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PREFACE

The three primary objectives of the Central Hardwood Forest Conference
are: (1) to provide identity to the central hardwood forest region as an
entity, (2) to provide a communicative forum for scientists with a common
interest in the central hardwoods, and (3) to coordinate regional research.

Although most Conferences have had a definite ecological and/or traditional
forestry orientation, authors of the Foreword to the Sixth Proceedings (1987)
suggested that the Seventh Conference (i.e., the present one) "devote a
substantial part of the program to forest change due to the human element of
the environment and to the needs of people for amenities of hardwood forests
other than wood". These authors also suggested that if we, as forest managers,
fail to include the human element in land management assessment we will most
likely lose the confidence of the lay public. Partially in response to this
type of concern, a panel discussion by policy level personnel in the Central
Hardwood region was included on the first morning of this conference to discuss
research management priorities.

The Seventh Central Hardwood Forest Conference was held on the campus of
Southern Illinois University at Carbondale, Carbondale, IL, also the site for
the first Central Hardwood Forest Conference. Attendance at these conferences
has steadily increased, a measure of the quality of the research results, as
well as acceptance of the need for this type of forum. We wish the hosts of
the Eighth Conference at least equal success.
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CENTRAL HARDWOODS:

WHAT WE KNOW,
1

WHERE DO WE GO

F. Bryan Clark

Abstract.--An assessment of the status of management technology for
central hardwood forests shows that practitioners have much informa-
tion to prescribe for multiple-resource uses. However, guidelines for
practical and extensive treatments are lacking for some forest types
and sites. Additional research is needed in many areas including more

long-term forest processes research.

INTRODUCTION

The purpose of my presentation is to give you
my perspectives on (1) where we stand on manage-
ment techniques for central hardwoods and (2) what
we need to do to fill gaps in our knowledge. My
comments include views developed the past 2 years
while helpihg prepare the publication, Central
Hardwood Notes (In press), a review of the Pro-
ceedings of the Central Hardwood Forest Conference
VI (1987), and, of course, my experience which
covers 40 years as a research silviculturist and a
research administrator from Missouri to Washing-
ton, D.C., with stops in between. One of those
stops included participating in the First Central
Hardwood Forest Conference. Finally, I will share
some of my specific concerns sbout research prior-
ities, solving practical problems and technology
transfer.

WHAT WE KNOW ABOUT MANAGEMENT

The Research and State and Private Forestry
Branches of the USDA Forest Service gave me an
opportunity to participate in a unique cooperative
project called Central Hardwood Notes. The con-
cept was to bring together the very scattered
expertise on central hardwood management through a
series of short, practical Notes. This first
attempt includes 85 Notes and nearly 100 authors
including practitioners and researchers. We
likely overlooked some important subjects but
oversights and changes can be easily accommodated

1 Paper presented at the Seventh Central
Hardwood Forest Conference, Carbondale, IL, March

5-8, 1989. ~

2 Consultant and retired Associate Deputy
Chief, Research, USDA Forest Service. Annandale,
VA 22003.

through additions and revisions as new information
becomes available. Since I reviewed all of the
papers, I was exposed to the state-of-the art by a
large number of specialists. You will hear more
about this project in a later paper.

We have a great deal of technology that can be
used to improve the productivity and usefulness of
central hardwood forests. The Central Hardwood
Notes should be very helpful to practitioners when
dealing with a wide variety of resource problems
and opportunities. Yet there are some technical
areas where we do not have enough definitive
information to do a better job, even after more
than 50 years of research. But I don't think we
have to apologize for our progress considering the
efforts expended on the central forests and their
inherent complex diversity and broad ecological
gradients. We still need more specific informa-
ion on probabilities of success, and we need spe-
cific guidelines for extensive, low cost, treat-
ments. In many cases we do not have adequate
data, experience or validation, but I am convinced
that we could be more aggressive in interpreting
and synthesizing for practical application. We
are too conservative. That also applies to some
of our scientific reporting. The following com-
ments on the status of our practical knowledge
relate only to those general areas covered by the
Central Hardwood Notes.

WHAT WE KNOW

We now have a good, general understanding of
alternatives for silvicultural systems and how
they are likely to meet the various needs of land-
owners. This information is based on many years
of research and experience. The consequences of
different kinds of harvest cuttings are generally
understood, but our ability to shape future stands
in some forest types is limited by lack of ecolog-
ical knowledge, economic reality and failure to

apply what we know. We know when it is safe to



cut, but we are not sure what to do when it is
not. So we wait. And we still need more prac-
tical information on how and when to apply the
shelterwood and selection systems and how to
manage mixed hardwoods and the bottomland types.

Some of the important ecological and silvical
characteristics of the different forms of natural
hardwood regeneration are defined for most major
species. Field foresters must have and understand
this kind of basic technology to prescribe treat-
ments. Guidelines to define adequate advance oak
reproduction are especially helpful. Unfortu-
nately, the guidelines are based on Missouri data,
and they need to be validated and/or modified for
other areas. We need similar regeneration guide-
lines for other species. After many years of
research, theoretical prescriptions to establish
strong advance oak reproduction remains unproven.

Prescriptions for planting pine and hardwoods
have improved a great deal in the past 30 years.
The importance of planting site evaluation, plant-
ing methods, stock care, stock quality, and weed
control are well known by research and are all
important to success. Unfortunately, when it
comes to practice we do not do as well as we
should in applying what we know. Survival rates
are too low and too many off-site plantings fail.
We have learned a lot about planting black locust
(Robinia pseudoacacia L.), black walnut (Juglans
nigra L.), yellow-poplar (Liriodendron tulipifera
L.), northern red oak (Quercus rubra L.), and
eastern cottonwood (Populus deltoides Bartr. ex
Marsh.), but we still need convincing research for
other hardwoods. All researchers agree--"plant
large seedlings"--but they don't tell you how big
is large. I know specific data are around some-
where; I helped collect a lot of it.

The general importance of site quality and how
to measure site index is well established in cen-
tral hardwoods. To avoid costly mistakes, every
practitioner must understand the relation between
quality sites and quality production of forest
resources. Site classification systems to improve
management for multiple-forest resources on large
properties are just starting to be developed for
parts of the region.

Technology for growth and yield estimates has
advanced rapidly with the advent of computers.
0ld and new data bases in this forest science area
have produced a solid foundation to improve inven-
tory estimates and make projections for some
forest types. There are some basic data gaps to
be completed, and we still need reliable ways to
predict quality changes.

There .is a large body of information on the
principles and practice of managing hardwood
stands. Past research has shown what kinds of
responses to expect from intermediate cutting in
different aged stands from saplings to mature
trees. Release cuttings in very young stands to
improve composition, growth and quality is
risky. Responses in older stands are more pre-

dictable and some improvement cutting can be good
investments. Some excellent guidelines are avail-
able for release, weeding, thinning, pruning, and
managing for high quality trees. Research on
fertilization has been limited and the potential
for practical application is uncertain.

Economics and markets are key elements in the
future of central hardwoods. We have some guide-
lines and advice about making decisions on forest
investments. We even hear good news now and then
about new and expanding markets for low-quality
material. But there is a very large volume of
presently unmerchantable material taking up valu-
able growing space that needs to be removed.

Many agents damage hardwood trees: insects,
disease, fire, logging, grazing, and perhaps air
pollution. We have some good information on
things to do and not to do for some of these
agents. For others, such as gypsy moth, we may
never have easy solutions. We can certainly do a
much better job minimizing damage to soils and
residual trees during logging. Experiences in
Europe and in the eastern United States strongly
suggest that the central hardwood forests should
be given high priority in future air pollution
research.

Wildlife is often given as a primary reason
for owning hardwood forest lands. So forest prac-
titioners need to be able to prescribe treatments
to favor both wildlife and timber. There are many
treatments that can be made in stands of various
ages to improve wildlife habitat. But too few of
the prescriptions made by wildlife specialists
seem - to consider forest practices. And too few
prescriptions made by forest management research-
ers consider wildlife needs. Since managers must
make prescriptions that include several resources,
they need reliable research results where timber,
wildlife, water, and other resources were con-
sidered in the design, treatments, and outputs.
While multidisciplinary research is certainly not
a new concept, there seems to be a resurgence of
interest in making it work.

If someone is interested in enhancing recre-
ational opportunities, there are some excellent
principles and guidelines to follow. The same is
true for owners and managers who want to present a
natural appearing landscape for  themselves and the
viewing public. Suggestions for ameliorating the
visual impacts of forest cutting practice make
good sense, but we need to see some demonstration
of how to get practical technology into use.

Research has provided the basic understanding
of hydrologic processes and how water production
and quality are influenced by forest practices.

We have excellent guidelines on how to protect
forest soils and water quality during various
kinds of forest operations. Forest roads can be
constructed and used with minimum erosion. The
impacts of forest grazing are well known by water
specialists. The pressing problem in forest
hydrology is to better use the information we have



to convince forest owners, loggers and farmers to
protect watershed values.

DIRECTION OF CURRENT RESEARCH

When I saw a copy of the Sixth Proceedings of
the Central Hardwood Forest Conference, I was
impressed. 1 was impressed by how big it was com-
pared to the First Conference. I read the whole
thing--all 526 pages. I started out reading only
a few papers, but they turned out to be so good I
decided to "evaluate" the quality of all the
papers. I classified each paper as to whether or
not it contained new information. Obviously, I am
not an expert in all the technical areas involved,
so my estimate was probably conservative. I
judged that 80 percent of the papers contained new
and useful information for me. That is excellent
and demonstrates good work on the part of the
scientists and Conference organizers. However, if
I was right in my assessment, research budgets
could have been extended by 20 percent by more
careful problem selection., Simplistic, but I am
sure many of you have mentally made these kinds of
observations at conferences you have attended.

I liked the general format of the Proceedings,

especially the invited papers and keynote. Obvi-
ously, they were designed to be provocative and to
expose the participants to emerging issues. I
believe these Conferences are worthwhile and serve
a number of good scientific purposes from peer
review to exhilaration and enjoyment. They are
essential for the process of scientific scrutiny
to improve future research and development.
Having said that, it is my purpose to make some
observations, express my concern, and give some
opinions on the needs and directions for better
hardwood research.

First, I will continue with some observations
developed during the Central Hardwood Notes
project, my review of the Sixth Proceedings, and
of course the bias I have developed through exper-
ience and misadventure.

Forestry research reporting is getting
better. I am not sure who is responsible, but in
my experience authors, reviewers, and editors are
all doing a better job. This is reflected in Pro-
ceedings, Journals, and Technical Papers. Yet
there is rcom to improve both technical content
and readability. We need better research report-
ing to improve the acceptance of results by peers
and users, to be more competitive for research
funds, and to get paid more.

There is still a general tendency to use too
many words, include unnecessary information, and
be indirect. While proper qualification is essen-
tial for scientific reporting, over qualification
tends to weaken conclusions and mystify readers.
Overuse of citations is burdensome and takes up
valuable space. Cite new material and authori-
tative review articles where possible. Over-
citing yourself is hazardous unless you are in a
very narrow line of research. Too many authors on

a report tends to weaken scientific accountability
and credit--footnotes are often more appropriate.
Peer reviews are many time cursory, and this is
often the result of overusing the "buddy system".
Good, constructive reviews make big improvements
in manuscripts, but they take valuable time. Be
prepared to reciprocate.

I don't want to leave you with the idea that I
think all research reporting should be how-to-do-
its. Scientific reporting is essential to the
development of knowledge in any science. My
favorite story "on being scientific" is one I tell
on myself. Probably my most original research was
to clearly demonstrate for the first time that
endotrophic mycorrhizae have a beneficial effect
on tree growth. I wrote a brief article and
submitted it to a new science journal in
forestry. They could not use it because it was
obviously aimed at foresters and tree planters.

So I revised it, made it sound more scientific,
and it came out in AAAS's Science with a world-
wide audience.

We need to make research problem selection a
more rigorous process. There are lots of valid
considerations, but the bottom line for both basic
and applied research should be who cares? and
why? We also need to talk to users, extension
specialists, and other agencies before we design
studies to be sure that potential results can be
directly translated into prescriptions for
action. This is a compelling reason for having
technology transfer a formal part of the study
plan.

Fred Haeussler, past president of the Society
of American Foresters and Land Manager for a large
forest industry, laid out his concerns for "Appli-
cation Challenges" rather bluntly in Rochester,
New York (1988). Fred said, "Researchers, exten-
sion specialists and forest managers don't com-
municate as well as they should. They don't
coordinate their efforts as well as they should.
They don't work together in close harmony with
joint goals and objectives." He believes there
needs to be closer, more open and constructive
selection of research priorities.

If a major conclusion is "more research is
needed", show why more resources will provide some
useful technology. We often fail to point out the
practical significance of research results. Many
hardwood researchers are too modest about their
research; maybe not all of them but at least some
of them. Depending upon the audience and out-
let, we need to be more aggressive in suggesting
how to use new information even if the results are
short term, preliminary, or basic in nature.

Sometimes we forget or ignore lessons from the
past and do research where it is convenient, not
where it is proper. If you do research on arti-
fact sites, you will get artifact results. Black
walnut studies on thin, poorly drained soil will
produce thin, poor results. -After all, we have
been hearing off and on since at least 1878 that
walnut needs deep, rich soil (Hough 1878).



PRIORITIES FOR HARDWOOD RESEARCH

The publication Regearch Priorities for
Eastern Hardwoods (McLintock 1987) is a definitive
source of information on research needs for cen-
tral hardwoods. It includes priority ratings at
the problem area level. It is comprehensive and
it is good. Many of you provided input. All
hardwood researchers should carefully consider
these recommendations when selecting new study
areas. Naturally, there are other factors you
must consider when setting priorities, such as
expertise, support facilities, cooperators, fund-
ing levels, time spans, and assignments. Never be
timid about expressing your ideas about research
priorities after objectively considering the
factors and the opinions of others. In my exper-
ience, creative ideas are scarce and are rarely
squelched,

The same rationale applies to the misappli-
cation of existing technology. All too often we
see mistakes by people who should know better. I
was asked to look at a bottomland walnut planta-
tion that was failing. The soil scientist said he
had taken several soil cores on the site. But he
didn't get far enough off the road and the bench
it ran on. When we got to the site and opened the
car door I knew the answer. You could smell
"crawfish land" and you didn't need a lot of soil
cores to know what was in the soil profile.

There is no need to improve on McLintock, but I
would like to share some of my personal concerns
about funding, priorities, and the future of the
hardwood resource.

I heard an estimate that the amount of
research in the United States more than doubled
from 1976 to 1986. 1In sharp contrast, the number
of forest scientists decreased substantially dur-
ing this period. Giese (1988) traces the decline
in funding during the past 10 years and calls
forestry research "An Imperiled System." Real-~-
istically, other priorities were judged to be more
important than ours. We simply did not compete.
We can and must do better in demonstrating needs,
capabilities and opportunities for better returns
returns on investments in forest research. We
need to be more aggressive and more urgent about
some of our high priority problems.

In the world race for leadership in bio-
technology, forestry is getting off to a very slow
start. There are valid reasons why most of the
support for this kind of research is put in such
areas as medicine and food. But there are excit-
ing possibilities in trees, and we need to find
ways to capitalize on this developing technology.

Do we have an imbalance between short-term and
long-term research? I think we do, and it is
leading to serious problems. - First, both kinds of
research are essential in developing appropriate
alternatives for the management and use of forest
resources. - A lot of short-term research has pro-
vided us with a good understanding of the silvics
of major tree species. . We must continue to learn

about other species as well. In the past we did
not overlook long-term research, but it took a lot
of resources and we took a lot of shortcuts. In
fact, some long-term research is more accurately
described as case studies. The trouble with case
studies is that forest stands and situations are
dynamic, and they change and case studies become
artifacts of forests past. But we have learned a
lot from case studies, and we will continue to
learn from them. Fortunately, we still have some
well-designed long-term research that is still
technically active. But with the pressure on
research budgets for the past 10 or more years
there have been a lot of changes made in the
status of various Experimental Forests and long-
term research projects. I do not question the
wisdom of all the decisions that had to be made,
but I suggest that we must find ways to adequately
maintain and significantly expand long-term
research to develop in-depth treatment-response
data sets. We need to make a better case for the
usefulness of interim results in long-term
research. We have some excellent examples where
this was done, but we also have examples where we
were not aggressive enough.

Researchers and especially research admin-
istrators always say we need more research, which
means more money. Why more long-term research?

We have reached a point where we must pay more
attention to forest systems and forest ecological
processes if we are going to find dynamic solu-
tions to dynamic problems. For example, we have
yet to resolve a number of important questions for
different silvicultural systems including uneven-
aged systems. If we do not do more substantive
long-term research we will continue to recycle
research, reinvent the wheel, and relearn what we
already know. We do too much of that now. Let me
give you a real example--oak regeneration.

Korstian (1927) and other early American
writers gave us the clues to oak regeneration--
advance reproduction. The prescriptions for cut-
ting were European but essentially untested in
this country. Not to worry, there is plenty of
oak in the understory and the overstory. Ivan
Sander and I summarized a lot of long-term
research in the late 1960's and took a close look
at what kind of reproduction we were getting. Not
to worry, most of the time we were getting enough
oak. But the closer we looked the more exceptions
we found. We now believe that there will be more
and more exceptions as the stands continue to
change dynamically as a result of some dramatic
changes in land use. So we know advance oak
regeneration is important but we don't know for
sure how to get it. Richard Watt and I summarized
the collective wisdom of oak researchers in 1971
(Clark and Watt 1971) and proposed how to repro-
duce oaks without having actually done it. Our
recommendations still sound good. In the mean-
time, Ivan Sander and associates have continued
their long-term research to find out the facts.
They have generated a lot of basic information and
some practical guidelines, but in their expert-
opinion we still must continue long-term research
on the oak regeneration process. I believe them.



All of you oak researchers and managers remember
this: oak regeneration is a long-term process .and
not an event. Problems in oak regeneration are
discussed in recent publications by Mills,
Fischer, and Reisinger (1987); Coder, Wray, and
Countryman (1987); and Crow (1988).

With the technology now available for data
collection, storage, summary, and retrieval, the
costs to maintain long-term research records can
be substantially reduced. Through cooperative
efforts we should extend the coverage of such
research to include the major associations and
conditions. Funding is a significant problem, but
we need to start thinking about how to do it and
where to do it. At the same time, we need to
correct some inequities in the reward system for
those engaged in long-term research.

For several years there has been a call for
more multidisciplinary research. There may be
some in the pipeline, but I have not seen much
evidence that we can expect to see estimates of
multiresource outputs designed specifically for
that purpose. As we take on the more complex job
of studying forest ecological processes, we must
use multidiciplinary teams to evaluate multiple
resources. Many central hardwoods owners and
managers have multiple objectives. So far, we can
only guess at or synthesize outputs other than
timber. Considering the possible permutations
that could result from various sites, types, ages,
and stand conditions we may never be able to make
finite estimates of multiple resources. But it
certainly makes more sense to use appropriate
expertise when a study is designed and executed.

In discussions of research needs, someone
always recommends that we need to be able to pre-
scribe some extensive treatments. This is good
advice considering the long periods of investments
and the relatively low timber value of many hard-
wood stands. We do need low-cost treatments to
establish desirable regeneration, to favor the
best species in young stands, and put the growth
potential on the most valuable trees. Biological
alternatives must be accompanied by valid costs
and returns.

There are a lot of other technical areas with
high priority problems that need to be solved
before we make the central harwood region fully
productive for multiple uses. Without more effec-
tive utilization and better markets we will not be
able to use the vast amount of excellent wood and
fiber in low value trees that could be converted
into high quality parts or products. This will
require a lot of research and development in log-
ging, processing and economics. How can we capi-
talize more on potential international markets
while we strengthen the domestic industry? We
still have a lot to learn and better guidelines to
develop for both natural and artificial regenera-
tion for many of the hardwood species. We will
continue to lose and fragment forest acreages and
habitats to stripmining unless we can make a
better case for reclamation with trees. We have a

good foundation in growth and yield research, but
we need to include more sites, species, quality,
and time in our studies. Insects and diseases
will be here as long as we have trees, and we need
to know how to manage stands that are healthy
enough to withstand the rigors of outbreaks that
are sure to come. If we don't hurry up and learn
to use fire as a cultural tool, we will lose it as
an option. We know that timber cannot bear all
the costs of ownership. We need better prescrip-
tions for integrated management based on multi-
disciplinary research that will increase the qual-
ity and quantity of recreation, wildlife, and
water as well as wood products. And owners and
users tell us that is what they want.

That sounds like more than enocugh for all of
us to do for quite awhile. That is why it is
important to select high priority problems, get
all the help you can, don't duplicate, and don't
dally.

AND THAT'S NOT ALL

As Yogi said, "It ain't over till it's over."
You are not done with your research until it is
put into practice. Getting research results into
use by individuals and agencies is a significant
part of your job or at least it should be. There
is another very good reason to get your research
results applied--self preservation. Nothing
begets funding better than highly visible success.

While I am giving advice, I would like to add
a few more things for each of you to consider and
support: .

1. We need to support a strong and viable
domestic forest industry.

2. We need to improve habitats for both
consumptive and non-consumptive forest
wildlife.

3. We need to improve forest esthetics and
recreation.

4. We need to protect forest water quality.
5. We need to help develop a stronger forest
land use ethic with longer ownership

tenure.

I hope I have not left you with any feeling of
pessimism. On the contrary, I am optimistic. The
central hardwood forests certainly lock a lot
better than 40 years ago. The forest survey data
show tremendous inventory increases. True, it is
harder to find the very big trees, but that too
can change with more time. When we get done with
all the jobs in front of us, the forest will have
changed so much that future researchers will have
a new set of problems and opportunities. And that
is not to say we did our jobs wrong. It will be
because we did our jobs right and kept the forest
dynamic.

To close I would like to share with you the
last stanza of Cleo Caraway's "Sacred Trust" that
opens the Central Hardwood Notes.



"For those descended from the settlers

Of three hundred years ago,

All the plants and living kingdoms in the
regions of the hardwoods

Are a trust to be conserved,

To be improved, to be restored,

All the woodland populations are a trust to
be restored

For the peoples of our nation,

For the peoples of the world."
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CENTRAL HARDWOOD FOREST RESEARCH BUDGETS, PRIORITIES, CHALLENGES1

Ronald D. Lindmark2

Abstract.--The North Central Forest Experiment Station
is committed to maintaining its role in central hardwoods
research. The key to our success, and our most important
challenge, is to continue the legacy of conducting

productive, meaningful science.

Toward that end, we are

working to maximize our partnerships with other Stations,
universities, State agencies, corporations, and other

organizations.

It didn't take much effort on the part of
the conference organizers to convince me to
participate. Alums always like to return to
their alma mater, and that's how I regard
Carbondale. I was a project leader at the lab
from 1969 to 1974. Those good years bring back
many fond memories.

But a more compelling reason brings me back
to Carbondale this morning. This conference
gives me a forum to express my pride in the
accomplishments of our Station scientists and
cooperators who conduct central hardwoods
research.

When I worked here, we had 5 research
projects, 15 to 20 scientists, and an army of
technicians and support personnel. Those were
days of expansion; big budgets and lots of
personnel. It was easy to be a scientist then.

Doing productive science in today's climate
of tight budgets is not easy. Yet, despite
adverse conditions, our scientists have continued
to produce. I'm glad to have the opportunity
here to celebrate some impressive research
accomplishments and to congratulate the
‘scientists responsible for these accomplishments.

I spent many years in the Forest Service's
Washington Office with Bob Buckman, then Deputy
Chief for Research. I'll never forget one of
Bob's favorite sayings to Staff Directors,
Station Directors, or others who came into his
office seeking support, solace, or advice about
ibudget problems. "Damn it, don't tell me what

1Paper presented at the 7th Central
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~Univeﬁsity at Carbondale, March 5-8, 1989.
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‘you canszaaﬂwith the budget you have, tell ne
what you can do!" Bob used to say.

| The work of our scientists today is
%testimony to what can happen when we avoid the
‘destructive temptation to develop a chip on our
‘collective shoulders bemoaning the resources we
don't have, and instead to make the best of what

we do have.

