased speed of germination
may be due to the higher moisture level of presoaked
seeds, 22 versus 8 percent for normal seeds, since it
is quite likely seed must reach a critical moisture
level before certain physiological processes necessary
for germination can begin. However, presoaking may
Just increase the ability of the seeds to imbibe water,
since Barnett and McLemore (1965) found scaking sand
pine seeds in 95 percent ethanol also increased the
speed of germination. In the first test presoaking
also increased total germination at the 5 percent soil
moisture Tevel (Table 1). It may be that with limited
moisture the presoaking allows a few more of the seeds
to reach the critical level. The results of the second
test, however, were contradictory as total germination
was not effected at any soil moisture level by presoak-
ing (Table 2). This may be due to the lower overall
gemination rate of this test.

Table 1.-- Effect of presoaking on germination of Ocala
sand pine seed at soil moisture contents of 5 and 10
percent.

Days Treatment Germination at soil moisture level

after 5-percent  10-percent mean
sowing
Percent 1/

6 Presoaked 25 23 248~
Control 7 3 _5b
Mean 1 13a

12 Presoaked 71 76 73c
Control 37 53 45d
Mean S4¢ 65¢

21 Presoaked 79 85 82e
Control 56 85 71e
Mean 68f 85e

v Means within a row or a column for each data not
followed by the same letter are significantly different
at the .05 level.




Table 2.--Effect of presoaking on germination of Ocala
sand pine seed at soil moisture contents of 5 and 7
percent.

Days Treatment  Germination at soil moisture level
after 5-percent  /-percent mean
sowing
Percent 1/
7 Presoaked 18 29 24~
Control 8 15 12b
Mean 13a 22b
14 Presoaked 25 58 42c
Control 25 42 34c
Mean 25¢ 50d
21 Presoaked 25 61 43c
Control 2% 49 37¢c
Mean 25¢ 55d
1/

=/ Means within a row or a colunn for each data not
followed by the same letter are significantly differ-
ent at the .05 level.

Seed losses to predators can and often are a sub-
stantial problem in artificial regeneration of Ocala
sand pine stands by direct seeding. Cooper et al.
(1959) concluded that the loss of seed to rodents,
birds, and ants was the single largest obstacle to the
successful regeneration of Ocala sand pine by arti-
ficial seeding. Presoaking Ocala sand pine seed before
sowing seems to be a simple way to speed up the rate of
germination. This would be advantageous under field
conditions since the sooner the seed germinates and
begins growth the less time it is exposed to the dan-
gers of predation. In addition this study indicates
that under some conditions presoaking may also increase
total germination.

One of the possible disadvantages of presoaking
seeds could be the loss of viability if sown in very
dry soils. This could occur if presoaking caused seeds
to begin germination at soil moisture levels that were
too low for successful completion of seedling emergence
or if presoaking changed the physiological state of the
seed such that it was more susceptible to damage while
1ying in the soil waiting for precipitation to raise
the soil moisture level enough for germination to oc-
cur. In this study, if moisture levels were too low,
seeds did not begin germination even if presoaked and
there was no evidence that presoaking seeds reduced
their viability while lying in soil at low moisture
levels. When water was added to soil after 3 weeks of
simulated drought conditions both presoaked and control
seeds had an equal germination rate, about 53 percent.
This was essentially equal to the 55 percent rate for
seeds sown in soil which initially had adequate mois-
ture for germination.

Although presoaking Ocala sand pine seeds appears
promising it should be tested under field conditions
before it is adopted for general use. This will be
done very soon by using presoaked seed in one seed box
and control seed in the other of a two row bracke
seeder on some operational seeding jobs on the Ocala
National Forest.
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Loblolly Pine Forest in th
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Abstract.--Research is currently underway to quantify
and deronstrate effective natural regeneration
alternatives for a loblolly pine forest in the lower
Piedmont of Georgia. These alternatives include: (1)

clearcut with seed in place,

place and preharvest burn,

(2) clearcut with seed in
seed tree method, 4) seed

tree method with preharvest burn, (5) uhblteﬁ!ood method,
and (5) shelterwood method with preharvest burn., This
paper reviews the progress of pine establishment at 3
years after harvest and indicates that all treatment
methods have potential to achieve full stocling.

INTRODUCTI

Today there are numerous silvicultural methods
that serve to regenerate a loblolly (Pinus taeda
L.) pine forest. However, most land managers and
Jandovwners are interested in economically sound
nethods that can be successfully acconplished in
an ecologically attractive manner. In recent
years, many thousands of acres have been cut and
left without any attempt to effectively regenerate
them., This scenario is followed all too often and
its use centers around a group of landowners that
ve define as nonindustrial private forest (MIPF)
landowners. The majority of IHIPF lands have been
cut and left because they were cut without
consideration as to how to rezenerate them. The
primary concern was to harvest because roney was
needed by the landowners. Unfortunately, when ¢
need to regenerate the depleted forest land was
finally considered the landowmer was shocked to
find the expense too great through usual smite
preparation and planting nethods. Fizgure 1
illustrates the importance of NIPF owmership in
terms of the amount of lands that they control in
Georgia. It is obvious that if we wish to meet
future demands for pulp, lumber, and fiber
demanded by our economy, we must find methods by
which these landowners can effectively regenerate
their forest lands.

1/
Presented at the Fourth Biennial Sou
Silvicultural Research Conference, Atlanta,
Georgia, Yovember U-5, 1086,

2/
Research Feologist, Southeastern Forest
Station, U.S. Department of Azriculture,
Service, !Macon, GA. 31020,
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Figure 1l.--Georgia commercial forest
ownersnl} in 1982: Frlvate ownership (65%},
ustry owned (24%), industry leased (L4%),

Dublic (7%).

If it is possible to reverse this scenario
through education of this group of landowners to
the point where they will consider the need for
regeneration and how they plan to do it oprior to
harvest, have of effectively
foreats throush
natural netl T PUOun o? this study is
ccntare‘ or tie need r @coﬁoglca‘lv sound and

b ives for resgencration of

The study area iq in Jones Cauhty, Ceorzia, on
the Hitechiti 235 ; north
of ‘tlacon, It v supported
a nixture of pine and har a'mod hat rezenerated

naturslly after ootuon fi re abandonad in
the 1930's., This situation is typical of many
forested sites in the lowver Piednont today.




HETHODS

The study began in spring 1982 when five
replications of six treatments were laid out in a
randonized block experimental design. Individual
permanent 2.0-acre rectangular plots for each
treatment were installed on each block. The
following treatments were assigned to the plots:

1. Clearcut with seed in place and no
preharvest burn. This serves as the
control.

2. Clearcut with seed in place, with preharvest
burn.

3. Seed tree cut with 8 to 10 seed trees per
acre after harvest and no preharvest burn.

4. Seed tree as in treatment 3, with preharvest
burn.

5. Shelterwood cut that reduces stand to 25
square feet of basal area per acre and no
preharvest burn. The renoval cut is
ascheduled 5 years after harvest.

6. Shelterwood cut as in treatment 5, with
preharvest burn.

After the 2-acre square plots uere delineated on
the ground, a complete inventory was nade of all
merchantable trees on each plot. With these data
in hand, residual trees were selected for all but
the clearcut plots. Trees selected as seed trees
were straight, had good form, were free from

were observed to have
Residual trees were well

injury and disease, and
numerous cones present.
distributed across each plot for good seed
coverage when dispersal occurs. Residual stand
conditions are described in table 1.

Prior to harvest, a summer burn was conducted on
one-half the treatments. This portion of the
treatment was accomplished by strip headfires that
consunied the understory vegetation but did not
damage the overstory. The duff layer was reduced
to less than 1-inch throughout the areas burned
and served to improve,the seedbed significantly.
The burning was timed so that it occurred prior to
seedfall.

The harvest cut was made in the spring of 1983
with a total of 823 M fbm of pine logs and 355 M
fMOfMWPWMermwwfmmmemmmm
study area. Care was taken to ensure that no
damage occurred to the selelcted seed trees in the
harvesting process. During the sunmer of 1983,
all hardwood stems 1-inch d.b.h. or larger on all
of the 2-acre treatment plots were injected with
Tordon 101, .

After harvest, four permanent milacre sanple
plots vere installed on each treatment plot for
the purpose of deterumining the number of pine
seedlings established at 1, 2, and 3 years after
harvest.

Table 1.--Residual plot inventory data, by treatment, 1982

Preharvest Seed trees Mean Basal area Mean

Block Plot Treatnent burn per treatument d.b.h. /acpe ht.

No. Inches Ft” Feet
1 1 Clearcut Yes —_— —-— - -
1 2 Clearcut Ho - - - —
1 3 Shelterwood Yes 31 16.9 24.3 93
1 u Shelterwood Ho 31 17.7 26.2 90
1 5 Seed Tree o 18 17.7 15.9 88
1 6 Seed Tres Yes 18 17.3 15.0 38
2 1 Clearcut jife} - - - -
2 2 Clearcut Yes - - - -
2 3 Shelteruood Yes 35 15.8 2u.3 34
2 L Shelterwood Yo 33 16.3 2u.h 88
2 5 Seed tree Yes 17 15.9 11.8 82
2 6 Seed tree Mo 18 18.3 16.7 a5
3 1 Seed tree Mo 18 14,1 9.5 3
3 2 Seed tree 23 18 15.6 11.8 Q0
3 3 Shelterwood o L5 14,1 23.9 a7
3 b3 Shelterwood Yes 41 14,8 25.0 90
3 5 Clearcut Yes — - - -
3 6 Clearcub Mo -— - - -
4 1 Sheliervood Yo Jids] 13.6 24.3 [
i 2 Shelterwood Yes [ 11.9 25.0 66
I 3 Clearcut jife] - —— - —
I L Clearcut Yes - - - -
i 5 Seed tree Yo 18 16.5 13.3 a4
I 6 Seed tree Yes 18 15.9 12.5 gh
5 1 Seed tree Yes 18 13.3 8.6 73
5 2 Seed tree Ho 13 16.8 14,1 81
5 3 Shelterwood Yes 36 16.0 25.0 T9
5 4 Shelterwood Yo 33 16.7 24,4 70
5 5 Clearcut No - - - —
5 6 Clearcut Yes - - - -
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r of seedlings
per acre on
ment up to 650 per
tment (table 2).
n

At 1 year
established
the seed tree

s

3
However, in terns of a 7, it appears
that this first year did not represesnt a good seed
production year., Based on information from
Georgzia Forestry Commission Seed Orchards, 1983
was a noor year for seed-production, whereas 1984
and 1955 were good seed producing years (Terrell
Brools, pers. commun., June 10, 1986).

Table 2.--Mean number of pine seedlings per acre
for each of 3 years after harvest, by

treatment
Treatment Year
1984 1985 1986
T L Er YT o ——
Clearcut 400 a 1,350 ¢ 1,250 b
Clearcut and burn 400 a 3,100 ¢ 2,550 b
Shelterwood 650 a 5,800 ab 4,700 b
Shelterwood and burn 550 a 9,350 a 10,900 a
Seed tree 550 a 4,000 be 3,900 b

Seed tree and burn 200 a 6,959 ab 5,000 b

Heans followed by the same letter are not signifi-
cantly different at the 0.05 level.

It is, of course, illozical to assune that
survival will be 100 percent, due to either
prolonged periods of drought or danage caused by
cutting and renoving the seed trees from the
plots. In fact, the beat conclusion is %that
additional seed are needed on all plots in order
to attain an adequate stockinz. This is no
problen and demonstrates one of the advantages of
rezeneration by natural means because the seed
source is still present and has the potential to
supply another seed crop.

At 2 years after harvest, the additional seed
crop is evident by increases in the number of
seedlings present on all treatnent plots (table
2). The shelterwood and burn treatment plots had
the most seedlings per acre and increased by 8,800
seedlings per acre over the previous vear. Plots
with clearcut only treatment had 1,850 seedlings
per acre and increased by 1,250 seedlings per acre
over the praceding year. These seed are presunmed
to have come in from the adjacent plots, since
advance regeneration is essentially ruled out at
this time. However, the clearcut treatment does
possess the potential to produce an adequately
stocked stand if one-third of the seedlings are
able to survive. All other treatments show
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excellent potential for producing adequately
stocked stands at this time. It also appears that
it is possible, after two seed crops, for the seed
trees to be removed. Damage incurred by this
removal would serve to reduce the number of
seedlings greatly.

It is of interest to note that at 2 years after
harvest, all treatrent plots that were prescribed
burned had nore seedlings per acre than those
without the burn., This indicates that the seadbed
is more receptive after competing vegetation is
reduced alonz with the litter depth (PRrender

1973).

At 3 years after harvest, the shelterwood and
burn treatment is the only one that achieved a
continued increase in n r of seedlings per
acre. The largeat decre was from the clearcut
ecease in number of
arcut plots continue

ings per acre,

seedlings per acre. The
to supply the fewest number o
but they still have potential to achieve full
stocking if mortality does not exceed 50 percent
of the present density. All the other treatment
methods appear to have the potential to achieve
full stocking. It is anticipated that the lengthy
drought of the past sumrer (1086) as well as the
density reduction that follows the seed tree
renoval will serve to thin the seedlings on the
plots. It is also noteworthy that 3 years after
harvest, the plots that were prescribed burned
still have nore seedlinse per acre than those that
were not burned.

d
le
£

SURIARY

At 3 years after harvest, this sztudy shows that
all treatments are successful and have potential
to establish an adequately stocled stand. The
stand will continue to need manazement in order
insure proper spacing and the best stocking for
the site. The removal of the seed trees should be
planned for best benefit to each treatment plot
and to improve the long term value of the stand.

P
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The study is also considered to be suceessful in
that it serves to benefit the nonindustrial
private forest (MNIPF) landowmer audience for which
it was designed and established by beinz utilized
as a demonstration site.
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REGENERATION OF HARDWOOD COPPICE FOLLOWING 1
CLEARCUTTING WITH AND WITHOUT PRESCRIBED FIRE

M. K. Augspurger, D. H. Van Lear, S. K. Cox, and D. R. Phillipsz

ABSTRACT.~~Three hardwood stands in the Piedmont and Southern Appala-
chians of South Carolina and Georgia were clearfelled in the winter of
1982-83. TFollowing harvest, designated study plots were broadcast
burned during the fall of 1983. Hardwood coppice regrowth was measured

one and two years after burning.

Burning significantly increased the

total number of basal sprouts for the oak and miscellaneous species
group. Poor drying conditions on north-facing slopes resulted in low
intensity fires with less effect on sprout origin. Two years following
treatment, the number of small stumps (<5 cm) having at least one
living basal sprout were greatest on burned plots. Broadcast burning
favorably influenced hardwood coppice regrowth by promoting basal
sprouting and by encouraging sprouting from small stumps.

INTRODUCTION

There are approximately 5.5 million acres of
upland hardwoods in the mountain and Piedmont
regions of South Carolina and Georgia (Bechtold and
Phillips 1983; Tansey 1983). In many instances,
these stands have undergone multiple highgrades,
leaving them understocked with low quality or
undesirable species. These past harvesting
practices result in stands that are, in many cases,
not indicative of the site's capability.

Broadcast burning is increasingly used as a site
preparation tool on U.S. Forest Service lands
following harvest of these low quality stands.

The expense incurred by burning is considerably
less than costs associated with other site prepara-
tion techniques (Moak et al. 1983). However, few
studies have evaluated the silvicultural advantages
of burning logging debris on hardwood coppice in
the Southern Appalachians and Upper Piedmont. With
the cooperation of the U.S. Forest Service, a study
was initiated in 1982 to determine effects of
broadcast burning of logging slash on hardwood
coppice regrowth. Specific objectives of this
study were:

1. To determine effects of burning on the number
and origin of hardwood sprouts.

2. To determine the influence of aspect on
burning effectiveness.

3. To evaluate effects of stump size on sprout
production following burning.

1Paper presented at the 4th Biennial Southern
Silvicultural Research Conference, Atlanta,
Georgia, November 4-6, 1986.

2Research Forester, Professor, and Research
Forester, Department of Forestry, Clemson Univer-
sity, Clemson, South Carolina; and Principal
Mensurationist, Southeastern Forest Experiment
Station, U.S. Forest Service, respectively.

METHODS
Study Areas

Study sites were located in three areas where
clearcuts in mixed hardwood stands were planned:
(1) Clemson University Experimental Forest, Oconee
County, South Carolina; (2) Chattahoochee National
Forest, Habersham County, Georgia; and (3) Sumter
National Forest, Oconee County, South Carolina.
Xeric (south) and mesic (north) aspects with
similar slope, soil and species composition were
selected on each of the three areas. Prior to
harvest, predominant species at all locations were
scarlet oak (Quercus coccinea Muenchh.), southern
red oak (Q. falcata Michx,), white oak (Q. alba
L.), chestnut oak (Q. prinus L.), pignut hickory
(Carya glabra Mill.), red maple (Acer rubrum L.),
sourwood (Oxydendrum arboreum L.), black cherry
(Prunus serotina Marsh.), blackgum (Nyssa
sylvatica Marsh.), and dogwood (Cornus florida
L.).

Slopes ranged from 40 percent on the Clemson
site to 60 percent on the Georgia site. Soils on
the Piedmont site were clayey in texture while
mountain soils were loamy. All soils developed
largely from gneiss and schist parent materials
and are classified as Typic Hapludults. Elevation
at the Clemson location, a Piedmont site, averaged
800 ft while elevations at the Sumter and Georgia
jocations in the Southern Appalachian mountains
were 1500 and 2500 ft, respectively.

Sampling Procedures

During the fall of 1982, six 0.12 ac rectangular
plots were established on both mesic and xeric
aspects at each of the three study areas. Prior
to harvest, seedlings and root-suckers <4.5 ft
tall were tallied on four 1 m wide transects
equally spaced along the contour of each plot.
Saplings >4.5 ft, but less than 4.5 in DBH, were
tallied between alternate transects by species,
DBH, and total height. Trees (>4.5 in DBRH) were
tallied in a 100 percent inventory.
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Harvest of merchantable products from the Clemson
and Sumter sites occurred between October 1982 and
March 1983. Residual trees were chainsaw felled in
July 1983. Limited access, steep topography, and
lack of markets prevented removal of otherwise
merchantable material from the Georgia site. All
stems were clearfelled on this site and left in
place.

Three plots on each aspect were burned in October
1983 on all areas. Relative humidities during
burning ranged from 30-50 percent, winds averaged
5 mph with occasional gusts, temperatures were in
the low 80's, and the last significant rain on the
areas occurred 7-12 days prior to the burn.

Burning was planned for late summer but was delayed
because of weather and logistical problems.

The burning technique used was similar for all
areas. Back fires were set at the top of the
slopes and at the downwind flanks on both north
and south aspects. After the back fires had moved
downslope a short distance, strip head fires were
ignited in succession at 20-30 ft intervals across
the slope until the areas were completely burmned.

Fuel consisted of hardwood tops, hardwood
litter, and green herbaceous material. The fire
was primarily carried by cured leaves on felled
hardwood tops. Hardwood litter was fairly
continuous on all three areas. Although green
herbaceous material was moderately distributed on
all areas, poor drying conditions prevented it
from being a major fuel component on the northern
aspects.,

White pine seedlings (2-0) were planted during
the winter following the burn, which was
prescribed to improve plantability of the site.
Large quantities of logging debris in the absence
of burning make hand planting nearly impossible.
Because of the slow early growth of white pine
seedlings, results of this phase of the experiment
will be reported later.

Numbers of hardwood seedlings and saplings were
inventoried 1 and 2 yr after burning. Sampling
methods used were the same as pretreatment
inventory methods. Trees and saplings which had
been cut during the harvest or clearfelling
operations were inventoried on four 305 ft sample
plots located in each corner of all treatment
plots. Sprouts from cut stumps were grouped into
classes based on origin. Stool sprouts originated
from adventitous buds at the cut surface perimeter
of the stump. Sprouts from dormant buds located
below the cut surface and above the ground line
were designated as epicormic sprouts, while basal
sprouts originated at or below the ground line.
Coppice sprout data were collected one and two
growing seasons after the burn.

Data were statistically analyzed as a split plot
design, with aspect designated as the major
treatment. Burning was considered the minor
treatment and was assigned at random to subplots
within each major plot. Locations were considered
replications., All treatment differences were
tested at the 5 percent level of significance.
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RESULTS AND DISCUSSION

One year after treatment coppice sprouts totaled
104,958 and 78,755 stems/ac on the burned and
unburned plots, respectively (Table 1). Oaks
comprised 23 percent of the total number of stump
sprouts on both burned and unburned plots. Seed-
lings and seedling sprouts were not as numerous,
Oaks accounted for 32 and 16 percent of the total
number of seedlings and seedling sprouts on the
burned and unburned plots, respectively. While it
is doubtful that these densities are needed to
successfully regenerate the stand, recent symposia
and bibliographies have documented the beneficial
effects of increased sprouting following burning
on wildlife habitat (Harlow and Van Lear 1981,
Wood 1980).