So before I go any further, I salute the men
and women, at the Station as well as at other
research institutions, whose good work under not

;80 ideal conditions has made it possible for us

to convene this symposium. They've engaged in
"PRODUCTIVE SCIENCE, and after all, that is what
we're all about. It's too easy to lose sight of
this basic foundation of our business. 1 want
you to know that I think the most important
mission of my job is to support and encourage
productive scientists in as many ways as I can.

I'm proud of our work in black walnut
silviculture, protection, genetics, and

‘management. I'm also proud of the

accomplishments our scientists have made in
hardwood processing, such as basic research
involved in understanding the principles of
drying. Our scientists in Columbia have created
a valuable body of knowledge regarding oak
regeneration, critical to the management efforts
of National Forest personnel. I'm especially
pleased with our exciting technology transfer
efforts like the Central Hardwood Notes, which
will be coming out soon, and the Walnut Notes,
which have just been published.

I'm not only proud, but alsc very impressed
by this record of achievement. It's fair to say

‘this work is the reason our laboratories and

scientists in Carbondale and Columbia are
considered leaders in the field of central

‘hardwoods research. I want you to know that I'm

dedicated to maintaining this record of
achievement.



With that said, let me mention several

- topics I'11 discuss this morning. First, I'11
review North Central's research budget. Budgets
are a fact of life in deciding what we do and
don't do. Since leaving Carbondale, it seems
like a good deal of my time has been devoted to
budgeting. I1'11 talk about our research
priorities and the recent organizational changes
in our central hardwood research program,
Finally, I'11l discuss emerging issues in forestry
and how the North Central Station is addressing
these issues.

Recent Forest Service research budgets, as
most of you know, are not a good news story. The
budget formulation and development process has
become increasingly frustrating during the past
decade. After much internal negotiations, our
Station proposals, however modified, become part
of the total Forest Service research budget.
That budget, again after much negotiation,
becomes part of the Forest Service budget, then
the Department of Agriculture budget, and
finally, the President’s budget after reductions
recommended by the Office of Management and
Budget.

The legislative budget process also goes
through many iterations to finally produce what
during the past 8 years has been additions to
most budget line items reduced in the President's
budget. However, all restorations have been
earnarked for specific programs and specific
locations, mostly for high priority programs such
as acid rain. In addition, our budget is rarely
received on gchedule and frequently comes as a
continuing resolution late in the fiscal year.

If you've ever seen a yo-yo in action, you have a
fair idea of our budget process.

The bottom line is Forest Service research
budgets have declined. This is true both
nationally and at the North Central Station,
especially when we allow for inflation and
increasing salary costs.

North Central Station employees need to look
no further than their own operations to see the
effect on our research programs., In 1978, the
Station had about 100 scientists and almost 250
permanent full-time employees. Today, a decade
later, we have 70 scientists. We are simply not
holding our own when it comes -to budgets. And
all this comes at a time when the cry for
scientific knowledge is increasing.

Tight budgets and mounting costs have forced
us to closely examine our programs and our
priorities. If I can leave you with one thought
this morning, I hope it's that the North Central
Station cannot meet the forestry research needs
of this region alone. We simply don't have the
resources to tackle the great array of questions
involved with the diverse resources in the North
Central Region. It hasg always been important,
but in today's econcmic¢ environment ‘it is
critical that we maximize our partnerships; our
cooperative relations with other Stations,

universities, State DNR's, individual
fcorporations, and other interested groups. No
one likes reduced budgets. But I prefer to look
at the positive side. Tighter dollars will
motivate us to foster better ties with our
research clientele,

Congress and the Washington Office recognize
the need to look for outside funding sources to
supplement federal dollars. They're encouraging
us to do this very thing through cooperation and
partnerships with non-federal organizations. One

‘example is the research challenge cost-share

program. In this program federal research
dollars are matched tc non-federal research
dollars made available to study a particular
problem. The aim is to make the most of federal
research dollars. This year $500,000 has been
made available, providing we can obtain matching
funds. Another $500,000 has been proposed in the
Reagan budget for next year. We don't know if
President Bush will modify that.

The Station has responded to this
incentive. This year we submitted 26 proposals
for almost $500,000. We haven't heard yet which
proposals have been accepted, but of course, we
hope to get a healthy share of this money
dedicated to research at the North Central
Station. This is a new experience for us, but it
is an opportunity for both the federal and
private sectors to strengthen our research
effort,

We must continue to be aggressive and
imaginative in strengthening existing ties and in
establishing new relationships. This is an
important part of getting the job done. We value
the cooperative relations we currently have with
SIU, the University of Missouri, the Black Walnut
Council, the University of Illinois, and the
University of Wisconsin, to name just a few. I
see this as the norm in years ahead.

What are the research priorities at the
North Central Station? Much of the North Central
Station's territory lies within the central
hardwood region. Central hardwoods research hag
always been a major research emphasis at the
North Central Station, and it will continue to
be.

Our three central hardwood research projects
involve 11 scientists based at two locations. We
have two projects at Carbondale: the Central
Hardwood Physiology and Genetics project led by
Jerry Van Sambeek, and the Hardwood Processing
unit led by John Phelps. Our other central
hardwood research project is based in Columbia.
That project, Central Hardwoods Silviculture and
Ecology, is led by Steve Shifley. Combined, this
research consumes 27 percent of the Station's
total timber management research budget, 13
percent of our total Station budget, and 16
percent of our cadre of gcientists.

Considering the diversity in our programs,

‘these numbers show that central hardwoods rank



high in terms of North Central's research
programs. This is especially true when we
consider that other programs such as Forest

Survey, which we are striving to get on a 10-year,

cycle, consume 1/5 of our resources. I think
it's also important to note that our Forest
Survey project and our Station's economic studies
apply directly to the central hardwood region.

I'd like to discuss research priority
setting in a broader context. I'm often asked,
"What are your research priorities?" for any
number of topics. Unfortunately, priority
setting is not a simple, straightforward process.

At least four factors influence what we do.
(1.) National research priorities established by
the President through our Washington Office and
by Congress. (2.) Local research needs, as
described by both private and public resource
.managers. (3.) Budgets. As I alluded to earlier,

Congress is becoming increasingly activist. They :
use earmarking and specific budget allocations to:

implement their own agendas. As I mentioned, our
budgets are given to us already broken down by
budget line items, and any restorations are made
to specific locations. We have a little
‘flexibility to reallocate funds, but not much.,
(4.) Scientist skills and research equipment, to
-a lesser extent. Our research is determined
‘somewhat by the skills and inclinations of our
iscientists, although we can manage our work force
to minimize this to some extent.

The process of how any one or a combination
of these factors determines specific programs
differs by Station, project, budget year, and
Congress.

Each of our three projects is working on
.priority problems identified by us and a number
of user groups, such as the Hardwoods Research
Council. I value highly the advice and
suggestions made by these outside groups, and I
look forward to working with them in the future.
An analysis of the research problems and an

assessment of our resources led us to restructure -

our Carbondale and Columbia efforts. With
planned retirements, termination of a unit in St.
Paul, and salary savings through reductions in
our technician work force, we feel we are
focusing our very limited resources in Carbondale
and Columbia,

We've tried to eliminate any overlap in our
timber management research. We also have tried
to give each unit a clearer mission. The work at
Carbondale will focus on plantations and on the
fine hardwoods. The work at Columbia will deal
with natural stands and with a more holistic,
multi-functional approach to central hardwood
ecosystems. We think this split will make us
more responsive to user needs and better position
our Station to compete for TMR dollars. We
welcome support to strengthen the programs at
both locations.

Before I shift gears, let me review.

Declining budgets have forced us to examine our

programs, make a lot of difficult choices, and to
seek productive partnerships with our clients.
Despite tight budgets and many research demands,
we will continue to expend a significant amount
of our Station's resources on central hardwoods.
The recent reorganization of the central
hardwoods research program will make us more
efficient and competitive for research dollars.

I'd like to talk about emerging research
needs and how they relate to traditional

long-term studies. Forest Service research has

maintained continuous research plots, on growth

‘and yield, for example, for longer than some of

the famous European forests. Most of these
plots, found on our experimental forests, are
invaluable.

We're committed to maintaining them. Again,

‘budgets might not allow us to expand these

studies, and we may be forced to convert some
research plots to demonstration areas if we can't
Justify usefulness. But for most of these

'studies a maintenance, bare-bone level of support

is usually possible, even after the hard choices
are made. To survive the close inspection tight
budgets demand, such studies must be sble to
demonstrate productive, tangible results.

In fact, productive research is really the
key to our success at the broadest level. The

best way to foster support of our programs is to

produce high quality research that makes a
difference--that is needed and will be used by

~our clientele.

In a similar vein, if we want to be "in the
loop" on emerging issues, we've got to be poised
and ready as an organization to respond quickly
and effectively to emerging issues.

What are these issues? Such things as
global climate change, including the effects of
atmospheric deposition; water quality; economic
opportunities through new forest products;
threatened and endangered species; and
catastrophic forest fires.

How do we prepare to respond? We examine
how our current research might be applied, or
modified, to become pertinent to these concerns.
We look for new partnerships, and added financial
support, with groups concerned about these same
problems. We keep our programs flexible. Our
scientists no longer have the luxury of spending

‘entire careers on one very narrow subject area.

Today, we must be willing and able to re-focus

-our research orientation to respond to changing

needs. Research at both the Carbondale and
Columbia labs should be aware and sensitive to
local and regional issues of this sort.

An important part of "productive research"
is technology transfer. We've simply got to
commit ourselves as scientists to ensuring that



what we learn through our work is'communicated to
natural resource professionals.

I think we've done a pretty good job of
‘technology transfer. The Walnut Notes and
‘Central Hardwood Notes I mentioned before
represent state-of-the-art information.

‘ I'm particularly proud of the effort,
creativity, and innovation that have gone into
these publications. More than 50 years of
:research results and experience from natural
resource professionals and researchers have been
‘condensed into these for use by natural resource
managers. Forest Service retiree and former boss
‘Bry Clark deserves much credit for the Central
‘Hardwood Notes. Authors include scientists from
funiversities. government agencies, and industry.
I think these publications will become required
.reading for any professional manager, and the
‘looseleaf format will enable us to update the
‘information they contain.

We're also putting the finishing touches on
a walnut demonstration area. When completed this
summer, this site outside of Carbondale will give
managers a view of different silvicultural
practices related to black walnuts.

We value our association with user group
organizations, partly because these associations
are an excellent way to transfer research
information. We hope to maintain and strengthen
our ties with groups like the Hardwood Research
Council and the Walnut Council.

Finally, workshops and symposiums like this
are an important way to discuss and publicize our
research results, and seek the support we need to
forge ahead. I want to thank the organizers of
this symposium. I know it takes a great deal of
effort and time to organize this. George Rink,
and all the other members of the organizing
committee, thank you.

These technology transfer efforts can also
make our clients familiar with existing research
information that applies to current issues. For
example, we have a great body of knowledge on oak
management and oak regeneration. Yet National
Forest personnel in this area are really
struggling with the issue of oak management and
clearcutting.
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It's easy to say we already know how to
regenerate oak. It's harder to take this
information and apply it to their management
situations. We all know that National Forest
personnel and other land managers don't manage in
a biological isolation chamber. Economic,
social, and political pressures often demand less

than biologically optimum management practices.

I think technology transfer efforts must
recognize these pressures. We need to look at
‘how our information can be applied to their
‘situation.

But again, at risk of repeating myself too
‘often, these technology efforts are based on the
assumption that our research results in new
‘information, new and improved ways of doing
:business that make a difference,

Let me sum up by giving you my vision of
where the research at the North Central Station
‘'is going. We will continue to try to fill
‘existing technical gaps in our knowledge.
‘Answers to some of these questions will come from
‘basic, fundamental research. Other problems will
‘dictate applied work. Both facets are addressed
‘at Carbondale and Columbia. We will do more
‘cooperative research. Our programs, to survive
and gain support, must become more flexible, more
.able to change to respond to emerging 1ssues,
like global warming. This demands that our - ,
.scientists be able to switch gears occasionally. -
iThe nature of funding our work makes the
‘attribute of flexibility even more important.
:Our work will come under closer scrutiny by
legislators, research clients, and the general
public. The best support we can obtain is the
‘testimony of pleased clients.

To survive, to even thrive in this climate,

.our work must become increasingly productive and
~of demonstrated value.

We have to continue to
work hard in our laboratories. But as
importantly, we must work harder in the public
arena, and in our efforts to apply our research
information in ways that make our research
information contribute to solving management
problems and concerns.

If we do this, we'll be better poised to

‘meet the challenges of the future.




FORESTRY RESEARCH FOR ILLINOIS: RECOMMENDATIONS OF THE

ILLINOIS COMMISSION ON FORESTRY DEVELOPMENT1

Gary L. Rolfe2

Abstract.——Research recommendations were developed

by the Illinois Commission (Council) on Forestry
Development for Illinois aod central bardwoods 1in the
context of national issues and priorities.

Recommendations are a combination of reactive/proactive
research initiatives integrated with landowner educational
needs. Iocluded is research oo management options,
enhancing multiple use, woodlot productivity,
agroforestry, expert systems, private landowner goals and
motivations and eoviroomental issues. A statewide
computer vetwork and resource database and a comprehensive

educational

program is

recommended to

facilitate

effectiveness of these research initiatives.

Productive forestlands are integral to the
economy of the United States. With npearly 737
million acres of forest cover io the U.S., the
production and maintevnance of these lands is very
important (Bentley 1986). Forest-based industry
alone coontributes more than 60 billion dollars
annually to the U.S. economy and employs 1 of
every 11 people in the manufacturing industries
(Brown 1986). Couple these direct economic gaiuns
from our forest resource with the inestimable
~value of the resource for recreation, wildlife,
soil and water conservation and its coontribution
to global atmospheric stability and it is easy to
justify a well~-finaonced and broad-based forestry
research program. Such a program could provide
the basic ioformation noveeded to effectively
mavage this critical resource for the long-term.

Unfortunately, our forestry research
programs have not kept pace with the significant
need for information to effectively manage the
resource, Currently, our University-based
forestry research program patioowide totals less
than 100 million dollars anmnually (Brown 1986).
Industry~based forestry research programs are
geverally declining and the Forest = Service
program is ooly stable at best.
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Although support for forestry research is
not in keeping with the value and importance of
the forest resource it is perhaps a less
significant factor than the implicit nature of
our research programs. Often, our research
initiatives are driven by "crisis” situations.
In other words, our research programs tend to be
predominantly reactionary to meet specific
problem situations encountered today. We are
generally uvable to chaonel research resources
into a more loug-term or proactive approach
because of financial limitations and the peed to
quickly deal with providing the ionformation needs
of today (Brown 1986). An adequately financed
research program could help to . stimulate  an
anticipatory, proactive approach to our forestry
research but funding is only one limitatioo. The

forestry reséarch community may, in fact, be
another limitation because of our generally
conservative attitude. We  must be.. more

aggressive in our forestry research and move into
a proactive position which projects from today's
database and today's issues into the future to
predict tomorrow's needs. Certainly our research
programs will always have a reactive component
because not every issue can be predicted but we.
must move aggressively to establish a longer term
view of the resource to ensure its . future
viability and cootributions to society. )

The 1Illinois forest resource picture is
quite similar to the national owne. Illinois has
more than four million acres of some of the most
productive forestland iv the midwest but this
importaot resource suffers from neglect (Rolfe
and Richmond 1986b).  The majority of our’
forestlands are privately owned and in relatively
small parcels averaging less than 50 acres each



(Herendeen and Rolfe 1983). Currently these
forestlands are producing about 144 milliov board
feet annually but this is less than one-third of
their capability (Rolfe and Richmond 1986a). The
Illinois forest iodustry which is a one billion
dollar industry can only benefit from improved
productivity and management of Il1linois
- forestlands.

I1livois now ranks in the bottom 10 states
"in wood production but near the top five states
.in wood wuse (Rolfe and Richmood 1986b).
Narrowing this gap between production and use
could result in significant gains at every level
of the Illinois economy. Improving productivity
through improved management of our forestlands
can also increase the complimentary benefits we
derive from our forest resource (Forging a
Forestry Future in the Midwest 1983), Better
management will result io improved diversity of

wildlife habitat, enhanced recreational
opportunities and significant soil and water
conservation benefits.

Improving productivity on I11linois

forestlands and consequent industry development
is a challenge which requires a combination of a
solid research database with effective landowner

and public education programs. To meet this
challenge the 1Illinois Commission on Forestry
Development  was created by the Forestry

Development Act which was signed into law in 1983
(Rolfe and Richmond 1986a,b). The Commission
(now a Council) 1is responsible to the state
legislature and has the broad goal of evaluating
the Illivois forest resource and making
recommendations for ‘development of this resource
to meet the multiple public benefits only it can
provide~~timber, wildlife, recreation, aesthetics
aod soil and water conservation. Critical to
realiziog the full magnitude of these multiple
forest resource benefits is a proactive research
and education program. The Commission through
its study of the Illinois forest resource has.
identified research and education ueeds integral
to achieving this important goal. These research
and education recommendations were developed in
the cootext of both Illinois and natioval forest
research needs and are a viable combination of
both reactive and proactive approaches to both
research and education.

NATIONAL RESEARCH NEEDS IN FORESTRY

To provide background perspective for the

Illinois - Commission on Forestry Development-
research = recommendations it is nvecessary to
consider importaot national research 1issues.
These national 1issues are an iotegration of
research needs developed through the work of
several organizations including the National

Association of Professional Forestry Schools and
Colleges, the Joint Council on Food and
Agricultural Sciences (Five-Year Plan oo the Food
and Agricultural Sciences, 1986), the Hardwood
Research Council (McLintock 1987) and others.

National research issues the Illinois
_ Commission considered as background included:
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bin, many ~ forested areas of the
‘tremendous tree losses which can be as high as 20

Forest Productivity

While the United States has an abundaoce of
total forest cover, productivity on the majority
of these lands 1s considerably below potential
with most regions of the country averaging only

one-third to one-half of potential sustained
yield. Intensive forest management including
tree improvement, site preparation,

reforestation, advanced silvicultural techoiques
and advances 1o harvesting technologies is
needed. An expanded research program in these
areas is critical, However, productivity
increases should not be at the expense of the
other benefits provided by our forests or at the
expense of eoviroomental quality. Concurrent
research ~should evaluate these related
environmental issues.

Products Development

The recent trend in composite products from
wood gives rise to the need for a long~term view
of the potential for forest products., New and
creative uses of wood must respond to the public
demand for new and improved products. The
potential for chemicals from wood is largely
untapped and new technologies will allow greater

sophistication 1o the wuse of wood. A
comprehensive expansion  of products related
research is recommended.
Marketing
Improved marketing systems must be

developed in anticipation of public wneeds and
demands. Research in development of wood-based
products to meet these demands must be pursued
pow 1in anticipation of future public noeeds.
International marketing and global trade 1issues
must be  studied and the -role of our forests in
meeting global needs more clearly defived.

Biotechnology

Application of biotechnology and high
technology techniques to tree improvement for a
multitude of goals is viable today and must have
a high priority in research., Substantial gains
in tree improvement can result from an expanded
research program in this area.

Envirooment

Enviroomental issues relating to forests
and productivity will continue to come to the
forefront in research priorities, Atmospheric
deposition, global CO2 cycliog aond the
"greenhouse effect”, soil ‘and water conservation,
air quality and other related issues are of
immediate concern.

‘Integrated Pest Management

Forest ivsects, pathogens and other pests .
country cause

percent of total production. More research is
needed to emphasize integrated use of a range of



including combinations of chemical,
biotechnological manipulation, and
practices to protect our forest

techniques
biological,
cultural
resource.

Urban Forestry

Specific research programs must be
implemented to effectively deal with the expanded
demand for wurban forest resources. Species
selection and management systems as well as a

better wunderstanding of the ©peeds of wurban
citizens  are important issues to receive
increased attention.

These issues and other more specific

research questions at the vatioval level served
to provide background for formulation of the
Illinois Commission on Forestry Development
‘research recommendations.

ILLINOIS COMMISSION ON FORESTRY DEVELOPMENT
RESEARCH RECOMMENDATIONS

The Commission reviewed research programs
of the University of Illinois, Southern Illinois
University, other midwestern universities and the
U.S. Forest Service, North Central Forest
Experiment Station and its braonches to determine
the current status of the research knowledge base
in terms of this previously described broad
national picture. Several research issues were
identified as high priority for new or expauvded
research for our Illionois research program. A
combination of a reactive approach to deal with
‘current issues and a proactive approach for long-
term plaoning 1is suggested. The Commission
believes that it is especially important that we
become more proactive in our research to develop
the predictive capability veeded to anticipate
future resource based societal issues.

Important research recommendations of the
Commission (Rolfe and Ricbmond 1986a,b) include:

Statewide Forest JIoventory and Resource Database

Altbough only indirectly a researchable
issue, maintenance of a current forest resource
ioventory and creation of an oo-line computer
database are integral to an overall effective
research program for 1Illinois
comprehensive resource database is essential to
development of the productive capability we
greatly veed.

Previous inventories of 1Illinois' forest
resources were coonducted io 1948,
by the U.S. Forest Service. However, there is no
provision for  an ougoing,
collecting comprehensive data.

offer insufficient detail for the needed
proactive approach to long-term resource
plavoing.

It is recommended - that  a comprebensive:

urban_@nd rural forest inventory be conducted at.

forests. A

1962 and 1985

uniform method of’
Existing data.
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especially important.

regular 10-year iontervals to provide management
agencies, forest researchers, members of the
timber iodustry, and other concerned groups with
current, usable information. New techniques such
as satellite imagery 1interpretation should be
incorporated and utilized as appropriate.

It is further recommended that ao ou-lipe

resource database be created and
maintained with up-to-date forest resource
informatioun. This computer database should be
part of a statewide network and easily accessible
to agencies, forestry professionals and
researchers.

forest

Management Options

Forest management practices have major
impacts oo the forest resource and the benefits
available from Illivnois forestland. Impacts of
the management option chosen may not be readily
apparenot for many years but yet have a direct
relationship to the benefits the landowner and
the public ultimately receive from the forest.

The Commission recommends an expaoded
research program to evaluate and develop
predictive capability of the counsequences of a
variety of - bardwood management options and
silvicultural practices. Studies  should be
designed to develop predictive capabilities of
impacts to all relevant forest resources
including timber, wildlife, recreation, soil and
water conservation, and aesthetics. Consequences
of a variety of management practices in urban-
setting should also be ivcluded.

Long-term economic predictions and
simulations must be an iontegral part of this
research program in management optiovs. In many
instances a clear economic forecast could

encourage landowners to institute a comprehensive
forest management program.

Enbanciog Multiple Use

The forests of Illinois provide a variety
of benefits and as a coonsequence, are managed for
several different wuses. Individual landowners
often have non—timber production goals = but
ultimately sell their timber. :

Research is needed to develop management

systems which optimize multiple benefits,
Management systems should be developed which
enhance the laodowners major ~goal but also
provide the other multiple benefits only our

forests can provide. In some instances, multiple
uses may be 1o conflict, so research must be
developed in a systems approach to achieve the
maximum benefit for the landowner and society.

Woodlot Productivity

Research oun maximizing forest productivity‘
maintaining ~ a stable ecosystem is
Illivois forests can show

while



greatly improved productivity with good
mavagement techoiques but this should uwot be
accomplished at the expense of a quality environ-
ment or greatly reduced multiple benefits. A
comprehensive expansion, of the current research
program in woodlot productivity 1is required.
Development of predictive capability for
assessing long~term productivity and
enviroomental impacts of improving productivity
is essential.

Genetics and tree improvement research
utilizing vpew bio-technology techniques must also
be expanded. Genetic mavnipulation at the
molecular level offers a tremendous opportunity

to improve productivity without impactiog
environmental quality or long~term site
productivity. Disease, pest resistance and

impacts of enviroomental stress may also be
greatly minimized through genetic manipulation,

Agroforestry

Current research programs to develop
agroforestry systems for Illinois marginal lands
should be expanded. Il1livois bhas nearly two
million acres of land which is clearly marginal
for rowcrop agriculture. These laods should be
quickly  brought ioto permanent cover but
landowners often face a severe financial
limitation in taking these lands out of rowcrop
production. Agroforestry systems allow the
landowoer to gradually retire bis land from
rowcrop production while establishing a forest
production system. These techniques are
‘essential for adoption of forest practices by
imaoy I1linois laondowmers.