Table 1.--Number of Stump Sprouts, Seedlings or

Seedling Sprouts (Per Acre) by Species Group One
and Two Years Following Burning. Data Shown Are
Combined for All Locations.

STUMP SPROUTS

Year 1 Year 2
Burned Unburned Burned Unburned
Oaks 27,851 14,176 23,626 9,092
Misc. spp. 77,108 64,579 66,368 55,306
Total 104,959 78,755 89,994 64,398

SEEDLINGS OR SEEDLING SPROUTS
Year 1 Year 2
Burned Unburned Burned Unburned

Oaks 13,673 7,515 14,361 13,605
Misc. spp. 29,183 40,638 40,537 51,173
Total 42,856 48,153 54,898 64,778

Since burning killed one-year-old sprouts, age
of regrowth differed between burned and unburned
plots. One year after treatment, sprouts on
burned plots would be one year old while sprouts
on unburned plots would be two years old. This
unavoidable age difference undoubtedly influenced
sprout density on burned and unburned plots at
time of sampling. However, the influence of age
is considered minor in relationm to the effect of
burning.

The rate of mortality was related to sprout
origin. Two years after treatment, basal sprouts
on burned plots had declined 12 percent, while
sprouts originating higher on the stump had
declined 41 percent (Table 2). Early studies
(Roth and Sleeth 1939, Keetch 1944) indicated that
burning improves sprout origin. They suggested
that, by promoting sprouting lower on the stump,
the incidence of decay in sprouts would be less on
burned areas. Smith (1969) and Watt (1979)
reported that the incidence of decay is less on
sprouts originating close to the ground, probably




because such wounds are more readily compartmen-—
talized by callus tissue formation (Jensen 1969,
Shigo 1979).

Table 2.--Number of Sprouts (Per Acre) by Origin
One and Two Years Following Burning. Data Shown
Are Combined for All Locatioms.

OAK SPECIES
Year 1 Year 2

Burned Unburned Burned Unburned

Sprout origin

Basal 26,920 10,023 23,304 8,663
Epicormic 895 4,081 179 322
Stool 36 72 143 107

Total 27,851 14,176 23,626 9,092

OTHER SPECIES
Year 1 Year 2

Burned Unburned Burned Unburned

Sprout origin

Basal 67,836 41,740 60,354 41,310
Epicormic 9,093 20,512 5,692 12,815
Stool 179 2,327 322 1,181

Total 77,108 64,579 66,368 55,306

Fire promoted sprout formation lower on the
stump. One year after burning, 97 percent of all
oak sprouts from cut stumps were classified as
basal sprouts, whereas only 71 percent were basal
sprouts on unburned plots. Similar results were
noted on the miscellaneous species group.

The number of epicormic sprouts, an undesirable
type of sprout, in the miscellaneous group was
less on burned plots one and two years after
treatment. The number of epicormic sprouts on
burned plots was only 56 percent of that on
unburned plots. Although numbers of epicormic
sprouts on oak stumps tended to be higher on
unburned plots, differences were not significant
because of variability among plots.

Auxin translocation by epicormic sprouts
probably limits numbers of basal sprouts by
inhibition of suppressed buds at or below the roct
collar. Our data suggest that numbers of basal
sprouts on unburned plots for both oak and
miscellaneous species were reduced by higher
numbers of epicormic sprouts (Table 2). Basal
sprouts for the miscellaneous species group were
significantly greater on burned plots one and two
years following treatment, while oak basal sprouts
were significantly greater on burned plots two
years following treatment. Waldrop et al. (1985)
also noted increased sprouting of hardwood stumps
following broadcast burning in eastern Tennessee,
while Danielovich et al. (1987) reported increased
sprouting in the mountains of South Carolina after
broadcast burning.

Although fire increased basal sprouting of oaks
on both northerly and southerly aspects, greatest
increases occurred on southern aspects (Table 3).
Poor drying conditions under clumps of mountain
laurel (Kalmia latifolia L.) and the more shaded
exposure resulted in spotty, low intensity fires on
northern aspects. As a result, many regrowth stems
were not top-killed. In contrast, southern slopes
burned more intensely with greater top-~kill and
resprouting. Burned plots on southern aspects had
about 3.5 times as many basal sprouts as unburned
plots one and two years following burning. As
opposed to the fall burning conducted in this
study, current Forest Service practice is to burn
clearcut sites in the summer when better drying
conditions prevail on both southern and northern
aspects.

Table 3.--Number of Oak Basal Sprouts (Per Acre)
by Aspect One and Two Years Following Burning.
Data Shown Are Combined for All Locations.

Aspect Treatment Year 1 Year 2
North Unburned 3,365 3,472
North Burned 4,260 5,298
South Unburned 6,658 5,191
South Burned 22,660 18,006

The diameter distribution of stumps with at
least one living basal sprout is perhaps more
important than total numbers of sprouts. Sprouts
from smaller diameter stumps are a most desirable
form of hardwood regeneration (Sanders 1971). The
number of oak stumps (<5 cm) with at least one
living basal sprout was significantly greater on
burned plots after two years (Table 4). This
difference is largely attributed to the fact that
burning top-killed small hardwood stems, thereby
promoting basal sprouting. On unburned plots,
these small stems continued to grow and produced
no basal sprouts. Therefore, they were not
considered to be small stumps. Regeneration
starting over from new sprouts may be more
desirable than flat-topped individuals which
existed in the understory because of potentially
better growth form (Teuke and Van Lear 1983,
O'Hara 1986).

Table 4,-~Number of Stumps (Per Acre) With at
Least One Living Basal Sprout by Diameter Class
Two Years Following Burning. Data Shown Are
Combined for All Locations.

Diameter Class (cm)

<5 5-9 10-14 >15
Burned 1,468 608 466 751
Unburned 501 215 287 787
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CONCLUSIONS

Regeneration by sprouting was prolific on both
burned and unburned plots. However, burning
improved sprout quality by promoting basal
sprouting. Burning increased the total number of
basal sprouts for both the oak and miscellaneous
species groups. Since basal sprouts are well
anchored and tend to resist decay, the effect of
burning is considered favorable. While increased
sprouting by miscellaneous species following
burning will benefit browsing wildlife, these
sprouts will probably not be a major component in
the upper canopy of the mature stand because of the
long-term competitive nature of oaks.

The greatest number of basal sprouts was on
burned plots with southerly aspects, indicating the
importance of high intensity fires in establishing
well-anchored sprouts which can develop free from
defect and decay. Fires of the desired intensity
on northern aspects may be more readily achieved by
burning in the summer rather than in the fall.
Numbers of small stumps (<5 cm) having at least one
living basal sprout were greater on burned plots
two years after treatment. Because small stumps
tend to produce a minimum of sprouts and yet give
rapid height growth, they provide the most
desirable coppice regeneration.

While results of this study indicate that burning
improves the origin of hardwood sprouts and may
increase numbers of small stumps having at least
one basal sprout, the long-term effects of burning
on the composition and quality of hardwood stands
needs further research.
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Prescribed Burning in Mature Pine-Hardwood
Stands--Effects on Hardwoods and Small Mammals

>
D. L. Sanders, D. H. Van Lear and D. C. Guynn“

ABSTRACT.--Winter prescribed fire in mature pine-hardwood stands
(60-95 years old) in the Southern Appalachians had little or no
adverse effect on large hardwood crop trees. Hardwoods >15.5 inches
in diameter exhibited no cambium damage in the first year after
burning. Only five percent of hardwood stems between 5.5 and 12
inches in diameter showed short-term evidence of cambium damage from
burning, suggesting that low intensity prescribed burning in mature
hardwood stands will have minimal impacts on stem quality. The
low-intensity fires top-killed hardwoods <2 inches in diameter and
encouraged them to sprout. Forbs and grasses did not increase after
burning, probably because full stocking of the overstory limited light
reaching the forest floor. Trapping studies indicated that mature
pine-hardwood stands were poor habitat for small mammals. Thelr
populations were not changed by a single low intensity fire.

INTRODUCTION

In recent years, winter backing fires of low
intensity have been used for wildlife management
purposes in mature hardwood and pine-hardwood
stands in mountainous terrain of the Sumter
National Forest, South Carolina. Whether these
low-intensity prescribed burns during the dormant
season cause cambium damage to mature crop trees
in hardwood stands is uncertain (Van Lear and
Johnson 1983). Early studies (Hepting and Hedge~-
cock 1937, Nelson et al. 1933) linked heartrot in
hardwoods to basal scarring by fire, but this
damage generally followed higher intensity
wildfires.

Prescribed burning, primarily in pine stands,
has been a major part of wildlife management in
the South since the early 1930's (Stoddard 1931).
Even though fire is often used as a wildlife
management tool, little is known about the effects
on small mammals which utilize the forest floor
for food, nesting, and hiding cover. This is
especially true in mature mixed pine~hardwood
stands.

The objectives of this study were: 1) to
determine effects of dormant season backing fires
in mature pine-hardwood stands on the cambium of
larger hardwood stems 2) to measure response of
understory vegetation to this type of burning in
the Southern Appalachian Mountains and 3) to
evaluate effects of these fires on small mammal
populations.

1Paper presented at the 4th Biennial Southern
Silvicultural Research Conference, Atlanta, GA.,
November 4-6, 1986.

2Former Graduate Assistant and Professors,
respectively, Department of Forestry, Clemson
University, Clemson, SC.

STUDY AREA

The study was conducted on the Sumter
National Forest in South Carolina. The study area
is part of the Appalachian Hardwood subregion of
the Southern Hardwood region (Barrett 1980).
Normal annual precipitation, based on a 30-year
average, is 66 inches. Average daily minimum
temperature is 46°F and the average maximum is
70°F.

Soils were predominantly of the Brevard,
Chandler, and Evard series and are classified as
Typic Hapludults. Slopes ranged from 3 to 30
percent.

MATERTALS AND METHODS

Effects of low-intensity winter backing fires
on cambium damage in hardwood >3 inches in
diameter were examined in two mature pine-hardwood
stands using a technique modified from Kayll
(1963). Two months after burning, two cambium
samples were taken from the charred area of the
lower bole of six species. Ten trees in each of
four diameter classes (3-5.5, 5.6-10.5, 10.6-15.5,
and >15.5 inches) were sampled for each species.
Diameter was measured at 4.5 ft above ground. For
certain species, it was not possible to locate ten
trees in the larger diameter classes, so 8 or 9
trees were used. Cambium samples were extracted
about 1 ft above the ground using a size 14
leather punch and placed in a 1 percent solution
of 2, 3, 5 triphenyl tetrazolium chloride (TTC).
Samples were refrigerated 24 to 36 hr, sliced in
half, and examined visually. A pink cambium
indicated that cells were alive, implying no
short-term adverse effect of burning on the
cambium. Failure of the sample to turn pink
indicated that the cambium cells were dead and
implied fire damage to the tree bole.

Stands sampled to determine effects of fire
on stem quality of hardwood trees were burned in
March using backing fires which moved down slope
at a rate of about 1 ft/min. Maximum temperature
during burning ranged from 48 to 64°F. Windspeed
was 5 mph with a southerly or westerly direction.




Responnses of understory vegetation and small
mammal populations to low-intensity winter burning
were evaluated in two other mature mixed
pine-hardwood stands. These were different stands
from those used to examine the effect of burning
on hardwood stem quality, but were similar in age,
composition, and site conditions. This portion of
the study was installed in a randomized complete
block design on four 1.24 ac plots. Imn each
stand, one plot was randomly selected for burning
and the other served as a control. Burning was
conducted in February and March using back-firing
techniques under conditions similar to those
described above. Understory vegetation was
sampled on two perpendicular 3.3 by 32.8 ft
transects and a circular subplot (radius 16.4 ft)
located at each of eight random points on each
plot. Preburn biomass of vegetation <2 ft was
clipped after counting woody and herbaceous stems
from 2 3.3 ft radius circle at the center of each
subplot. Subsequent tallies and clipping of
vegetation were conducted in the 3rd and 4th
quarters of the circular subplot. Biomass was
estimated just prior to burning and 16 months
after burning.

Small Mammal Sampling

Small mammals were collected using mouse
traps and drift fences with pitfalls. Each plot
had 28 trap stations. The drift fence was located
in the center of each plot and consisted of three
16.4 £t by 20 inch legs of aluminum flashing. At
the end of each leg, a 19-quart plastic bucket was
installed flush with the ground.

Trapping was conducted four different times.
For each trapping period, 84 Victor mouse traps
were set on each site (3 traps at each of the 28
stations) and drift fences were opened by removing
the lids from the buckets. Traps were baited with
peanut butter and buckets were filled with water
to drown the animals. The first trapping in
February of 1984 was conducted for four consective
nights (one night of prebaiting and three nights
with traps set and buckets open). The second
trapping was conducted after prescribed burning in
June of 1984 for six nights. One night of
prebaiting was still used, but the number of
nights traps and buckets were open was increased
to five nights. The third and fourth trappings
were also done for six nights and were in late
November - early December and June, respectively.
During trapping periods, traps were checked once
every morning.

The probability of capture, f, (# animals
caught/# traps actually available for capture) was
calculated for each treatment during each trapping
period. Because these probabilities were so low,
no statistical tests were conducted.

RESULTS AND DISCUSSION

Cambium damage to hardwood trees

About 20 percent of the sampled hardwood
trees 3 to 5.5 inches in diameter showed evidence
of cambium damage from the low-intensity winter
burn (Table 1). Only 4~5 percent of sampled trees
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in the 5.6 to 10.5 inch and 10.6 to 15.5 inch
diameter classes indicated cambium damage from the
fire. Trees in the largest diameter class showed
no evidence of cambium damage in the two months
after burning. Indications of damage in Table 1
are high because many trees in the stand were not
charred and therefore were not sampled.

Table 1. Percentage of sampled hardwood trees
exhibiting cambium damage following dormant season
backing fires on the Sumter National Forest, South
Carolina. N

DIAMETER CLASS (Inches)

SPECIES 3-5.5  5.6-10.5 10.6-15.5 15.6 and
above
7
Red ocak 10 0 11 0
White oak 27 0 0 0
Hickory 30 11 10 0
Blackgum 10 0 0 0
Red maple 20 10 0 0
Yellow-poplar 20 10 0 0
Average 20 5 4 0

Four of the six species sampled in the
10.6-15.5 inch diameter class showed no evidence
of cambium damage. However, 11 percent of the red
oaks in this size category and 10 percent of the
hickories indicated some degree of cambium damage.
These species would be expected to be more
heat tolerant than such species as red maple (Hare
1965). It is possible that difficulties in
extracting samples and judging color of cambium
samples following soaking in TTC occasionally
resulted in a false determination of damage.

The data showed that smaller trees are more
susceptible to cambium damage during burning,
probably because small trees have thinner bark.
Hare (1965) found that bark thickness was closely
related to the time for the cambium to reach
lethal temperatures.

Flame heights for these low-intensity backing
fires averaged about 4~6 inches. TFires of this
intensity apparently have little, if any, adverse
short-term effect on the cambium of large
hardwoods (>15.5 inches) and only minor impact
(5%) on trees of medium size (5.6-15.5 inches).
Most trees of this size would be sold as pulpwood,
rather than sawtimber, so tree quality would not
be a major consideration.

These data indicate that low-intensity fires
can be judiciously used late in the rotatiom for
wildlife habitat improvement in hardwood or mixed
pine-hardwood stands under even-age management
with little concern for effects on stem quality of
crop trees. Damage to small diameter trees late
in a rotation is of little consequence, since such
trees are not crop trees. When mature even-age
stands are harvested, small unmerchantable trees,
fire damaged or not, should be felled allowing an
even-aged coppice hardwood stand or a mixed orgin
pine-hardwood stand to regenerate.




Effects on understory vegetation

Burning top-killed most of the small
(<2 inch) hardwood understory stems in the mature
pine~hardwood stands. About 98 percent of the
fire-~damaged small hardwood trees sprouted.
Average diameter of the top-killed trees ranged
from 0.4 to 1.1 inches (Table 2), indicating that
trees greater than about 2 inches in diameter are
not likely to be top-killed by similar low-
intensity burns. The average number of sprouts
per stump ranged from 2 to 8 one year after
burning, while the average height of the tallest
sprout was from 1 to 5.5 ft. This increase in
sprouting is the major wildlife benefit from this
type of burning. Many studies have documented the
improved palatability and nutrition, as well as
better accessibility, of new sprouts following
burning.

Density and biomass of woody ground
vegetation (32 ft tall) tended to increase after
the burn, but due to the large variance between
plots the increase was not significant (Table 3).

Table 2. Average preburn diameter of top-killed
understory hardwoods and the number and height of
sprouts following winter burning in mature
pine~hardwood stands.

AVERAGE AVERAGE
PREBURN AVERAGE # HEIGHT OF
DIAMETER SPROUTS/STUMP TALLEST SPROUT

(in) (£
Red maple 0.59 8 5.6
Red oak 0.94 3 1.3
Sourwood 0.67 5 2.6
White oak 0.63 5 2.0
Yellow-poplar 0.75 4 3.0
Black cherry 1.10 8 5.8
Black gum 0.51 3 2.0
Dogwood 0.75 6 1.0
Hawthorn 0.39 6 1.0
Horse sugar 0.87 7 3.3

Table 3. Woody vegetation (<2 ft tall) density
and biomass on burned and unburned plots in mature
pine~hardwood stands on the Sumter Nationmal Forest
in South Carolina.

BURNED ON' L
TIME CONTRO
DENSITY BIOCMASS DENSITY BIOMASS
stems/ac lbs/ac stems/ac 1lbs/ac
Before Burning 117,915 50 145,749 51
1 Year After 225,202 61 153,846 38
Burning

Biomass of forbs and grasses did not increase
after burning because full overstory stocking
limited light reaching the forest floor.

Small mammals

Few small mammals were caught on either
burned or unburned plots in the year following
treatment (Table 4). Three families and six
species were caught on the burned plots. Only
twelve individuals were captured on burned plots,
with the white~footed mouse, deer mouse, and the
pygmy shrew making up 75 percent of the total.
Only two families and two species were caught on
the control plots with northern short-tailed shrew
and southeastern shrew comprising 75 percent of
the eight individuals captured. The pygmy shrew,
caught twice on a burned site, had never been
recorded in South Carolina.

Small mammals, such as moles, mice, shrews,
and ground squirrels are important members of the
forest ecosystem (Dueser and Shugart 1978), but
little is known about their population densities
in upland hardwood stands of the Southeast.
Numbers of small mammals captured in this study
were too small for statistical analysis. Pearson
(1959) and Atkeson (1974) found the relative
abundance of small mammals changed with the types
and amounts of vegetative cover. When
successional stages advance, small mammal
diversity and abundance decrease, and only a few
species benefit in developing older forests. The
study area contained few seed-bearing grasses and
forbs found in younger open stands which are
necessary for small mammals to thrive. Because of
lack of desirable vegetation for food and cover,
small mammal populations were sparse on the study
sites both before and after burning.

CONCLUSTIONS

Winter burning using low-intensity backing
fires caused no cambium damage to large (>15 inch)
stems in mature hardwood stands. Medium-sized
(5.6-15.5 inches) hardwood trees also exhibited
little cambium damage. Based on these results, we
conclude that winter backing fires under weather
and fuel conditions similar to those in this study
can be effectively used in mature pine-hardwood
stands to improve wildlife habitat for certain
species without fear of excessively damaging
larger hardwood trees. Fire damage to smaller
trees is of little consequence with regard to
timber production in even-age management systems
following harvest. All residual trees should be
clearfelled because sprouts from stumps and
advance regeneration have better growth potential
than small residual trees (0'Hara 1986).

Top~kill or damage to small (<2 inches)
hardwoods encourages sprouting which benefits
large browsing wildlife species such as deer.
However, mature hardwood stands in the southern
Appalachian Mountains are poor habitat for small
mammals. The low-intensity prescribed burning was
not hot enough to alter the habitat variables,
e.g., seed production by herbaceous plants,
important to many small mammals. Burning in
mature mixed pine-hardwood stands could not be
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considered beneficial or harmful to small mammals,
but certainly would benefit other wildlife species
which thrive on new sprout growth.

Table 4. Number of small mammals captured on
pine-hardwood sites on the Sumter National Forest,
South Carolina (1984-85).