Expert Systems

Further research 1in the development and
techniques - for implementation of computer—based
expert systems to assist private forest
landowners in better decision-making is
especially needed. With the shortage of forestry
professionals in Illipois it is very important
that we move towards systems which are easily
accessible by landowners and which can provide
decision-making techoiques. ' Expert ~systems
coupled with a resource database and a statewide
computer - setwork should greatly improve our
ability to manage the Illinois forest resource.
Forest growth simulation and yield as well as
economic scenarios should be an integral part of
these systems.

Private Landowners

With 93 percent of Illinois forestlands
privately owned by more than 110,000 landowners
it is ecritical that we fully understand landowner
goals, motivations and interests to facilitate
good management oo their forestlands. Expanded
research ‘is needed to further our knowledge of
private landowners and their role in development
of Tllinois forest resources.

14

Enviroomental Issues

Eovironmental issues are at the heart of a
comprehensive proactive research program for
Illivnois forestlands. 1In each of the previously
described research areas it is very important
that adequate research be conducted to provide
current and projected environmental consequences
of prescribed forest management practices. It is
also important that we develop a better
understanding of the specific roles of forests in
maintenance of air and water quality.

Beyond these major research areas there are
many silvicultural issues which must be better
uoderstood. For example, the statewide evidence
of "bard maple takeover” and techniques to
promote oak regeveration continue to be of great
concern, Research in new and expanded uses of

- wood; especially low quality wood and sawmill

residues is very important and must cootinue.
Marketing techniques for landowners and primary
industry must also be developed and involve a
significant research element.

It is very difficult to separate research
needs for Illinois forestlands. from the
overwhelming educational needs  of Illinois
landowners, the public, and public officials.
The Illinois Commission, in its study of resource
education programs, found that our programs are
considerably inadequate to meet the needs of both
the rural population and the urban community,

A basic educational framework is provided
by the Illinois Cooperative Extension Service and
the Department of Conservation Division of Forest
Resources but both are greatly understaffed and
unable to provide the needed broad-based forest
resource education. Forest landowners require a
comprehensive program to educate them on the
multiple benefits available from their forests
and how to achieve those benefits. These types
of educatioval programs must be based on the
proactive research Program previously described.
Landowners need to koow how specific mavnagement
actions today impact tomorrow's forest and
environment. Development of predictive cap-
ability involving all of the multiple benefits to
be derived from our forests is essential,

The = process of educating these forest
landowners also requires basic research to
determine landowuner motivations and goals and how
to best work with them to encourage good forest
management. Educational programs must be
designed to provide the types of information
which can bave maximum impact on the management
of the Illinois forest resource.,

The urban community bhas . even greater
educational Deeds with 83 percent of the
population or 9.5 million people 1living in
Illinois urban areas (Rolfe and Richmond 1986a),
Urban citizeus are the predominant users of our
forest resource. Resource education programs for




this important group are equally essential if we
are to effectively manage our forest resources
for multiple values over the long-term.

It is imperative that Illinois forestry
research programs are based on the needs of the
public but they must also dinclude a strong

proactive element which is so very important to-

long-term maiontenance aod enhancement of the
total forest resource. Continued reliance on
reactionary research efforts and relatively low
‘levels of funding for forestry research in
I11ivois will ovot suffice to promote and protect
our forest resources over the loog-term. The
Commission strongly recommends a sigoificant
expansion of the research programs at the two
state universities and encourages the U.S. Forest
Service to expand research relating to central
hardwoods. The Commission also encourages
researchers in Illinois to develop complementary,
interactive programs to realize the maximum gain
from our research dollars.
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CENTRAL HARDWOOD RESEARCH PRIORITIES

AS VIEWED BY

1

A STATE FORESTER

Allan S. Mickelson2

Central Hardwoods are an important resource
in I1linois as well as in the surrounding
states. They are important commodities to the
economies of the Central States and important to
the worldwide manufacture of fine furniture, fix-
tures and construction materials. They are also
important in terms of their non-commodity values
of wildlife, recreation, water and air quality,
providing for an overall better quality of life.

Yet as important as this resource is, we have
seemingly paid less attention to it than it
rightfully deserves. Much greater potential can
be achieved through more active management based
on sound scientific principles.

Central Hardwoods cover 80 million acres in
the eastern United States and represent 33% of
the total forest cover. The commodity value of
this resource is staggering. Far greater values
are associated with the non-commodity and intrin-
sic values. Further, it has been estimated that
with sound and active maragement of this resource
the economic return could be increased by 7 to 10
times the present day values. But status quo
will result in losses of a much greater magni-
tude.

Research on Central Hardwoods is desperately
needed and justifiable.

To assist in identifying needed research on
our Central Hardwoods, I sought the input of my
counterparts in Iowa, Missouri, Indiana and Ohio.
Therefore, the perspective I present today on
research priorities in the Central Hardwoods is
the collective consensus of five State Forest-
ers. I must say that the response to my request
for input was handled on an immediate response
basis, indicating to me that all State Foresters
share a concern that this topic of research on
the Central Hardwoods needs immediate attention.

1 Paper presented at the Seventh Central
Hardwood Forest Conference, Carbondale, IL, March
5-8, 1989.

2 Chief, Division of Forest Resources,
Illinois Department of Conservation, Springfield,
IL 62706.
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The research need that was identified as
being most pressing in the majority of the states
canvassed was Oak Regeneration/Hard Maple
replacement.

Oak Regeneration: While some of the prin-
ciples involved are known, we generally do not
have good prescriptions on high quality oak
sites. There is a need to know how and when to
prescribe a shelterwood, group selection or
clearcut system of even-aged management opera-
tionally with a high or higher degree of cer-
tainty. Recommendations developed in the Ozark
Region do not apply throughout the Central
Hardwood region.

Two aspects of oak regeneration need to be
investigated: natural and planted. Past oak
high grading has progressed to the point where
natural regeneration of high quality oak may no
longer be a viable option in many stands.

Tied rather closely to this is the need for
additional research to identify and propagate the
best oak seedlings, either in the wild or nursery
environment, to develop the most economical
methods of planting and bringing these seedlings
through the rotation to achieve natural stand
dominance.

Advances in tree improvement, seed handling,
genetic engineering and tissue culture are needed
on oaks and other fine hardwoods. These needs
are becoming more pressing as the time, costs and
space needs of nursery propagation become more
prohibitive every year.

Oak Decline: High hazard areas of oak
decline have been identified in the Central Hard-
wood Region. Some treatment measures applied
apparently augment the spread of decline symptoms
to adjacent stands; however, new research is
needed to determine the causes and the correct
means of managing these areas to minimize damage.

Hardwood Utilization and Marketing: Addi-
tional and/or new research is needed to find
profitable product uses for our under-utilized
species. These are more commonly referred to as
low-grade hardwoods. With utilization and mar-
keting research the profitable use of these
species would enhance more active management of
our forest stands. Can methods be found to over-




come the barriers of utilizing oak, hickory and
other "heavy hardwoods" in oriented-strand board
or other composition board products? Also along
these lines is the need to develop equipment for
intermediate stand treatments. Perhaps even more
basic is the need for more eocnomical and effec-
tive and efficient methods of deadening trees in
a TSI operation. The old axe/chainsaw girdling
or felling methods are becoming cost prohibitive.

Growth/Yield Information: The lack of
growth/yield responses to standard silvicultural
practices applied in our Central Hardwood region
and the corresponding economic implications of
these practices are causing considerable prob-
lems. Our field foresters' clientele is con-
stantly improving in educational levels and
sophistication in understanding the involvement
and activities that affect the environment. More
and more their decisions are being based on eco-
nomic considerations where some type of invest-
ment must be made to assure a future return or
desired result, as opposed to biological consid-
erations. There is a desperate need for better
computer-based growth/yield programs and associ-
ated economic analysis software programs.

Uneven-aged Management Systems: Closely
related to, yet separate from, the oak regenera-
tion igssue is the present uneven-aged silvicul-
tural system we're using to manage oaks. The "g"
factor approach is one method of single tree
selection but it is difficult to apply. More
practical and applicable approaches to using
uneven-aged management practices are needed.

Political/Economical/Educational: More
advanced research is needed to develop programs
and means to communicate the benefits of forest
management to the public and to elected offi-
cials. The image of forestry, the profession,
our programs and practices has been tarnished.
‘More effective means must be found to better
represent the "truth of the woods" and our
efforts.

Innovative Product Development: A visit to
the supermarket by a forester is a disturbing
experience. We find plastic milk jugs, meat on
styrofoam, cereal in cellophane and all packed
from the store in plastic bags and taken home to
a formica kitchen. Our land fills are rapidly
approaching capacity with a high percent of the
material being wood, wood products, paper and
wood residue.

Meanwhile, our sawmills are being covered
with sawdust and our wood manufacturing plants
are being crippled by wood dust problems.

Our wood-based paper plants are being threat-
ened by cultivated short rotation or annual agri-
culturally oriented crops. .
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Biodegradable "plastic" bags are now being
manufactured from corn products or by-products.
Why can't wood by used as well? Wood burned in
combination with fossil fuels could substantially
reduced the 002 and 802 omissions.

New uses of wood and wood residue must be
found before the market place goes to synthetics
completely.

Urban Forestry Research: We must not forget

as we discuss Central Hardwood Research that the
same species and some of the same problems are
found in our urban areas. Urban forest manage-
ment is a growing concern throughout the United
States. Intensified research efforts are needed.
To effectively manage, enhance and expand the
urban forests we need a survey to quantify it.

On a periodic basis the USDA Forest Service
conducts forest inventories State by State. Yet
a.vast area of the forest resource is not
included in a detailed manner to positively
affect programmatic structure. This vast area
includes the urban forests of the Nation.

We need additional research on species to
plant, new cultivars, insect and disease control,
product development from urban wood waste and
more effective educational programs for urban
forestry.

The above should not be construed to be a
complete list of research needs in the Central
Hardwood region. Some basic research is being
conducted with State or private funds that
deserves more time, attention and full research
development. These projects include oak under-
planting, seedling quality, seedling root mor-
phology, tree improvement, nursery propagation
techniques, oak mast production, insect and dis-
ease problems and agriforestry among others. The
research needs are as diverse and numerous as the
species in our forests. The common thread that
runs through the Region is that the private land-
owner controls the vast majority of the forest
resource base. Anything we can do through
research and development that will encourage the
wise use of this land and its products will have
incalculable benefits. We, as State Foresters,
land managers, and researchers must be the lead-
ers in demonstrating how the latest and best
technologies can be incorporated into land man~
agement. You, as forest researchers, must be the
providers of this information.

By working together in this partnership
arrangement we will find our forest lands more
abundant, more productive and our resources
better managed for future generations.



A DOZEN RECOMMENDATIONS FOR MANAGING

1

HARDWOOD FORESTS PROFITABLY

J. Michael Vasievich2

ABSTRACT.
hardwood forests.

Many landowners don't manage their central
In many cases they may be missing out on

opportunities to improve their woodlands and increase

earnings.

Each hardwood forest and each landowner's goals

are different, so specific recommendations are not possible

for all cases.

General guidelines are given for planning

management practices, reducing costs, and increasing revenues

to increase profits.

INTRODUCTION

Money doesn't grow on trees, but many ‘
landowners profit by careful management of their
hardwood timberlands. They want to get the most
from their land without paying too much and
without sacrificing the amenities or non~-timber
benefits. Landowners who manage their stands have
more productive and profitable forests. These
landowners often have certain things in common,
and I would like to focus on some general
management practices that lead to greater profits
from hardwood forests.

Management recommendations cannot be made
which apply to all hardwood forests. Each stand
is uniquely composed of trees of different
species, ages, and sizes, and each landowner has
different goals. Some landowners are interested
in abundant wildlife. Some want an attractive
forest for personal enjoyment. Others want the
highest cash return from their timber. Most
landowners want some of each of these.
Recommendations for specific treatments must be
based on actual stand conditions, strengths of
local timber markets; and landowner objectives.
Therefore, management activities appropriate for
one: landowner's stands may be off-base for
another.

The following 12 recommendations deal with
several aspects of economic forest

; 1Paper* presented at the seventh Central
Hardwood Forest Conference. {Southern Illinois
~University at Carbondale; Carbondale, Illinois;
March25—8, 19897. : , ;

. ~J. Michael Vasievich is Project Leader,
Economics of Alternative Forest Management Choices
in the North, USDA-Forest Service,. North Central
‘Forest Experiment Station, East Lansing, Mich.
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management--professional forestry assistance,
stand cultural treatments, harvesting and
regeneration, and financial planning. When
combined with professional forestry advice and
sound judgment, these recommendations will help
hardwood forest landowners increase their profits.

Recommendation 1. Seek the assistance of a
forester for planning forest management.

Mixed hardwoods forests are complex and many
biological and physical factors affect their
growth and value. Managing these forests requires
special skill to achieve timber and non-timber
goals. These forests are more difficult to manage
than even-aged pine plantations because they may
contain dozens of different species. Decisions
regarding harvests, regeneration, and stand
cultural practices should be made with the help of
a skilled forester. All landowners have good
intentions for their forest land, but they may
miss out on benefits or profit because they
overlook treatments that can improve their stands
or perform treatments that degrade them and lower
profits. Foresters can identify and recommend
practices that will enhance and protect forest
land and improve productivity.

Technical forestry assistance is available
from various public and private foresters.
Service foresters, extension foresters, State
forestry agencies, and university forestry
departments can provide help with many forest
management problems for free or at cost. However,
the services offered by public foresters may be
restricted to 1 or 2 days of work a year. on.each
property. Also, most public foresters cannot mark
or sell timber, supervise timber sales, or enter
into a fiduciary relationship with private
landowners. ~Generally landowners are referred to
consulting foresters for more extensive ‘services:




Consulting foresters provide more diverse and
specialized services than public foresters. Most
consultants can inventory timber, prepare
management plans, recommend treatments to meet
landowner objectives, sell timber, contract for
and supervise silvicultural services, and provide
specialized income and estate tax advice. State
forestry offices can provide a list of consulting
foresters and the services they offer. Some
States have registration or licensing laws for
consulting foresters, which provide some assurance
that foresters meet specified standards.

Many forest products companies have special
Landowner Assistance Programs run by company
foresters. These programs are aimed at improving
management of private timberlands and enhancing
relationships between the company and landowners.
They provide a valuable source of forest
management services to private landowners, but
some companies may ask for a first refusal right
to purchase timber grown on enrolled acres.

Selecting a forester is much like selecting
any other professional. Consultants act as agents,
and landowners must have confidence in their
reputation and ability. Foresters should be able
to provide the full range of services needed.
They should be ethical in representing landowner
interests and be technically qualified to apply
scientific principles of forestry to accomplish
management objectives. Consulting foresters
should know their clients' management objectives
and help achieve them, whether landowner goals
emphasize timber production or other forest
outputs.

Recommendation 2. Concentrate timber management
efforts and dollars on the most productive sites.

Timber production has the highest returns on
the best sites -- where trees grow fastest and
quality logs are produced in the shortest time.
Financial returns are higher on productive sites
than on less productive ones because forest
management practices cost nearly the same on both
types of sites.

The best sites can grow at least a cord of
wood or about 200 to 500 board feet of quality
sawtimber a year in well-stocked hardwood stands.
This translates into average annual earnings of
$15 to $50 per acre or more these days, depending
on volume, species, and quality of the trees. The
faster growth rates on highly productive sites
offer earlier and more frequent harvests and
shorter rotations. Much potential income is lost
if these stands are not managed to focus growth on
the best and proper number of crop trees.

All forested acres should not be managed the
same. ~Many treatments on highly productive sites
‘are not economical on less productive acres,

/largely due to slower tree growth rates. Soil
‘productivity can be highly variable on timber
stands as small as 30 to 40 acres. So, careful
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measurements of productivity are important in
deciding how to manage stands, when to manage
them, and where. Highly productive sites grow
timber faster than other sites, and more intensive
timber management is appropriate on these acres.

Recommendation 3. Manage hardwood forests to
produce high quality saw logs of high value
species.

Higher timber quality means greater value,
especially for hardwood trees. High-quality trees
contain sound clear logs without knots, splits,
rotten portions, scars, or other defects. The
species mixture in a forest also greatly affects
value. Central hardwood forests contain many
species, but only a few are really valuable.
High~quality oak, ash, walnut, and cherry logs are
in the greatest demand and have the highest market
values. The best trees of these species may be
worth five to ten times more than average logs of
less preferred species.

Timber quality can be managed in several
ways. The key is to maintain the most desirable
species mixture and control stand density to
assure good growth rates. Stands should be
managed to maintain the proper number of
high-quality crop trees of the most valuable
species to maximize profits. Understocked stands
are less profitable because some growing space is
unproductive. Tree growth will increase in these
stands with time, but there are few options for
increasing productivity.

Overstocked stands are less profitable too
because undesirable trees compete with crop trees
and slow growth. These stands need to be cut to
harvest mature trees, remove competing trees, and

‘provide adequate growing space to allow crop trees

to flourish. Eliminate trees that are financially
mature or that interfere with the growth of crop
trees. Cutting strategies must maintain the
proper stand density for quality and growth.

Keep the best quality, but immature, crop
trees of preferred species in the stand when
partially cutting stands. Select large diameter
trees that are financially mature for harvest.

The diameter of financially mature trees may be 16
inches or more, depending on species and markets.
Rarely are high-quality central hardwood trees
financially ready to cut at smaller diameters.
High-quality hardwood trees gain the most in value
as they mature into larger diameter classes and
higher sawtimber grades. Therefore, avoid the
temptation to cut trees when they reach the
minimum sawtimber diameter of about 12 inches.
Trees usually are growing the fastest in value at
this time., Harvesting these financially immature
trees is costly in forgone revenues.

Never cut the best trees and leave the
worst. This destructive practice; called high
grading, is common and an assured way of producing
timber stands full of low-quality trees of
undesirable species. Sometimes this practice is



called diameter limit cutting in which loggers cut
all merchantable trees above a certain diameter.
The problem is that the most valuable trees above
that diameter are cut and all the least valuable
ones are left. The eventual result is a forest
full of low-value, low-quality trees with greatly
reduced earning potential.

Crop trees must be protected from logging
damage. Damage to residual trees from careless
logging can also destroy the quality of future
crop trees. So, select loggers carefully. Only
accept those with a good record, and be sure to
monitor logging progress to prevent damage to the
site and the residual trees. A lot of money can
be lost when a high-value tree is scarred by logs
being dragged behind a skidder. A professional
forester can be invaluable in helping to select a
reputable logger and supervise logging operations.

Optimum cutting strategies depend on many

factors, and there are no simple rules. Adequate
timber cutting prescriptions require an
examination of each stand by a forester. Many

decisions are needed -- how often to harvest, how
many trees to remove, and which trees to cut. The
best management recommendations will differ
because timber stands differ. Most landowners
often do not have the technical background to make
cutting decisions. Loggers usually have an
economic incentive to cut the most profitable
trees - for them, but they usually do not have the
landowner's financial interests in mind. So, it
takes much experience to select the best cutting
strategy.

Recommendation 4. Manage hardwood stands to
increase growth rates and stand value.

Forest owners often believe that forests can
pretty much take care of themselves. This may be
true to a degree: forests continue to grow year
in and year out, even through market cycles.
Trees get larger, some die, and new seedlings
start without any real assistance. But, left to
grow without attention, few forests ever achieve
their full economic potential. Most central
hardwood forests can produce more timber and
wildlife, and much can be achieved with carefully
planned intermediate cuts, final harvests, and
other improvements.

Many of the ways landowners can manage their
hardwood stands involve cutting, removing, or
killing trees and other vegetation., Cutting
undesirable trees is necessary to focus growth on
crop trees. In addition, new sprouts or seedlings
needed to regenerate new stands are encouraged by
removing unwanted overstory competition.. . In
partial cuts, only carefully selected trees are
removed. Complete harvesting is essential to
start a new vigorous forest of the high-value
central hardwood species that require full
sunlight for establishment and growth. - Complete
harvesting is often needed to rehabilitate stands
that have been neglected or abused by destructive
harvesting in the past.
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The relationship between regeneration and
harvesting merits special attention. Harvested
trees and trees with little value must be replaced
with desirable species suited to the site to
improve productivity. Careful planning for
regeneration is needed before cutting. How much
canopy to remove, which trees to cut, when to
harvest, and many other factors can make the
difference between successful regeneration and
poor stocking or low-value trees. Regeneration is
so critical to profitable management that it must
be considered a primary goal of harvesting.

Mixed hardwood stands may need some attention
every 5 to 15 years. In some cases, noncommercial
treatments such as cleaning to kill or remove
undesirable trees may be necessary. Each
management action can be thought of as a
mid-course correction. Missing needed treatments
may be costly because the resulting future stand
may be far less valuable. Missing treatments can
delay stand development, postpone harvests of
mature timber, and allow undesirable trees to
prosper.

Noncommercial thinnings or cleanings should
improve the stand enough to justify their cost.
Some benefits may be from increased future timber
values, but other non-timber benefits are
certainly valuable too and should be considered
when planning management treatments. Recently cut
timber stands may appear unsightly, but they
regain their appearance quickly if the harvesting
operation was well planned.

Active stand management may suggest a goal of
timber production to some, but even many
treatments to enhance wildlife habitat involve
some form of harvests. Brush or slash may be
pushed into piles to provide wildlife shelter.
Small openings are especially valuable to some
species for the type of food and forage produced
in them. Such openings can serve as places to
concentrate and harvest game. Openings can also
be planted to preferred wildlife food crops to
favor particular species. Although many
landowners believe timber cutting reduces
wildlife, many species use clearcuts or young
forests extensively for food or breeding.

Recommendation 5. = Manage wildlife values for

‘additional sources of income.

Many landowners seek non-timber benefits from
their hardwood forests, particularly wildlife and
recreation. Most activities to enhance wildlife
involve vegetation management such as planting
game foods, cutting immature trees, and harvesting
mature trees. Final harvests and improvement cuts
can be planned to improve wildlife habitat as
well. Timber and wildlife are often viewed as
conflicting goals, but many stands can be managed
to produce more of both.

Hunting leases are becoming more common
throughout the United ‘States, and this source of
income-should not be overlooked as a way to



supplement earnings. The market for hunting
leases is growing rapidly, but it is not well
organized at this time. Annual fees paid for
prime hunting locations are often set at the
landowner's cost for property taxes. In time,
prices may rise and be set through competition.
Many hunters prefer leased land because it is less
crowded, is generally safer, and may offer greater
chances of success that other land. Hunting
leases usually require larger tracts, but several
landowners can combine their forest holdings to
offer a single lease to hunting clubs or selected
groups. The added income can be used in part to
enhance wildlife populations, eventually leading
to higher lease rates for the improved habitat.

Hunting leases are emerging as a growing
competitive market in many areas, but they may not
be for every landowner. Landowners wanting to
lease their property should get professional
forestry advice and have a clear contract to limit
their liability. )

Recommendation 6. Promptly salvage damaged timber
to minimize losses, recover value, and improve
stands.

Hardwood forests can be damaged by many
natural hazards including fire, storms, ice,
drought, insects, and diseases. Logging damage to

residual trees is also a common cause of financial -

loss. Hardwood stands need adequate protection
and treatments to reduce losses when they are
damaged. Forest stands affected by natural events
are not usually destroyed completely. Rather,
growth and quality are reduced when individual
trees or groups are killed, broken, scarred,
attacked, or infected. Owners lose the value in
destroyed trees and in future growth and quality
from damaged trees.

Some management decision must be made when
such damaging events occur. Many landowners do
nothing to recover salvageable timber or to limit
future financial losses. The basic management
choices are to (1) leave the stand alone, (2)
salvage and continue to grow the stand, or (3)
harvest all trees, start over, and regenerate.
Many factors such as landowner objectives, stand
value and extent of damage, local markets, and the
stand's ability to recover from damage, influence
the decision after a loss. From a purely
financial perspective, the best choice is to
select the option that offers the greatest future
value and to ignore the past or sunk costs that
can never be recovered.

Salvage should always be considered after a
loss. Sometimes not enough timber volume is
affected to allow a commercial harvest. In this
case, improvement cutting can be combined with
salvage of damaged timber to enhance future stand
values. Damaged trees that are left to grow take
up growing space but may never increase in value.
Unless harvested quickly, damaged timber may be
attacked by insects and diseases that render it
useless. If the damage is extensive'and markets
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are strong, the best action may be to harvest all
or most of the stand and regenerate. Even if no
market is available for damaged timber, removal of
the damaged trees for firewood may be needed to
maintain a healthy and productive stand.