FAMILY/SPECIES BURN CONTROL TOTAL
Cricetidae

White~footed Mouse 5 - 5

Deer Mouse 2 1 3

Golden Mouse - - 0

Woodland Vole - - 0
Zapodidae

Meadow Jumping Mouse 1 - 1
Soricidae

Northern Short-tail Shrew 1 2 3

Southeastern Shrew —_— 4 4

Smokey Shrew — 1 1

Pygmy Shrew 2 - 2

Least Shrew 1 - 1
Total No. of Individuals 12 8 20
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PRESCRIBED FIRE FOR PRECOMMERCIAL THINNING IN A
FOUR~YEAR-OLD LOBLOLLY PINE STAND"

Thomas A. Waldrop and F. Thomas Lloyd2

Abstract.--A two-phase study was conducted to determine
the feasibility of using prescribed fire to thin young,
naturally regenerated loblolly pine stands. In Phase I,
survival after winter backing, strip head, flanking, and
spot fires was compared. Backing fires were chosen for
Phase II on the basis of survival of the largest trees and
uniformity of thinning. In Phase II, burning produced the
effect of a thinning from below and reduced density from
6,800 to 2,850 stems per acre (58 percent). Crown scorch
was heavy but needle consumption was infrequent. Much of
the study area remained overstocked with few spots being
understocked. Diameter growth of surviving trees was unaf-
fected but height growth was reduced by 33 percent.
Precommercial thinning of dense natural stands with fire
shows promise but needs additional study before general
recommendations can be made.

Keywords: crown scorch, needle consumption, South Carolina,

nearest neighbor.

INTRODUCTION

Coastal Plain stands of loblolly pine (Pinus
taeda L.) are often regenerated by natural means,
whether by design or by accident. Since large
seed crops are produced almost every year in this
region (Langdon 1981), young stands are usually
dense. On the Francis Marion National Forest,
approximately 1000 acres of such stands ateshand—
thinned annually at a cost of $55 per acre.
Prescribed burning could be a less expensive
method of precommercial thinning that would pro-
vide the additional benefit of protecting stands
from wildfire at a younger age than is currently
practiced.

Even though prescribed fire is generally not
recommended for sapling-sized stands, its feasibi-
lity for precommercial thinning has been studied
for several species. The first studies were with
uneven—aged Ponderosa pine (P. ponderosa Laws.)

Paper presented to the Fourth Biemnial Southern
Silvicultural Research Conference, Atlanta,
Georgia, November 4-6, 1986.
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Associate, Department of Forestry, Clemson
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stands (Weaver 1947; Morris and Mowat 1958; and
Wooldredge and Weaver 1965). Because some areas
were too heavily thinned while others were not
thinned enough and height growth was reduced, a
summary task force on fire in the Northern Rocky
Mountains (Roe and others 1971) did not recommend
prescribed burning for precommercial thinning in
western pines. Muraro (1977) concluded that
prescribed burning should not be conducted in
lodgepole pine (P. contorta Dougl.) stands younger
than 25— to 30-years-old due to a lack of surface
fuels and susceptibility to Ips beetle attack.

In the South, precommercial thinning with fire
was recommended by McNab (1977) for loblolly pine
stands and Nickles and others (1981) for shortleaf
pine (P. echinata Mill.) stands with a large range
of tree sizes. 1In both studies, burning acted as a
thinning from below with high mortality only in the
smallest size classes. A high negative correlation
existed between mortality rates and bark thickness
at the root collar.

For prescribed burning to be a successful tool
for thinning young pines, data is needed to
describe how various burning techniques affect sur—
vival, growth, and spacing of stands over a wide
range of conditions. This paper describes the
results of a two-phase study of the feasiblilty of
using prescribed fire to thin young, naturally
regenerated loblolly pine stands. The first phase
compared four burning techniques and selected the
best on the basis of survival of largest trees and
uniformity of thinning. The burning technique
selected in the first phase was used in the second
phase to study survival, growth, and uniformity of
stocking.
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STUDY AREA

The study is located on the Santee Experimental
Forest in Berkeley County, South Carolina at an
elevation of approximately 25 feet above mean sea
level. Soils are Aeric Ochraquults of the Wahee
series and are somewhat poorly drained and slowly
permeable. Slopes range from 0 to 4 percent.

Site index for loblolly pine at age 50 is 86 feet.

At the time of study establishment (Winter 1986),
the stand was 4-years-old consisting almost
entirely of loblolly pine saplings resulting from
seeding from adjacent stands. Diameters at breast
height ranged from less than 0.5 inch to 2.6
inches with a mean of 0.6 inch. Tree heights
ranged from less than 5 feet to 15.6 feet with a
mean of 7.3 feet. Stocking was at aproximately
6,800 stems per acre.

The previous stand was clearcut in November 1981
after a winter prescribed burn and 3 annual summer
burns. Logging slash was burned the following
March. The area was then planted with loblolly
pine seedlings on an 8 by 12 foot spacing.
However, survival of planted seedlings was less
than 20 percent due to an infestation of Pales
weevil. After planting, the area was fertilized
with 250 pounds per acre of 0-46~0 triple
superphosphate.

PHASE I

Test of Burning Techniques

Four burning techniques were tested to determine
the most feasible for thinning a sapling-sized
stand. Each of four study plots, 130 by 60 feet
in size, was burned by either a backing fire,
strip headfire, flanking fire, or a spot fire with
a 6 by 6 foot spacing between spots. Burns were
conducted on January 17, 1986, 6 days after a
rainfall of 0.56 inch. Burning began at 12:00 pm
with a temperature of 70 degrees F. and a relative
humidity of 42 percent. Winds were from the
southeast at a speed of 4 to 7 miles per hour.
Surface fuels were light on all plots. However,
dried broomsedge (Andropogon virginicus L.)
covered most of the area and carried the fires.

A strip headfire was conducted by setting a
backing fire followed by strips at 5 to 8 foot
intervals. Flame heights remained at 2 to 3 feet
except where strips came together and flames over-—
topped some trees. This variability in fire
intensity was intentional to kill some trees while
leaving others.

The backing fire traveled into the wind at a
rate of 1.5 feet per minute. Flame heights
remained uniform at 1 to 2 feet with no evidence
of flames reaching the lowest tree limbs. The
backing fire was intended tc girdle the stems of
small diameter trees while leaving larger trees
alive.

The flanking fire began with a backing fire per-

pendicular to the wind, followed by several flanks
aproximately 15 feet long set parallel to the
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wind. Resulting flames were variable in height,
ranging from 1 foot or less where flanks backed
into the wind to levels above treetops where
flanks came together. As with a strip headfire
the variable fire intensity was intentional to
kill only a portion of the stand.

The spot fire was started first with a backing
fire, then spots were set on a 6 by 6 foot spacing
while moving into the wind. The method was
intended to cover the plot with fire quickly while
putting spots close enough to prevent flames of
high intensity. However, this method produced a
high intensity fire over the entire plot with fla-
mes overtopping most trees. Therefore, this
method was not considered feasable for precommer-—
cial thinning in such young stands and was not
included in subsequent measurements.

An estimate of survival was conducted 2 weeks
after burning in plots where backing, strip head~
fire, and flanking fires were used. A random
sample of 100 trees was selected in each plot and
the cambium of each tree observed. Trees were
assumed to be dead or dying if more than 50 per-
cent of the circumference of the cambium at ground
level was brown. Each tree was tallied as alive
or dead and total height was measured.

Results

Mortality by height class is compared for three
burning techniques in Figure 1. For all burning
techniques, mortality was high in the two smallest
size classes (less than 9 feet and 9 to 12 feet)
and relatively low among the largest trees (over
12 feet), thus producing the effect of a thinning
from below. Among the largest trees, survival was
highest with the backing fire (68.7 percent) as
compared to the flanking fire (50 percent) and
strip headfire (57.1 percent). Since the flanking
and strip headfires produced variable fire inten~—
sities, some spots were too heavily thinned while
others were not thinned enough. Thinning was most
uniform over the entire plot with the backing
fire. Therefore, backing fires were selected for
use in Phase II of this study.

Backing Fire

< 9 feet NNNNNNNNNNN]64.5
9 - 12 feet KNS 74.7
> 42 feet NN\ 3.3

Flanking Fire

< 8 feet IOy 88, 2
9 - 12 feet TN 63. 2
> 12 fest AR 50

Strip Headfire

< 9 teet HENEENENEEENNNN o
9 - 12 feet ISR 52 . 5
> 12 teet [ENNNNININNNS <2 o

Figure l.--Percent mortality by height class two
weeks after winter prescribed fires of various
techniques.




PHASE 1L

Study Design

The study was established as a split-plot ran-
domized complete block design with five replica-
tions, two whole plots per replication, and two
subplots per whole plot. Whole plots were 131
feet square (0.4 acre) and assigned to blocks on
the basis of having similar pretreatment stocking
and size distributions. Each plot within a repli-
cation was randomly selected to be burned or left
as an unburned control. Whole plots were split
into fertilized and unfertilized subplots to
observe the interaction of burning with fer-
tilization, which should accelerate the growth of
dominant trees. Fertilized subplots received
triple superphosphate and urea at levels of 25
pounds P and 200 pounds N per acre.

Burning Conditions

Backing fires were conducted on February 3, 1986,
4 days after a rain of 0.42 inch and 7 days after
a rain of 0.91 inch. Burning began at approxima-
tely 12:30 pm with a temperature of 70 degrees F.
and a relative humidity of 38 percent. Winds were
from the southwest at 3 to 5 miles per hour.
Fuels along the ground were light and moist but
the entire study area was covered with dried
broomsedge which carried the fires. Flames were
generally 1 to 3 feet in height (6 to 26
Btu/second/foot using Byrams flame length index,
Brown and Davis 1973). Occasionally, flames
reached 4 to 5 feet in height (116 to 188
Btu/second/foot) where vertical fuels (broomsedge
and needle drape) were heavy. The mean rate of
spread over all replications was 3 feet per
minute. Burning was concluded at approximately
1:30 pm.

Measurements

Measurements were taken in each of the five
replications to examine the degree of crown scorch
and needle consumption resulting from backing
fires, survival by size class, uniformity of
stocking before and after burning, and growth of
survivors in burned and control plots. In May
1986, 3 months after burning, degree of crown
scorch and needle consumption were estimated for
every tree over five feet tall on a 0.04 acre
sample plot in each of the 10 burned subplots.

For each tree, the height to the bottom of the
crown, highest point of needle consumption,
highest node with scorched needles, total height,
and dbh was measured. Crown scorch and needle
consumption were expressed as a percentage of the
length of the crown before burning. Each tree was
tallied as alive or dead to compare size distribu-—
tions before and after burning and to relate mor-
tality to degree of crown damage.

Stocking levels before and after burning were
estimated at 54 randomly selected points
throughout each burned plot to examine uniformity
of thinning. The nearest neighbor technique
(Clark and Evans 1954) was used by measuring the
point tc the nearest tree (either alive or dead)
and to the nearest live tree. Measured distances

were converted to point estimates of density by
the method of Thompson (1956). Measurement of
distance to the nearest tree and the nearest live
tree allowed a comparison of demnsities before and
after burning.

The effect of burning on tree growth was studied
by comparing dbh and height growth between burned
and control plots. In each 0.04 acre sample plot,
both in fertilized and unfertilized subplots, the
dbh and height of each of 40 trees was measured at
the beginning and end of the 1986 growing season.
Sample trees were selected as the largest on each
sample plot since those would be most likely to
survive the burning treatment and reach rotation
age. Mean subplot dbh and height growth were com—
pared by analysis of variance.

RESULTS AND DISCUSSION

Mortality and Size Distribution

Prescribed burning reduced the total number of
stems per acre from 6,800 to 2,850 (58 percent).
The highest mortality rates were in the lower
diameter (Figure 2) and height (Figure 3) classes.
Mortality was 88 percent and 53 percent in the 0.2
inch and 0.6 inch diameter classes, respectively.
The 6 foot height class had 80 percent mortality
while the 8 foot class had 47 percent. Mortality
in the upper dbh and height classes was near zero.

The pattern of thinning was silviculturally
desirable, resembling a thinning from below.
Burning changed the diameter and height distribu-
tion from a reverse-J pattern, with large numbers
of small trees, to a bell-shaped pattern with
medium-sized trees being most frequent (Figures 2
and 3). As a result, mean tree dbh increased from
0.6 inch to 0.9 inch and mean tree height
increased from 7.3 feet to 8.4 feet. Even though
burning substantially reduced the total number of
stems, the stand was still demse. A burn of
somewhat higher intensity may kill more trees in
the small size classes, thus better improving
growing conditions for the larger survivors.
These results closely resemble those of McNab
(1977) in a much older (17.5 years) loblolly pine
stand.

Crown Damage and Mortality

Crown damage due to backing fires was heavy in
all study plots. Over 5,500 trees per acre (81
percent) recieved at least 40 percent crown scorch
while over 4,200 trees per acre (62 percent) were
totally scorched. Even though crown scorch was
heavy, the incidence of needle consumption was
low. Only 26 percent of all trees showed evidence
of needle consumption.

Several studies have shown mortality of pole-
sized or larger pines with severe crown scorch
(Storey and Merkel 1960; Methven 1971; Villarrubia
and Chambers 1978; and Waldrop and Van Lear 1984).
When working with trees generally less than 20
feet tall, Wade (1985) found that degree of needle
consumption was a better predictor of mortality
than crown scorch. He showed that survival was
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Figure 2.--Change in diameter (dbh) distribution
of a 4-year-old loblolly pine stand after a winter
backing fire.
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Figure 3.~-Change in height distribution of a
4-year-old loblolly pine stand after a winter
backing fire.

less than 50 percent among trees with 20 percent
needle consumption or more. Figure 4 shows the
rate of mortality of trees with various degrees of
crown scorch and needle consumption in this study.
Mortality was low among trees with less than 80
percent crown scorch. Above the 80 percent crown
scorch level, mortality becomes very high.

Similar to Wade's findings, mortality was over 50
percent when needle consumption was 20 percent or
more.,

Mortality occurred even at low levels of crown
scorch (Figure 4}, indicating that crown damage
may not be the only cause of mortality. McNab
(1977) and Nickles et al. (1981) found a strong
correlation between survival and bark thickness at
the root collar, suggesting that mortality was
caused by stem damage. Although not conclusive,
these data suggest that mortality after a backing
fire in a sapling-sized stand may be caused by
both crown and stem damage.

100

Pct Mortality
100

80

60

40

0 20 40 60 ab 100
Pct Crown Scorch and Needle Consumption

Figure 4.--Percent mortality by percent crown
scorch and needle consumption after a winter
backing fire.

Uniformity of Stocking

The percentage of the total study area stocked
at various levels before and after burning is
shown in Table 1. Before burning, the majority
(80.1 percent) of the study area was overstocked.
For the purpose of this paper, overstocked is
defined as 1600 stems per acre or more. After
burning, the majority of the area (54.3 percent)
was stocked at levels of 400 to 1,200 stems per
acre, which are acceptable for many forest pro-
ducts. The remaining 45.7 percent of the area was
still overstocked with densities as high as 12,000
stems per acre, yielding a mean of 2,850 stems per
acre. However, a single prescribed backing fire
effectively lowered stocking levels over the
entire study area. In addition, areas that were
understocked (fewer than 400 stems per acre) were
essentially absent. The absence of understocked
areas indicates that backing fires are preferable
to flanking and strip headfires where hot spots
and, therefore, areas of high mortality are more
frequent.

Table l.--Percentage of the total study area
stocked at various densities before and after
burning.

Stems per Before After
Acre Burning Burning
(Pct) (Pct)
400 3.5 27.9
800 10.0 17.1
1200 6.5 9.3
1600+ 80.0 45.7
Total 100 100




Tree Growth

When crown damage from burning is high, as with
this study, pine growth is often reduced (Johansen
1975 and 1984; McCulley 1950). Johansen and Wade
(1985) reported the loss of an entire year's
diameter growth in trees with severe crown scorch.
In this study, an analysis of variance showed no
significant differences in mean diameter growth of
sampled trees in burned and unburned study plots,
regardless of whether they had been fertilized
(Table 2). Fertilization significantly increased
diameter growth on burned and unburned plots.

Table 2.--Diameter (dbh) and height growth one
growing season after a winter backing fire.

Treatment DBH Growth Height Growth
(in) (feet)
Burned - No Fertilizer 0.3l a 1.8a
Unburned - No Fertilizer 0.37 a 2.7 b
Burned - Fertilized 0.47 b 2.0a
Unburned - Fertilized 0.48 b 2.6 b

' Means followed by the same letter within a
column are not significantly different at the
5 percent level.

Height growth of sample trees was adversely
affected by a single winter backing fire (Table
2). In plots that were not fertilized, height
growth averaged 2.7 feet in unburned controls the
year after burning as compared to only 1.8 feet in
burned plots. Fertilization had no affect on
height growth which is consistant with the fin-
dings of McKee and others (1986).

Since burning reduced height growth but not
diameter growth, it is assumed that in highly
scorched trees carbohydrates stored over winter
were used for needle production and some diameter
growth, rather than stem elongation. Therefore,
height growth may have been minimal during the
first flush of buds and trees in burned plots
lagged behind those in control plots. A close
comparison of the number of flushes and the stem
length between flushes of trees in burned and
control plots would give better insight into the
effect burning had on height growth.

Even though some height growth was lost the year
after burning, the loss was less than expected.
In unfertilized plots, height growth was reduced
by 33 percent in burned plots as compared to
controls. In addition, competition among trees
will be grealty reduced. Therefore, growth rates
of individual trees can be expected to be greater
in burned plots than in controls during future
years. Close monitoring of tree growth and stand
dynamics in these study plots over the next few
years will provide a longer-term evaluation of
prescribed fire for precommercial thinning.

SUMMARY AND CONCLUSIONS

A comparison of backing, flanking, spot, and
strip headfires showed that each acted as a
thinning from below with high mortality in small
tree size classes. Backing fires provided the
highest survival rates among the largest trees and
the most uniform thinning throughout the study
plot. Therefore, backing fires were chosen for
continued study in this natural 4-year-old
loblolly pine stand.

A winter backing fire reduced the number of
stems per acre from 6,800 to 2,850. The pattern
of thinning was silviculturally desirable since
the diameter and height size distribution was
changed from a reverse-J to a bell-shaped pattern.
Also, mean tree height and diameter were
increased. Crown scorch was high throughout
burned plots but needle consumption was infre-
quent. Mortality was most common among trees with
at least 80 percent crown scorch and/or some
degree of needle consumption. Burning improved
the uniformity of stocking since understocked
areas were esentially absent and overstocked areas
were less frequent than before burning. However,
almost half of the area remained overstocked.
Diameter growth during the year after burning was
not affected but height growth was reduced by 33
percent (2.7 feet in control plots vs. 1.8 feet in
burned plots).
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RELATING WILDLAND FIRE TO DEFOLIATION AND MORTALITY IN PIKE

Dale D. Wade and R. W. Johansen?

ABSTRACT.--Numerous accounts in the literature demonstrate
that the effects of fire on North American pines are highly
variable. In some cases trees with severe crown scorch survive
and grow more rapidly, while in other cases extensive mortality
results. Three of the most important factors affecting a
tree's response to fire are the timing of defoliation, level of
defoliation, and species differences in bud development. An
ongoing field study designed to assess the importance of
defoliation level and timing upon southern pine survival and

growth is described.

INTRODUCTION

The literature contains numerous accounts of
fire and its effects on the pine forests of North
America. This extensive data base spans a period
of more than 100 years and ranges from simple
recollections to replicated laboratory studies.
The full range of plant responses to all but the
most intense fires can be found. Differing
responses to fire are caused by a host of
factors, many of which are mentioned in Wade and
Johansen (1986). We speculate that three of the
most important factors affecting survival and
subsequent growth are the timing of defoliation,
level of defoliation, and species differences in
bud development. These factors are discussed in
this paper. In addition, an ongoing field study
designed to assess the importance of defoliation
upon southern pine survival and growth is
outlined. Growth differences 3 months after
defoliation and visual impressions 6 months after
defoliation are described.

BACKGROUND

Plant tissue is killed when its lethal
time-temperature combination is reached. A
commonly accepted temperatgre for near-
instantaneous deathois 140 F (Byram 1948).
Temperatures of 115 F will also kill plant
cells if they are sustained for several hours
according to work reviewed by Hare (1961) and

‘Paper presented at the Fourth Biennial
Southern Silvicultural Research Conference,
Atlanta, Georgia, November u4-6, 1986.

2Project Leader and Research Forester,
respectively, Southeastern Forest Experiment
Station, Southern Forest Fire Laboratory, Dry
Branch, GA 31020.

McArthur (1980), but prescribed burns are not
likely to elevate temperatures for that long a
period. Yellow to bronze foliage immediately
after a fire is a sure indicator that a lethal
heat dose was applied; the discolored needles
are in fact dead. Charred or partially consumed
needles indicate that the ignition temperature of
cellulose (about 450 F) was reached. These
mortality and ignition thresholds are
increasingly likely to be met as the ambient air
temperature increases. Summer fires often occur
when ambient temperatures are 30 to 60 F higher
than those associated with winter fires.
Moreover, temperatures of the upper tree crowns
can be higher than the surrounding air due to
solar heating. Thus, little additional heat is
required to raise needles to their lethal
temperature threshold during summer burns.

Even with cool winter temperatures, southern
pines can suffer complete crown scorch, but they
also routinely survive provided they are larger
than about 2 inches d.b.h. and no foliage is
actually consumed. Crown damage from fires
during the growing season is generally more
severe, and its consequences are more serious.
We believe this differential survival between
seasons is primarily a function of bud-kill.
When bud-kill is combined with defoliation, a
much more life-threatening situation exists.
Crown scorch does not automatically signify
bud-kill in the four major southern pine species
because the buds of these species, especially
longleaf (Pinus palustris Mill.), are thicker
than the needles. Because the rate of
temperature rise is inversely proportional to
thickness, either higher temperatures or lower
sustained temperatures are necessary to kill the
buds of such species. There are no obvious signs
to enable an observer on the ground to
differentiate between completely scorched trees
with and without bud damage if needles have not
been consumed.
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For species with needles at least equal to
their buds in thickness, crown scorch is a
reliable indicator of crown kill, These species
also tend to have fine branches which are easily
heat-killed, even though the branch tips may
temporarily survive because the needle clusters
form a protective sheath around them. Regardless
of the protective mechanism, a given tree is much
more likely to suffer crown damage during a
summer fire because of higher ambient
temperatures,

BUD DEVELOPMENT AND TIMING OF DEFOLIATIOHN

Most northern temperate zone pines have
preformed buds. That is, their winter buds
contain all the unexpanded shoots for the
following season's growth, These species are
thus confined to a single growth flush each
year. After dormancy is broken in the spring,
the shoots elongate fairly rapidly (1 to 2
months) and then form next year's buds.

The four major southern pine species, on the
other hand, undergo multiple flushes because
their winter buds do not contain all the shoot
primordia for the following growing season. When
dormancy is broken in the spring, the terminal
bud expands into a shoot and a second bud forms
at the apex of the shoot. That bud elongates to
extend the initial shoot, and another bud is
formed. Southern pines generally undergo three
to four flushes during the growing season
although as many as seven have been recorded in
the literature (Wakeley and Marreroc 1958).
Depending upon species and environmental
conditions, the buds that form after the first
flush may open immediately upon formation or
after varying periods of time (Romberger 1963).
Defoliation, especially early in the growing
season, has been shown to stimulate the rapid
opening of buds regardless of whether the species
has preformed buds or is multinodal. Later in
the summer, however, defoliation will not elicit
the same response--apparently due to a shortening
of the photoperiod, so the defoliated tree
remains naked until the following spring.

Complete defoliation of any evergreen has
dire consequences with damage a function of the
length of time the tree is without foliage. It
has been demonstrated that root system recovery
after defoliation is directly related to the
length of time the trees are defoliated.
Kozlowski (1971) presents a synopsis of the
evidence that shows root growth is governed by
the supply of photosynthetic products and growth-
regulating hormones from the crown. The
reduction in live root mass following severe
insect defoliation is well documented (Swain and
Craighead 1924, Redmond 1959, Gregory and Wargo
1986). However. published data relating fire
defoliation to (rewth responses and mortality
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are, at first glance, without pattern and in some
instances appear to be contradictory. Separation
of this literature by season of defoliation and
bud development markedly clarifies the picture.
In species with preset buds, complete defoliation
any time during the growing season will result in
death (e.g. Craighead 1940, O'Neil 1962, Methven
1971}, while in the multinodal southern pines,
the damage is most severe following defoliation
late in the growing season (Allen 1960, Beal
1942, Bruce 1956, Wade and Ward 1975).

FIELD STUDY

In an attempt to determine the importance of
season and level of defoliation and to assess the
magnitude and duration of any growth responses in
southern pine, we installed a defoliation study
in 4-year-old loblolly pine (P. taeda L.) and
slash pine (P. elliottii Engelm.) plantations. A
factorial experiment (4x5) with a random mixed
block design was established at 4 locations (2
per species), Fifteen blocks were used at each
location. One of five levels of defoliation (o,
33, 66, 95, or 100 percent) and one of four
seasons of defoliation (January, April, July, or
October) were assigned to each of 20 trees within
a block. Needles were hand removed during the
first 2 weeks of each treatment month.

Pretreatment d.b.h. and height were measured
on all 1200 trees during the 1985-86 dormant
season. The April, July, and October defoliation
took place as scheduled. While applying the
October treatments, we formed several visual
impressions regarding the trees defoliated
earlier in the growing season. Those trees
defoliated 6 months previously (April) had all
refoliated, undergone several flushes, and looked
healthy. The trees defoliated in July, on the
other hand, had all refoliated but had not
undergone as many post-defoliation flushes and,
thus, had sparser crowns., 1In many instances the
needles on the July trees also appeared to be
somewhat chlorotiec,

Heights and d.b.h.'s of the trees defoliated
in April were remeasured in July. Growth
differences between defoliation levels are
striking (Table 1). Three-month diameter growuth
was commensurate with the level of defoliatidn.
Diameter growth of the completely defoliated
trees was 34 and 36 percent of the non-defoliated
trees for loblolly and slash pine, respectively.
The same general trend was found in height
growth, though species differences were greatere--
62 percent in slash pine and 45 percent in
loblolly pine. 1In three of the four locations,
trees that had the lower 33 percent of their
crowns removed outgrew the controls in height
during the first half of the growing season, All
trees are scheduled for remeasurement during the
1986-87 and 1987-88 dormant seasons.,




Table 1.-~Three-month growth responses of southern pine subjected to five
levels of defoliation during early April 1986.

Branchville, SC

1] 1
i i
] DBH 1 Height
Location H Percent Defoliation H Percent Defoliation
i 0 33 66 95 100 | © 3366 95 100
i 1
i 1]
Slash pine ! !
GA For. Comm. | 100 100 73 43 4 | 100 99 85 79 63
Waycross, GA | H
. H
o |
Slash pine ! !
Union Camp Corp. | 100 82 4y 35 26 | 100 100 99 67 61
Palatka, FL H H
H H
1 i
+ ]
Loblolly pine | !
Int, Paper Co. | 100 79 70 47 3% |} 100 100 94 67 53
Bainbridge, GA ! |
! |
! ]
Loblolly pine | ]
Westvaco Corp. | 100 82 65 4o 32 | 100 102 7 59 38
t i
| |
i ¢

1Expressed as a percentage of the growth of trees with no defoliation.

SUMMARY

All study trees, including those completely
defoliated at the beginning of the growing season
or halfway through the season, had refoliated and
were alive as of early October. However, both
diameter and height growth had been severely
retarded, especially with the more severe levels
of defoliation, At this time we can only
speculate on future growth losses or mortality,
although some of the July defoliated trees show
signs of trauma in the form of yellowing in the
new-growth needles. When the full impact of
these crown damage treatments has been assessed,
the results will have obvious implications in the
scheduling of prescribed fire as well as in
interpreting literature reports on "fire
treatment” used to measure fire effects.
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REGENERATION OF APPALACHIAN UPLAND HARDWOD

SI’AI‘DSSEVH\TYEARSAFTERCLEAKI}PI‘II\GJ'/

Thomas E. Blount, James E. Cook, David Wm. Smith,

Terry L. Sharikzj

Abstract. Stand composition and structure are evaluated in nine Appalachian
oak stands along a topographic moisture gradient seven years after clear
felling, Site index ranged from 37 to 71 (base age 50 for upland oaks). Seven
years after harvest, the number of well-established oak stems of advanced
regeneration origin was larger in stands of site index 55~65 and smaller in

sites of higher and lower quality.

An accelerated rate of canopy closure

occurred with increasing site quality, and stump sprouts were substantially )
taller than seedling sprouts or advanced regeneration. The abundance of various
types of oak regeneration varied with site quality. Canopy closure has occurred

on the medium- and higher—quality sites.

Low-quality sites are poorly stocked,

and oak sprouts remain multiple-stemmed in appearance because of little
competition from the sides. Pines have begun to seed in the open areas, but due
to their low numbers it appears that oaks will dominate the sites. Quantitative
results characterizing stand composition and structure are presented.

INTRODUCTION

The deeply dissected terrain of the Ridge and
Valley Physiographic Province of Virginia
exhibits large variations in site quality.
Associated with these changes in site quality
are noticeable changes in overstory and
understory composition in 60-to 80-year-old
second growth forests (McEvoy et al. 1980).
Variation in composition and growth across
sites should also be evident following
disturbance, reflecting the differences in site
characteristics (amount of litter, radiation,
etc.) and/or site potential.

The Ridge and Valley is characterized by a
series of northeast to southwest tending ridges
separated by wide valleys. The midslope
positions on southeastern exposures are
dominated by various mixtures of chestnut oak
(Quercus prinus L.), scarlet oak (Q. coccinea
Muenchh.), and black oak (@, velutina Lam.)
(Braun 1950; Whittaker 1956; Day and Monk 1977;
Mcmoy et al. 1980). The proportlons of these
species vary with changes in site quality
(Braun 1950; Whittaker 1956; McEvoy et al.
1980). On the drier south-to-southwest facing

J‘Papezr presented at Southern
Silvicultural Research Conference, Atlanta,
Georgia, November 4-6, 1986.

2Gramfl. Res, Asst., Grad. Res. Asst.,
Prof., Dept. of Forestry, Virginia Polytechnic
Institute and State Univ., Blacksburg, VA;
Assoc. Prof., Dept. of Forestry, Michigan Tech
University, Houghton, MI.

ridges and slopes, pitch pine (Pinus rigida
Mill.) and Table Mountain pine (

Lamb.) increase in number while black oak
decreases.

There is a significant acreage dominated by
poor quality upland hardwoods, and there
appears to be potential to improve both the
quality and quantity of stems following
clearcutting, Several studies have quantified
the effects of harvesting on upland hardwood
sites (Lamson 1976, Mann 1984, McGee 1980). The
objective of this study was to quantify canopy
development and species composition across site
qualities in Appalachian upland hardwood stands
7 years after clearcutting. The present study
is part of a long term project initiated in
1977 by Virginia Polytechnic Institute and
State University in cooperation with the U.S.
Forest Service to study the effects of
whole-tree harvesting on upland hardwood
stands.

STUDY AREA

The study is located at a midslope position
on the southeast slope of Potts Mountain in
Craig County, Virginia. The approximate
elevation is 2500 feet, and slopes average 30
to 40 percent, Parent materials are nutrient
poor sandstones and shales and usually give
rise to coarse~textured, shallow, and strongly
leached soils (Morin 1978). BAnnual
precipitation is 38 inches and is evenly
distributed throughout the year. The
frost-free growmg season is approx:.mately 160
days. The range in site quality is from SI%ﬁex
37 to 8I., 71 for upland oaks. All site
referencgg refer to that of upland oaks at base




age 50 as determined from the curves of Olson
(1959) .

The study sites were characterized by the
study sites were characterized by the overstory
species mix as well as the guantity and
composition of the understory. Four distinct
vegetation types were delineated —— mixed pine,
mixed oak-pine, mixed oak, and mixed hardwood
(McEvoy et al. 1980). Ross (1982a) applied 3
separate productivity indicies to the
vegetation types and found a gradient of
increasing growth potential in the order mixed
pine, mixed oak-pine, mixed oak, and mixed
hardwood. Meiners (1981) found the
productivity gradient to be closely related to
s0il moisture during the growing season.

The mixed pine site, SI., 37, is
characterized by an overségry dominated by pine
with a few oaks scattered throughout (McEvoy et
al., 1980). A dense shrub layer dominated by
ericads and bear oak (Q. ilicifolia Wang.) is
also present, The mixed oak-pine site, SI 0 49
upland oak, has an overstory predominated gy
oak with a few scattered pines., The
well-developed understory is dominated by
mountain laurel (Kalmia latifolia L.),
huckleberry (Gaylussacia baccata (Wang) K.
Koch) , and blueberries (Vaccinium spp.). The
mixed oak site, SI5 59, has a canopy comprised
primarily of oaks, gnd a discontinuous
ericaceous understory. The mixed hardwood
site, SI., 71, is dominated by more mesic
species ggch as red maple (Acer rubrum L.)
yellow-poplar (Liriodendron tulipifera L.), and

black locust (Robinia pseudoacacia L.). The
shrub stratum is poorly developed, but the herb

layer is well-represented.

METHCDS

Nine 0.40 acre plots were established in the
fall of 1977 and the spring of 1978. The plots
were located along a 3.3 mile midslope road in
3 noncontiguous cutting units totalling 150.7
acres. The number of plots for each vegetation
type varies: mixed pine, 3 plots; mixed
oak-pine, 1 plot; mixed oak, 3 plots; mixed
hardwood, 1 plot; and one control (uncut) plot.
Prior to harvest a complete vegetation
inventory was made. Three strata were
established based on vertical plant height:
herb stratum —all stems less than 3.3 feet in
height, shrub stratum - woody stems between 3.3
and 16.4 feet in height, and the tree stratum
-woody stems greater than 16.4 feet in height.

Between August 1978 and March 1979, all stems
>4.9 feet in height were cut back to within 5.9
inches of ground level and removed from the
plot. All suitable material was removed from
the sites as part of a commercial whole-tree
harvesting operation. One mixed oak plot was
harvested during August, whereas all others
were harvested during the dormant season. Stump
sprouts occurred in September and October on
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the plot harvested during the growing season,
but all sprouts were killed by frost before
winter.

Since harvest, changes in the vegetation
vegetation composition and structure have been
documented by repeated inventories. Tree
stratum measurements were carried out in March
and April of each year (through 1986) and all
stems greater than 16.4 feet in height were
recorded by species, total height, and dbh. A
metal identification tag was attached to each
tree in this stratum at approximately 5.9
inches above the forest floor.

Due to the lack of management potential in
the two lower quality sites (SI 38 and SI 49),
the information for these plots was lumped
together and reported as sites with SI <50,

In the spring of 1986, shrub stratum
measurements for the seventh growing season
were taken. The shrub stratum inventory was a
25 percent sample consisting of 16 randomly 2
chosen subplots (each subplot contains 269 ft©)
within each of four plots. These plots
represented all four vegetation types
delineated by McEvoy et al. (1980). All stems
between 3.3 feet and 16.4 feet in height were
recorded by species, total height, and diameter
at 5.9 inches,

PREHARVEST STAND SUMMARY

In the preharvest stands, as site index
increased, therg was an increase in tree hasal
area from 90 ft“/acre on SI <50 to 120 ft“/acre
at SI 70 (Table 1) (McEvoy et al., 1980). The
greatest density was also found on the highest
quality site., In the shrub stratum, an
increase in site quality resulted in a decrease
in basal area and shrub &ensit¥. Shrub basal
area was 19.8, 5.2, and 4.8 ft“/acre for SI
<50, SI 60, and SI 70, respectively. Average
shrub height was substantially higher on SI 70.
These trends in basal area and shrub density
agree with the reports of Whittaker and
Woodwell (1969) for oak-pine forests at
Brookhaven, New York.

RESULTS AND DISCUSSION

Ross et al. (1986) described the oak
regeneration on the Potts Mountain study sites
2 years after harvest. They concluded that
chestnut oak sprouted more frequently and grew
more rapidly than both scarlet and black oak.
In general, both stump sprouts and advanced
regeneration increased in height with
increasing site quality. The density of oak
advanced regeneration was greatest on SI 55-65
and decreased on sites of higher and lower
quality.




Table 1. Preharvest stand summaries for the
tree stratum (all stems >16.4 ft. in height)
and the shrub stratum (all stems between 3.3
and 16.4 ft. in height) by site index (upland
oaks, base age 50 (Olson 1959)), western
Virginia (McEvoy 1978).

SITE_INDEX
STRATUM. 50 60 70
TREE 1
basQI area 90 107 120
(££%/ac)
density 414 387 478
(#/ac)
SHRUB 2
basil area’ 19.8 5.2 4.8
(££*/ac)
density 3833 1479 935
(#/ac)
average ht. 5.6 5.3 8.2

(ft)

1 Basal area measured at dbh

Basal area measured 5.9 inches above the forest floor

Tree Stratum Summary

Recruitment into the tree stratum did not
begin until the fourth growing season (Table
2). During the fourth and fifth year black
Jocust was clearly the most common species in
the tree stratum. In year 6, chestnut ocak and
black locust were equally represented, followed
in decreasing order by red maple and Amercian
chestnut (Castanea dentata (Marsh.) Borkh.).
During the seventh growing season, chestnut oak
became the dominant species followed by black
locust, red maple, American chestnut, and
scarlet oak, in decreasing order of abundance.
The basal area at year 7, averaged across all
sites, was 4.50 ft“/acre.

The hardwood forests of the Ridge and Valley
originally contained a large component of
American chestnut (Braun, 1950). Loss of the
chestnut due to the chestnut blight (Endothia
parasitica) had a major impact on the growth of
other stems, and, to a lesser extent, on the
composition of these stands (Nelson 1955) .
Chestnut continues to resprout from the
original stumps and stems. Our data and
observations indicate that the early growth and
form of American chestnut is better than all
other species, especially on the drier end of
the spectrum. If an effective and economical
method of inoculating chestnut stems to prevent
or cure the blight is developed in the near
future, chestnut in recently cutover stands
might once again become a major component of
these forests.

The tree stratum density is increasing on
all sites (Figure 1); however, recruitment is
occurring at the fastest rate on SI 70, with a
lower rate on SI 60 and SI <50 sites,
respectively. The poorest site qualities are
developing slowly with only 48 stems/acre at
year 7 compared to 980 stems/acre on the
highest quality site.

The species composition of the tree stratum
also varies across site qualities (Figure 2).
With an increase in site quality there is an
increase in species diversity in the tree
stratum. Areas with SI <50 are dominated
almost entirely by oaks at year 7. Site index
60 sites are dominated by oaks and black
Jocust, and SI 70 sites are dominated by red
maple, black locust, sassafras (Sassafras
albidum (Nutt.) Nees) , yellow-poplar, and
oaks, in order of decreasing density. Tree
stratum basal area also increases with an
increase in site quality (Table 3), At age 7
the basal area ranges frgm 0.97 ft“/acre on the
poorest site to 15.70 ft“/acre on the best
site,

On all sites, chestnut oak was the tallest
and most abundant oak in the tree stratum,
followed by scarlet and black ocak. On areas
with SI <50 the average diameter of scarlet oak
was greater than chestnut oak or black oak:
2.1, 1.9, and 1.7 inches, respectively.
However, on the intermediate sites the average
diameter for scarlet oak and black oak were
equal and they exceeded chestnut oak by 0.3
inches (2.0 vs. 1.7 inches). On the mesic site
(SI 70) chestnut oak was the only oak present
in the tree stratum. All oaks presently
occupying the tree stratum originated from
stump sprouts.

Shrub Stratum at Year 7

A knowledge of the shrub stratum composition
is needed in order to properly evaluate the
tree stratum composition and how it will
develop in the future. The density and basal
area of the shrub stratum varies by site
quality (Table 4). The major differences are
the much larger values for the mixed oak site
(SI 60), as compared to the other two; ie.
20,204, 6781, and 6464 stems/acre on sites SI's
60, <50, and 70 respectively. The sites of SI
<50 and 70 have agproximately equal densities
(35.9 vs. 29.8 ft“/acre), with Ehe SI 70 site
having more basal area (65.6 ft“/acre). In
contrast with these trends, stratum height
increased from the xeric to mesic sites.
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Table 2. Density and basal area summaries by species for the tree stratum (all
stems >16.4 ft. in height) for the entire Potts Mountain study area. Average
heights are given for seven-year—old trees. The area was whole~tree harvested
during the fall and winter of 1978-79.