There are important income tax considerations
when timber is damaged. Timber damage can qualifly
as a casualty loss for income tax purposes if the
damage is sudden and unexpected. Fires; extreme
weather such as tornados, ice, floods or drought;
and some insects may qualify. The amount of
casualty loss for income tax purposes is limited
to approximately the initial timber investment,
not the market value at the time of the loss.
Unfortunately, this value is usually very low or
zero for most natural hardwood stands. If this is
the case, even completely destroyed stands may not
qualify for any tax deduction under current tax
provisions.

Recommendation 7. Design timber harvests to favor
prompt regeneration of desirable species.

Many landowners cut timber but fail to
adequately regenerate their land following
harvest. They never plan for the next forest and
count on nature to provide a new stand from
whatever is left. A new forest will eventually
regrow on most cut-over land, but the new stand
will usually be far less valuable and productive
than could be achieved otherwise. Usually, the
next stand grows from the least desirable
unmerchantable trees left on the site rather than
from the best genetic stock. Failing to
regenerate timberland after harvest will reduce
long-term productivity.

Landowners sacrifice much future income when
they allow harvested acres to remain idle and
unmanaged. The goal of regeneration is to get
enough new trees of the most desirable species. A
large share of potential profits depends on
regeneration success. Harvested hardwood stands
are usually regenerated from seed or sprouts or
from seedlings already in the stand. Shelterwood
harvesting may be needed in several stages to
establish an advance crop of seedlings before the
complete overstory is cut. This is particularly
true for oak. Desirable species can be encouraged
by controlling how. much canopy is removed and
which trees are cut, by preparing the seedbed, and

by killing unwanted trees before or after the
harvest. :

The best regeneration results are achieved by
planning for the next stand before any trees are
cut. Cost savings, more effective control of
stocking and species mixtures, and more complete
utilization can be achieved by coordinating
harvesting and regeneration. Rather than leaving
regeneration to chance, experienced foresters can
guide each stand to produce.-a more productive new
forest.

Hardwood regeneration is not always costly .in
dollar terms, but it does take time and special



skill to get the desired results. Many things can
inhibit successful regeneration such as competing
understory vegetation, inadequate nutrients,
light, or moisture, and insufficient site
preparation. Stand improvement treatments may be
needed before or after harvest, and these can add
to the cost significantly. The least costly
method of achieving adequate regeneration is to be
sure harvesting creates the right conditions for
tree growth. The benefit of successful
regeneration is a much improved stand and
eventually greater profits. '

Many landowners believe small partial
harvests every decade or two is the best method.
But this method is not a good way to produce most
of the high-value central hardwood species. These
species must have full sunlight for establishment
and development. Consequently, complete overstory
removal is essential if species such as oak, ash,
walnut, and cherry are to achieve their best
potential.

Harvested stands can be planted, but this is
a difficult and costly option. Planting may be
the only way to establish desirable species not
present because of past history and to introduce
genetically superior trees. Planting hardwoods
such as oak, ash, or walnut may require intensive
site preparation to reduce understory i
competition. The costs of planting and tending
hardwood plantations are high and the time until
harvest is long. Therefore, these long-term
forestry investments should only be considered on
the very best sites.

Recommendation 8. Seek multiple buyers for timber
‘and sell it by competitive bid if possible.

Timber is often sold directly by landowners
without the benefit of competition or a timber
appraisal. Also, landowners are often poorly
informed about local timber markets, the volume of"
their trees, or the value of their stand. Many
landowners lose a large share of their profits
because they don't know much about timber markets
and can't judge the fair market value of their
timber. Then they sell below market value to
buyers who do know the true value of their timber.

Timber sales offered competitively with
sealed bids are a more consistent way to be .sure
that a timber sale earns the highest market
price. Negotiated sales are sometimes necessary
to salvage timber quickly or for other reasons.
Even if this is needed, landowners should have a
knowledgeable forester do the negotiating.

Another problem occurs frequently when timber
is sold and harvested without professional i
forestry assistance. When given a free hand,
loggers will cut what they can sell profitably and
leave the unmerchantable trees. This can greatly
increase the cost of regenerating the next stand,
adversely affect future productivity, and mean-
less money for the landowner. ;
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Recommendation 9. Use a harvesting contract when
cutting timber to protect productivity and achieve
management objectives.

The trees to be harvested and left must be
carefully selected and controlled. Harvesting
contracts clearly specify the trees to be cut, the
type of harvesting allowed, the method of payment,
and the time allowed for harvest. They are legal
instruments to protect the landowner and convey
title to the timber to be cut. Contracts may
include provisions to protect forest roads and
streams, to prevent or require cutting of certain
trees, to cover slash disposal, and to permit or
limit other activities associated with
harvesting. Contracts usually outline the
consequences of not meeting the contract
provisions. In some cases, a performance bond or
advance payment is required from the logger before
cutting begins. Most reputable loggers are
accustomed to operating with contracts, but many
timber sales are not covered by one. When loggers
can do whatever they want, landowners usually
lose.

Sample harvesting contracts are available
from many consulting foresters, public forestry
offices, extension forestry groups, university
forestry departments, and county cooperative
extension offices. Model contracts must be
modified to reflect each landowner's particular
situation.

Recommendation 10. Use cost-sharing incentive
programs when possible to reduce direct costs and
increase productivity.

Forest management practices can be costly and
returns are far in the future. Consequently,
cost-sharing programs help non-industrial private
landowners reduce economic risks. Most programs
contribute part of the cost for selected
treatments to improve the productivity of private
forests. Use these programs when they can help
accomplish forest management goals and reduce
costs.

The Conservation Reserve Program (CRP)
provides cost-share payments to establish trees on
highly erodible croplands and fields, subject to
scour erosion, and mekes additional annual
payments for 10 years. This is not long enough to
grow a timber crop, but the cost savings create an
excellent earnings potential. The CRP requires
enrolled land to be removed from agricultural
production for at least 10 years.

The Forestry Incentive Program (FIP) will pay
landowners to establish trees or improve stands
for timber. The Agricultural Conservation Program
(ACP) pays for certain conservation practices,
including some to improve woodlands. These
programs are administered by the Agricultural
Stabilization and Conservation Service in
cooperation with the State forestry agencies.

Some States also have special cost-sharing



programs to help pay for improvements to private
forests. These public programs relieve at least
some of the financial burdens of improving
forests.

Recommendation 11. Carefully plan for the tax
consequences of timberland income and assets.

Income, estate, and property taxes are
complex and costly. Some landowners pay more
taxes than necessary because they don't understand
the tax regulations and don't plan their
management activities to take advantage of
provisions favorable to forestry.

The Tax Reform Act of 1986 greatly changed
Federal income tax regulations for forestry. The
most significant change was the elimination of
preferential tax rates for capital gains. As a
result, timber income is now taxed at a higher
rate than before the law took effect.

The deductibility of certain forest
management expenses was also changed by the 1986
law. As a result, landowners may not be able to
deduct all expenses unless they meet certain
criteria for active management of their land.
rules on deductions are complicated, but
landowners who actively manage their land
igenerally receive the most favorable deductions
for management expenses.

The

The favorable reforestation tax credit and
amortization provisions remain in effect. These
provisions allow landowners to quickly recover
their reforestation costs, up to $10,000 per year.

Estate taxes affect timberland passed on to
heirs. Many landowners have large and valuable
timberland holdings that cannot be easily
converted to the cash needed for estate taxes. In
some cases, heirs have had to liquidate timber
during weak market periods or when stands were not
ready for harvest to settle estates. Landowner's
objectives are not usually well served when they
must cut timber, sell land, or divide forest
holdings to pay estate taxes.

The need for unplanned and forced harvests
can be reduced and timberland ownership can be
preserved by effective estate planning. Many
methods are available to reduce estate tax impacts
‘and preserve timberlands and other assets for
heirs. Get qualified tax and legal assistance to
protect heirs from the unforeseen consequences of
estate taxes on timberland values.

Property taxes, yield taxes, and severance
"taxes also affect timberland management by
imposing costs each year and possibly at harvest.
In some States, special provisions are available
for reduced property taxes. To qualify,
landowners may be required to follow an approved
management plan or to allow public use of their
land for hunting and recreation. Enrolling land
under these special laws can reduce property taxes
significantly. Check with your State forestry
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office or a qualified forester to determine if
timberland can qualify for these provisions.

The Federal and State tax laws are complex
and difficult to interpret for each landowner's
situation. The best recommendation is to seek the
advice of qualified forestry tax experts to help
select the most advantageous management actions.
Tax workshops may be available to help timber
owners understand the effects of taxes on profits.

Recommendation 12. Compare the financial
performance of forest management activities with
other investment options.

Many landowners believe that active forest
management is not profitable, but this is not the
general case. Many factors affect the income
potential of managed forests. Some timberland
investments pay competitive returns, especially
for well-stocked managed timber stands on highly
productive sites in strong market areas.

Forestry investments may be considered in
several ways. Investments made now increase the
future quantity and/or quality of timber or other
forest outputs. ' With hardwood forests, the
investment cost is often not a direct outlay. It
is revenue lost from not cutting a stand and
holding it to grow another year. Forest owners
should reasonably expect that the benefits in a
year will be equal to the current stand value plus
at least as much as could be earned on that value
in a bank (or some other investment). With
investments, the benefits are always delayed and
received some time in the future.

Achieving a profitable forest requires an
investment perspective when making timber
management decisions. Money spent to improve tree
growth or earnings can't be spent on other things
or invested elsewhere. So, timber investments
must be able to earn a competitive return. This
means that treatments that can't earn an
acceptable profit should not be done, if
profitability is a goal.

The concept of financial maturity is an
important one, especially for hardwood forests.
Trees should be harvested when they reach
financial maturity, when the rate of value growth
falls below the interest rate that could be earned
in another investment. Foresters determine this
by measuring recent growth rings and comparing the

value increment with the total value of the tree.
If trees are held to grow too long, then their
rate of earnings falls below competitive rates.
If they are cut too soon, then much potential
value growth is sacrificed. Usually financial
maturity is specified as "critical diameters" for
a particular situation. The diameter of
financially mature trees depends greatly on the
species, local markets, site quality, and amount
of competing timber, so no single number can
suffice. Invariably, this economic diameter is
larger than the minimum diameter or size of trees

.acceptable to loggers.



Forest landowners should especially consider
intermediate stand treatments to improve the
growth of pole timber or small sawtimber crop
trees. Improvement and cleaning cuts to remove or
kill competing low-quality trees will enhance the
growth and vigor of remaining crop trees. Because
these crop trees may already be close to harvest,
the investment period is relatively short. The
faster growth rate on the select trees will also
allow an earlier harvest. If conditions are
right, this low-cost investment can pay handsome
returns. Timber stand improvement treatments are
especially profitable when stands are overstocked
and growth has slowed or where the best trees are
being crowded out. Unfortunately, many landowners
believe that spending money to improve their
stands is wasteful, but in many cases they are
wrong.

. Of course, investment returns play only a
small role in deciding how to manage hardwood
stands. Landowners may want less income and more
intangible forest benefits, but they often
unknowingly lose out by not managing their stands
effectively. In many cases, landowners can have
more timber, more income, and more non-timber
benefits simultaneously by actively managing their
hardwood forest. They do not always need to
embrace timber production as a primary goal.

SUMMARY

Owners of central hardwood forests want to
get the most from their land and generate income
without paying too much and without sacrificing
the amenities or non-timber benefits. Twelve
recommendations are offered to help these owners
achieve greater profits in conjunction with their
other goals. Profitable management of hardwood
forests requires careful selection of treatments
and planning of harvests.

The first recommendation points to the need
for professional forestry assistance to help make
the best management choices in diverse and complex
hardwood stands. -

Recommendation number 2 is to concentrate
timber management efforts on the most productive
sites where tree growth rates are the highest.
This is where the greatest return on investment
can be made. )

The third recommendation recognizes that the
greatest values in hardwood stands are found in
the best quality trees of preferred species.
Actions to develop, protect, and enhance the
quality of the most valuable trees are essential.

The fourth recommendation points: out. that
landowners must not overlook: important
opportunities to improve their forests.  The

timing of harvests and noncommercial treatments is
critical.

The fifth recommendation recognizes the
potential for income from wildlife in hardwood
stands. Profitable management can easily include
treatments to enhance wildlife, and hunting leases
are becoming an important source of income.

The need to promptly salvage damaged timber
and make the best choices after a stand has been
damaged is the sixth recommendation. Damaged
hardwood forests need care to keep them highly
productive.

The seventh recommendation calls for careful
planning for regeneration in conjunction with
harvests. Regeneration is critical to profits and
always more successful if the right conditions are
created when trees are cut.

The message in the eighth recommendation is
that timber should be sold by competitive bid to
get the highest price. Professional forestry
assistance is especially important to help
landowners realize the fair market value of their

 timber.

Hardwood trees are especially vulnerable to
logging operations. So, the ninth recommendation
calls for harvesting contracts to reduce the risks
when cutting timber.

Management of hardwood stands can be costly.
The 10th recommendation is to use available
cost-sharing programs for financial assistance
when possible to keep cash outlays to a minimum.

Some of the important costs of forest
management operations are income, property, and
estate taxes. Taxation of forestry operations is
complicated and requires special advice. The 1lth
recommendation is to carefully plan for the
special tax consequences of owning forestland.

Finally, the 12th recommendation is to
consider the financial returns of specific
forestry actions and compare them with other
investment options. Too often landowners have
little information on the return they can expect
from managing their forest. Perhaps their choices
would be different if they knew the payoffs.

Money doesn't grow on trees, but many
landowners can profit by carefully managing their
hardwood timberlands. Landowners who choose not
to actively manage their forests may forego
benefits and eventually reduce the attractiveness
and productivity of their stands. In some cases,
landowners may not realize how their forests can
be improved or how some investments can add
profits and improve other benefits. These
recommendations are offered to help landowners
better understand their opportunities.



SOME PERSPECTIVES ON OAK DECLINE IN THE 80'S1

Kenneth J. Kessler, Jr.2

Abstract.--A review of the past 80 years of oak decline
revealed major episodes of oak decline in the 1920's and

1930's, and in the 1950's and 1960's.
research of the past was observational in nature.

Most oak decline
Sugges-

tions for future research include (1) the use of long-term
permanent study plots,(2) controlled stress factor experi-
ments, (3) comparative studies among oak species, (4) better
quantification of stress factors for use in modeling and pre-
dicting declines,and (5) site modification and management
studies to ameliorate decline.

INTRODUCTION

The purpose of this paper is to review the
historical record of oak decline episodes in the
past 80 years and then suggest areas where addi-
tional research is needed and where possible new
experimental approaches might be appropriate. In
this analysis, oaks of the Midland Hardwood Forest
and the Appalachian Forest (Barrett 1980) are
emphagsized. Decline diseases of ogk have period-
ically been noted in the edstern deciduous forest--
particularly affecting members of the red oak
group, subgenus Erythrobalanus (e.g., black, scar-
let, pin, and red oak). The extensive literature
on these past declines indicates that oak decline
has been a recurring phenomenon during the 20th
century in the eastern United States.

OAK DECLINE DEFINED

Qak declines are complex plant diseases that
develop when trees altered (predisposed) by abiotic
and/or biotic stresses are invaded and sometimes
killed by opportunistic organisms of secondary
action. Predisposing and secondary stress agents
that may be involved in oak decline are:

1 Paper presented at the Seventh Central
Hardwood Forest Conference, Southern Illinois
University, Carbondale, IL, March 5-8, 1989.

2 Principal Plant Pathologist, USDA Forest
Service, North Central Forest Experiment Station,
Carbondale, IL 62901.
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Predisposing Stresses

Abiotic Biotic

Drought Defoliation

Soil flooding -insects (e.g. gypsy
Winter injury moth)

Late spring frosts -diseases (e.g. oak
Highway deicing salt anthracnose)

Air pollutants

Secondary Stresses

Ultimate Mortality-causing Agents

Bark borers (Two-lined chestnut borer)
Root borers (Prionus species)

Root pathogens (Armillaria)

Bark pathogens (Hypoxylon)

Some characteristics of declining trees may be:
1. Reduced growth.

a. Shoot growth elongation.
b. Diameter growth.
c. Smaller leaf size.

2. Dieback.

a. Twigs and branches.
b.  Roots.

Sprouts arising from latent or adventitious
buds. :

Chlorotic foliage.

Premature fall coloration.

Reduced stored food reserves.

. Reduced resistance to attacks by opportunistic
pathogens ‘and insects.

Degeneration of mycorrhizae.

oo o E W



PAST INVESTIGATIONS OF DECLINE
Earliest Reports

Jensen (1901) described what appears to be a
typical pattern of oak decline that occurred in
southeastern Wisconsin around the turn of the cen-
tury. Scarlet, red, and white oaks were affected,
bur oak was not. The decline was thought to have
been initiated by a period of unusually severe
drought in 1893-1895. The climax of the decline
" followed the severe winter of 1898-1899--a winter
with abnormally low temperatures and no snowfall.
As a consequence of the lack of snow cover, the
ground froze to great depths and did not thaw until
the end of April. Greatest oak mortality occurred
on "hard pan" soils.

A few years later Chapman (1915) reported mor-
tality of scarlet, red, white, and bur oaks in
southeastern Minnesota. In Minnesota trees weak-
ened by factors such as drought and soil compaction
from excessive pasturage were attacked by the
Armillaria root rot fungus, Armillaria mellea, and
the two-lined chestnut borer, Agrilus bilineatus.
.Death of trees was attributed to the attack of the
root rot fungus and/or the stem invading beetle
larvae.

About the same time in New York State, mor~
tality of white oak and chestnut in an area where
the chestnut blight organism was not present was
attributed to A. mellea attack (Long 1914). 01d
stumps were thought to serve as a "breeding ground"
for the mycelium of the fungus before invasion of
living trees.

According to Baker (1941) the gypsy moth
(Porthetria dispar), accidentally introduced into
the Northeastern States in 1869, had become a
serious pest of oaks in that region by 1890. Oak
mortality associated with repeated defoliations by
the insect peaked in 1912-1915 after a period of
severe drought. At the same time, an outbreak of
the two-lined chestnut borer hastened the death of
oak trees weakened by defoliation and drought.
Armillaria mellea was also noted as a ubiquitous
root rot fungus that attacked and hastened the
death of .low vigor trees. Baker further estab-
lished that single, complete defoliations by the
gypsy moth rarely killed trees, but did greatly
reduce diameter growth the same year of the
defoliation.

An early attribution of tree injury to the
effects of acid deposition was presented by
Galloway and Woods in 1896. ' They stated that "In
the vicinity of manufacturing establishments and
often in cities and villages where large quantities
of bituminous coal are used, vegetation, especially
trees and other woody plants are frequently injured
by the fumes which are thrown off into the atmos-
phere." They further concluded that the chief
injury was due to- sulphurous and hydrochloric
acids. Symptoms of pollution damage they described
included reddish brown spots and marginal necrosis
of leaves and cumulative dieback of tree crowns
year after year,
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Oak Decline in the 1920's and 1930's

Drought was a primary factor in several epi-
sodes of oak decline during the 1920's and 1930's.
In the southern Appalachians a drought around 1925
caused extensive mortality of black oak (Hursh and
Haasis 1931). Red and scarlet oak were also
affected but to a lesser degree. Chestnut oak was
least affected by the drought. Armillaria root rot
and the chestnut borer were thought to be secondary
factors that contributed to the impact of the
drought.

Balch (1927) noted that the 1920's oak mortal-
ity in the southern Appalachians appeared to peak
around 1927 and attributed it largely to drought in
1925 and late frosts at the end of April 1927,
Most of the dying oaks were mature dominant trees
that had been growing poorly for the previous
decade. Dying trees often had extensive trunk rot
and carpenter worm infestations. Their roots fre-
quently harbored Armillaria mycelial fans and
Prionid root borer larvae. All affected trees
showed varying degrees of infestation by Agrilus
bilineatus larvae.

In Pennsylvania an extended drought round 1930
caused extensive losses of scarlet and black oak
(McIntyre and Schnur 1931). Chestnut and white
oaks were little affected. The drought produced
changes in species composition of all oak types on
severely affected areas except for the chestnut oak

type.

Parr (1937, 1940) described a dieback-decline
of chestnut oak in Connecticut during 1933-1937
caused by heavy infestations of the pit=-making oak
scale, Astrolecanium variolosum. Chestnut oak is
the preferred host for this scale insect. Trees on
poor sites were more seriously affected by scale
infestation than those on better sites. White oak
was occasionally infested when closely associated
with chestnut oak. Black and scarlet oak were not
attacked by this scale even when growing near
chestnut oak.

Knull (1931) was one of the first investigators
to observe that oak defoliations caused by com-
plexes of several species of defoliators could lead
to tree decline and mortality. In Pennsylvania he
described a synergistic complex where defoliation
by the elm spanworm, Ennomos subsignarius, and the
fruit tree leaf roller, Archips argyrospila, weak-
ened trees' defenses to attack by the two-lined
chestnut borer.

Oak Decline in the 1950's and 1960's

In the 1950's many red oaks, particularly scar-
let oaks, died in Pennsylvania (Fergus and Ibberson
1956, Hadley 1956), West Virginia (Gillespie 1956,
Tryon and True 1958), and Virginia (Skelly 1974,
Staley 1965). Fergus and Ibberson (1956) suggested
that, although drought may have been involved in
some areas, oak mortality was occurring on all
types of sites and environmental conditions. In
West Virginia Gillespie (1956) found that many dead



oaks had declining growth for 6-8 years before
dying. Before a tree died, leaves in the upper
crown often suddenly turned brown and wilted during
late July-early August. In subsequent years, a
gradual dying back of branches occurred in the
bottom two-thirds of the crown of such trees.

Tryon and True (1958) observed that the root sys-
tems of declining trees were the last parts of the
trees to die,

Staley (1962, 1965) provides the best and most
extensive coverage of the oak decline of this
period. He found that the principal factors
involved in the decline were leaf roller defolia-
tion, root rot, Agrilus borer attack, late spring
frost, drought, and unfavorable soils. Drought,
frost, and root rot were considered contributors to
the decline but not the primary initiating agents.
He also concluded that initial symptoms of decline
indicated diminished availability of carbohydrates
for growth and that final symptoms leading to mor-
tality reflected extreme moisture stress.

In Canada ice damage to red oak during the
winter of 1959-1960 reduced tree vigor and pre-
disposed trees to Armillaria root rot infections.
In addition the twig colonizing fungi, Pseudovalsa
longipes and Diatrypella quercina, were associated
with crown dieback in the reduced vigor trees
(Dance and Lynn 1963).

Nichols {1968) maintained case histories of 70
stands experiencing oak mortality in Pennsylvania.
Mortality in all the 70 oak areas was always pre-
ceded by either heavy insect defoliation or severe
frost damage. Generally two consecutive years of
60 to 100 percent spring defoliation were required
to kill the trees. Nearly all dying and recently
killed trees were infested by the two-lined chest-
nut borer.

Drought was not judged to be a major cause of
mortality as evidenced by data from the 70 areas
collected during the severe drought years 1962-
1966. The effect of drought was judged to be
roughly equal to that of a moderate defoliation.
Yearly growth losses in terms of annual ring growth
following dry years never exceeded 30 percent of
normal growth.

Oak Decline in the 1970's and 1980's

Dunbar and Stephens (1975} studied mortality
patterns of oaks severely defoliated by the gypsy
moth and elm.spanworm in Connecticut. Mortality
ranging from 18 to 79 percent was attributed mainly
to stem and branch girdling of the weakened trees
by the two-lined chestnut borer. All dying and
recently dead trees contained borer larvae. In
contrast, mycelial fans of the Armillaria root rot
fungus were found under the bark of only 31 percent
of the recently dead trees and under none of the
dying trees.

Wargo {1977) attributed a more important role
to Armillaria root rot in killing oaks severely

27

defoliated by the gypsy moth. By using a tractor-
mounted front-end loader, Wargo excavated root
systems to examine the extent of root rotting.
roots of most recently dead or dying trees were
found to be extensively colonized by the Armillaria
root rot fungus, even though in many instances the
fungus was not visible at the root collar. The
results suggested that both Armillaria root rot and
girdling by Agrilus larvae were involved in tree
mortality and that trees died because water and
food relations were drastically disrupted in the
stem by the borer and in the roots by the fungus.