&R
3 YEARS 4 YEARS 5 YEARS 6 YEARS 7 YERRS

(#/ac) (ft“/ac) (#/ac) (ft“/ac) (#/ac) (ft“/ac) (#/ac) (ft%/ac) (#/ac) (£t°/ac) (ft)

SPECIES
Chestnut oak — — 1 <0.10 8 0.15 35 0.63 85 1.66 18.7
Black locust o — 4 0.10 18 0.32 36 0.64 49 1.04 20.3
Red maple -— — <1 o 9 0.10 26 0.32 47 0.69 20.0
American chestnut -— — 1 <0.10 9 0.15 13 0.22 18 0.31 18.2
Scarlet oak - o — — -— —— 1 <0.10 11 0.24 17.7
Other/1 — — - e 2 <0.10 7 0.10 40 0.56 17.9
Total — — 6 0.10 46 0.75 118 1.93 250 4.50 18.1

1 Other includes black oak, sourwood, blackgum, yellow-poplar, sassafras, witch~hazel, mockernut.
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Table 3. Density and basal area summaries for
the tree stratum (all stems >16.4 ft.) of seven
year old upland hardwood stands by site index
{base age 50, upland oaks (Olson 1959)),
western Virginia.

SITE INDEX  SPECIES STRNS BASAL, AREA!
: (#/ac) (ft"/ac)
<50 Oaks 46 0.93

American chestnut 1 0.02
Sourwood A
Totals 48 0.97
60 Caks 174 2.67
Black locust 52 1.15
American chestnut 19 0.30
Red maple 1 0.01
Other 9 0.23
Totals 255 4.36
70 Red maple 374 5.56
Black locust 235 4.98
Chestnut oak 76 1.36
Sassafras 121 1.34
Tulip poplar 84 1.12
Other

.20 .34
Totals 980 15.70

1 Basal area measured at dbh.

Table 4. Summaries of density, average height,
and basal area for the shrub stratum (all stems
between 3.3 and 16.4 feet in height) under
seven year old upland hardwood stands by site
index (base age 50, upland oaks (Olson (1959)),
western Virginia.

SITE INDEX STEMS AVG. HT. BAI
(#/ac) (ft) (ft“/ac)

<50 6781 5.1 29.75
60 20204 7.3 65.57

70 6464 9.4 35.92

lBasa.l area measured at 5.9 inches above
forest floor

Many of the plants presently growing in the
shrub stratum will eventually move into the
tree stratum. Figure 3 shows the number of
stems by species for each site quality that are
present in the tree stratum at 7 years, plus
those which have the potential to move into the
tree stratum, Selection of possible recruits
was on the basis of growth form. A brief
discussion of the composition and probable
development of each site follows.

Site Index <50

The shrub stratum on low quality sites is
is dominated by sassafras, blackgum (Nyssa
sylvatica Marsh.), oaks, and red maple,
Scarlet oak is more abundant than chestnut oak.
Our data show that the majority of the oak
stems present in the shrub stratum are stump
sprouts. Due to the poor site quality it is
unlikely that many red maple, blackgum, or
sassafras will become part of the dominant
canopy. Because only 40 pine stems/acre are
present, it appears that these lower quality
sites will be dominated by oaks in the future.

Site index 60

The shrub stratum is presently dominated by
sassafras, oaks, blackgum, maple, and hickory,
in order of decreasing abundance. The large
recruitment of sassafras following disturbance
is typical of many pioneer species. These
species colonize in high numbers immediately
after disturbance, but die out quickly (Marks
and Bormann 1972, Ross et al. 1982b).
Therefore, sassafras is not expected to be a
significant component of the canopy. However,
it may play a vital role in the maintenance of
site quality. Preharvest data indicated
sassafras tissues were consistently
above-average in nitrogen, phosphorus, and
potassium concentrations (Martin et al. 1982).
Pioneer species can be important in reducing
nutrient losses from the site by functioning as
a nutrient sink following canopy removal or
similar disturbance (Marks and Bormann 1972;
Boring et al. 1981).

The tree stratum on these sites is currently
dominated by oaks and black locust. The large
number of oaks present in the shrub stratum -
mainly advance regeneration -~ indicates that
the site will continue to be dominated by oaks.
However, black locust will also be a major
component. Although there are only 61 black
locust stems/acre in the shrub stratum, most
of these are near the upper limit of the
stratum height and thus have a high probability
of making it into the canopy.

Site Index 70

Both the preharvest and the 7-year
postharvest tree strata contained a greater
diversity than that which was found on lower
site qualities. The tree stratum is currently
dominated by red maple, black locust,
sassafras, yellow-poplar, and oaks, in
decreasing order of abundance; whereas the
shrub stratum is dominated by sassafras, red
maple, blackgum, yellow-poplar, black locust,
and oaks. Although the sassafras and blackgum
are growing faster on this site than on the
others, it is doubtful that they will maintain
their dominance. First, they are below the
level of the dominant red maple, black locust,
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present in the tree stratum (all stems >16.4
ft. in height) plus those stems which have the
potential to move from the shrub stratum (all
stems between 3.3 and 16.4 ft. in height) into
the tree stratum. Selection of possible
recruits was on the basis of growth form. Data
are summaries after seven growing seasons in
upland oak stands with site index <50 (a), site
index 60 (b), site index 70 (c¢), (base age 50,
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Figure 3. Number of stems by species that are

(Olson 1959)) in western Virginia.

and yellow-poplar. And secondly, sassafras is
a short-lived species as evidenced by its lack
of presence in the preharvest canopy.
Therefore, the mature forest canopy will
probably be a mixture of red maple, black
locust, yellow-poplar, and oak with sassafras
and blackgum scattered throughout.

CONCLUSIONS
The Ridge and Valley Physicgraphic Province
of southwestern Virginia is a deeply dissected

region that contains a wide range of site
qualities. Because substantial site quality
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variations can occur in a few hundred feet, it
is important for the forest manager to realize
the effects this variation in site quality has
on the composition and growth of hardwood
stands following harvest.

In upland hardwood stands of site index
<50 recruitment of the oaks into the tree
stratum has been slow during the first 7 years.
Recruitment from the shrub stratum will
continue to occur but at a very slow rate.
When the number of potential crop trees is
calculated (taking into account sprout clumps)
and the lack of competition from the side (to
produce reasonably straight stems) are




considered (Ross et al. 1986), it is apparent
that production of usable wood will be quite

low. Thus it appears that sites with SI <50

for upland caks could be a cutoff for active

forest management for timber production.

Upland hardwood stands with site indices
between 50 and 70 are heavily stocked with oak
regeneration and the future stand will probably
be deominated by oaks.

The most mesic stand on these slopes, SI >
70, is currently dominated by red maple and
black locust; the caks are a relatively minor
component, Compared to the other sites, the
tree stratum is more diverse. Some species
will decline very soon (e.g. sassafras) or
within the next 30-40 years, (e.g. black
locust) . However, a number of other species
(yellow-poplar, sourwood, hickory, sweet birch)
have sufficient longevity to be present for
50-100 years or longer. Therefore, the oak
component will probably remain a distant third
to red maple and yellow-poplar with the
miscellaneous species approximately equal to
the ocaks in importance.
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REGROWTH AFTER COMPLETE HARVEST OF A YGUNG BOTTOMLAND HARDWOOD STANDif

. 27
John K. Francis™'

Abstract,--An ll-year—old bottomland hardwood stand growing on poorly
drained clay soil on the Mississippi River floodplain was harvested to
determine yield and composition of the regrowth. Green ash made up 827 of
the stems in the parent stand but comprised only 29% of the stems in the new
stand 4 years after coppicing. Green ash was present in all plots, however,
and produced the tallest stem in 817 of the plots. Cedar and American elm
accounted for most of the remaining tree stems. Although bottomland oaks
comprised a small proportion of the stems in the ll-year-old stand, they
were widely distributed and coppiced vigorously. Dry woody biomass in year
4 reached 15 t/ha for an average annual yield of 3.7 t/ha. In year 1, yield
of herbaceous plants (3.5 t/ha) was nearly as great as yield of woody
species (5 t/ha), but declined to almost nothing in year 4. Due to the
simultaneous decrease of herbs and the increase of woody species, total
nutrient content in summer biomass changed little from year to year over the
4 years of monitoring. It appears that if the coppice stand is allowed to
mature, it will contain significant proportions of ash, elms, and oaks.

INTRODUCTION

Future industrial processes may routinely
accept heterogeneous biomass for the production
of fiber, chemical, or biological products.
Because young stands are more adaptable to mobile
continuous flow harvesting equipment, they may
eventually be a preferred source of biomass. The
use of young stands was envisioned a number of
years ago (McAlpine and others 1966), extensively
studied, and used to a limited extent (Mattson
and Winsauer 1985). While plantations may be
grown specifically for biomass, in the real world
of forest industry expensive plantations will not
be extensively established while abundant natural
stands remain unexploited.

Before complete harvest of young bottomland
hardwood stands begins, foresters should have a
good idea of what will grow to replace these
stands and how the regrowth will develop. Also
of concern is whether future productivity will be
impaired by harvest of young stands.

In an earlier publication (Francis 1984), I
described the yield and nutrient content of the
young stand that was harvested to produce the
regrowth discussed in this paper. Others have
studied yields from harvests of sapling stands
(Hitchcock 1979, Krinard and Johnson 1981).
However, the effects of the harvest of sapling
stands on the composition of regrowth are
generally unknown. Regrowth of young upland

1/ Paper presented at the Third Biennial
Southern Silvicultural Research Conference,
Atlanta, Georgia, ilov. 4-6, 1986,

2/ Research Forester, Institute of Tropical
Forestry, Rio Piedras, P.R., Southern Forest
Experiment Station, USDA Forest Service.
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southern hardwood stands after fire was
documented by McGee (1980). In that study, the
number of dominant red maple (Acer rubrum)
increased while the competitive position of the
oaks (Quercus spp.), yellow-voplar (Liriodendron
tulipifera), black cherry (Prunus serotiqgi, and
white ash (Fraxinus americana) remained about the
same.,

Methods

The stand selected for this study was located
near Stoneville, MS. The original stand had been
a tract of mature bottomland hardwoods prior to
clearcutting in 1969. The main tree species
present at clearcutting were: Nuttall oak
overcup oak (Q. lyrata), sweetgum (Liquidambar
styraciflua), American elm (Ulmus americana),
sugarberry (Celtis laevigata), and green ash
(Fraxinus pennsylvanica).

Most of the regeneration was from seeds or
former understory seedlings. At the time this
study was begun, the regenerated stand was 11
years old and, predominantly green ash (82
percent of the stems and 59 percent of the dry
weight). Other important tree species were:
American elm, blaciz willow (Salix nigra), eastern
cottonwood (Populus deltoides), and red maple.
QOaks, sweetgum, and sugarberry were rarely
encountered. Dry-weight yields were 41.6 t/ha
for summer and 35.8 t/ha for winter (Francis
1984). The soil in this flat and poorly drained
arca was in the Alligator series --- very fine,
montnorillonitic, acid, thermic Vertic
Haplagjuepts. Four 0.13 ha blocks were cut in the
winter of 1981-82., The blocks were located on
the site by dividing the area available for
sampliny (about 4 ha) into four ecual sections
and randomly positioning a block within each
section. A4l vegetation in the blocks was




severed near the groundline and removed from the
area. Four 0.004-ha plots per block, with buffer
zones around each, were laid out for future
sampling. The assignment of treatments within
each block was random. Each plot was split into
two 0.002-ha subplots for summer and winter
sampling. In each of the 4 years of the study,
one plot from each block was sampled. Summer
sampling took place during August and winter
sampling in December or January. In years 1 and
2, all vegetation within the subplot was cut, and
herbaceous and woody vegetation were weighed
separately. Herbaceous vegetation was not
sampled during the winter. Then the entire
harvest was ovendried and weighed again. A
subsample for nutrient analysis was extracted
from each sample. In years 3 and 4, individual
stems of tree and brushy species were measured
for height and weight. A sample of each species
was dried to enable a projection of total dry
weight from green weight. The separate weighing
of trees, shrubs, and vines enabled reporting of
mass for those stand components in years 3 and 4.

The semimicro kjeldahl procedure was used to
obtain values for nitrogen, and the molybdenum
blue method was used for phosphorous. Potassium,
calcium, and magnesium were measured by atomic
absorption spectrophotometry after being taken up
in dilute acid from ashed tissue. Mean and
standard deviation were used to analyze the data.

Results and Discussion

New growth began to appear in March after
removal of the sampling stand. By the August
sampling, sprouts and herbaceous weeds were
chest-high, thick, and often matted. The most
abundant herbaceous weed the first year was
Pennsylvania smartweed (Ploygonum pennsylva-
nicum). Cottonwood, which produced weak and
spindly sprouts, was dragged down and smothered
in the dense mat of weeds. Many green ash and
American elm grew ahead of the early flush of
weeds; most others apparently survived

the first-year matting. The weeds were much
thinner in the slight rises of ground, which were
probably drier. During the second year,
smartweed decreased markedly while goldenrod
(Solidago sp.) increased. In the third year,
goldenrod was the dominant herbaceous species.

By the fourth year, shade from the trees had
increased enough to eliminate most herbaceous
growth, The herbaceous growth that did occur was
mostly confined to gaps between the tree sprout
clumps. Weights per hectare of herbaceous
species in the August sampling approximate the
annual yield (table 1). The greatest yield
occurred during the first year. Somewhat lower
in years 2 and 3, herbaceous yields decreased to
almost nothing in year 4.

Standing woody biomass increased steadily
through the 4 years. The difference between
summer and winter weights (approximately the
weight of leaves) increased over the years but
showed no clear trend in terms of percentage of
total biomass. The largest annual increase in
standing woody biomass occurred in year 1 and
decreased each year through year 4. The 4-year
average annual increase of woody biomass
(calculated from dry woody biomass, summer of
year 4) was 3.68 t/ha. This yield is comparable
to the 3.25 t/ha/yr obtained from the original
stand (Francis 1984), 2.47 t/ha/yr measured by
Hitchcock (1979) from upland oak-hickory
regeneration 4 years after a clearcut harvest,
and 1.84 to 3.48 t/ha/yr for speckled alder
(Alnus rugosa) in the Lake States (Mattson and
Viinsauer 1985). Krinard and Johnson (1981)
harvested the equivalent of 3.63 t/ha/yr from an
l1l-year-old seeded oak stand containing a mixture
of volunteer species, and 4 years later recorded
7.85 t/ha/yr of biomass from the coppice regrowth
(Krinard and Johnson 1986). This higher yield
was most likely a result of higher individual-
tree vigor gained through lower density and less
competition.

Table 1.-— Biomass harvested from sample plots in each of 4 years

Year

Type of sample 1

2 3 4

Summer green herbaceous 11.5 + 4.4% 5.2 + 2.3 5.5+ 2.9 1.0 + 0.8
Summer dry herbaceous 3.5 + 1.0 1.8+0.8 2.2+1.3 0.3+0.2
Summer green woody 12.5 + 3.9 20.1 + 6.1 22,0 + 9.3 28.2 + 5.2
Summer dry woody 5.0 + 1.6 9.3 + 2.8 12.2 + 5.4 14.7 + 2.8
Winter green woody 5.9+ 4.3 13.2 + 4.1 17.5 + 3.6 18.3 + 9.0
Winter dry woody 3.5 + 2.5 8.1 +2.8 8.0+ 1.9 10.8 + 5.4
* mean + standard deviation; n = 4 in each case
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The number of stems per hectare in years 3 and
4 averaged 30,063 and 29,077 respectively and
included both trees and shrubs. The proportion
of species in the regrowth changed considerably
from the former stand. Green ash in years 3 and
4 averaged only 29 percent of the stems; however,
it was present on all plots sampled., Generally,
just the largest and most vigorous ash stems from
the previous sampling stand coppiced. Those
coppicing, however, produced an average of 3.9
sprouts per stump. The second most abundant tree
in terms of total number of stems in the regrowth
was cedar elm (Ulmus cressifolia). Although
unimportant in the previous stand, it sprouted
vigorously and produced a large number of stems
per sprout clump. American elm was also an
important tree component of the regrowth. It
produced sprouts that were slightly taller and
nore robust than those of cedar elm. Other
species represented in the regrowth were water
hickory (Carya aquatica), sugarberry, water oak,
willow oak, and Nuttall ocak. Black willow and
cottonwood had disappeared completely.

Sugarberry was very short and weak compared to
the other species. The oaks, unimportant in
terms of percentage of total stems in the
original stand, increased their prominence by
nearly universal survival and production of a
large number of stems per stool. At least one
oak was present on 38 percent of the 0.002 ha
plots sampled in years 3 and 4. Green ash
produced the tallest individual on 81 percent of
the plots. The average tallest trees per plot in
years 3 and 4 were 4.3 m and 4.8 m respectively,
The reproduction of trees in sprout clumps could
result in more multiple-stemed trees whose

average size would be smaller with poorer form
than if these trees reproduced from sced or
seedling sprouts.

Brushy species accounted for 21 percent of the
stems measured in years 3 and 4. There were
mainly possumhaw (llex decidua) and hawthorn
(Crataegus opaca), with a few roughleaf dogwood
(Cornus drummondii) and elderberry (Sambucus
canadensis). These will undoubtedly be
overtopped soon. Woody vines that contributed
29.2 and 15.0 percent of the summer woody biomass
in years 3 and 4 were: blackberry, Rubus sp.;
trumpetcreeper, Campsis radicans; moonseed,
Menispermun canadense; supplejack, Berchemia
scandens; poison-ivy, Toxicodendron radicans;
Carolina jassamine, Gelsemium sempervirens; and
wild grape, Vitis aestivalis. The reduction in
vine biomass may have been due to two processes:
the steady increase in tree and shrub biomass and
the death of certain vines. Many trumpetcreepers
surviving from the original stand grew for a
couple of years and then died. Also, many
blackberry canes, which normally live 2 years,
did not renew themselves after the initial flush
because of increased shade. By year 4, only
supple jack had seriously invaded the crowns of
some of the trees. A vine stage in which large
areas of tree crowns are matted down and held in
check for 10 years or more does not appear likely
to develop in at least the next 2 or 3 years, if
at all.,

Nutrient concentrations (N, P, K, Ca, and Mg)
in harvested materials in years 1 through 4 are
listed in table 2., The accumulation of nutrients

Table 2.-— Average nutrient concentrations in biomass harvested from plots over a b-year

period
Year
Season Tissue Nutrient 1 2 3 4
Percent

Summer Herbaceous N 1.07 + 0.07%  1.40 + 0,29 1.08 + 0.20 0.86 + 0.21
Summer Woody N 0.83 + 0.10 0.67 + 0.32 0.58 + 0.15 0.65 + 0,10
Winter Woody N 0.57 + 0.10 1.14 + 0.35 0.51 + 0.07 0.62 + 0.11
Summer Herbaceous P 0.18 + 0.02 0.19 + 0.02 0.14 + 0.02 0.18 + 0.04
Summer Woody P 0.14 + 0.02 0.12 + 0.04 0.08 + 0.01 .09 + 0.01
Winter Woody P 0.08 + 0.01 0.17 + 0.05 0.07 + 0.01 0.08 + 0.03
Summer Herbaceous K 1.64 4+ 0.32 1.16 + 0.56 0.99 + 0.13 2,26 + 0,51
Summer Woody K 0.58, + 0.12 0.86 + 0.70 0.33 + 0.07 0.42 + 0,01
Winter Woody i 0.28 + 0.03 1.27 + 0.73 0.24 + 0.03 0.25 + 0,07
Summer Herbaceous Ca 0.84 + 0.14 1.02 + 0.15 0.96 + 0.25 1.00 + 0.41
Summer Woody Ca 0.67 + 0,06 0.57 + 0.16 0.55 + 0.17 0.75 + 0,07




Table 2.——(cont'd).

Year
Season Tissue Nutrient 1 2 3 4
Percent
Winter Woody Ca 0.56 + 0.09 0.82 + 0.15 0.45 + 0.10 0.57 + 0.05
Summer Herbaceous Mg 0.25 + 0.06 0.26 + 0,07 0.17 + 0.03 0.20 + 0.10
Summer Woody Mg 0.12 + 0.02 0.13 + 0.04 0.07 + 0.02 0.10 + 0.05
Winter Woody Mg 0.08 + 0.02 0.20 + 0.07 0.05 + 0.00 0.09 + 0,03

¥ mean + standard deviation; n = 4 in each case

(kilograms per hectare) in harvested summer
biomass are listed in table 3. Due to the
simultaneous decrease of herbs and the increase
of woody species, there were relatively minor
changes in total nutrient content of the summer
biomass over the 4 years of regrowth. Although
substantial quantities of nutrients are withdrawn
by harvesting regrowth on very short rotations,
this particular soil (Alligator) has huge
reserves of nutrients (Francis 1984) and could
supply nutrients to succeeding stands through
several rotations.

The regrowth resulting from the harvest of an
l1l-year-old bottomland hardwood stand dominated
by green ash produced total biomass at a rate
similar to the parent stand. A species shift
away from ash and toward elm and oak has occurred
as a result of cutting., If left undisturbed, the
future stand developing from this setting would
have sizable components of ash, elm, and oak.

Table 3.-— Nutrient accumulated in biomass harvested over a 4-year period

year
Nutrient Tissue 1 2 3 4
kilograms per hectare

N Herbaceous 37.5 25.8 24,0 2.6
Woody 41.2 62,7 75.8 96.0

Total (78.7) (88.5) (99.8) (98.6)
P Herbaceous 6.2 3.6 3.1 0.6
Woody 6.9 10.7 9.5 13.9

Total (13.1) (14,3) (12.6) (14.5)
K Herbaceous 57.3 21.5 22.0 6.9
Woody 33.7 80.0 40.4 62.1

Total (91.0) (101.5) (62.4) (69.0)
Ca Herbaceous 29.4 18.9 21,5 3.1
Woody 33.4 53.4 67.2 111.1

Total (62.8) (72.3) (88.7) (114.2)
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Table 3.-—(cont'd).

year
Nutrient Tissue 1 3 4
kilograms per hectare
Mg Herbaceous 8.8 4.9 3.7 0.6
Woody 6.2 11.9 8.6 14,1
Total (15.0) (16.8) (12.3) (14.7)
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REGENERATION OF BOTTOMLAND HARDWOOD SITES

BY PRE-HARVEST PLANTING </

J. L. Chambers, H. C. Stuhlinger, and R. G. P. Clifton 2/

Abstract.--Twenty one-hectare circular treatment plots were-
established in an over-mature cottonwood-willow stand in
south-central Louisiana. Seedlings of baldcypress, green ash,
sweet pecan, water oak, and Nuttall oak were planted within a
0.25 ha circular nested plot on each treatment plot. All
seedlings were then allowed to establish themselves for a pericd
of one year before harvesting treatments were applied. Five
harvest level treatments replicated four times were applied in a
randomized design. Harvest treatments consisted of removal of
30, 45, 60, 75, or 100 percent of the plot basal area. A
conventicnal harvest of sawtimber trees took place during the
second spring and summer after planting. Additional
non-commercial trees were then felled to reach specified harvest
levels for each respective treatment. Survival and growth were
evaluated for harvesting effects at the end of the growing
season. First-year survival ranged from 88 to 99 percent and
height growth was greatest for green ash and Nuttall oak. At
the end of the growing season following harvest (second growing
season in the field), survival ranged from 50 to 70 percent.
Mortality from harvesting was estimated to range from 17 to 23
percent. Height growth was slow but adequate for the species
studied. Green ash and Nuttall oak showed the most rapid height
growth with 39 and 30 percent of the seedlings, respectively,
exceeding a height of 1 m after 2 growing seasons in the field.

INTRODUCTION

Regeneration of bottomland hardwoods has been a
subject of considerable research. Well
established methods exist for regeneration of
bottomland hardwood stands which have desirable
species composition and adequate advanced
regeneration (Johnson 1985).  However, many
high-graded stands exist which have undesirable
overstory composition , midstories of tolerant
slow growing species and understories with
inadequate or undesirable advanced regeneration
(Carvell and Tryon 1961, Janzen and Hodges
1985). In other cases the forest manager may
simply want to increase the numbers of certain
preferred species in the new stand. The most
prevalent means of reproducing stands with these

1/ Paper presented at the Southern Silvi-
cultural Research Conference, Atlanta, Georgia,
November 4-6, 1986.

;/ Associate Professor, Research Associate
and Graduate Research Assistant, respectively,
School of Forestry, Wildlife, and Fisheries,
Louisiana  Agricultural Experiment  Station,
Louisiana State University Agricultural Center,
Baton Rouge, LA, U.S.A. 70803.

undesirable attributes is to clearcut and plant.
However this type of operation is capital
intensive, often requiring intensive site
preparation, and several years of continued
cultural practices. In addition, clearcutting
may be an unacceptable regeneration practice on
some areas or for some ownership objectives.
Underplanting or pre-harvest planting is one
method that may have potential for rectifying
the inadequate advanced regeneration prcblem
(Tworkoski et al. 1983, Nix et al. 1985).
Pre-harvest planting may also provide an
alternative to the often used clearcut and plant
regeneration method.

The objectives of this paper are to: describe
the initial success of underplanted seedlings;
evaluate the impacts of animal damage on
pre-harvest planted seedlings, and describe the
effects of logging activities on survival of the
pre-harvest planted seedlings. Future work will
evaluate the effects of various levels of
overstory removal and understory control on the
ultimate success of this regeneration method.
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METHODS AND PROCEDURES
Study Area

The study area is located in the Atchafalya
river basin in south-central Louisiana. This
site, provided by Williams Inc., is a 32.4 ha
bottomland Thardwood site with an overstory
primarily of over-mature cottonwood (Populus
deltoides), and black willow (Salix nigra). The
mid-story is composed primarily of boxelder
(Acer negundo), and red maple (Acer rubrum).
Several sloughs cross the area and baldcypress
(Taxodium distichum) is the predominant species
in these areas. Understory vegetation on the
area is mainly composed of herbaceous plants and
poisoen ivy vines. The site 1is subject to
irregular flooding in the late spring and early
summer. Some low lying portions of the stand
are flooded annually in the winter and early
spring with standing water remaining on those
areas until the beginning of the growing season.

Plot Selection and Establishment

An initial ground cruise of the area was used to
determine the useable portion of the area for
this study. Twenty 1.0 ha circular treatment
plots were established on relatively homogeneous
areas within the stand. At the time of
establishment the interior 0.25 ha circular
central portion of each plot was designated as
the measurement plot. The larger trestment plot
area served as a buffer from adjacent plots.
Once plot locations and boundaries were
established, basal area, density and species
composition was determined for each plot for all
trees equal to or greater than 10 cm in dbh.
During the winter of 1983-84 thirty 1-0
bare-root seedlings (from the Louisiana Office
of Forestry Nursury) of baldcypress, green ash
(Praxinus pennsylvanica), Nuttall oak (Quercus
nuttallii), water oak (Q. nigra) and sweet pecan
(Carya illinoensis) were planted on each
measurement plot following a modified Nelder
plot design. The planting design consisted of
15 equally spaced planting spokes radiating from
the center of each plot. Ten seedlings of a
single species were planted at a 3.0 m spacing
along a spoke and each species was replicated on
3 such spokes of each plot.

Harvesting Design

After one growing season in the field, the
treatment plots were scheduled for partial
overstory removal. Five overstory removal
treatments consisting of a 30, 45, 60, 75 and
100 percent basal area removal were randomly
assigned to the plots. All treatments were
replicated four times. Trees marked for
commercial harvest were primarily sawtimber size
trees of cottonwood, black willow, baldcypress
and sycamore. Mature and overmature cottonwood
and willow represented 87 percent of the
commercial harvest. Cull trees and trees of
non-commercial value were then felled until the
desired level of overstory removal was attained.
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Trees to be felled were marked so that the
remaining basal area was relatively evenly
distributed across each plot. Boxelder and red
maple made up the majority of the non-commercial
species cut. Logging took place from April
through September of 1985 and consisted of
chainsaw felling and tree length skidding of
trees to landings. Landings and skid trails were
not designated and no special precautions were
taken to avoid measurement plots during the
logging operation. Although skid trails were
not designated, primary skid trails developed
naturally and became the areas of most frequent
travel.

Measurements

Height, root collar diameter and damage by cause
were recorded for all wunderplanted seedlings
initially and at the end of each growing season.
Cause of damage was segregated into several
categories including, mortality by natural
causes (low seedling vigor, poor planting or
micro-site conditions, and animal damage) and
logging related damage (skidder damage, felled
tree or slash, located on a deck or landing).
If a seedling was present before logging and
missing after logging, evidence of the cause was
ascertained by visual appearance at the
seedlings previous location. This method of
damage assessment may have caused some errors in
assignment of cause of damage and may have led
to an overestimation of logging related damage.
Since final growth measurements for this paper
were taken only a few months after harvest
activities were concluded, differences among
overstory treatments were not analyzed. It is
unlikely that sufficient time had elapsed for
treatment effects on growth to have taken place.
Results are thus a composite analysis of the
data.

RESULTS AND DISCUSSION
Survival and Causes of Mortality

Survival during the first growing season after
outplanting was relatively high for all species
(94.1 percent). First year survival ranged from
a low of 87.8 percent for sweet pecan to a high
of 98.7 percent for baldcypress (Table 1).
After harvest (end of the second growing season)
survival had declined considerably, but was
still  adequate for  bottomland  hardwoods.
Survival after two growing seasons in the field
averaged 64 percent and ranged from a low of
50.3 percent for baldcypress to a high of 74.2
percent for green ash (Table 1).

Mortality during the first growing season in the
field was largely caused by animal damage,
however, some seedlings did succumb because of
low seedling vigor, poor planting technique and
micro-site conditions. During the second
growing season, continued animal damage and
harvest related activities led to additional
mortality. Mortality from animal damage and
other natural causes led to a two year total




Table 1. First- and second-year survival of
five pre-harvest planted bottomland hardwood
species.

First-Year Second-Year

Species Survival Survival
_n_ percent _n  percent
Sweet Pecan 527 87.8 317 52.8
Green Ash 589 98.2 445 74.2
Baldcypress 592 98.7 302 50.3
Water Oak 548 91.3 414 69.0
Nuttall Oak 567 94.5 431 71.8

mortality averaging 16.8 percent. The highest
mortality from these natural causes was
associated with baldcypress and sweet pecan
(26.5 and 23.8 percent respectively). Green ash
was the least affected species with only 9.2
percent of the seedlings being destroyed by
natural causes (Table 2). Logging related
mortality was somewhat more evenly distributed
across the planted species. Logging caused
mortality averaged 19.6 percent and ranged from
a low 16.7 percent for green ash to a high of
23.3 percent for sweet pecan (Table 2).

Table 2. Mortality by cause for five
pre-harvest planted bottomland hardwood species.

Natural Logging Related
Species Mortality Mortality
_n_ percent  n percent
Sweet Pecan 143 23.8 140 23.3
Green Ash 55 9.2 100 16.7
Baldcypress 159 26.5 139 23.2
Water Oak 80 13.3 106 17.7
Nuttall Oak 66 11.0 103 17.2

Height Growth

Height growth of all species was relatively
slow. Green ash and Nuttall oak grew the most
rapidly, averaging 30.7 and 25.5 cm
respectively. However, slow initial height
growth is common among most moderately tolerant
tree species and is not generally expected to
increase rapidly for the first three to five
years after planting. Baldcypress the most
intolerant species planted was so heavily
damaged by animals (main stems were clipped off
a few cm above ground-line) that accurate
estimates of its potential height growth could
not be determined. Average  height for
baldcypress after two years in the field was 0.8
cm less than when it was planted. Mean height
for all species was reduced by animal browsing
or clipping of the main stem (Table 3). The
mean height for undamaged seedlings exceeded the
overall mean seedling height by 20.0 cm.

One way of predicting future success of
regeneration is to establish a 'target"
seedling, a seedling of sufficient size to

Table 3. Seedling height and percent exceeding
target size two years after outplanting.

Mean Seedlings

Overall Height of Greater
Mean Undamaged than

Species Height Seedlings 1.0 m tall

cm _cm percent
Sweet Pecan 39 47 1.3
Green Ash 85 101 38.7
Baldcypress 55 82 6.6
Water Oak 60 79 11.4
Nuttall Oak 78 94 30.2

successfully compete and to attain a dominant or
codominant position in the stand at maturity. A
target size should be set based on data taken in
the early years of stand development and a
tracking of their success at some specified time
later in the rotation. However no long-term
studies’ exist for pre-harvest planting
conditions in bottomland hardwood stands. We
therefore arbitrarily set 1.0 m as a potential
target size for initial comparisons of success
for the study species. As shown in table 3 only
Nuttall oak and green ash had substantial
numbers of seedlings reaching or exceeding the
specified target size (30.2 and 38.7 percent
respectively). Sweet pecan was the poorest
performer with only 1.3 percent of the surviving
seedlings reaching the target height after two
years in the field.

CONCLUSIONS

Survival of pre-harvest planted bottomland
hardwood seedlings after two growing seasons in
the field averaged an acceptable 64 percent.
Natural mortality, which was principally related
to animal damage averaged less than 17 percent.

Logging caused mortality was 1less than 20
percent overall and occurred mainly along
primary skid trails and at log decks or
landings.

Early height growth was slow as is common for
planted seedlings of moderately tolerant
bottomland hardwood species. Height growth can
probably be expected to increase significantly
after three to five years in the field if the
planted seedling can maintain a competitive
position within the stand. Baldcypress height
growth was severely limited by rabbit damage and
deer browse. Successful establishment of
baldcypress by pre-harvest planting would almost
certainly require protection from such damage.
Target heights need to be established to allow
prediction of regeneration success of various
bottomland hardwoods from early measurements.
An arbitrarily chosen height of 1.0 m was used
for comparison of species in this study. Only
Nuttall oak and green ash had a large number of
seedlings reaching the target size. Species
like sweet pecan, however, may not normally be
expected to reach this height in high numbers

even under more intense management regimes.

12

5
/




Therefore, long-term results tracked from early
height measurements will be necessary for future
prediction of regeneration success. Although
early results seem promising, long-term results
are necessary before pre-harvest planting can be
recommended as an appropriate regeneration
method on an operational basis.
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Cherrybark Oak Enrichment Plantings Appear Successful
After Seven Years in South Carolina Bottomlands

2

L. E. Nix and S. K. Cox

ABSTRACT.~--After seven growing seasons, enrichment plantings of
cherrybark oak on bottomland tracts in South Carolina appear to be
doing surprisingly well. Two-year-old bare root seedlings were
planted in clearcut and shelterwood cut blocks with preharvest disking
and postharvest herbicide competition control. Seedling survival is
highly variable, ranging from 20 to 79 percent, with privet hedge
providing the most severe competition. Seedling size is highly
variable, ranging from 0.2 to 6.6 inches in ground line diameter and 3

to 26 feet in total height.

Preharvest disking with clearcutting gave

the best diameter and height growth, 2.3 inches and 16 feet,
respectively, and by far the best survival, 79 percent. Seedlings
released during the second growing season with directed herbicide
application (2% glyphosate) showed no better growth or survival than
unreleased seedlings. The poorest treatment was the shelterwood
without disking as competing vegetation continued to flourish after
overstory removal. Privet, honeysuckle, spice bush and vigorous stump
sprouts are providing tough competition where present, but many
seedlings are now free~to-grow saplings and are growing 3-4 feet per
year as is characteristic of cherrybark oak in a fertile bottomland

after 6-7 years.

INTRODUCTION

The oaks (guercus spp.) are one of the most
valuable components of the North American hardwood
forest, both upland and lowland. In the South
over half of the hardwoods harvested are from
bottomland stands (Linde 1980) and oaks are an
appreciable portion of the quality material that
is harvested. Past forest use practices such as
indiscriminate livestock grazing and highgrading
have reduced the potential for quality natural
regeneration in many bottomland hardwood stands.
Current regeneration practices in bottomland
stands are not consistently providing a quality
oak component (Johnson 1979). 1In the absence of
advanced oak reproduction or adequate oak
sprouting, bottomland hardwood stands, formerly
containing an valuable oak component, are
regenerating to fast-growing, light-seeded species
after clearcutting. Many bottomland sites capable
of supporting vigorous oak growth no longer have a
major component of oak in the overstory.

Artificial regeneration of oaks, such as
intensively cultivated plantations, is feasible in
only a few situations where intensive early
management is economical. Only 12 to 15 percent
of the Coastal Plain hardwood forest area is
suitable for such intensive culture (Linde 1980).
An alternative approach to improving the oak
component of bottomland stands may be to conduct

1Paper presented at the 4th Biennial Southern
Silvicultural Research Conference, Atlanta, GA.,
November 4-6, 1986.

2Associate Professor and Research Associate,
respectively, Department of Forestry, Clemson
University, Clemson, South Carolina.

enrichment plantings whereby oak seedlings are
established under an overstory or partial
overstory prior to harvesting the stand. The
survival to maturity of 15-20 well-spaced oak
trees per acre may provide an adequate quality
sawtimber component (Johnson 1980).

The objective of this study is to evaluate
the potential of oak enrichment plantings for
improving species composition in bottomland stands
where natural oak reproduction is inadequate.
Additional objectives are to evaluate inexpensive
competition control methods, such as preharvest
disking, directed herbicide application and
partial overstory removal. Early results of this
study were reported by Nix, et al (1985). This
report presents results of oak enrichment
plantings after seven years in a South Carolina
red river bottomland.

MATERTIALS AND METHODS

Two-year-old, nursery-grown bare-root cherry-
bark oak seedlings (Quercus falcata var.
pagodifolia) were dibble-planted in a red river
bottomland in Kershaw County, South Carolina. The
seedlings were planted at 15 x 15 foot spacings in
one-half of circular fifth acre plots established
in a first bottom stand of 70-80 year-old elm,
ash, hackberry, box elder, and sycamore with an
understory of dense grass and scattered dense
patches of switch cane and privet hedge as
described by Nix, et al (1985).

Four treatment conditions, clearcut, shelter-
wood, and preharvest disking of each, were
established as 5 acre blocks. Height, basal
diameter and survival of planted seedlings were
determined after 2 and 7 growing seasons.
Measurements were also made of competing vegeta-
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tion. At the time of the initial measurements
herbicide (glyphosate-2 percent) was direct-
sprayed on competing vegetation in a 1 meter
radius around 15 seedlings randomly chosen in each
treatment block. The herbicide spraying was
equivalent to about one quart per acre application
rate. Growth of herbicide-released seedlings was
compared to that of untreated seedlings paired by
vigor class in the same block. Experimental
design of the study is analogous to a completely
randomized, split-plot design with plots serving
as replications rather than blocks. The SAS
General Linear Models Procedure was used for
analysis (SAS 1985).

RESULTS AND DISCUSSION

Survival of planted oak seedlings after
seven years is highly variable, ranging from 20
percent in the undisked clearcut treatment to 79
percent in the disked clearcut treatment
(Table 1). Seedling survival in the shelterwood

Table l.--Survival of planted cherrybark oak

seedlings after two and seven growing seasoms in a

South Carolina red river bottomland.

TREATMENT®

Clearcut Shelterwood

- Percent =-—

49 (63) 38 (59)

Disk Not Disk Disk Not Disk

79(86) 20(40) 45(79) 30(39)

%Yalue in parenthesis is percent survival after
2 years.

treatments averages 38 percent with only slight
improvement due to preharvest disking (+ 15
percent). A comparison of seedling survival after
2 and 7 growing seasons indicates that the
greatest loss (50 percent) occurred in the
undisked clearcut block between the second and
seventh vears (Table 1). This loss is
understandable considering the fierce competition
that ensues after complete overstory removal in
these fertile bottomland sites. Privet hedge
(Ligustrum sinense ), spice bush (Lindera benzoin)
and Japanese honeysuckle (Lonicera japonica) as
well as numerous stump sprouts of overstory
species, particularly box elder, green ash, and
sycamore, provided strong, overtopping competition
for the small cherrybark oak seedlings, which did
not grow very rapidly for the first several years.

The appreciable loss in survival of seedlings
in the disked shelterwood treatment between the
second and seventh year, a reduction from 79 to 45
percent survival (Table 1), may have been
primarily due to the logging activity during the
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removal of the shelterwood overstory. Eighty-two
percent of the seedlings lost were found to be
located in skid trails or debris piles near a
loading deck. This high loss may not be typical
of a shelterwood treatment as plot location
inadvertently occurred near and along old skid
trails that were reused during the shelterwood
overstory removal. An increased number of
seedling plots in the study area might have
resulted in a reduced proportionate loss of
seedlings during the residual shelterwood removal.

Oak seedling mean ground line diameter did
not differ between clear cut and shelter wood
treatments, but the disked clearcut treatment
groundline diameter was significantly greater than
that of other treatments (Table 2).

Table 2.--Mean ground line diameter and height of
planted cherrybark oak seedlings after seven
growing seasons in a South Carolina bottomland.

TREATMENT®
Clearcut Shelterwood
-=- inches ==
1.9(15.0) 1.6(11.2)
Disk Not Disk Disk Not Disk

2.3(15.8) 1.2(13.4) 1.7(11.2) 1.5(11.2)

%alues in parenthesis are seedling total height
in feet.

This difference in ground-line diameter indicates
a significant reducticn in competition due to the
preharvest disking, but only in the clearcut
treatment, as disking seems ineffective in
improving diameter growth in the shelterwood
treatment.