The

A decline of red oak in western North Carolina
on upper slopes in 1979 was thought to be initiated
by lower than normal February temperatures in 1963
and then aggravated by dry summers starting in 1968
and worsening in 1973-1978 (Tainter et al. 1984).
After 1979 those trees surviving experienced little
subsequent decline.

In the Missouri Ozarks, scarlet oak and black
oak experienced serious mortality that began around
1978 and extended into the early 1980's (Law and
Gott 1987). Scarlet oak stands more then 60 years
old were most affected. Weather factors that may
have played a role in the mortality were (1) pro-
longed high temperatures during the summer of 1980,
(2) two severe winters of 1976-1977 and 1978-1979,
and (3) below normal rainfall during 1976, 1978,
and 1980. Secondary organisms contributing to the
decline appeared to be the two-lined chestnut borer
and the stem and branch colonizing fungus, Hypoxy-
lon atropunctatum.

Oak mortality-decline was also a problem in
Kentucky and surrounding States in the 1980's
(Stringer et al. 1987). Chief oaks affected were
black, scarlet, and red oak. Principal factors
responsible for the decline appeared to be drought,
intra~stand competition, and Agrilus stem gir-
dling. Dissection of root systems of declining and
dying oaks revealed no indication of Armillaria
root rot infection,

Although oak mortality and decline have occur-
red in both North American and European regions
where air pollutant concentrations, including acid
deposition, are high, field evidence of adverse
effects on growth of oaks remains inconclusive
(Smith 1987). McClenahan and Dochinger (1985)
studied whether air pollutants had an effect on
stem growth of white oak in a highly industrialized
portion of the Ohio River Valley in southern Ohio.
Their results suggested that nonclimatic factors,
presumably pollutants, had caused annual growth
reductions in the industrialized portion of the
Ohio River Valley, particularly after 1930, Detri-
mental effects of ambient ozone concentrations on
net photosynthetic rates (output growth reductions)
have been demonstrated for red oak (Reich et al.
1986) and black oak (Carlson 1979). Reich et al.
(1986) found that red oak seedlings were relatively
insensitive to acidic rain over a single growing
season, although acidic rain did cause decreases in
percent and numbers of short roots infected by
mycorrhizal fungi (Reich et al. 1985).



Phipps and Whiton (1988) studied long-term
growth trends in 60 white oak stands located
throughout the white oak range. A permanent, non-
reversed growth decline apparently as a consequence
of a growth rate change in the mid 1950's was noted
in the white oaks in two-thirds of the stands. The
event in the 1950's that initiated the growth
decline did not appear to be related to either cli-
mate or pollution.

Mueller-Dombois et al. (1983) compared oak
decline with other North American decline
diseases. The other declines were maple decline,
birch dieback, pole blight of western white pine,
and little leaf disease of southern pines. 1In all
these declines, trees typically died in groups
rather than singly. This spatial pattern of mor-
tality was thought to be due to a stand dieback
mechanism that involved (1) cohort senescence as a
predisposing cause, (2) a sudden adverse perturba-
tion of the stand as a secondary cause but serving
as a synchronizing cause, and (3) biotic agents as
tertiary causes but contributing to dieback and
mortality. Cohort senescence was defined as uni-
form loss of vigor of a canopy cohort due to aging
and gradually increasing environmental stress.
Cohort senescence was viewed as a normal phenomenon
of population dynamics rather than as a disease.

RESEARCH NEEDED AND SOME POSSIBLE
EXPERIMENTAL APPROACHES

1. Long-term permanent study plots. Most oak
decline studies of the past have involved studies
within single States. Regionwide studies to moni~
tor and ascertain the decline status of north
central oask forests are needed, particularly to
establish if decline is primarily a local problem
or a regionwide one. Permanent study plots regu-
larly remeasured and observed can be used to estab-
lish the relative importance and interaction of
various decline causal agents.

2. Controlled stress factor experiments.
Experiments where several levels of suspected
stress factors are applied to oak decline candidate
trees are rare., Gradwell (1974) hand defoliated
oaks to simulate insect defoliations occurring at
different times of the year. Air pollutant treat-
ments at several concentrations have been applied
to young oaks under greenhouse and growth chamber
conditions (Carlson 1979, Reich et al. 1985, 1986).

Critical experiments where concentrations of
root and stem borer infestations are varied or
intensity of Armillaria root infection is con-
trolled are desirable to establish the importance
of such secondary stress agents in the decline
syndrome. Application of moisture stress regimes
to large oaks in the field could be patterned after
studies by Copeland (1955) on drought effects on
shortleaf pine and by Skilling (1964) on sugar
maple blight.

3. Comparative studies among oak species.
Most cases of oak decline have involved selected
oak species. Often only members of the red oak
group are chiefly involved. White oaks and
hickories occupying the same sites are generally
affected to a much lesser degree. Comparative
studies of several species occupying the same
decline sites could involve analyzing their site
requirements for major and minor nutrients and
moisture throughout their phenological develop-

‘ment. Survival adaptations that involved drought

and cold tolerance, crown type, rooting pattern,
root-shoot ratio, growth rate and time of growth
could be usefully compared. Finally, much needs to
be learned about allelopathic relationships among
the trees, shrubs, and herbaceous vegetation of oak
stands.

4, Quantification of stress factors, modeling,
and predicting decline. While most of the abiotic
stress factors--moisture stress, cold injury, pol-
lutant concentrations, heat stress, etc.--can be
quantified providing resources are available for
instrumentation and data gathering, the biotic
factors, particularly the diseases, are harder to
quantify. Few experiments have been conducted with
forest tree declines where disease levels have been
regulated or actually increased by artificial
manipulation. To develop good oak decline models,
all the suspected stress agents must be quantified
particularly to study how different levels of
several stress agents interact. The possible
interaction of relatively low levels of several
stress agents that singly would have little effect
on tree growth would be an early candidate for
modeling. The historical recurrence of oak decline
plus the added effect of possible changes in global
warning suggests that new waves of oak decline will
occur in the future. Predictive models that
anticipate oak decline are needed by forest mana-
gers and planners. Finally, generalized models are
needed that can teke conclusions from local areas
that have been intensively studied and spply them
to large forest units.

5. Site modification and management. Detailed
knowledge of the requirements to initiate a decline
may provide information as to how sites could be
manipulated or better managed to avoid decline.
Some items for experimentation are species composi-
tion, understory changes, and fertilization includ-
ing liming some acid soils.

Many of the sites where oak decline is most
severe are former chestnut sites. Perhaps the oaks
that have colonized the chestnut niche are not par-
ticularly suited to these sites. The time may be
approaching (or is here) where the technology is
avallable to transfer a chestnut blight resistant
gene from resistant Asiatic chestnut or possibly
one of the oaks to American chestnut. A national
commitment to return the American chestnut to its
former preeminence would probably have strong
appeal to a diverse segment of the American popu-
lation,
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LANDSCAPE ECOLOGY: AN ECLECTIC SCIENCE FOR THE TIMES

Thomas R. Crowl

Abstract.—-The primary focus in landscape ecology is on
spatial (and temporal) patterns and how this heterogeneity
affects biotic and abiotic interactions. These interactions
vary depending on spatial scale and so problems of scale are
an integral part cf landscape studies. Principles of land-
scape ecology are beginning to emerge that should help pro-
vide the theoretical and empirical basis for a variety of
applied sciences —- including regional planning and natural

resource management.

INTRODUCTION

A field of scientific inquiry entitled
"landscape ecology" has emerged in recent years
that has significance for a variety of applied
sciences including regional planning and natural
resource management. Still in its infancy, land-
scape ecology lacks the rigor and definition of a
well-established scientific discipline; however,
as it matures, its concepts and paradigms will
provide a useful theoretical and empirical basis
for many resource management decisions.

Landscape ecology can best be considered as
the intersection of numerous related disciplines,
including ecology, geography, forestry, landscape
design, wildlife biology, genetics, and sociology
(Risser et al. 1983, Naveh and Lieberman 1984,
Forman and Godron 1986, Risser 1987, Urban et al.
1987). It is composed of elements drawn from many
sources, an eclectic science, as opposed to being
a distinct discipline or simply a branch of
ecology. More specifically, landscape ecology
focuses primarily on the relationships between
spatial and temporal patterns and ecological
processes, Landscape patterns have often been
described as dynamic mosaics, changing in time
and space, and these patterns reflect both human
impacts as well as physical features such as
climate, physiography, and soils. The redistri~
bution of materials, energy, and organisms among
landscape elements in both time and space is an
essential feature of landscape ecology.

CHARACTERISTICS OF LANDSCAPES
Patches and corridors, two conspicuous

features of the landscape, are critical structural
and functional units. The characteristics of
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these units -~ size, shape, width, connectivity --
can be easily quantified (Milne 1988) and incor-
porated into studies of how the spatial arrange-
ment of forests, bogs, roads, and cities, for
example, affects the movement of insect pests,
the spread of fire, the colonization of woodlots
by animals, or the movement of people.

The grain size of a landscape mosaic is a
measure of the average size or patchiness of the
landscape. A landscape with fine grain has many
small patches, compared with a landscape that has
only a few large patches or course grain. Patch
size is a major control over the physical and
biological characteristics of an individual eco-
system. For many bird species, for example, patch
size is an important habitat characteristic
(table 1) that affects where a species will occur,
and more importantly, whether a patch will support

Table l.--Minimum size of woodlot that has at
least a 50 percent chance of supporting a
breeding population (from Temple 1988).

Species Woodlot Size
Hairy Woodpecker 40 acres
Pileated Woodpecker 240 acres
Acadian Flycatcher 240 acres
Least Flycatcher 160 acres
Tufted Titmouse 80 acres
Blue-gray Gnatcatcher 80 acres
Veery 60 acres
Wood Thrush 20 acres
Yellow-throated Vireo 40 acres
Chestnut-sided Warbler 160 acres
Cerulean Warbler 200 acres
American Redstart 240 acres
Ovenbird 80 acres
Mourning Warbler 160 acres
Hooded Warbler 240 acres
Scarlet Tanager 40 acres




a breeding population. The average woodlot size
of only 47 acres in Temple's study area has signi-
ficant implications for maintaining breeding
populations of many species.

Many species require two or more patches to
complete their life cycles. Amphibians, for
example, need aquatic systems such as small ponds
to complete their early larval stage, but spend
much of their adult life in the uplands near the
pond. The aquatic and terrestrial habitats need
to be in close proximity. The use of different-
aged stands by ruffed grouse (Bonasa umbellus)
has been well documented (Gullion 1977). This
species uses mature forests for feeding,
intermediate-aged (pole size) stands for breeding,
and young regenerating stands for brooding.
Again, spatial proximity of these three stand
conditions is an important requirement.

Corridors play at least four major function-
al roles. They act as conduits for the movement
of materials and organisms, they act as filters
or in some cases as barriers, they provide
habitats for edge species, and they act as
sources of biological and environmental effects
upon adjacent areas (Forman 1986). Width and
connectivity are two important structural attri-
butes of corridors that, in turn, affect thelr
functional characteristics. The availability of
critical habitat within a patch can be enhanced
by connecting similar patches with corridors.

In Maryland, forest interior birds were able to
maintain themselves in small woodlots when the

woodlots were connected to much larger forested
areas by corridors (MacClintock et al. 1977).

In the Midwest, fencerows serve as important
travel corridors between forest fragments. Small
mammals and birds common to the forest are more
likely to traverse along the woody cover provided
by fencerows than across open agricultural fields
(Harris 1984). Influencing the travel patterns
of seed-dispersing animal species affects the
dispersal of plant species.

Streams, and the riparian zones assoclated
with them, are good examples of corridors. A
first-, second-, and third-order stream system
forms a dendritic network that links components
of the landscape. The various kinds of drainage
densities and patterns present form a distinctive
inprint that greatly affects the movement of
water, nutrients, sediments, and animals within
the watershed (Forman 1986). Major river
corridors often serve as important flyways for
migratory waterfowl and raptors. In areas
greatly modified by humans, stream corridors are
likely to be the only linkage among remnant
patches of natural vegetation.

Edges have always been of interest to
ecologists because of the concentration of
ecological interactions that occur at the inter-
face between two different ecosystems. It is
not unusual to find species from both habitats
at the edge along with species that are especially

31

adapted to edge environments. Wildlife managers
have always taken a special interest in edges
because many important game species are edge
species. The abundance of species brings an
abundance of biological interactions. Animal
activity, including herbivory and predation, is
often greater along edges than in patch interiors
(Wilcove 1985, Temple 1987). Increased predation
along edges is thought to be related to increased
prey densities and to the natural travel lanes
created by abrupt changes in the vertical struc-
ture of vegetation (Reese and Ratti 1988).

In studying the development of an old growth
beech-maple forest in Ohio, Whitney and Runkle
(1981) concluded that position within the stand
had greater impact on overstory composition than
did the age of the stand. For example, while
northern red oak (Quercus rubra) was abundant
along the stand margins, it was virtually absent
from the interior of the old growth forest. This
conclusion is significant because of the conver-
sion of midwestern forests to small, fragmented
woodlots with high edge-to-area ratios.

IMPORTANCE OF SCALE

Problems of scale are important to landscape
ecology. The relations between spatial pattern,
temporal change, and ecological processes depend
largely on scale (Risser et al, 1983, Allen and
Hoekstra 1987, Meentemeyer and Box 1987). Ecolo-
gical processes differ in their effects and
importance at different scales, and different
species and groups of organisms operate at
different scales. The appropriate scales at
which to conduct landscape studies depends on
the question being asked. Too often, however,
the' temporal or spatial scale used in a study is
based more on the investigators' perceptions than
on the organism(s) and ecological process(es)
under consideration.

Including variation in both time and space
can be challenging when considering landscape
patterns. Many population models, for example,
assume a homogeneous environment and a uniform
distribution of individuals within that environ-
ment. Obviously, such simplicity severely
restricts the utility of the models; more recently,
ecologists have begun to consider population
dynamics in heterogeneous environments (e.g.,
Wiens 1976, Levin 1976, Seagle and Shugart 1985,
Lande 1987). In addition to linking time and
space, landscape studies are likely to require
shifting across several spatial and/or temporal
scales. Because biological systems are hierar-
chical organizations, hierarchy theory offers some
promising ideas for addressing complex biological
questions at different scales (Allen and Starr
1982, Allen et al. 1984, Allen and Hoekstra 1987).
The science of scale needs to develop in concert
with landscape ecology, and much additional work
remains in both areas. However, any general prin-

.ciples developed for landscapes will have to apply

at all relevant spatial and temporal scales.



APPLYING LANDSCAPE ECOLOGY TO MANAGEMENT - EXAMPLES

Landscape ecology, with its emphasis on
spatial and temporal heterogeneity, provides a
useful context for studying problems related to
conserving bioclogical diversity. There is in-
creased recognition that human activities are in-
extricably linked to the accelerating loss of bio-
logical diversity (Myers 1979, Wilson 1985, 1988).
Although direct impacts, such as the loss of
species due to overexploitation, are a factor in
some cases, indirect impacts such as habitat
destruction are more important for most endangered
species, Habitat destruction not only involves
the loss of the original habitat, but even more
insidious, it also increases the isolation of
populations that required the original habitat.
This process of fragmentation is common to growing
societies where once large blocks of contiguous
habitat are repeatedly divided into smaller and
smaller blocks and separated by urban, agricultur-
al, and industrial developments, and their accom~-
panying infrastructures (e.g., roads, utility
rights-of-way). Under these land-use patterns,
opportunistic species that benefit from distur-
bance will prosper. These are often exotic "weed”
species such as the introduced European starling
(Sturnus vulgaris) or edge species such as the
blue jay (Cyanocitta cristata) or raccoon
(Procyon lotor) that adapt well to fragmented
landscapes. 1In turn, area-sensitive species that
require large tracts of habitat decline or even
become locally extinct.

Changing landscape patterns between 1939 and
1974 on a 1,117 ha tract in southeastern Illinois
resulted in the extirpation of prairie chickens
(Tympanuchus pinnatus) from the area in 1969 and
substantial declines in bobwhite (Colinus
virginianus) and cottontail (Sylvilagus floridanus)
populations (Vance 1976). Rapid intensification
of cash-grain farming during that time eliminated
grasslands and reduced woody cover along fence-
rows and in woodlots. Because prairie chickens
require extensive grasslands, it is not surprising
that the major factor limiting prairie chicken
populations in Illinois and elsewhere is the lack
of suitable grasslands for nesting. The loss of
brushy fencerows was especially detrimental to
bobwhite and cottontails (Vance 1976).

Pest management can be improved by under-
standing how landscape patterns affect pest
movements and rates of infestations. In general,
landscape homogeneity increases the spread of
pests., Certainly this is true with agricultural
systems, and examples can be also found in natural
systems, . Fire suppression in western conifers
increases forest homogenization and forest matur-—
ity, and large stands of mature timber increase
the frequency, intensity, and rate of spread of
bark beetle infestations (Forman 1987).

Landscape patterns can significantly affect
the potential for major forest disturbances.
For example, forest cutting patterns and cutting
intensities greatly affect susceptibility to
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windthrow., Franklin and Forman (1987) found the
checkerboard cutting pattern commonly applied to
Douglas fir forests in the Pacific Northwest
greatly increased the frequency and severity of
blowdown. Such a cutting pattern increases the
contrast between adjacent units, increases the
amount of exposed edges in the landscape, and
isolates forest patches in cutover areas. Wind-
throw occurs most frequenly along exposed edges
and at the corners of the residual blocks
(Franklin and Forman 1987).

Road densities are a measure of landscape
"mesh” and road densities have been shown to be an
important landscape feature related to the distri-
bution of the timber wolf (Canis lupus) in Wiscon-
sin (Thiel 1985), Ontario (Jensen et al. 1986), and
Minnesota (Mech et al. 1988). Wolves in the Great
Lakes regions generally do not occur where densi-
ties of roads passable by 2-wheel-drive vehicles
exceed 0.58 km/km2. Roads themselves do not inhi-
bit colonization by wolves; instead, human contact
is the critical factor. Roads provide accessibility
for humans, and humans, either deliberately or
accidentally, kill wolves (Mech et al, 1988).

METHODOLOGIES FOR LANDSCAPE ECOLOGY

Techniques and methods currently used in
resource management and research can also be used
in landscape ecology. Computers, mathematical
models, geographic information systems, data-base
management, remote sensing, and radiotracking are
some of the practical tools available to landscape
ecologists.

New methodologies are being applied as well.
The development of fractual geometry has made it
possible to quantify complex boundaries and patch
shapes (Mandelbrot 1983, Milne 1988). Indices are
also available for quantifying the degree of
connectivity among landscape components (e.g.,
Pielou 1979).

SUMMARY

Resource managers and planners increasingly
recognize that informed management decisions
cannot be made exclusively at the site or stand
levels.  The opportunities associated with a
particular management unit are not only determined
by the content of that unit, but also to a great
extent by the context in which the unit exists.
Regardless if the primary management object is
producing timber, creating suitable habitats for
common game species, protecting a watershed, or
providing ‘a wilderness experience, assessing
these opportunities requires considerations that
extend beyond the boundaries of the specific
management unit. An increased emphasis on
regional analyses requires a landscape perspective
(Joyce et al. 1983, Evans 1986).

Althbugh a landscape perspective is not
unique to landscape ecology, (a landscape



perspective has been frequently embodied in many
early writings in ecology, natural history, and
wildlife biology, e.g., Leopold's Sand Country
Almanac), the eclectic character of landscape
ecology 1s unique and provides a potentially
useful framework for many fundamental problems
in resource management., While a theoretical base
for landscape ecology is onlybeginning to emerge,
the application of that theory is likely to soon
follow. Indeed, incorporating spatial (and
temporal) considerations into resource planning
and management remains one of the greatest
challenges facing our profession.
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INTENSIVE GROUP SELECTION SILVICULTURE IN CENTRAL HARDWOODS

AFTER 40 YEARS'

Leon S. Minckler2

Abstract.--In 1947 conferences of Forest Service research
people from Federal, Regional, and Research Center units met
in Southern Illinois to set up in 1948 a whole rotation study
on the Kaskaskia Experimental Forest involving 38 commercial

compartments.

The chief objectives were to evaluate the

success, ability for sustained silviculture, and the costs and
returns for a full sawtimber rotation for different silvi-

culture systems.

The uneven-aged systems included intensive-
group selection silviculture as a major component.

This paper

is confined to regeneration and stand growth on uneven-aged
compartments with combined treatments of group selection,

improvement cutting, and killing of cull trees.

Active com-

mercial cutting continued for 20 years after which the study

was terminated in 1968.

stands undisturbed since 1968.
in terms of regeneration in openings, stand quality, stocking,
and net growth while maintaining a continuous and diversified

forest cover.

Photographs were taken in 1988 of the
The treatments were successful

INTRODUCTION

In 1947 conferences of Forest Service people

were held in Southern Illinois to decide on a
research program for the Kaskaskia Experimental
Forest located on the Shawnee National Forest.
The conferees were composed of Washington high-
level Forest Service research people and forest
management research people from the Central
States Forest Experiment Station and the
Carbondale Research Center. An agreement was
reached on the dominant study, hereinafter
called the "Compartment Study” and a working
plan was written and approved. This study was
fully active for 20 years but terminated in
1968, about one-fourth of the work plan goal of
one rotation. It is essential to note that

1Paper presented at 7th Central Hardwood
conference at Southern Illinois University,
Carbondale, I11l, March 5-8, 1989. Much of the
oral presentation was slides taken in 1988.

2Leon S. Minckler retired in 1968 as
Research Forester, U.S. Forest Service, Carbon-
dale, Ill., after 33 years of service. He then
taught for 9 years at Virginia Polytechnic
Institute and SUNY College of Environmental
Science and Forestry. Since 1977 he has been a
forestry consultant living in Blacksburg, VA.
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numerous color slides were taken in March 1988 to
show conditions at about half rotation in the
absence of further cuttings or inventories since
1968.

OBJECTIVES

Objectives of these commercial-type compart-
ments (average 20 acres) were concerned with
long-term silvicultural systems and variations of
systems for both short and long-term values and
to sustain a natural and healthy forest ecosystem.
These objectives for uneven-aged silviculture
included logging methods, various silvicultural
systems, long and short cutting cycles, long and
shorter rotations and intensive and extensive
management. Even-aged silviculture included
stand conversion from hardwoods to short leaf pine,
two—cut shelterwood, and commercial clearcutting
for sawtimber (mo culls killed). Costs in
physical units were kept for all operations. Two
general sites were sampled, coves and northerly
slopes vs. ridgetops and south slopes. During
the 20 years (1948 - 1968) 106 cutting operations
on 755 acres removed about 2 million bd. ft. of
sawlogs.

This paper will cover only the uneven-aged
intensive group selection silvicultural manage-
ment method with data up to 20 years and slides



taken 40 years after start of management in 1948,
This includes 21 compartments, 13 on coves and
northerly slopes and 8 on ridges and south
slopes. Because of ecological characteristics
and past. cutting history most stands on the
Kaskaskia were uneven-aged at the start of
management, as shown by actual inventory data.

TREATMENTS

It is essential that the actual treatments
as started in 1948 and continued thereafter be
understood. At present it is common for
foresters to use patch cutting and call it group
selection. In this study the following classes
of merchantable trees 11 inches d.b.h. and above
were marked to cut over the whole management
unit (compartment): financially mature but
otherwise sound and desirable, high risk trees,
and sound but low quality trees. Cull trees
(unmerchantable now or in the future) were
killed. All others, good growing stock, were
left, Trees (poles) 5 to 10 inches d.b.h. which
were potential good growing stock were left
unless too dense. Others were killed. We had
no markets for firewood or pulpwood. In this
operation close attention was paid to find
opportunities to create openings for new
regeneration. As shown later, minimum size
openings should be as wide as height of sur-
rounding trees. Opening sizes will range up to
one-half acre or even more on some poor areas.
Openings are easy to create on previously un-
managed and often high graded forests. This is
selection cutting based on tree and forest
characteristics and not mechanical in nature.
Financial maturity is based on some chosen
percent value return and on site quality. Our
mature trees ranged usually from 20 to 24
inches d.b.h. and good growing stock usually
made up at least 50 percent of the basal area.