Mean total height of planted oak seedlings is
greatest in the disked clearcut treatment where
seedlings average nearly 16 feet in height
(Table 2). As with groundline diameter preharvest
disking appears to improve height growth of
planted oak seedlings in the clearcut treatment
while the residual shelterwood overstory
significantly reduces height growth, even when
preharvest disking is done. Since survival
interacts with seedling size to determine the real
success of planting, seedling volume per acre was
calculated as a stocking factor (Table 3). Mean
volume of seedlings per acre is more than 3 times
greater in the clearcut treatment than in the
shelterwood treatment, but this difference is
almost entirely due to the effect of preharvest
disking on survival of planted oak seedlings in the
clearcut area.




Disking might have had a similar beneficial
effect in the shelterwood treatment had not so
many seedlings been lost to logging damage during
the residual overstory removal. This supposition
is supported strongly by the data of Table 4 which
show a significant reduction in the height of
competing woody vegetation in the disked
shelterwood treatment but not in the disked
clearcut treatment.

Table 3.--Volume per acre of planted cherrybark
oak seedlings after seven growing seasons in a
South Carolina bottomland.

TREATMENT®

Clearcut Shelterwood

-- cubic feet/acre --
21 7

Disk Not Disk Disk Not Disk

39 3 10 3

aSeedling volume = 1/3 basal area x height.

Table 4,~-Mean height and distance to nearest
woody competitor of planted cherrybark oak
seedlings after seven years in a South Carolina
bottomland.

TREATMENT®
Clearcut Shelterwood
-~ feet ==—
17.8(2.4) 14.7(3.1)
Disk Not Disk Disk Not Disk

17.7(3.0) 18.7(1.9) 13.4(3.4) 16.1(2.8)

8Yalues in parenthesis are distance to nearest
woody competitor.

The mean distance to nearest woody competitor
(Table 4) also indicates that preharvest disking
may be effective in reducing competition in both
the shelterwood and the clearcut overstory
treatments. Combined with the woody competitor
mean height data in Table 4, mean distance to
nearest woody competitor indicates that the disked
shelterwood treatment is most effective in
reducing the competition of the planted oak
seedlings. Unfortunately the loss of seedlings to
logging damage has likely rendered these results
inconclusive as the few remaining oak seedlings in
the shelterwood treatment show a reduction in

height growth of nearly 4 feet (Table 2), although
they were under the shelterwood overstory for only
two years.

In addition to woody competition near the oak
seedlings the stocking of naturally regenerated
woody species was also determined on 1/100 acre
plots at the center of each fifth acre plot.
Treatments appear to have had a significant effect
on the natural regeneration in the study area
(Table 5).

Table 5.--Stocking of naturally regenerated woody
species after seven growing seasons in a South
Carclina red river bottomland.

TREATMENT

Species Clearcut Clearcut Shelter- Shelter-
+ Disk wood wood + Disk

(Overstory Stems Per Acre)

Ash 75 425 50 425
Bxe 450 775 600 725
Syc 25 125 50 50
Misc 25 100 - 375
Total 575 1425 700 1575

(Understory Stems Per Acre)

Misc? 2400 1175 3950 850

8Miscellanecus understory species are privet and
spice bush.

Desirable green ash saplings were increased nearly
6-fold by the disking treatment in both the
shelterwcod and the clearcut areas. Sycamore
saplings were increased 5-fold by the disking but
only in the clearcut area. Miscellaneous
overstory species, which were elm, hackberry, and
China berry, were also greatly increased by the
disking treatment. A contributory factor to these
desirable species stem increases due to disking is
probably the pronounced reduction in the dense
grass root mat and in competing understory stems
(primarily privet and spice bush). The disking
resulted in a 51 percent reduction in understory
stems in the clearcut area and a 78 percent
reduction in the shelterwood area (Table 5).
Although boxelder, an undesirable overstory
species, was slightly increased by the disking,
the disking has at least substantially increased
the desirable species stocking, including that of
the planted cherrybark cak seedlings.

Assuming no further mortality there will be
an average of about 40 cherrybark oak saplings per
acre in the undisked clearcut area and nearly 160
per acre in the disked clearcut area (based on the
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simulated planting density of 200 seedlings per
acre). There will be 60-90 ocak saplings per acre
in the shelterwood areas. The cherrybark oak
saplings average only 2 to 3 feet less in height
than the nearest woody competitors and have begun
to grow rapidly with many saplings now in a
free-to-grow condition. Based on recent research
results cherrybark oak becomes a vigorous
competitor if it can just persist for four to five
vears (Krinard and Francis 1983; Johnson 1984).
The most severe competition in the study plots is
from privet and spice bush which is approaching
its maximum height. The cherrybark oak saplings
are now in their period of maximum height growth
and should rapidly grow out of the understory
competition, especially those in the disked
treatment areas.

Many sprouts on larger boxelder and green ash
stumps (> 20 inches diameter) are dying or appear
to be losing vigor, thus reducing overtopping
competition. Many of the planted oak saplings in
the undisked areas appear spindly and weak,
especially where privet has completely overtopped
them. Privet is a severe competitor for the small
planted oak seedlings and, even after disking,
vigorously resprouts to quickly overtop planted
seedlings. The fate of these overtopped seedlings
is very much in doubt based on their current
appearance. Post harvest herbicide spraying, as
done in this study, did not provide effective nor
long-lasting release for the planted seedlings.
Although it appeared to improve survival after two
years, herbicide application actually reduced
height growth and had no significant effect on
growth or survival of planted oak seedlings after
seven years. However, herbicide may have an
important role in enrichment plantings in other
areas as a parallel study under different
conditions showed the effects of herbicide release
were still detectable after six years (Nix,
unpublished data).

CONCLUSIONS

The results of this study indicate that
species composition of bottomland stands can be
enriched by planting quality species, such as
cherrybark oak, and that preharvest competition
control, such as disking, can improve survival and
growth of planted stock significantly. Although
the shelterwood overstory treatment did not
improve seedling growth or survival, the
disproportionate loss of seedlings from logging
activities may have biased the results of this
part of the study. The shelterwood treatment
reduced the growth of both planted seedlings and
their competition resulting in about the same
differential in height as in other treatments.
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The shelterwood disked treatment significantly
reduced the number of competing understory stems
per acre and increased the number of desirable
overstory stems equally as well as did the
clearcut disked treatment. Thus, the shelterwood
should not be rejected as a potential overstory
treatment for enrichment plantings.

Other practical preharvest competition
control methods should be explored as the disking
treatment used in this study may not be feasible
in bottomland stands with different stand
structure. In addition no attempt was made to do
an economic analysis of any of the treatments in
this study. Costs of hand planting, preharvest
disking, post harvest herbicide application and
other treatments mentioned will have to be offset
by the increased value of the oak component in the
stand at rotation end.
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STUDIES ON THE BIOLOGY OF CHERRYBAR%,OAK:
RECOMMENDATIONS FOR REGENERATION—

/

John D. Hedges and Greg Janzen—/

Abstract.--A review of past efforts to regenerate this species
indicates that the ecological requirements of the species have not been
adequately considered. Advance regeneration (number and size) is

essential for natural stand regeneration.

Results of several recent

studies of the light requirements for regeneration, growth and
development in mixed stands, and influence of midstory and understory on
seedling establishment and development indicate that control of light to
the forest floor is the key to obtaining adequate advance regeneration.
Too much light may be as detrimental as too little in that it will favor
growth of faster growing, more intolerant species. It is suggested that
several techniques (shelterwood method, midstory and understory control,
shelterwood plus control of lower stories, enrichment plantings) may be
used to regenerate oak stands and that the choice should be based on a
thorough analysis of the stand conditioms.

INTRODUCTION

Cherrybark oak (Quercus falcata var.
Eagodafolia) is one of the most desirable tree
species in the South. Its good growth rate,
straight clear stems, and large size make it
valuable for timber production (Putnam et al.
1960). 1In addition, the quantity and quality of
mast production makes it highly desirable for
wildlife (Lotti 1965).

The major silvicultural problem with
cherrybark oak is during regeneration. There
are indications that oaks, and particularly
cherrybark, are not being satisfactorily
regenerated after the final harvest (Johnson and
Krinard 1976). The primary reason for oak
regeneration failures seems to be an
insufficient number and/or size of advance oak
seedlings at the time of harvest (Beck 1970,
Johnson 1975, Sander 1977). Size is of critical
importance in that small seedlings simply are
not able to compete successfully with stump and
root sprouts of some species and very fast
growing seedlings of other species (Johnson
1979). A height of 4.5 feet is considered
minimal for advance growth of northern red oaks
(Sander 1972) and a similar height seems
desirable for cherrybark oak.

l—/Paper presented at Southern Silvicultural
Research Conference, Atlanta, Georgia, November
4-6, 1986.

2/

Z/The authors are professor and research
technician, Department of Forestry, Mississippi
Agricultural and Forestry Experiment Station,
Mississippi State University. Contribution No.
6528 of the Mississippi Agricultural and
Forestry Experiment Station.

Some of the problems associated with
natural regeneration of cherrybark oak may be
alleviated by use of artificial regeneration,
but there are major problems with this
alternative. Survival is usually very good,
but as with natural regeneration, slow early
growth is a severe problem. Intensive control
of competing vegetation, usually by
cultivation, is necessary and expensive. Thus
the cost of artificial regeneration is
prohibitive for most landowners.

This paper reviews some of the past and
current research efforts and cultural
practices dealing with cherrybark oak
regeneration, discusses seedling ecology in
relation to these practices and current
research efforts, and suggests recommendations
for cherrybark oak regeneratiom. Most of the
discussion is specific for cherrybark oak, but
the results should be applicable to the other
bottomland red oaks as well as northern red
oak.

PAST REGENERATION EFFORTS

Artificial regeneration efforts have
largely been directed at improving the early
growth rate of outplanted seedlings to
circumvent or alleviate the need for intensive
competition control. The influence of nursery
practices and container production on the
early field performance of seedlings have been
studied at this station. The results from
several nursery studies (unpublished) indicate
that seedlings of very acceptable size (2%-3
feet; 3/8+ inch root collar diameter) and
vigor can be produced in ome growing season
provided that : (1) nursery density is about
10 per square foot or less, and (2) the seeds
are sown early enough in the spring. In
central Mississippi, it is desirable to seed
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in early March, but no later than the first of
April.

Root modification treatments in the nursery
beds (undercutting and lateral root pruning)
increase root proliferation, but the results, in
terms of effect on seedling height growth, are
inconclus ive at this time.

Studies of containerized seedlings of
cherrybark oak and other bottomland red oaks
(Moorhead 1978, 1981) have shown better initial
height growth than for bare-root material of the
same age. However, the difference in growth is
not great enough to eliminate the need for
competition control, and the cost per seedling
is much greater for those grown in containers.
There may be some advantages of containerzied
seedlings but the economics of use have not been
determined.

Past efforts with natural regeneration have
dealt mainly with techniques for obtaining
satisfactory advance oak regeneration. The
techniques involved modifications of harvesting
methods and concentrated primarily on use of the
shelterwood method (Johnson 1979, Sander 1979,
Loftis 1983). The shelterwood system has not
been thoroughly tested with cherrybark oak, but
the indications are that, as with other red
oaks, classical shelterwood cuttings will not
give satisfactory advance oak regeneration.
Possible reasons why it has not been successful
will be discussed later.

SEEDLING ECOLOGY IN RELATION TO
PAST AND CURRENT REGENERATION EFFORTS

The above brief review indicates the
problems we have with cherrybark oak
regeneration and demonstrates the need for more
effective mthods of regeneration. More
importantly, it emphasizes the need for a better
understanding of the biological requirements of
the species. In essence we have put the "cart
before the horse" by researching methods of
regeneration without a sufficient knowledge of
the biology of the species. Much of our current
research effort at Mississippi State is designed
to learn more about the ecological requirements
of cherrybark oak.

Two aspects of seedling biology which are
very important in regeneration are light
requirements for maximum grown and juvenile
growth rates. Two current studies involve
investigation of light requirements and methods
for manipulating light for cherrybark oak
reproduction. In one study, oak seedlings have
been grown for two years from seed under shade
houses with light intensities of 100, 53, 27,
and 8 percent of full sunlight. Results
demons trate that cherrybark oak seedlings do not
require a high light intensity for good growth
(Table 1). Best development occurred at about
50% of full sunlight and even at 27% of full
sunlight height growth was better than under
open conditions. However, caution must be
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Table l.-~Effect of shade on growth of cherry-
bark oak seedlings at the end of the
first and second growing seasons.

% Shade Year 1 Year 2 Year 2 Growth
—————————— %X ht (Cm)=mmmm e
0 21.4 v 45.0b 25.4 b
47 28.3a 86.0a 59.2a
73 22.4 b 71.5a 47.7a
92 18.7 b 36.2 b 15.4 b

ijValues in a column that are followed by
the same letter indicate no statistical dif-
ference at the .05 level.

exercised in extropolating these results to
field conditions. The shade cloth changed
only the intensity of light reaching the
seedlings, but light beneath a stand is
changed in both intensity and quality (wave
length). Also, there is likely a difference
between the field and shade houses in terms of
the interaction between light and moisture
availability. It was obvious that soil
moisture depletion occurred more rapidly in
the open than beneath the shade houses.

Observations in numerous older stands
where oak regeneration was not present
suggested that the problem was insufficient
light on the forest floor. Very often
insufficient light was due to the presence of
a very dense midstory and understory, usually
of less desirable species such as American
hornbeam (Carpinus caroliniana) and eastern
hophornbeam (Ostrya virginiana). Therefore, a
study was undertaken to determine how removal
of this material would influence oak seedling
establishment and growth (Janzen and Hodges
1985). The following treatments were
installed: (1) Inject only. All trees of
undesirable species greater than 1.0 inch
d.b.h. and that did not contain at least one
number three factory grade sawlog were
injected with glyphosate. (2) Inject/spray.
Inject as above combined with foliar spraying
with glyphosate of remaining stems (including
desirable species) and vegetation which could
be reached with a backpack sprayer (height of
approximately 10 feet). (3) Control.
Midstory and understory left intact. After
treatment it was obvious that much more direct
sunlight could reach the forest floor and
after five years there is a significant
improvement in oak regeneration in terms of
both numbers and seedling size (Tables 2 and
3).

Even though ocak advance regeneration is
present it may be very slow to develop in




Table 2.--Effect of midstory and understory con=-
trol treatments on number of oak seed-
lings present five years after treat-

ment.
Treatment Red White Total
. 1/
Inject 2047a— 1263a 3310
Inject/Spray  1873a 915a 2788
Control 653 b 348a 1001

l/Values in a column followed by the same
letter indicate no significant difference at the
.05 level.

mixed hardwood stands even after a complete
removal cut (Beck 1970, Johnson 1975, Sander
1977), and this may be as much of an overall
problem as lack of advance regeneration (Johmson
1979). A recent study examined cherrybark oak
development in even-aged mixed stands comprised
primarily of oak and sweetgum (Clatterbuck et
al. 1985). 1Individual stem development of the
two species was observed in 160 plots which
varied in age from reproduction to about 80
years. The plots were located primarily on old
field sites. Im 35 of the 160 plots oak and
sweetgum trees were felled and subjected to a
detailed stem analysis of radial and vertical
growth patterns. Cherrybark oak exhibited two
patterns of height development depending on the
spacing between the oak and competing sweetgum.
The "restricted" pattern (Figure 1) of
development occurs when the average spacing
between trees is about 18 feet or less at the
pole stage. The cherrybark oak initially grows
slower than the sweetgum, but if it can get some
direct sunlight it will eventually outgrow and
stratify above the sweetgum at age 20 to 25. A
similar pattern of development has been noted
for cherrybark oak after a complete clearcut

Table 3.--Effect of midstory and understory con=-
trol treatments on size of oak regen-
eration 5 years after treatment.

Oak Stems/Acre > 20 cm ht

Treatment Red White Total
1/

Inject 479a~ 479 958

Inject/Spray 653a 305a 958

Control 44 b 87a 131

l/Values in a column followed by the same
letter indicate no statistical difference at the
.05 level.

(Johnson and Krinard 1983). The
"unrestricted" pattern (Figure 2) occurs when
cherrybark oak is either a few years older
than the sweetgum or is essentially open
grown. Diameter growth rates are much better
for oak trees with the unrestricted pattern of
development, but the restricted pattern
produces trees with more clear wood and a much
greater merchantable height.

Figure 3 is an attempt to portray the
relationship between cherrybark oak and
various competitor spécies in terms of light
requirements and juvenile growth rates. The
concepts presented were derived from the
results of the above studies as well as years
of field observation. Placement of the
species indicates relative relationships.
Exact values are not known at this time. The
differences between species apparently reflect
differences in efficiency of light utilization
at different intensities for net primary
production, especially as reflected in height
growth.

The figure and available data indicate
that under open conditions (high light
intensity) cherrybark oak is not a good
competitor when compared to fast-growing
species such as yellow poplar (Lirodendron
tuligifera). On the other hand, cherrybark
cak is a persistor. It is able to survive and
grow at light intensities which are far too
low for most species which have a fast
juvenile growth rate at high light
intensities. At very low light intemsities
cherrybark oak can not compete with the very
tolerant species such as American hornbeam and
eastern hophornbeam.

The above ecological considerations have
implications in designing or choosing
silvicultural methods for the regeneration of
cherrybark oak. The key to success,
especially for natural regeneration, is in
regulation of the light to the forest floor.
For cherrybark and other red oaks, past
regeneration efforts where adequate advance
reproduction was not present have emphasized
use of cutting modifications such as the seed
tree or shelterwood methods rather than
clearcutting. Use of the seed tree method is
completely ineffective for increasing oak
regeneration (DeBell et al. 1968, Johnson and
Krinard 1983) and use of classical shelterwood
methods have been erratic and mostly
unsuccessful (Sander 1979, Loftis 1983, Martin
and Hix 1986). Lack of success with the
shelterwood method appears to be due to the
way it is used. 1In the way it is most often
used, trees are removed from the upper canopy
leaving about 30 square feet of basal area if
a two-cut shelterwood is used and about 60-70
square feet after the first cut of a three-cut
shelterwood. Cuttings that heavy will favor
the growth of fast-growing intolerant species
such as yvellow poplar rather than red oaks
(Loftis 1983) especially if little or no lower
story species are present. A series of
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Figure 1.--Cumulative height~age curves for dominant
and codominant cherrybark oak (CBO) and
sweetgum (SG) in stands with the
restricted pattern of development.

cuttings much lighter than normally used for a
shelterwood might be used in such cases to
Tegenerate red oaks (Lof tis 1983). On the other
hand, if there is a dense midstory and

unders tory of tolerant species, as there often
is in bottomland hardwood stands, then no amount
of cutting in the overstory will give good oak
regeneration (Janzen and Hodges 1985). There
will simply not be enough light on the forest
floor and the cutting will stimulate growth of
the tolerant midstory.

Past efforts at artificial regeneration
have largely ignored natural seedling ecology.
On recently harvested sites, even with site
pPreparation, the nursery-grown seedlings are
forced into a competitive position for which
they are not adapted. Under these open
conditions, brush, sprout material, and
seedlings of fast-growing intolerant species
will simply outgrow the oaks. Thus, it has been
necessary to use intensive and rather expensive
cultural practices such as cultivation to
control the faster-growing competition.

REGENERATION STRATEGIES
Cherrybark oak can be regenerated

artificially by planting or direct seeding and
under some circumstances this may be the best

option. This is especially true on sites
which can be direct seeded (Johnson and
Krinard 1985). However, on most sites and for
most landowners the cost of artificial
regeneration is prohibitive., As with other
bottomland hardwoods, natural regeneration
techniques will be of primary importance for
the foreseeable future (Kellison 1985).

When natural regeneration methods are to
be used, the first step should be a detailed
evaluation of site and stand conditions to
determine the potential for successful
regeneration. Evaluation methods such as
those proposed by Sander et ai. (1976),
Johnson (1980), and Marquis and Bjorkhom
(1982) can be used. They are based on the
number and size of advance regeneration stems
as well as stump sprout potential and can be
used to evaluate regeneration potential for a
single species or for all species., If the
regeneration potential 1is adequate the stand
can be regenerated by a complete removal of
all stems above one inch in diameter. When
the regeneration potential is not adequate the
task becomes one of securing enough advance
regeneration before the final harvest. There
are a number of options which will work, but
they are site and stand specific so it is
extremely important to match the
recommendation to the stand. The following is
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Figure 2.--Cumulative height-age curves for repre-
sentative trees of both cherrybark oak
(CBO) and sweetgum (SG) in stands with
the unrestricted pattern of development.

a list and brief description of some options
which can be used:

Enrichment planting -- This option has been
discussed by two other speakers at this
conference (Chambers et al. 1986, Nix and Cox
1986) and involves supplementing natural
regeneration by underplanting of seedlings
several years before the final harvest. Some
control of competition in the lower stories may
be necessary. Direct seeding may be an even
more attractive way to supplement natural
regeneration. Direct seeding has been very
successful in larger open areas (Johnson and
Krinard 1985). Sowing beneath a canopy has
worked on a few occasions, but in most cases the
seeds are lost to rodents. Timing of the
seeding may be important in preventing rodent
depredation, but success will ultimately depend
on the development of an effective rodent
repellent.