Control was by complete inventory giving
volume and diameter distribution of the manage-
ment unit as a whole. This could be done by
sampling. Treatments were made in 5 to 6 year
and 10 to 12 year cycles. Some compartments
were cut three times. The ideal stand structure,
volume, and tree quality was approached gradually
and considerable flexibility was anticipated but
the goal of a continuous forest was always
maintained.

In intensive management time and money was
spent to kill ¢ulls and do release and weeding
as required. Thousands of cull trees were
killed. Openings for regeneration were cleared
of brushy competition if needed. For extensive
management no culls were killed and no improve-
ments made that involved costs. For example,
the commercial clearcut compartments had a high
residual of cull trees.

NATURE OF THE ORIGINAL FORESTS AND
EARLY RESPONSE TO MANAGEMENT

Early in the compartment study a complete
inventory had been made on 22 compartments
totaling 420 acres of unmanaged stands (Minckler
and Roach, 1955). About 18 percent of the pole
trees and 10 percent of the sawtimber-sized trees
were culls. The average sawtimber volume per
acre of merchantable trees was 4020 bd. ft.
(International 1/4-inch rule), and composition by
tree classes and size is shown in Table 1.

Table 1.--Volume per acre of unmanaged forests
on first 22 compartments treated; Xaskaskia
Exp. Forest

Sawtimber Sawtimber
11-17 inches 18 inches

Tree Class d.b.h. and larger Totals
Growing-stock’ 1625 460 2085
Mature and
sound low
quality 695 695 1335
Poor risk;
over-mature
and defective 245 355 600

Totals 2565 1455 4020

lNumber of trees per acre:
19 of 39 sawtimber trees were good growing
stock; 46 of 94 pole trees were good growing
stock.

The seven earliest cuts had a 600 bd. ft.
per acre improvement cut and all culls killed.
The average periodic annual net growth after
cutting was 272 bd. ft. per acre (Minckler,
1955). Some of this was in-growth from the
residual large poles (Minckler, 1957). Immediate
and rapid increase in diameter growth of white
oak occurred after release (Minckler, 1967)
except for suppressed trees with poor crowns.
Observation has shown that other species of oak
poles still vigorous and with good crowns also
responded to release.

Another early example of response to in-
tensive management and group selection in two
cuts (1952 and 1959) was the 2l-acre "poor" and
high graded woodland (Table 2). This shows
dramatically how correct application of eco-
logical knowledge can aid nature and increase
productivity. The net growth even during the
first 15 years was 128 bd. ft., culls had been
reduced to zero, and there was a sharp ingrowth
of saplings into pole sizes. Many openings were
made and these were soon filled with mixed oaks,



Table 2. Intensive group selection silviculture
on 2l-acre poor farm woodland demonstration

Intensive
improvement
and group
Original  selection
stand cutting, 1967
1952 1952, 1959 Inventory
~~~~~~~~~~ per acre ————m—m———
Sawtimber volume;
trees 11 inches
d.b.h. and
larger, bd. ft. 3048 1762 3190

Number of cull
trees 5 inches
d.b.h. and larger 67 67 0

Number of good

growing stock

trees 5-10 inches

d.b.h. 36 0 59

hickory, yellow poplar and other miscellaneous
timber species. By some standards this area
would have been clearcut in 1952. The 1988 slides
show a beautiful stand of poles and small saw-
timber.

EARLY REGENERATION AND GROWTH RESPONSE TO
INTENSIVE GROUP SELECTION SILVICULTURE

The earliest survey of reproduction in open-—
ings was made on 7 compartments of mixed hardwoods
(coves and northerly slopes) and 3 compartments of
oak hickory (ridges and south slopes) four years
after treatment (Minckler and Jensen, 1959).
Treatments removed 600 to 1200 bd. ft. per acre of
sawtimber plus killing 36 cull trees per acre.

On the 10 areas surveyed there was about 3000
desirable, well-distributed seedlings and seedling
sprouts per acre of openings on both sites. There
was an additional 3000 of miscellaneous timber and
pontimber species in small coves and about 1700 on
oak-hickory sites. Yellow poplar reproduced
poorly in thick litter and oaks and yellow poplar
had more new reproduction and faster growth in the
cut openings.

In 1971 with the cooperation and support of
the National Parks and Conservation Association,
Peter A. Twight, with the help of a forest tech~
nician, made a 100 percent inventory of two mixed
hardwood compartments totaling 38 acres and with
three cutting treatments between 1949 and 1971
(Twight and Minckler, 1972). I surveyed openings
for regeneration by milacre plots.

The original stand in 1949 averaged 5579 bd.
ft. per acre of merchantable trees 11 inches
d.b.h. and above. In the three cuts 3579 bd. ft.
were removed and the culls killed. In 1971 the
merchantable sawtimber stand was 5763 bd. ft. per
acre,

The stand data before and after management
are shown in Table 3. The net production on this
38 acres for 22 years after the beginning of
management was 171 bd. ft. per acre per year plus
elimination of all cull trees, improved stand
quality, and the establishment of new regeneration
in openings. Note that volume of oaks and yellow
poplar increased and that of hickory and miscel-
laneous species decreased.

The latest regeneration count was made on
this area in 1971 in 34 openings on the 38 acres
just discussed (Twight and Minckler, 1972). Open-
ings were made by treatment procedures for group
selection already discussed. The results show a
diversity of species ranging in diameter (at 4.5

Table 3. Total numbers and board foot volume, 1949 and 1971, on 38 acres after 3 cuts totaling

136 M bd. ft. plus killing culls.l

1949 Hickory White Oak Red Oaks Yellow Poplar  Miscellaneous  Totals
Number of tree52 982 838 349 862 4,593
Board foot volume 40,090 26,340 89,220 40,000 17,020 - 211,670
Percent of trees 21 18 8 19 100
Percent volume 19 iz 19 8 100

1971 Hickory White Oak Red Oaks Yellow Poplar  Miscellaneous - Totals
Number of trees’ , 507 829 314 107 2,625
Board foot volume 22,192 33,687 114,725 42,240 3,280 219,124
Percent of trees : 19 32 12 : 4 100
Percent volume 10 15 21 2 100

1Taken'from Twight and Minckler, 1972.

2Trees 5 4inches d.b.h. and above.

3Trees 11 inches d.b.h. and above (International 1/4=1inch rule).



ft.) from less than one inch to four inches
(Table 4). The reproduction in these openings
had not been weeded but all openings were cleared
of overstory trees

REGENERATION RELATED TO OPENING SIZE

A regeneration study 10 years after cutting
in 100 group selection openings on 10 compart-
ments related regeneration to size of openings
(Minckler and Woerheide, 1965). Desirable
reproduction occurred on all sizes but composition
and size of saplings 10 feet and taller was
related to opening size and site (Table 5).

The larger opening sizes of 1% to 2 generally
had taller reproduction. Openings of less than
3/4 to 1- size are too small for successful
development of regeneration with the possible
exception of white oak. The amount of light in
group selection openings is highly correlated
with opening size (Minckler, Leon, 1961).

Observations of old openings show that crowns
of edge trees intermingle, and spacing between
edges tends to become normal. Epicormic sprouting
of leave edge trees did not occur except on trees
with low crown ratios, generally not left as good
growers.

SUMMARY

The one-fourth rotation active work before
termination could not fulfill all the original
objectives of the compartment study. But the 20
years of active research, plus the colored slides
taken in 1988 at half rotation, gave substantial
results on regeneration and stand growth from
intensive group selection silviculture up to 40
years.

The treatment of intensive group selection
and stand improvement cuts is described and

clarified. Regeneration in small cut openings of
1 to 2 sizedor larger was successful in species,
numbers, and growth. Patch cutting of larger
openings is usually not required or appropriate.
A continuous diversified forest is obtained which
can gradually be brought to the desired uneven-
aged stand structure by diameter distribution
control of the management unit. The treated
stands of good quality trees have a range of size
from saplings (in new openings) to poles and saw-
timber. Net volume growth during this management
period was good. Stands at half-rotation (1988)
are well-stocked and of high quality, as shown by
photographs, as no further inventories have been
taken since 1968 with one exception, 1971. New
inventories of the 38 compartments at half rota-
tion (about 1988 - 1990) would add vital informa-
tion, and with the cost data already obtained,
allow conclusions on the cost results if markets
for pulpwood and firewood were now available.

Finally, on eastern mixed hardwood forests
the choice is not always "rehabilitate or
regenerate’ but often rehabilitate and regenerate.
This choice should also be based on owner's or
public desires and needs. Foresters have
flexible aciions which are ecologically sound.
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Table 5. Total amount of reproduction 10 feet and taller under canopy and in 100 openings of dif-
ferent sizes 10 years after cutting in 10 compartments

Coves and Northerly Slopes

. .1
Opening size
Species Under canopy 1/4 and 1/2 3/4 and 1 1-1/2 and 2

----------- Number per acre
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Total desirable 425 650 1,280 1,215
Miscellaneous undesirable 100 130 450 630
Miscellaneous shrubs 360 600 1,240 950

Total undesirable 460 ~. 730 1,690 1,580

Southerly Slopes

Yellow-poplar 0 0 0 0
White oak 140 120 235 400
Black and red oaks 10 15 120 130
Hickory 110 210 300 365
Miscellaneous desirable 0 0 - 0 0

Total desirable 260 355 655 895
Miscellaneous undesirable 25 55 80 100
Miscellaneous shrubs 50 110 340 300

Total undesirable 75 165 420 400

lDiameter of opening related to height of surrounding trees. Thus, if width of opening is
twice the surrounding tree height it is a 2-sized opening.
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THE EFFECT OF SITE AND AGE ON TREE REGENERATION
IN YOUNG UPLAND HARDWOOD CLEARCUTS!

David W. George and Burnell C. Fischer?

ABSTRACT.--The objective of this paper was to determine
the distribution of dominant-codominant and dominant plot
tree (DPT) regeneration across site and age variables on 74
clearcuts from 5 to 17 years on the Hoosier National Forest.
Data was collected on 1801, 0.0l acre regeneration plots.
Multivariate and univariate analyses of variance were used to
determine if transformed aspect, slope position and clearcut
age were significantly related to transformed percent dominant-
codominant regeneration. The dominant-codominant regeneration
was dominated by miscellaneous noncommercial species, sassafras
and yellow-poplar. The DPT regeneration classified as post
harvest regeneration was dominated by yellow-poplar, black
cherry and red and black oak species. Black cherry followed by
yvellow-poplar and red and American elm were the most frequently
occurring species in the DPT observations classified as advance
regeneration. Species composition was significantly related to
clearcut age and site variables.

INTRODUCTION

Clearcutting on the Hoosier National Forest
(HNF) has been the harvesting alternative used by
the United States Forest Service (USFS) for
approximately twenty years. The decision to use
clearcutting on the HNF was based on USFS
research, completed in the 1950's and early
1960's, and summarized by Roach and Gingrich
(19683. This research indicated that if a high
priority management objective was to produce high
value timber products in a relatively short time,
then clearcutting was the most efficient :
alternative to regenerate most upland hardwood
“types (Sander and Clark 1971,

Roach and Gingrich 1968).

Some foresters and environmental groups have
raised concerns that clearcutting is detrimental
to the forest. In particular environmental groups
suggest that there is a change in species

1 Paper presented.at the Seventh Central Hardwood-
Forest Conference, Southern Illinois University,
Carbondale, Ill., March 6-8, 1989, '

2 anjeétkAssistant in Silviculture, School of
Forestry, The Pennsylvania State University,

- University Park, Penn. and Professor of Forestry, -

Department of Forestry and Natural Resources,
Purdue University, West Lafayette, Ind.

composition from oak dominated stands to a more
mixed hardwood regeneration following clear-
cutting. The frequency and distribution of
regeneration following clearcutting across the
array of sites on the HNF is not known and the
need for further research in the area of
identified in the Hoosier National Forest Land
Resource Management Plan (USFS 1986). The
specific concern is that foresters cannot predict
or control the amount of oak regeneration which
will occur following a regeneration harvest. In
anticipation of these concerns over clearcutting,
Purdue University's Department of Forestry and
Natural Resources was contracted by the USFS to

~evaluate the regeneration of clearcut stands on

the Hoosier National Forest (Wayne-Hoosier
National Forest, Contract No. 53-52B1-5-01086).

The failure of oak to regenerate successf
after harvesting, especially on more productive
sites, is not unique to clearcutting on the
Hoosier National Forest (Standiford and Fischer
1980, Heiligmann et. al. 1985, Crow 1988). It
appears- that regardless of the even-aged
management harvesting alternative used, the
reproduction of oak follows the trend of little or
no reproduction on excellent sites, an occasional
occurrence on good sites and moderately plentiful
on poorer sites (Trimble and Hart 1961). Mills
et ‘al. (1987) compiled a comprehensive literature
review of upland hardwood silviculture with a
section especially applicable to the HNF. The
reason that current stands on the HNF are




dominated by ocak is not well understood. They
concluded that any harvesting activity will reduce
the oak component of the future forest with oak
regeneration only dominating on poor sites. On
better sites they suggest oak will not be a major
component of the regeneration and other species
will dominate.

Competition among woody stems in young
clearcuts is intense with only those trees that
can obtain and maintain a dominant crown position
surviving to form the overstory of the next forest
stand. Once a tree in a young clearcut stand
obtains a dominant crown position it has the
greatest probability of surviving and maintaining
its dominance (Bicknell 1982). Therefore, a
seedlings past height growth increment and present
crown position are the most significant variables
to consider when predicting which seedlings will
successfully reach or maintain a dominant crown
position (Walters 1963).

This study uses subsets of an empirical data
base of 1801, 0.01 acre plots distributed across
74 clearcuts, 5 to 17 years of age on the Hoosier
National Forest (Fischer 1987). The purpose of
this study was to relate site quality and clearcut
age to species composition on the HNF. Specific
objectives were to determine the distribution of
the dominant-codominant and dominant plot tree
species composition in young stands resulting from
clearcutting by age and site quality. Dominant-
codominant trees were defined as trees with crowns
which form the main canopy. Dominant plot trees
were the individual tree on each plot with a crown
above the main canopy and currently expressing the
most height dominance.

STUDY SITES

Clearcuts of mature, upland hardwood stands
made prior to 1981 on the Pleasant Run and Lost
River Management Units of the USFS Brownstown R.D.
and prior to 1982 on the Little Africa and Tell
City Units of the USFS Tell City R.D. were
identified from HNF office records. Clearcuts
made in pine stands and/or tornado damaged stands
were not considered representative of mature,
upland central hardwood stands and were dropped
from further consideration. ;

Homoya et. al. (1985) has described the
natural regions of Indiana. The Pleasant Run
Management Unit (Figure 1) is located in the Brown
County Hills Section of the Highland Rim Natural
Region. The region is unglaciated with well
drained acid silt loam soils of the Berks-
Gilpin-Weikert association. The natural vegetation
is primarily oak-hickory on the uplands with
chestnut oak dominating the overstory of the ridge
tops and a thick layer of greenbriar in the
understory. The ravines of the Brown County Hills
Section contain mesic species such as ‘American
beech, red oak, sugar maple and white ash.
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The three remaining units of the HNF, the
Lost River, Little Africa and Tell City,
Management Units are located in the Crawford
Upland and Escarpment Sections of the Shawnee
Hills Natural Region. The Crawford Uplands
Section's most distinguishing feature is the
rugged hills with sandstone cliffs and rockhouses.
The major soil association in this section is
Wellston-Zanesville-Berks which are well drained
acid silt loams. The forest vegetation on the
upland slopes are black, chestnut, scarlet and
white oaks, and various hickories. The coves
contain a mixed mesophytic association represented
by species such as American beech, sugar maple,
white oak, yellow-poplar and black walnut.
Portions of the Lost River and Little Africa
Management Units are in the Escarpment Section.
The major differences between the Escarpment and
Crawford Upland Sections is that the Escarpment
section does not contain sandstone cliffs and
rockhouses, and post oak along with black oak
tends to replace chestnut oak on dry sites. Also,
some of the cove species that are found in the
Crawford Upland Section are not present in the
Escarpment Section.

METHODS

Two hundred twenty-five clearcuts with
complete records that included age, acreage,
location and sale sawtimber volume by HNF species
group were identified as "qualifying" for field
sampling. Seventy-four clearcuts representing a
distribution of ages and sites were sampled. A
systemic distribution of equi-spaced plots (Husch
et. al. 1982) was determined to best represent the
irregularly shaped clearcuts on the HNF. Sample
plot size was 0.01 acre. The distance between
plots was determined to be 3.16 chains using a
formula from Husch et. al. (1982) where the
sampling intensity was 1 percent and plot size was
0.01 acre. The initial point to begin the
inventory on each clearcut was determined from
topographical maps to ensure all available site
characteristics were equally likely to be included
in the inventory. Plots overlapping the boundary
of the clearcut were not included in the sample.

A total of 1801 plots were sampled.

Plot data collection was divided into three
sections. Section 1 was the collection of the
site variables of aspect and slope position (fig.
1). Aspect was the plot center's azimuth to the
nearest 10°. Section 2 consisted of a tree tally
for each woody stem greater than or equal to 4.5
feet in height, within the boundary of the plot,
by species, crown class and origin. Crown
classification was an ocular estimate of crown
position. Dominants had crowns above the main
canopy, codominants had crowns as part of the main
canopy and suppressed trees had crowns under the
main canopy. Trees classified as seedlings
originated from seed, seedling sprouts originated
as sprouts from roots or seedlings, and stump
sprouts originated from cut stumps. Section 3 was



a more detailed survey of the dominant plot tree
in the tree tally section. The DPT was defined as
the individual tree on the plot which was
currently expressing the most height dominance.

If two or more trees were equal in dominance the
tree nearest the plot center was chosen. Dominant
plot trees were restricted to species which had
the potential to reach the main canopy at rotation
age (approximately 80 years) thus miscellaneous
noncommercial species were excluded. If a plot
was dominated by wild grapevines or contained a
large residual tree, no DPT was recorded for that
plot. The DPT data included: Species, DBH - to
the nearest tenth of an inch, Tree Height - to the
nearest two feet, Origin - as defined in the tree
tally section, Stump Age (one foot above the
ground) and DBH Age. An increment borer was used
to obtain a core for stump age within one foot of
the ground and 4.5 feet in height for the DBH age.
Growth rings were counted in the field and the
observed age recorded.

Slope Position Code Topographic Position

1 Bottom of Slope
2 Bench
3 Mid-Slope
4 Break from ridge top
5 Ridge top
Figure 1. From Bowersox and Ward, 1972; Slope

position code numbers for typical
topography of the ridge and valley
region of Pennsylvania.

ANALYSIS

Univariate and multivariate analyses of
variance were used to test for significant
differences between the distribution of species
across site and age factors. Univariate analysis
was used to test for differences between the means
of a single variable across site or age variables,
whereas multivariate analysis of variance uses a
vector of means to test for significant
differences across sites and/or ages (Morrison
1976).  The model for the univariate analysis
tests for the effect of site/age variables
separately on each species. The multivariate
analysis of variance model was used when all
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species were designated as dependent variables and
site/age variables were used as independent
variables. Wilks' lambda was used as the
multivariate test. The Wilks' lambda test uses
the determinant of two matrices, which had an
approximate F statistic distribution, to test for
a significant difference between the vector of
means of the dependent variables {SAS Institute
1985).

The analyses and subsequent results of this
study are from a more extensive investigation of
variables which were found to be related to the
species composition of young clearcuts on the HNF
(Fischer 1987). For consistency with Fischer's
study, and since the dominant-codominant
regeneration best indicates the species that have
become established and will dominate on each plot,
the suppressed trees were not included in the
analyses. Also, Fischer (1987) concluded that the
similarities between the Shawnee Hills and the
Highland Rim Natural Regions exceeded the
differences and would allow for the analysis of
the data from the plots on the four management
units to be combined.

For statistical analysis of the aspect
variable the aspect azimuth for each plot was
transformed to a scale using the Beers et. al.
(1966) aspect transformation procedure:

A' = Cos. (45 - A) +1
where
A' = transformed aspect value,
Cos. = cosine,
and A = observed azimuth.

This transformation assumes that azimuth 45°
(northeast) is the most favorable aspect for tree
growth.

To obtain a more balanced distribution of
plots by slope position and for comparisons with
other central hardwood regeneration studies (Hilt
1985, Heiligmann et. al. 1985), the five slope
positions (fig. 1) were reduced to three. Slope
positions 1 and 2, bottom and bench slope
positions, were combined into a "lower slope
position" (251 plots). The "mid~slope position,"
position 3, was left intact (1101 plots). Slope
positions 4 and 5, a break just over a ridge -
ridge top slope positions, were combined int
"upper slope position" (449 plots). :

The distribution of plots into single year
age classes for the clearcut stands inventoried
showed an unequal distribution. To obtain a more
even distribution of plots with respect to age,
plots ‘were divided into four age-class categories:
5-7, 8=11, 12-14, and 15-17 years of age. With
the four age groups there are 504 plots in the 5-7
years of age group, 391 plots in the 8-11 age
group, 504 plots in the 12-14 age group and 402
plots in the 15-17 years of age group.



Fifteen species/species groups (the term

“species" will be used here after to refer to
species/species groups) were stratified across
aspect codes, slope positions and age groups. The
fifteen species are: (1) white oak (white and
chinkapin oaks), (2) northern red and black oak,
(3) other oak (chestnut, scarlet, pin and post
oaks), (4) yellow-poplar, (5) black cherry, (6)
black walnut, (7) white ash, (8) hickory
(bitternut, mockernut, pignut and shagbark
hickories), (9) soft maple (red and silver maples,
and boxelder), (10) sugar maple, (11) red and
American elms, (12) sassafras, (13) aspen, (14)
other commercial hardwoods (basswood, butternut,
blackgum, sweetgum, hackberry, locusts and
sycamore) and (15) miscellaneous noncommercial
(bluebeech, redbud, devil's walking stick,
dogwood, hawthorn, ironwood and pawpaw) .

RESULTS
Dominant-Codominant Regeneration

For the analysis of the dominant-codominant
regeneration importance values were derived by:

vy = (((Dy/D) + (F;/F)) / 2)* 100

where
i=1,12
IV; = species importance value,
D; = density of a species,
D = sum of densities,
F; = frequency of a species,
and F = sum of frequencies.

The importance value is an "indication of the
vegetational importance of a species within the
stand" (Curtis and McIntosh 1951). The importance
value formula compensates for species which tend
to be clumpy and whose presence is then over
emphasized when only percentage values are used as
a measure of dominance.

The ranking of importance values are:
miscellaneous species followed by sassafras and
yellow-poplar (table 1). Together these three
species have an importance value of 49.9.
Surprisingly, the fourth highest ranking species
was sugar maple. The combined importance value
for the three oak species is 10.2. The other oak
(primarily chestnut oak) and black walnut species
were the least important of the fifteen species.

Multivariate and univariate analysis of
variance using Wilks' lambda and an F statistic
(all statistical tests were at the 0.05 level)
were used to determine the effect of transformed
aspect, slope position and age on the percentage
of dominant-codominant trees in a given species.
For this analysis the percent of each species on a
plot was transformed by the formula: :

Table 1.--Density, and frequency of occurrence on
1801, 0.01 acre plots and importance values
(I.V.) for dominant-codominant regeneration
by species on the Hoosier National Forest

clearcuts.

Species Density Frequency I.V.
white oak 599 308 2.9
red and black oak 1361 539 5.6
other oak 536 127 1.7
yellow-poplar 4010 954 12.6
black cherry 1425 678 6.6
black walnut 48 30 0.3
white ash 1514 570 6.1
hickory 374 215 2.0
soft maple 1187 314 3.9
sugar maple 2304 719 8.3
red and Am. elm 1610 498 5.8
sassafras 4591 991 13.8
aspen 6261 171 2.1
other hardwoods 1108 441 4.6
miscellaneous 9115 1348 23.5
Total 30408 7903 100.0

TP; = ARCSIN % SPPy
where
i=1,12
TP; = transformed percent by species,
and 7 sppy = percent dominant-codominant

species on each plot.

The results shown in table 2 reveal that the
overall effect of the interaction was significant.
Since the three factor interaction of aspect,
slope position and clearcut age was significant
for all species except black walnut, the effect of
the main factors and two-way interactions (not
shown in table 2) are not clear. However, slope

_position appears to be the most important main

factor. The two-way interaction of slope position
and clearcut age was significant for black walnut
indicating that slope position and age
interactively effect the distribution of black
walnut while aspect did not.

Dominant Plot Tree

For the analysis of the dominant plot trees
(DPT) data the species were reduced to 12 instead
of the fifteen species used in the dominant-
codominant analysis. The adjustments to the
species categories were: a) to combine the black
walnut and white ash species, b) to combine the
hickory species with the other commercial
hardwoods, and c¢) to exclude the miscellaneous
species (see methods). Also, time constraints



necessitated a reduction in the sampling intensity
of the DPT age on the Tell City Ranger District.
On this district the age of the DPT was obtained
only on every fifth plot. All other data on the
DPT were collected on these plots. This reduction
in sampling intensity accounted for 440 of the
1801 plots.” These plots were removed from the DPT
data base. Also, 39 plots did not have a DPT thus
the DPT data base has 1322 plots.

Since the above ground age, at one foot, of
each DPT was collected it was possible to
determine which trees were advance regeneration.
For this study advance regeneration was defined as
any DPT that had an age at one foot which was
three years or greater than the overall clearcut
age. This age was chosen since most HNF cutting
contracts ranged over a two or three year period.
The observations which were determined to be
advance regeneration were sorted into a separate
data base. The data base without the advance
regeneration (hereafter referred to as "post
harvest regeneration') consists of 1071
observations while the advance regeneration data
base has 251 observations. Since there was not
any attempt to age DPT below stump height (one
foot), it is possible that some of the
observations that were classified as post harvest

Table 2.~-Significance of F test by species and
Wilk's lambda for the overall effect by
aspect, slope position (sl. pos.), age and
the three-factor interaction on transformed
percentage of dominant-codominant

regeneration.
Species Aspect Sl1. Age Aspect x
pos. sl. pos. x
) age
white oak %1 ns * *
red and black oak * % ns *
other oak * * * *
yellow-poplar % ns %* *
black cherry ns? % * *
black walnut ns * ns ns
white ash ns % * *
hickory % ns ns e
soft maple ns * ns *
sugar maple . ns * ns *
red and Am. elm * % * *
sassafras ns % ns %*
aspen ns * ns *
other hardwoods ns * * %*
miscellaneous ns ns * *
Overall effect =~ * * * *

Le - sigﬁificant at the 0.05 level
ns - not significant

regeneration could be advance regeneration. The
origin of these misclassified observations could
be from trees that had died back or were broken
off during the logging operation and then
resprouted below one foot after harvest.

The seedling and seedling sprouts origin
categories were combined because of the difficulty
in distinguishing between the two classifications,
especially after a clearcut was ten years of age.
Also, since there could only be one DPT per plot,
importance values are not possible on a plot
basis, therefore, percent values were used.

Post Harvest Regeneration

In table 3 it is evident that yellow-poplar
is the dominate species in the post harvest
regeneration category. Red and black oak and
black cherry are the second and third highest
percent species followed by aspen and sassafras.
The three oak species together make up 18.8
percent of the DPT post harvest regeneration. The
results suggest that the species composition is
currently dominated by shade intolerants with the
rest of the species relegated to a subordinate
role in clearcuts 5 to 17 years of age.

The origin of the species shows that
yellow-poplar, black cherry, red and American elm
and sassafras trees were primarily from
seedling/seedling sprouts. All of the aspen were
from seedling/seedling sprouts. The white oak,
and red and black oak species are almost equally
split between seedling/seedling sprout and stump
sprouts. The other oak species had the highest
percent of stump sprouts at approximately 67
percent.

Advance Regeneration

The 251 observations which were identified as
advance regeneration were analyzed in the same
format as the post harvest regeneration data to
allow for comparisons between the results of both
data bases. For these data black cherry is
dominant followed by yellow-poplar (table 4). The
percentages of black cherry and yellow-poplar in
the advance regeneration (table 4) have almost
been reversed from the post harvest regeneration
data (table 3). The percent red and black oak is
much lower for advance regeneration than post
harvest regeneration. The three oak species make
up 12.2% of the DPT advance regeneration.

The average percent of seedling/seedling
sprouts and stump sprouts are approximately equal
from one data base to the other (tables 3 and 4).
As in the post harvest data all of the aspen
observations are from seedling/seedling sprout
origin. However, in contrast to the post harvest
data where the majority of the sugar maple
observations are from stump sprout origin all of
the observations in the advance regeneration data
are from seedling/seedling sprout origin.

™



Table 3.--Percent of dominant plot trees by
species group and percent by origin of each
species for observations classified as post
harvest regeneration. (n = 1071)

Percent by origin

Species Percent Seedling/ Stump
seedling sprout
sprout

white oak 2.7 55.2 44.8
red and black oak 11.6 46.3 53.8
other oak 4.5 33.3 66.7
yellow-poplar 37.7 88.3 11.7
black cherry 10.7 93.9 6.1
walnut and ash 4.7 61.4 38.6
soft maple 3.0 56.3 43.7
sugar maple 1.5 43.8 56.2
red and Am. elm 5.9 85.7 14.3
sassafras 7.0 86.5 13.5
aspen 8.2 100.0 0.0
other hardwoods 3.0 59.4 40.6
Average 77.6 22.4

DISCUSSION AND CONCLUSIONS

The species composition of the dominant-
codominant regeneration in clearcuts 5-17 years of
age on the Hoosier National Forest is dominated by
intolerant species such as sassafras and yellow-
poplar as well as many miscellaneous noncommercial
species. These results are consistent with other
authors' conclusions from similar studies
(Standiford and Fischer 1980, Beck and Hooper
1986, Hilt 1985).

Hilt (1985) used multivariate and univariate
analysis of variance to test for the effect of
site and age on five species groups. He found the
overall effect of age, site and the interaction of
age and site significant at the 0.05 level.

Hilt's univariate results for the effect of age,
site and the interaction of age and site for oaks,
yellow-poplar, maples, other commercial hardwoods
and noncommercial hardwoods were that age was only
significant for noncommercial species, while site
was significant for the oaks and other commercial
species. The interaction of site and age was only
significant for the oak species.

A direct comparison between Hilt's results
and the results reported here is not possible
because Hilt used site index for a measure of site
quality, while the site variables used in this
study were aspect and slope position. Also, Hilt
chose to group species into far fewer classes. In
our results the significance of the aspect, slope

Table 4.--Percent of dominant plot trees by
species group and percent by origin for each
species for observations classified as
advance regeneration. (n = 251)

Percent by origin

Species Percent Seedling/ Stump
seedling  sprout
sprout

white oak 5.6 78.6 21.4
red and black oak 4.4 63.6 36.4
other oak 2.8 57.1 42.9
yellow-poplar 14.8 73.7 26.3
black cherry 31.6 88.6 11.4
walnut and ash 5.2 84.6 15.4
soft maple 5.6 50.0 50.0
sugar maple 6.8 100.0 0.0
red and Am. elm 8.4 95.0 5.0
sassafras 6.4 62.5 37.5
aspen 1.6 100.0 0.0
other hardwoods 6.4 71.6 29.4
Average 80.0 20.0

position and age interaction precludes any attempt
to separate the effects of any other the main
factors, except for black walnut. The difference
results in the two studies may be because Hilt
only inventoried stands with at least 60 percent
oak sawtimber volume before harvest, while in the
HNF study the percent of preharvest oak sawtimber
volume averaged only 54 percent (Fischer 1987).

Two conclusions can be made about the species
composition of the dominant-codominant
regeneration on the HNF. First, since the overall
effect was significant (table 2), the species
composition of the young clearcuts differs across
sites and age. Secondly, no one single factor of
aspect, slope position or age can be solely
contributed to changes in species composition.
These conclusions verify why simplistie, single
factor prediction models have not succeeded in
aiding foresters to predict regeneration response
to clearcutting in the upland central hardwoods.

The dominant plot tree (DPT) represents the
tree on each plot that will most likely survive
and dominate a plot over time (Bicknell 1982,
Fischer 1987). Overall, 81 percent of the DPT
observations were classified as post harvest
regeneration and only 19 percent as advance
regeneration. The order of dominance by species
for the post harvest DPT is yellow-poplar followed
by red and black oak, and black cherry. In the
advance regeneration data black cherry is dominant
followed by yellow-poplar and red and American
elm. The most obvious difference between the
species composition of the post harvest
regeneration and advance regeneration data base
are the changes in percentages of yellow-poplar



and black cherry. Also, oaks were a higher
percentage of the post harvest regeneration than
the advance regeneration.

A comparison of the dominant-codominant to the
post harvest DPT regeneration reveals that DPT
‘regeneration is more dominated by yellow-poplar
and oaks (tables 1 and 3). When comparing
dominant-codominant to advance DPT regeneration,
the DPT regeneration is more dominated by black
cherry (tables 1 and 4). Interestingly, while
sassafras has the second highest importance value
(13.8) for dominant-codominant regeneration its
percentage of dominant plot trees is only 7.0 and
6.4 for post harvest and advance regeneration.

Obviously, these differences in composition
between dominant-codominant and DPT are partially
the result of not recording miscellaneous species
as DPT. However, this difference is also the
expression of height domination by species which
are emerging above the canopy. As Hilt (1985)
suggests in addition to yellow-poplar other
species such as black cherry, aspen and white ash
indicate the same trend of expressing early height
dominance. If the species composition of the DPT
regeneration is indeed the better indicator of the
future composition as suggested by Bicknell
(1982), then several conclusions can be made.
First, the next forest will have a large component
of yellow-poplar and black cherry. Secondly,
although the next forest will apparently have a
smaller component of oak than the harvested stands
(Fischer 1987), the situation is not hopeless.
Based on DPT the oak species will make up
approximately seventeen percent of the stems in
the next forest instead of the ten percent
predicted if percent dominant- codominant stems is
used as an indicator.

Finally, several questions on the long-term
development trends of these HNF clearcuts remain
unanswered. One question that seems to persist is
whether, after clearcutting, mesic site species
have extended their range on to sites that may not
support them in times of stress (Leopold and
Parker 1985). Hilt (1985b) noted high mortality
of yellow-poplar following drought years in 20+
year-old stands resulting from clearcutting on
poor and medium sites in southeast Ohio. Fischer
(1987) found that preharvest yellow-poplar saw-
timber volumes only averaged seven percent of the
total on these HNF clearcuts. Current levels in
the dominant-codominant and DPT regeneration are
two to five times higher. Also, Fischer (1987)
observed that extensive 0.5 to 1 acre patches of
aspen and black locust occur on some HNF clear-
cuts. Since these species do not generally
persist over the entire length of a rotation
(80-120 years), it is unclear what species will be
present in these patches at rotation age.
Obviously long term data from permanent plots
would go far in answering many of the questions
that remain about the dynamic process of species
composition in upland hardwood clearcut stands.
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EFFECTS OF UNDERSTORY REMOVAL IN THINNED

1

UPLAND OAK STANDS -- 22-YEAR RESULTS

Donald E., Hilt, David L. Sonderman, and Everette D. Rast2

Abstract.--Dense understory develops in thinned upland
oak stands and potentially competes with overstory trees for
moisture and nutrients. To test this hypothesis, we examined
the 22-year results of six plots in a 52-year-old stand
thinned to 60 percent of normal stocking in 1963. The
understory trees on three of the plots were removed by
cutting and spraying with an herbicide. After 22 growing
seasons, understory trees were larger and taller on the
untreated plots. Understory removal treatments altered the
species composition of the understory but did not prevent its
reestablishment. Growth of overstory trees was not increased

by removing the understory.

Understory removal is not

recommended as a viable management alternative to increase

the growth of overstory trees.

INTRODUCTION

When an even-aged upland oak stand is thinned
to 60 percent or lower relative stand densities, a
dense understory often develops in response to the
increased sunlight. The understory originates from
(1) advanced regeneration, (2) sprouting from
stumps of recently-cut trees and advanced
regeneration damaged in logging, and (3) seedlings
that develop from dormant seeds in the litter and
seeds that are newly deposited in the exposed
mineral soil. As this understory develops, it may
compete with the overstory for moisture and
nutrients. We do not know the long-term effects of
this understory on the growth of the residual
trees, or if the effects are great enough to
influence forest management.,

The data analyzed in this report were from a
study established in a 52-year-old, even-aged,
upland oak stand in southeastern Ohio in 1963.
Ten-year results were reported by Dale (1975). No
significant effects due to understory removal were
evident at that time. However, the effects of
silvicultural treatments sometimes change over
time. After 22 years, the thinned stands in this

1Paper presented at the Seventh Central
Hardwood Forest Conference held.at Carbondale,
Illinois on March 5-8, 1989,

) 2Research Foresters, United States
Department of Agriculture, Forest Service,
Northeastern Forest Experiment Station, 359 Main
Road, Delaware, Ohio 43015.

study have now closed, and the effects of
understory removal on the growth of residual trees
can be considered conclusive. The long-term
results also provide valuable information on the
growth and yield of thinned upland oak stands, as
well as on the species composition, quantity, and
size of the understory that develops.

THE STUDY

Six 0.25-acre plots were established in a
52-year-old, fully-stocked, even-aged, upland osk
stand in southeastern Ohio in 1963. A randomized
block design with two plots in each of three blocks
was used. Site index was uniform across all plots,
and averaged 73 feet according to Schnur's (1937)
site index curves. Species composition was typical
for an upland oak stand of this age and
site--primarily scarlet oak, black oak, and