Use of shelterwood method -- Classical
shelterwood cuttings usually have not been
successful in regenerating oaks, but as
suggested by Loftis (1983) very light cuts over
a period of years may work. [Use of the method
should be confined to stands without a dense
midstory or understory. This technique has not
been rigorously tested for cherrybark oak, but

observations in stands which have received
light partial cuts indicate that it may work.

Midstory and understory control -- The
upper canopy of bottomland hardwood stands in
the South is often quite open because of past
cutting. However, light to the forest floor
may be very low because of a dense midstory
and understory of tolerant species and
regeneration of oaks does not occur. Removal
of these lower stories will greatly increase
light to the forest floor and may be all that
is necessary to obtain advance regeneration of
oaks and other desirable species.

Shelterwood plus control of lower
stories -- In some stands, cutting will need
to be done in both the main canopy and lower
canopies in order to get sufficient light for
regeneration. This can be accomplished by a
shelterwood cut combined with lower canopy
control by injection or cutting. Care must be
exercised not to open the stand too much
(Loftis 1983).

The above discussion emphasizes the need
for stand-specific methods for oak
regeneration and describes some of the
techniques which may be used. However,
must be emphasized that, at least for

it
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Figure 3.~-Light requirements and juvenile
growth of cherrybark oak in E?mpari—
son with competitor species.—

ljlw = ironwood; SB = sugarberry; ELM =
elm; CBO = cherrybark ocak; SG = sweetgum; SYC =
sycamore; YP = yellow poplar.

cherrybark oak, the recommendations are
presently tentative. More definitive
recommenda tions must await the result of
long-term studies now underway.
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SYCAMORE COPPICE RESPONSE TO HARVEST SEASON: 7-YEAR TRENDS1

Kenneth K. Roeder2

Abstract,--Five season-of-harvest treatments (March,
April, June, August and October) were imposed in 1979 on a
12-year-old sycamore (Platanus occidentalis L.) plantation on
the Northern Coastal Plain of North Carolina. Resulting
coppice response was evaluated annually for 7 years following
harvest. The late dormant season harvest treatment (March)
resulted in significantly taller and larger diameter sprouts
than those cut at other times of the year., The rate of
biomass accumulation was also significantly greater for the
late dormant season harvest treatment coppice,

Season-of~harvest did not significantly influence the
number of coppice sprouts per stump after the second growing
season following harvest. Orginal tree DBH, used as a stump
diameter index, had a significant influence on the amount of
sprout biomass produced. Weed competition control appears to
be just as important in successful coppice stand establish-
ment as it is with hardwood seedling plantations.

Keywords: Sprout mortality, Biomass, Competition,

INTRODUCTION

Asexual regeneration of hardwoods through the
sprouting of stumps and roots (coppice) is a signi-
ficant source of new growth in some naturally re-
generated hardwood stands (Petruncio 1985). Cop-
pice regeneration has been an integral component of
forest management in some parts of the world for
centuries (Rackham 1980), but has been seldomly
utilized consciously for regenerating natural hard-
wood stands in the United States. The limited
research efforts with coppice have shown that qual-
ity and yields of regenerated stands can be altered
by knowledgeable use of coppicing (Buell 1940; Roth
and Hepting 1943; Downs 1947; Sander 1971; Johnson
1975; Kennedy 1975; Stroempl 1983), through the
silvicultural manipulation of those factors influ-
encing coppice response (Lust and Mohammady 1973;
Blake and Raitanen 1981). The factors include:
species, fertility, spacing, season-of-harvest,
weed competition, cultivation, physiology and
internal chemical controls, rotation length, stump
diameter, stump height, and stump mortality (Blake
and Raitanen 1981),

1Paper presented at the Fourth Biennial
Silvicultural Research Conference, Atlanta, GA
Paper No, 10747 of the Journal Series of the North
Carolina Agricultural Research Service, Raleigh, NC
27695-7601,

ZGraduate Research Assistant, Cooperative

Hardwood Research .rogram, Department of Forestry,
North Carolina State University, Raleigh, NC
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Significant influences have been reported for
some season-of-harvest coppice studies (i.e.:
Buell 1940; Wenger 1953; Grano 1955; Longhurst
1956), Research has shown that dormant season
harvests result in more productive coppice growth
than growing season harvests (Stoeckler 1947;
Wenger 1953; Roeder and Hansen 1985), However,
most season-of-~harvest coppice studies report cop-
pice response success at a single point in time and
by the number of sprouts surviving at 1 to 4 years
following the harvest cut (Blake and Raitanen
1981). Results reported by Roeder and Hansen
(1985) on sycamore (Platanus occidentalis L.) indi-
cate that a simple assessment of only the number of
sprouts at a point in time may be inadequate for
evaluating success of season-of-harvest coppice
studies.

Recent market changes for hardwood biomass may
make short rotation biomass plantations a viable
economic alternative to meet fiber and fuel stock
demands. However, compared to pine plantations,
hardwoods have relatively high initial establish-
ment costs and require intensive and expensive sil-
vicultural treatments in order to become success-—
fully established (Malac and Heeren 1979), Multi-
ple cropping through the use of hardwood coppice
from a single planting msy provide the favorable
economics necessary for just such a biomass produc-
tion system.

Continued research into factors affecting
coppice response and long-term productivity is
therefore justified. The work reported in this




paper evaluates sycamore coppice response for a
continuous period of 7-years following five
seasonal harvesting treatments,

MATERIALS AND METHODS

A 12-year-old sycamore plantation in Hertford
County, North Carolina on a terrace of the Meherrin
River was chosen as the study site, as an installa=-
tion of the Coppice Project of the NCSU-Industry
Cooperative Hardwood Research Program., The planta-
tion, formerly a fertilizer-spacing~thinning study
of Union Camp Corporation, was blocked to incorpo-
rate the fertilizer-spacing-thinning treatments.
Seven soil series (Myatt, Goldsboro, Eunola, Johns,
Suffolk, Kenansville and Wagram variant) were iden-—
tified on the original study site (SCS 1980), but
could not be fully incorporated in the blocks and
were therefore considered part of random site
variation.

Since the establishment of this plantation,
more knowledge has been obtained on site require-
ments for hardwood species including sycamore and
sweetgum (Liquidambar styraciflua L.) That know-
ledge would today favor the planting of sweetgum as
a more productive and better matched species to
this site, However, the sycamore on this site is
viable for determining the effect of season-of-
harvest coppice treatments.

Stocking of the sycamore plantation chosen for
this coppice study ranged from 452 to 988 trees
(stumps) per hectare, with a mean stocking of 793
trees per hectare. The five season—of-harvest
treatments consisted of chainsaw harvesting the
existing 12-year-old trees within the treatment
plots at their designated harvest season--March 15,
April 30, June 30, August 31 and October 31 in
1979, All trees were cut within 15 cm of ground
line. The March harvest treatment was installed as
a late dormant season treatment; the October har—
vest treatment as an early dormant season treat-
ment; and the April, June and August harvest treat-
ments as progression of growing season harvest
treatments. The seasonal harvesting treatments, in
four replications, were assessed during mid-dormant
season (January) following harvest and in January
of each of the following 7 years. Plots were 0.072
hectares in size in one replication and 0,036 hec-
tares in all other replications.

Diameter at breast height (DBH) was measured
on all study trees during the dormant season just
prior to installation of the harvesting treatments.,
These diameters were used as a measure of the
original tree's dominance in the stand; they alsc
served as an indirect measure of the size and vigor
of each root system, and will henceforth be
referred to as stump diameter index (SDI). The SDI
ranged from 4 to 19 ecm., These SDI data were then
used as a covariate adjustment of the coppice
response variables under study., All analyses and
values presented are adjusted for SDI.

The coppice regeneration was measured for
total height and DBH of the dominant sprout per
stump, and number and mean height of sprouts by 2.5
cm DBH class for each stump. Stocking levels were

assessed as the number of coppice sprouts in each
diameter class per stump and extrapolated to per
hectare values. Only living sprouts were assessed.

Biomass for the coppice and the original syca-
more stand was calculated, using equations for
predicting total green biomass of understory soft
hardwoods (Phillips 1981). These equations were
chosen because no satisfactory biomass equations
specifically developed for sycamore coppice were
available and the ranges of diameters for the cop-
pice and the original stand closely matched the
data used to develop the equations. The calculated
biomass is therefore used as an index for treatment
comparisons. Biomass was evaluated as mean biomass
per sprout and per stump. Biomass per hectare was
used as a measure of total coppice productivity.

The data were analysed as a randomized
complete-block design., Treatment responses were
evaluated for each assessed variable annually using
standard analysis of variance techniques (Steel and
Torrie 1980), The productivity trends for each
seasonal harvest treatment were evaluated by test-
ing for heterogeneity of slopes for height, DBH,
stocking and biomass productivity over the seven
assessment years, and incorporated SDI as a covari-
ate adjustment factor (Freund and Littell 1981).
Significance is indiceted at the .05 probability
level.

RESULTS AND DISCUSSIONS

Stump Diameter Index

As a covariate, S8DI was found to be signifi-~
cant for total sprout basal area per hectare, bio-
mass per sprout and biomass per hectare, This
result is supported by the findings of Belanger
(1979), also with sycamore, and could be expected
as basal area and biomass are highly correlated.
No evidence was found to indicate a significant
contribution of SDI to the number of coppice
sprouts produced as has been reported elsewhere
(i.e.: HMattoon 1909; Schrierbeck and Clarke 1984;
Singh and others 1973), but this may be due to the
more limited range of SDI found in the sycamore
plantation, The influence of number of sprouts per
stump is an important contributor to the total
biomass produced per stump and is most likely the
reason that SDI was not found to significantly
contribute to biomass per stump.

Sprout Mortalit

By the end of the first growing season, some
sprouts were lost to mortality due to within-stump
sprout competition for _he March, April and June
harvest treatments (Figure 1). The August and
October treatments appeared to be free of the
severe within-stump sprout competition., By the end
of the Znd growing season, all treastments were past
the point of supporting & maximum number of sprouts
per stump as within-stump sprout competition was
eliminating the smaller sprouts. Within any given
year, significant differences in mean number of
sprouts per stump due to seasonal harvesting treat-
ments were undetectable after the 2nd growing
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Figure l,--Mean number of sycamore coppice sprouts
per stump for 7 years following five seasonal
harvest treatments.

season. A similar finding was reported by Wendel
(1975) for Appalachian hardwoods.

In the period between the 2nd and 4th growing
seasons, a significant difference in the within-
stump mortality rate (slope) was detected (Figure
1). By the 4th growing season an equilibrium level
in sprout survival was reached for all seasonal
harvest treatments. The sprout mortality rates for
the seasonal harvest treatments from the &4th
through 7th growing seasons were not significantly
different. Note that the sprout mortality which
occurred in this study was due to within-stump
sprout competition as stump spacings and overall
growth was such that between-stump sprout crown
competition was limited.

The mortality rate of sprouts per hectare
closely mirrors that of mortality per stump due to
the general uniformity in stump survival rate among
the harvest treatments.

Height

The dominant sprouts from the March harvest
treatment are significantly taller than coppice
resulting from the other harvest treatments through
the 7th growing season (Figure 2). However, the
rate of height growth is consistant for all treat-
ments indicating that the advantage in dominant
sprout growth obtained by the March harvest treat-
ment is achieved in the first growing season and
maintained at least through the 7th growing season,
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The significant superiority of the March har-
vest treatment is also expressed in mean height of
all coppice sprouts per stump for any given year
(Figure 3), 1In addition, the rate of the mean
sprout height growth is significantly greater for
the March treastment, This significant difference
in the reported rate of mean sprout height growth
is the result of actual sprout height growth as
well as within-stump coppice stand development.
This coppice stand development occurred earlier in
the March harvested plots as the result of the
within-stump sprout competition eliminating the
smaller intermediate and suppressed sprouts, there-—
by increasing the mean height of the surviving
sprouts.

The period between the March 15 and the April
30 harvest treatments appears to have been critical
to the growth potential of the resultant coppice.
Cutting trees prior to mobilization of hormones
and nutrients stored as carbohydrates in the roots
(March harvest treatment) permits the potential for
full availability of these nutrients for subsequent
coppice response. Cutting after partial mobiliza-
tion (April harvest treatment) results in a propor-
tional reduction in the coppice response (Wenger
1953). The lowest level of nutrient reserves in
the roots is prior to full leaf expansion (Alban
1985) which occurred before the June 30 cutting
treatment in this study,
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Figure 2.--Mean height of the dominant sycamore
coppice sprout per stump for 7 years following
five seasonal harvest treatments,
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Figure &4.--Dominant coppice sprout height growth of
dormant season harvests of Yellow-poplar, red oak,
white oak (from Wendel 1975), and sycamore. (Note:
species indentification of oaks only to subgenus
level,)

The rate of dominant sprout growth of late
dormant season harvested sycamore coppice was ini-
tially faster than that reported for dormant season
harvested oak (Quercus sp.) and yellow-poplar
(Liriodendron tulipifera L.) on excellent and fair
natural stand sites {about 55-years-old) in West
Virginia (Wendel 1975) (Figure 4), but appears to
be decreasing by the 7th growing season., Yellow-
poplar surpassed sycamore cumulative height growth
during the 6th growing seagon, while red oak has
caught up to sycamore by the end of the 7th growing
season.

Diameter at Breast Height

Mean diameter growth of the dominant stump
sprout from the March harvest treatment was signi-
ficantly larger than the dominant sprouts from the
other harvest treatments through the 7th growing
season (Figure 5). The rate of diameter growth was
also significantly superior for the March treat-
ment. This superior diameter growth of the March
treatment sprouts is a function of their earlier
start at the beginning of the initial growing sea-
son following harvest treatment, earlier stand
development and dominance expression of the compet-
ing sprouts within each stump. Once a sprout
acquires a superior crown position in the within-
stump sprout canopy, the sprout is able to maintain
or expand its dominance as it suppresses smaller,
slower growing sprouts.
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Figure 5.-—Mean diameter at breast height of the
dominant sycamore coppice sprout per stump for

7 years following five seasonal harvest
treatments.
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Mean sprout diameter growth reflected the same
trends and relationships as for dominant sprouts
(Figure 5). Overall, the rates of mean sprout
diameter growth were less than that for dominant
sprouts.

Biomass

The March harvest treatment consistantly pro-
duced significantly larger sprouts than the other
season~of ~harvest treatments. These sprouts,
because of their larger size and inferred larger
photosynthetic area, grew at a significantly faster
rate than sprouts from other harvest treatments.
Between the 6th and 7th growing seasons, the rate
of biomass growth increment for the March harvest
treatment declined (Figure 6). This decline was
due to widespread vine competition, particularly
in replication one of the study.

Honeysuckle (Lonicera japonica Thunb.,) compe-
tition was so severe in some instances that the
sprouts were physically damaged, the effects of
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Figure 6,--Green biomass productivity per stump of
surviving sycamore coppice sprouts for 7 years
following five seasonal harvest treatments.,
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Figure 7,~-Mean green biomass productivity per
stump of surviving sycamore coppice sprouts
for 7 years following five seasonal harvest
treatments.

which were significant when dominant sprouts were
involved. The biomass growth prior to the vine
induced mortality is lost productivity., The growth
rate decline detected for the March harvest treat-
ment is also evident in dominant sprout height
(Figure 2), dominant DBH (Figure 5), sprout biomass
per stump (Figure 7) and total sprout biomass per
hectare (Figure 8) due to dominant sprout
mortality.

The mortality of dominant coppice sprouts
through breakage or death, has a severe impact on
the biomass productivity of a stump system as illu-
strated by the biomass decline of the March harvest
treatment during the 7th growing season and the
June and August harvest treatments at the 4th grow-
ing season (Figure 7). The effects of sprout mor-
tality on a particular stump may be buffered on an
area basis by the increased growing space available
to the surrounding coppice stand (Figure 8). Loss
of sprouts may be symptomatic of a stump in poor
health whose loss will cause a cumulative decline
in total area biomass productivity.

The total coppice biomass produced from the
March harvest treatment, although significantly
superior to the other season-ofiharYest treatments,
amounts to less than 1,2 Mg ha ~yr ~ of ovendry

biomass over 7-years due to the poor quality of
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Figure 8.,~-Mean green biomass productivity per
hectare of surviving sycamore coppice sprouts
for 7 years following five seasonal harvest
treatments. '

this site for sycamore, T?e gfiginal seedling
stand produced 2,52 Mg ha”"yr~" of ovendry biomass
over l2-years prior to coppicing. On a good site
for sycamore located in the county south of this
study, Torreano (1986) Eﬁ?°€&s biomass yields
ranging from 4,74 Hglha 1T for 6-year-old seed-
lings to 2,14 Mg ha " yr for a combined 6 year
growth cycle consisting of 4-year-old seedling
yields and 2-year-old coppice yields,

CONCLUSIONS

The superior productivity of sycamore stump
coppice from late dormant-season-harvested trees
(March treatment) is evident in sprout height, DBH
and biomass growth., The uniformity of the rate of
height growth of dominant coppice sprouts for all
seasonal harvesting treatments is a partial
reflection of the site index while sprout height at
a point in time is more ‘a function of the actual
growing months experienced.

The superior rate of dominant sprout diameter
growth from the late dormant-season-harvested trees
has the greatest impact on the rate of total bio-
mass productivity. Coppice from the March harvest
treatment may utilize the full contigent of stored
nutrients in the root system, and the full initial
growing season for sprout growth, to gain a growth
advantage over later harvest treatment coppice,

The earlier within-stump sprout competition from
the March harvest treatment ensures early elimina-
tion of some of the subdominant sprouts and allows
dominant sprouts to take advantage of the increased
growing space.

The number of sprouts per stump is affected by
the season-of-harvest until the carrying capacity
of the stumps and site is reached. On this site,
the carrying capacity for sycamore was reached
after the 2nd growing season, Different species and
site qualities are expected to shift this equilib-
rium point,

Weed competition control may be as important
in hardwood coppice plantation management as it is
recognized to be in hardwood seedling plantations,
This may have a significant effect on the assump-
tions made to economically justify coppice planta-
tion management systems, thereby dictating direc-
tions for technology development,

The lowest level of resultant hardwood coppice
productivity occurred to those plants cut during
the active season when the root systems are at
their lowest energy level, Therefore, pine planta-
tion site preparation efforts will be most effec—
tive in controlling hardwood competition if
performed during the growing season.
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SHORT-ROTATION SEEDLING AND COPPICE
BICMASS YIELDS AND NUTRIENT CONTENT
OF SEVEN TREE SPECIES IN NORTH CAROLINA}—/

S. J. Torreano and D. J. Frederick

Abstract.--aboveground biomass production and nutrient
content for seven-year-old seedlings and two-year-old coppice
grown on a Coastal Plain red river bottomland and Piedmont
upland are presented. Spacings of ¢.8x1.5, 1.5x1.5, and
2.5x1.5 m were used. On the bottomland, sweetgum
(Liquidambar styraciflua L.) produced the greatest seven-year
seedling biomass yields (52.7 Mg ha; ©.8x1.5 m spacing,
followed by sycamore (Platanus occidentalis L.), and European

black alder (Alnus glutinosa L. Gaertn.). Loblolly pine
(Pinus taeda L.) produced greater seedling yields than hard-
woods on the upland site and all except sweetgum on the
bottomland. Seedling and coppice yields were generally
greater at narrower spacings on both sites. Higher nutrient
concentrations in young seedlings and coppice suggest that
longer rotations will be needed to increase nutrient utiliza-

tion efficiency.

INTRODUCTION

Greater use of hardwoods for pulp, composite
wood products, and energy has created a need to
grow wood fiber more productively. One
silvicultural regime being considered is short—
rotation intensive culture (SRIC). SRIC can
increase hardwood biomass yields over those of
unmanaged, natural stands (Belanger and Saucier
1975). However, hardwoods have specific site
requirements and proper matching of species to
site is necessary for maximum yields (Kellison and
others 1979). An additiocnal factor in the
successful application of SRIC is the coppicing
ability of hardwoods. Little information exists
as to whether indigenous species will coppice
adequately to maintain high productivity levels
under SRIC regimes. Information on management
practices which maximize the survival and
productivity of coppice is needed for plamning
multiple rotations from seedlings,

SRIC with intensive harvesting places higher
demands per unit time on site nutrient pools
compared to conventional management (Hansen and
Baker 19