chestnut oak, with some white oak, and a few
hickory and yellow-poplar trees (Little 1979).

All six plots were thinned to the 60-percent
stocking level according to the tree-area-ratio
equation (Gingrich 1967). This stocking level was
selected because it (1) opens the crown canopy
enough to allow adequate light for understory
development, and (2) was thought to be about the
lowest level of stocking for full site
utilization. = The major consideration during
thinning was to leave the specified stocking level




distributed on the best trees as evenly spaced as
possible throughout the plot. Within this
framework, noncommercial species such as dogwood,
sourwood, sassafrass, and blackgum, commercial
species in the lower crown classes, and larger
trees with stem deformities (forks, crook, and
sweep) were removed first. Some of these less
desirable trees had to be left to achieve uniform
spacing.

After thinning, an understory removal treatment
was applied to one plot in each of the three
blocks. The understory was defined to be all trees
less than 2.6 inches dbh in 1963. Treatment
consisted of two phases: (1) all stems less than
2.6 inches were removed by cutting immediately
after thinning, and (2) any resprouting that
occurred was killed the following spring by mist
blowing each plot with 2, 4, 5-T in a solution of
40 1bs (AI)/gal of No. 2 diesel fuel., Misting
killed the sprouts without damage to the overstory
trees. The understory was not removed on the
corresponding untreated plots in each block. An
isolation strip 30 feet wide surrounded each plot
and received the same treatment as the plot.

All residual overstory trees greater than or
equal to 2.6 inches dbh were numbered for
remeasurement so that future mortality and ingrowth
could be determined. Dbh was measured initially
and at various yearly intervals on these trees
through 1985. The total number of overstory trees
and their respective basal areas per acre were
nearly identical for the untreated and treated
plots after thinning in 1963 (table 1). Species
composition varied slightly with untreated plots
having more white oaks and the treated plots having
more chestnut oaks.

Understory trees were numbered and measured
accordingly as they grew larger than the 2.6-inch
diameter limit. In 1985, we also recorded the
species and dbh of all trees taller than 4.5 feet
(but less than 2.6 inches in diameter) to gain more
ingight on the development of the understory.
Heights of these smaller trees and any trees that
grew larger than 2.6 inches were measured with a
telescoping pole.

Table 1.--Number end basal area (BA) of overstory trees following thinning for
plots with untreated and treated understories.

1985
Number BA

Species 1963
Number BA

3
<
3

c Fcz ac No/ac th ac
UNTREATED

White oak 30.7 8.5 25.3 11.9
Black oak 48.0 19.3 37.3 30.1
Scarlet oak 85.3 37.3 68.0 62.0
Chestnut oak 5.3 2.5 - -
Yellow-poplar 2.7 1 ‘]; 1.3 1.3
Hickory 2.7 0. 2. 0.8
Total 174.7 89.1 134, 106.1
TREATED
White oak 12.0 2.6 9.3 3.2
Black oak 44,0 18.8 38.7 32.7
Scarlet osk 72.0 33.6 50.7 45.5
Chestnut oak ‘lé.} 11.7 23.3 15.3
Yellow-poplar .0 2.0 .0 3.5
Total 177.3 68.7 136.0 100.2
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Overstory trees were graded in 1985 using the
provisional grade specifications for hardwood
growing-stock trees (Boyce and Carpenter 1968) .
This grading system applies to pole-size stands
because all trees larger than 7.0 inches dbh with a
potential 12-foot butt log are assigned a grade.
Grades are based on the probability of the tree
yielding a Grade 1, 2, or 3 butt log when it
reaches 16 inches dbh. Below-grade trees were
classified as Grade 4.

RESULTS
Understory Development

Consgiderable understory developed in both the
untreated and treated plots (table 2)., The
difference in the total number of trees per acre,

1428 for the untreated plots and 1447 for the
treated plots, was not significantly different
(p>0.05). However, basal areas per acre were
significantly different (p>0.05), averaging 11.70
and 7.31 square feet for the untreated and treated
plots, respectively. Given that the number of
understory trees per acre was the same, the
difference in basal areas can be attributed to the
presence of larger understory trees on the
untreated plots. Average dbh was always gredater on
the untreated plots, regardless of species

(table 2). A graph of the number of trees in each
0.5-inch dbh class clearly illustrates the presence
of larger trees on the untreated plots (fig. 1).
The two distributions were significantly different
(p>0.05) based on a chi-square test for equality.
We conclude that the effect of understory removal
was to delay the development of understory growth;
however, it did not prevent the reestablishment of
the understory.

Understory removal treatments substantially
altered understory species composition (table 2).
There was a major increase in the amount of
sassafras on the treated plots. Sassafras is a
prolific seeder that established itself quickly on
disturbed soil. Sassafras, and to a lesser degree,
sourwood and yellow-poplar, seemed to replace
blackgum and dogwood, both of which were present in
greater numbers on the untreated plots. The
difference in the number of commercial ‘trees per
acre was not significant (p>0.05), averaging 243
and 264 for the untreated and treated plots,
respectively.

Heights of understory trees tabulated by 5-foot
height classes clearly indicate the presence of
taller trees on the untreated plots (table 3).
Nineteen percent of the trees on the untreated
plots were taller than 15 feet, compared to only 11
percent on the treated plots.

Overstory Development

The number of overstory trees per acre in 1985



Table 2.--Number, basal area (BA), and average DBH of understory trees in
1985, 22 years after thinning, for plots with untreated and
treated understories. -

Untreated Treated
Species Number BA Dbh Number BA

Commercial No./ac thlac In. No./ac. Ft /ac I
Qaks 4y 0.4 1.2 40 14 0.7
Yellow-poplar 13 .39 1.8 48 12 G.5
Red maple 83 .86 1.1 93 46 0.2
Hickory 1/ 87 .70 1.0 52 10 e.5
Other commercial™ 16 .13 1.1 3 24 1.0
Total commercial 213 2.54 1.2 264 1.06 2.7
Noncommercial

Black gum 369 2.82 1.0 169 .61 0.7
Dogwood 667 4.17 0.9 496 1.53 0.6
Sourwood 48 1.42 2.1 124 2.45 1.7
Sassafras 2/ 89 0.63 1.0 352 1.59 0.8
Other noncommercial™ 12 L1l 0.9 4y .06 0.4
Total noncommercial 1128 9.16 1.2 1183 6.24 0.9
Overall Total 1428 11.70 1.2 1447 7.31 0.8

1Y White ash, American beech, basswood, sycemore, sugar maple.

2/ Hazelnut, serviceberry, red bud, Ohio buckeye, American chestnut, cucumber
tree.

TREATED et

500 UNTREATED =~ =~~~

300

100

NUMBER OF TREES PER ACRE

DBH CLASS (INCHES)

Figure 1--Diameter (dbh) distribution of understory
trees in 1985, 22 years after thinning.

Table 3.-- Number of understory trees per acre in each 5-foot height class in
1985, 22 years after thinning, for plots with untreated and
treated understories.

Height Untreated Treated
class

0-5 169 201
6-10 551 697
11-15 433 393
16-20 213 128
21-25 33 20
26-30 K 23 7
31-35 5 1
36-40 1 Q
Total 1428 1447

was nearly identical for untreated and treated
plots, averaging 134.6 for the untreated plots and
136.0 for the treated plots (table 1). Although
ending basal areas averaged 106.1 square feet for
the untreated plots and 100.2 square feet for the
treated plots, they were not significantly
different (table 4). The reason for the difference
ih basal areas is the increased mortality of
scarlet oak on the treated plots (fig. 2). Some of
the larger scarlet oaks began dying at age 67.
Since this increased mortality occurred nearly 15
years after thinning, we cannot attribute its cause
to the understory removal treatment.

Table 4.--Basal areas, basal area growth, and mortality of oversc9ry trees over
22 years for plots with untreated and treated understories.

Iten

(FtZ/Ac) Untreated Treated Difference significance®
Basal area 1963 69.1 68.7 0.4 N.S
Basal area 1?95 106.1 lggg gg :2

= 2.1 . . .
:::‘:ilﬁ;wth ?56 19.2 -3.6 N.S
Net growth 36.9 30.7 6.2 N.S

Y Growth rates computed for the 22-year study period are appropriately
termed accretion--they include growth on trees that later died.

*Significance level -- 0.05.

no

0o |

90

80

TREATED —

r UNTREATED - - - -

BASAL AREA PER ACRE (FT?)

60 " N . " " 1 s 1 L " L n

52 54 56 S8 60 62 64 66 €8 70 72 74

STAND AGE (YEARS)

Figure 2--Relationship between overstory basal
area and stand age for thinned
plots with untreated and treated
understories.

The slope of the lines between measurements in
Figure 2 indicates gross stand growth (survivor
growth). Gross basal area growth per acre was
nearly the same in the untreated and treated plots
for any measurement period, as indicated by the
parallel lines. Gross growth for the entire
22-year period was not significantly different
(p>0.05) for the treated and untreated plots
(table 4). Mortality and net growth were not
significantly different either (p>0.05). We
conclude that understory removal had no effect on
the stand growth of the overstory trees.

Diameter growth rates of the largest 40 trees
per acre are plotted for five measurement periods
in Figure 3. Comparisons of diameter growth rates
should be made on an equal number of crop trees per
acre (Adams and Chapman 1942; Smith 1962; Hilt
1979). The 40 largest trees per acre are
commensurate with the European standard of 100
trees per hectare. Diameter growth rates were not
significantly different (p>0.05) between the
untreated and treated plots for any of the
measurement. periods. Since growth rates were
slightly larger on the untreated plots, we conclude
that the understory removal had no effect on the
diameter growth of the larger trees.
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Figure 3--Periodic annual diameter growth rates
of the largest 40 trees per acre for
thinned plots with untreated and treated
understories.

It has been suggested that an abundant
understory shades the boles of the overstory trees
and increases the quality of the overstory trees
because of the early death of existing and
epicormic branches (Dale and Sonderman 1984).

Since the trees were not graded in 1963, we could
not analyze grade changes. However, provisional
tree grades in 1985 indicated no differences
between the untreated and treated plots (fig. 4).
The only trend was an increase in provisional grade
with increasing dbh. This trend was similar for
both the untreated and treated plots, and indicates
that the highest quality trees at age 74 were also
the largest trees.

CONCLUSIONS

A dense understory develops in upland oak
stands that are thinned to 60 percent and lower
relative stand densities. The untreated plots in
this study still had nearly 1,400 understory stems
per acre 22 years after thinning. This understory
could presumably compete with the overstory trees
for moisture and nutrients. A single understory
removal immediately after thinning failed to
prevent the reestablishment of the understory.

Some resprouting can be expected, and, additional
regeneration can be expected from the seed sources
in the litter that respond to the disturbed soil
and increased sunlight. Sassafras quickly
established itself on the treated plots in this
study. After 22 years, the understory trees on the
treated plots were smaller in diameter and shorter
than understory trees on untreated plots. However,
understory density in the treated and untreated
plots was the same with nearly 1,400 trees per
acre.

The one-time understory removal treatment did
not have any effect on the growth or quality of the
overstory trees. Gross basal area growth per acre,
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Figure 4--Average potential tree grades in 1985,
22 years after thinning, for trees in
thinned plots with untreated and treated
understories.

net growth, and mortality were not significantly
different between treated and untreated plots.
Diameter growth rates of the largest 40 trees per
acre were actually slightly larger on untreated
plots. Potential tree grades assigned after 22
years indicated no difference in tree quality due
to treatment.

It may be argued that understory removal in
this study did not affect overstory growth because
the understory reestablished itself and should have
been removed again. While this argument has some
merit, the high cost of herbicide treatments makes
repeated applications unprofitable. In our
opinion, if understory removal is to be practical,
it should be applied only once after each thinning.

Forest land managers should be aware of the
dense understory that develops after thinning.
However, we cannot recommend understory removal in
thinned stands as a viable management practice
because understory removal did not increase the
growth of overstory trees. Because of the negative
attitudes toward the use of herbicides, herbicide
use is appropriate only when a specific result is
desired, or under intensive management where
repeated applications are economically possible.
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CAUTION

This publication reports research involving
herbicides. It does not contain recommendations
for their use, nor does it imply that the uses
discussed here have been registered. All uses of
herbicides must be registered by appropriate State
and/or Federal agencies before they can be
recommended.

Herbicides can be injurious to humans, domestic
animals, desirable plants, and fish or other
wildlife--if they are not handled or applied
properly. Use all herbicides selectively and
carefully. Follow recommended practices for the
disposal of surplus herbicides and herbicide
containers.




EARLY THINNING CAN IMPROVE YOUR STAND OF

COPPICE-REGENERATED OAK.

K.E. Lowell, H.E. Garrett?, R.J. Mitchell

3

Abstract.--Data from a long-term study established in
a coppice-regenerated oak stand in the Missouri O0zarks

demonstrated that: 1)
identified as early as age 5,

superior stump sprouts can be

2) thinning of sprouting

clumps will significantly increase the diameter and volume
growth of selected sprouts, and 3) the advantages of early
thinning of clumps to single dominant sprouts remain
evident at age 30. A series of curves are presented that
provide a basis for making recommendations concerning the
early clump thinning of coppice-regenerated oak stands.

INTRODUCTION

Obtaining adequate oak reproduction in
even-aged upland hardwood forests is a wide-
spread problem in the Central Hardwoods Region
(Bowersox and Ward 1972, Sander et al. 1984).
As a result, advanced regeneration in harvested
oak stands is often considered to be the most
important component in stand regeneration.
Because oaks are prolific sprouters, many trees
originate from stumps, and often these large
seedling-sprouts grow rapidly (Johnson 1977,
1979, Zahner and Myers 1984).

Unfortunately, despite the importance of
these coppice-stems, little is known about the
long-term growth and development of coppice-
regeneration in oak stands or about the ef-
fect(s) of silvicultural treatment(s) on such
regeneration. Perhaps the best discussion of
these topics are two guides prepared by the
USDA Forest Service for advanced oak regen-
eration (Sander et al. 1976, Sander et al.
1984). However, due to data limitations
neither of these guides were able to discuss

1Paper presented at the Seventh Central
Hardwoods Conference, Carbondale, Illinois,
March 5-8, 1989.

2Assistant Professor and  Professor,
respectively, School of Forestry, Fisheries and
Wildlife, University of Missouri, 1-31 Ag-
riculture, Columbia, MO 65211.

3Assistant Professor, School of Forestry,
Auburn University, White Smith Hall, Auburn, AL

36849.

the 1long-term development of coppice-regen-
erated oak stands or the effects of silvi-
cultural treatment on these stands.

This lack of information presents an
obvious problem to the forest manager -- if a
stand of young (less than 10 years) coppice-
regenerated oak is not growing as desired, what
should be done? Will a clump thinning on each
sprouting stump improve the growth of residual
sprouts to the desired Tevel? . If so, will the
effects remain evident as the stand grows
older, or will the improved growth be a short-
1ived phenomenon? Or, rather than conducting a
thinning, is it better to allow the stand to
grow until some trees are large enough that a
harvest for posts and poles or firewood is
possible and then regenerate the stand (natur-
ally or artificially) after harvest?

Long-term studies of the growth and
development of coppice-regenerated oak stands
are needed to answer these questions. Though
such studies are rare, data collected from one
study initiated in the Missouri Ozarks in the
early 1950s can contribute valuable information
to this topic. The purpose of this paper is to
present the results of a long-term study of the
effects of clump thinning on coppice-regen-
erated oak stands and to describe a technique
for evaluating the probable results of clump
thinning on stand development.

MATERIALS AND METHODS

Data  were  collected  from - University
Forest, a 7200-acre forested tract® located in
southeastern Missouri and owned by the Uni-
versity of Missouri. The 3-acre study area was



of medium quality -- site index 60 to 65 feet
base age 50 for red oaks. In 1953, the entire
study area was clearcut. Before clearcutting,
the age of the stand was approximately 32
years.,  After clearcutting, the stand regen-
erated vigorously through stump sprouts.
Predominant tree species were scarlet oak
(Quercus coccinea Muench.), black oak (Quercus
velutina Lam.], southern red oak (Quercus
falcata Michx.), white oak (Quercus alba L.J,
post oak {Quercus stellata Wangenh.), and
hickory (Carya spp.) which comprised 34%, 17%,
5%, 23%, 13%, and 8%, respectively, of the
regenerated stems.

Three 1.0 acre blocks subsequently were
established and each block divided into four
0.25 acre sub-plots. These sub-plots included
a 23 foot buffer strip leaving a 0.147 acre
measurement plot. In each block, treatments
were assigned randomly: one plot was selected
for an unthinned control, one for thinning, and
two were not used. Five years after clear-
cutting, a single dominant stem on each sprout-
ing stump was selected and tagged in both the
control and thinned plots. In the thinned
plots, every multiple-stemmed sprout clump was
thinned to a single dominant stem. No single
stems were cut, and stumps producing single
stems were not included in this study. In the
control plots no thinning was done. Thinned
plots averaged 600 (selected dominant) stems
per acre after thinning and unthinned plots
averaged 740 (selected dominant) stems per
acre. At age 5, species, diameter of the
parent stump at the point of cutting (7 inches
above ground), the number of sprouts on the
stump, and height of each selected sprout were
recorded. At age 30 (25 years after thinning),
diameter at breast height (dbh) was measured to
the nearest 0.1 inch and mortality of all
selected sprouts was inventoried, Dominant
sprout heights were also sub-sampled at age
30.

A forest manager is not likely to manage
all existing stems in young stands throughout a
rotation, but instead is likely to concentrate
efforts on those that show the most promise at
the time of thinning. Moreover, to gain a
thorough understanding of how clump thinning
can improve the growth of coppice-regenerated
oak stems, it must be known how stems respond
throughout the size distribution. Therefore,
rather than examine the mean thinning response
of all sprouts in this study, the largest 100,
150, 200, and 250 trees per acre were evaluated
for each of the control and thinned plots at
age 30. "Largest" was determined by dominant
sprout height at age 5 and by dominant sprout
dbh at age 30. Thus, an identical set of stems
was not examined at both ages. However,
because it is of interest to know how many of
those sprouts originally selected as superior
at age 5 maintained dominance at age 30 in each
treatment, a "Dominance Index" (DI) was cal-
culated, DI - is defined as the percent of

sprouts that were among the n largest sprouts
(100, 150, 200, or 250) per acre at age 5 as
measured by height that were also among the n
largest sprouts per acre at age 30 as measured
by dbh.

Average dbh and volume at age 30 were a1§o
examined on the n largest stems. Gross pub1c
feet volume was estimated at age 30 using a
Tocal volume equation developed for University
Forest from detailed measurements of 162 oak
trees (Lowell unpubl.).

Lowell et al. (1987) have shown how the
data for all sprouts could be used to develop
equations to estimate the probability of "suc-
cess" for a specified sprout diameter at age 30
given the height at age 5 of the sprout and the
diameter of the parent stump. The form of the
equations and signs of the coefficient estimates
are:

(-(bO-b1*CRIT+b2*HT+b3*TRT*DIAM))
p = 1/{1+e ) (1)

where p is the probability that,
given an initial (age 5)
sprout height an individual
stem will equal or exceed
a given dbh (CRIT) at age 30,

CRIT 1is the predefined "success"
criteria (inches),

HT is the sprout height at age 5
(feet),

TRT is 0 if the stand is not
thinned and 1 1if the stand
is thinned, and

DIAM is the parent stump diameter
(inches) measured 7 inches
above ground.

The terms in equation (1) are presented in
order of descending statistical significance.
The most important term is the target diameter
-~ a larger desired future diameter (CRIT)
decreases the probability of "success" (i.e.,
having a sprout that grows to at least that dbh
by age 30). The next most important term is
the height of the sprout at age 5 -- a rela-
tively tall sprout has a better chance of
achieving ‘"success" than a shorter sprout.
Finally, a Tlarger parent-stump diameter pro-
vides a competitive advantage to a dominant
sprout, but only if a clump thinning is con-
ducted.

Note that because of the way the equations
were fitted, a tree 1is considered ‘"unsuc-
cessful" at age 30 if it does not attain the
specified dbh due to either slow growth or
mortality. By graphing the probability of
success for a sprout of given height against a
range of success criteria, Lowell et al. (in
prep.) developed a series of curvés For use
in making silvicultural recommendations for
5-year-old - coppice-regenerated oak stands.
These curves are reproduced here for red oak
and white oaks on thinned and unthinned stands.




RESULTS AND DISCUSSION

Regardless of the portion of the diameter
distribution examined, early clump thinning at
age 5 benefitted the selected sprouts -- i.e.,
sprouts that have expressed dominance by age 5
(Table 1). Moreover, the benefit provided by
thinning, rather than disappearing, was still
prominent at age 30. It is also notable that
the magnitude of the response of volume to
thinning shows a tendency to increase -- from
2.9 to 4.0 cubic feet for 250 to 100 stems per
acre, respectively -- in the larger portion of
the diameter distribution. It is also evident
that on a percentage basis, cubic foot volume
responds more than dbh regardless of the
portion of the diameter distribution examined.

The DI values show that, in both thinned
and unthinned stands, sprouts identified as
superior at age 5 tend to remain dominant at
age 30 (Table 1). Thus, superior sprouts can
be identified as early as age 5, and most of
these sprouts will maintain their dominance,
particularly if they are favored by thinning.
However, even if sprouts identified as superior
at age 5 are not favored by early clump thinn-
ing, the DI is still 60 or greater -- i.e., 60%
of those sprouts achieving early dominance
maintained their dominance to age 30. Ap-
parently, the intra-stump competition present
on unthinned stumps is not sufficient to cause
a complete suppression of the = dominance
achieved by superior sprouts at age 5.

To use these findings, it is necessary for
forest managers to be able to evaluate the
effect of a potential clump thinning on their
stands. Figure 1 provides methodology which
can be used to develop silvicultural recom-
mendations for these oak stands. The hori-
zontal axis indicates the desired average
minimum (not mean) dbh desired in a particular
stand at age 30. The five curves on each of
the four figures are representative of diff-
erent average dominant sprout heights at age
5, and the vertical axis, labeled "Probability
of Success," provides an estimate of the
probability of achieving a desired set of stand
conditions at age 30 given the initial (age 5)
average dominant sprout height. Another way of
viewing this is that p estimates the proportion
of sprouts which achieve or exceed the desired
dbh,

55

Table 1.--Average diameter and volume for

selected portions of the diameter
distribution.
Largest n stems per acre
100 150 200 250
Dbh
(inches) 1Y
Control 7.6a 6.9 6.0a 5.6a
Thinned 9.2b 8.5b 7.8b 7.2b
Increase(%) 21 23 28 29
Volume
cubic feet)
ontro 9.5a 7.8a 6.2a 5.3a
Thinned 13.5b  11.6b 9.8b 8.2b
Increase(%) 53 49 58 55
Dominance 2/
Index (%)
Control 60 62 63 67
Thinned 69 74 79 78

1/Within a parameter, measurements followed
by the same Tletter are not significantly
different at tne 99% confidence level. Domi-
nance Index was not tested for significant
difference.

g/Dominance Index 1is -the percent of stems
among the largest n trees at age 5 by sprout
height, and also among the largest n trees
by dbh at age 30.

To utilize the curves in Figure 1, an
inventory of coppice-regeneration must be
conducted, A sample of sprouting stumps must
be selected and the height of the dominant
sprout on each stump recorded. The number of
sprouting clumps per acre must also be es-
timated from this inventory. While no specific
sample intensity 1is recommended here, the
sample size must be large enough to provide a
sample which the forest manager is confident is
representative of the stand conditions. After
this inventory 1is completed, the curves are
used as illustrated in the following example.

Suppose that a stand of 5-year-old red oak
stump sprouts 1is found to have an average
dominant height of 10 feet and an estimated 500
sprouting stumps per acre. (In this study
there were an average of 670 sprouting stumps
per acre.) From Figure la the forest manager
can determine that a clump thinning will
produce a stand where ‘the probability at age 30
of a 1)2.0 inch average minimum diameter is
0.53, 2)3.0 inch average minimum diameter is
0.38, and 3)4.0 inch average minimum diameter
is 0.25. Viewed a different and perhaps more
meaningful way, a clump thinning will produce a
stand at age 30 in which 53% of the 500 dom-
inant sprouts (265 per acre) will be at least 2
inches dbh, 30% (190 sprouts per acre) will be
at least 3 inches dbh, and 25% (125 sprouts per
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acre) will be at least 4 inches dbh. The
intersection at 0.81 of the curve for 10 feet
with the Y-axis also indicates that 81% of the
original 500 dominant sprouts (405 per acre)
will survive to age 30. These relationships,
of course, are limited only to realistic stand
densities.

The effectiveness of this clump thinning
can be assessed by examining the projected
future stand if no thinning occurs. Using the
previous example for comparison, Fig. lc shows
that if a clump thinning is not conducted a
stand will develop at age 30 in which 28% of
the 500 dominant sprouts (140 per acre) will be
at least 2.0 inches dbh, 17% (85 sprouts per
acre} will be at least 3.0 inches dbh, and 10%
(50 sprouts per acre) will be at Teast 4.0
inches dbh. Thus a clump thinning will produce
a stand with 89% more stems -~ 265 rather than
140 per acre -- which are at least 2.0 inches
dbh compared to an unthinned stand, 124% more
stems at least 3.0 inches dbh, and 150% more
stems at least 4.0 inches dbh. Moreover, on
the unthinned stand only 58% of the sprouts
(290 stems per acre) can be expected to survive
to age 30. Thus, in addition to the greater
number of larger stems produced by the thinn-
ing, a forest manager will also have more stems
to manage at age 30 thereby producing a greater
number of management options than for an
unthinned stand.

The different shapes of the curves in
Figure 1 make it apparent that there are also
species differences in growth potential. As
the specified "success criteria" increases, the
Probability of Success shows a tendency to be
less for white oak than red oak implying that
the growth of a given red oak sprout will
exceed that of white oak. For example, in a
thinned stand a 12 foot white oak sprout (age
5) has virtuaily no chance of reaching 7 inches
dbh by age 30 whereas a similar red oak sprout
has a 0.16 chance of achieving this dbh.
Conversely, white oak sprouts have a better
chance of survival than red oak sprouts. For
example, in a thinned stand a 12 foot white oak
sprout has almost a 100% chance of survival
(dbh=0) compared to the 92% chance for a
similar red oak sprout. Considering that the
red oak and white oak species .groups are
composed primarily of scarlet oak, and white
and post oak, respectively, these differences
agree with the assessment that white and post
oak tends to grow slowly and have intermediate
shade tolerance, whereas scarlet oak grows
rapidly and 1is relatively shade intolerant
(Harlow and Harrar 1969).

In using these guides, there are two
factors of which a user must be aware. First,
not only is height at age 5 indicative of
future "success", but also the diameter of the
parent stump is significantly and positively
correlated with "success", "but in thinned
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stands only (see equation (1) and Lowell et
al. 1987). Hence after a thinning operation,
sprouts with relatively large parent stump
diameters can be expected to outperform sprouts
with smaller parent stump diameters. (Figures
la and 1b were produced using the average
parent stump diameter of 4.9 inches.) If a
stand is not thinned, no competitive advantage
results for a sprout with a relatively large
parent stump diameter. This may be a con-
sideration for managers who decide, for eco-
nomics reasons, to thin only selected clumps in
a coppice-regenerated stand. In such an
operation, efforts should be concentrated on
those clumps with relatively large parent stump
diameters, provided that stump spacing will not
cause excessive inter-stump competition in the
future. Second, the limits of the original
study must be kept in mind. The results
presented apply to an average site wherein the
treatment is a clump thinning and not a thin-
ning to control the stand density. Estimates
will vary with a better or poorer site and also
if subsequent thinnings are used to control
overall stand density.

CONCLUSIONS

It 1is possible to identify superior
sprouts as early as age 5 in stands of cop~
pice-regenerated oak. Furthermore, if these
superior sprouts are released at age 5 by a
clump thinning, significant increases 1in dbh
and volume will result, These increases
(compared to dominant sprouts in unthinned
clumps) will remain conspicuous 25 years after
thinning. By using success probabilities, a
forest manager can determine if, given the size
and number of stems at age 5, a future stand
with a desired minimum diameter can be ob~
tained,  Moreover, if stands are not thinned
early, by the time they reach age 30 -- a point
at which some researchers have recommended a
first thinning -- existing growing stock will
be inferior to that which would have existed if
an early thinning had been conducted.
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THE NEED TO IMPROVE MODELS FOR INDIVIDUAL TREE MORTALITY 1

George Gertoer?

ABSTRACT.--The primary source of variability ip
projections made with a widely used single tree growth and
yield simulation model employed for modelling central
bardwoods was shown to be due to the individual - tree
mortality model. It is suggested that the most efficient way
to improve the predictive ability of the overall simulation
model is to direct future research towards improving the

individual tree mortality models through additional data
collection and model restructuring.

INTRODUCTION

Stand and Tree Evaluation Modeling System
(Belcher et al. 1982), STEMS, is a single tree

growth projection system that was developed by
the USDA Forest Service to evaluate a wide
variety of forest types in the Central States. A
total of 3000 plots with 60000 trees were used to
calibrate the Central States Version of the STEMS
model. STEMS has primarily been used to evaluate
management and silvicultural altermatives and for
updating forest survey plots. The component
models of STEMS are not strictly empirical, but
are something in between empirical and
mechanistic. The structure of the models are
based on the calibration data, as well as the
geometric and mechanistic properties that can be
expected as a result of a long history of growth
and yield research.

Gertner (1987 and 1988) used an error
propagation method as a computationally efficient
alternative to Monte Carlo methods to obtain
estimates of precision of predictions made with a
modified version of STEMS. Precision estimates
for the STEMS model were desired to gauge the
reliability avd precision of predictioos, to
calculate confidence iotervals, to statistically
test hypotheses when experiments are performed
with the model, and to weight projections used as
an auxiliary source of information in combination
with on—-the-ground sample estimates.

1Paper presented at the Seventh Central Hard-~
wood Conference, Southern Illinois University,
Carbondale, Illinois, March 5-8, 1989.

George Gertner 1s Associate Professor,
Department of Forestry, University of Illinois,
Urbana, IL 61801, This study was partially
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Another wuse of the error propagation
technique 1is for aidiog in the development of
future strategies for improving, in a systematic
fashion, simulation models such as STEMS. Briefly
described here is the method for doing this and
suggestions for improving the STEMS model,

ERROR BUDGET

The error propagation method provides a
direct method for calculating the variaoce of
predictions. For each function in the growth
model, an’ approximation is used to approximate
the variance of prediction made with the function
when there 1is random error io the input of the
function. By approximating the variance for each
function, the random errors that pass from ove
function to another can be approximated and
accounted for (Figure 1). With an iterative model
such as a multi-year projection system, the
initial errors entered ioto the fuonctions of the
model might be due to errors 1o the state
variables. After the first iteration, the errors
will be due to errors in predictions from past
iterations. With each additional iteration, the
variance will increase as errors propagate
through the system. The final variance of the
prediction for the overall system will be due to
the accumulatioo of all the errorse.

With the error propagation method, ap error

budget can be easily generated. An error budget
shows the effects of individual errors and groups
of errors oo the accuracy of simulation
projections. It can be considered to be a catalog
of the contributions of the differenot error
sources to the overall accuracy of the system.
Some specific types of errors that might be
considered when developing the error budget for a
model  are the following (Figure 1):
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Figure 1,--Errors in simulation model,

measurements of state
variables which are dependent on quality
measurement equipment, time and budget
constraints, etc,

1) Errors io

2) Sampling errors when sampling methods
are used to estimate the state variables. The
errors are the result of taking only a subset of
the total population when making estimates of the
state varilables. The s8ize of the errors are
dependent on sample size, plot size, sampling
method, etce.

3) Process errors which refer to modelling
errors and stochastic errors that are nvot
accounted for by the compoment models.

4) Grouping errors which are due to
grouping observations into classes (e.g., DBH
classes). The grouping is a source of error.

Once an error budget is developed for a
model, the important sources of error can be
ravked 1o terms of their contribution to the
variance of predicted forest characteristics.
Based on the budget, future model refinement,
experimentation and sampling can then be directed
at reducing the more important sources of errors.

STEMS ERROR BUDGET (PROCESS ERRORS)

Currently, an error budget is Dbeing
developed for the STEMS model. Presented here is
the portion of the error budget due to process
error which has been found to contribute a major
proportion of the variability in projected forest
growth, .

The budget was developed by projecting 40
prism plots that were taken randomly from the
oak~hickory (Quercus-Carya) component of Allerton
Parke Allerton Park is a mixed bardwood forest
|owned by the University of Illinois.

The variance of predictions made with the
overall simulation model were partitiouned
according to the important component models to
generate the portion of the error budget due to
process errors. The four major individual tree
models used in the STEMS model are: 1) live crown
ratio fuoction, 2) annual diameter iocrement
function, 3) probability of regular nou-
catastrophic mortality (survival) functioon, and
4) total stem volume function. The form of the
models and the specification of process errors
were as defined in Gertver (1987). A simplified
flow cbart of the projection system is showo io
Figure 2. Sampling errors in the state variables
that were used to initiate the system were

that were used to initiate the system were
accounted for and propagated through the models,
but were pot partitioned., It was assumed that
there were no measurement errors in the state
variables.

NO P (SURVIVAL) >
THRESHOLD

YES

TREE FACTOR| |CALCULATE LIVE]
SET _T0 ZERQ TREE VOLUM

AR=YEAR+1

Figure 2,~--Flow chart of modified STEMS
projection system.

Table 1A shows the percent of variability
in the opumber of trees per hectare versus time
partitioned  according - to the four major

individual growth models. As would be expected, '
almost one bundred percent of the variability in

the oumber of trees per hectare is due to the
mortality model. -Other stand attributes were also
greatly influenced by the mortality model., For
example, shown in Table 1B is the partitioved
variance for basal area per hectare. Although not
as important, the mortality model is still the
major source of variability in stand basal area.




Table 1A.~-Percent of variability for number of
trees per hectare associated with component

models.

Projec- Live Annual Total

tion Crown Diameter Stem

Year Ratio Increment Mortality Volume
0 0.12 0.53 99.35 0.0
10 0.11 0.43 99.46 0.0
20 0.09 0.34 99.57 0.0
30 0.08 0.28 99.64 0.0
40 0.04 0.27 99.69 0.0
50 0.02 0.25 99.73 0.0

Table 1B.--Percent of variability for basal area
per hectare associated with component models.

Projec~ Live Annual Total

tion Crown Diameter Stem

Year Ratio Increment Mortality Volume
0 2.72 29.53 67.75 0.0
10 1.92 17.57 80.51 0.0
20 1.55 11.73 86.72 0.0
30 1.23 8.72 90.05 0.0
40 1.01 6.98 92.01 0.0
50 0.92 5.69 93.39 0.0

The results presented are not unique to thbe
particular data set. Similar results were
obtained with projections made for other stands
and county wide ioventories from locations in
both Illinois aod Wisconsin.

FUTURE RESEARCH

Curréntly, the model used to predict the
!probability of anoual mortality is a logistic
all other component models in the STEMS system.
It is fairly well knowo that the art of modeling
individual tree mortality is very poor (i.e.,
Buchman et al. 1983; Hamilton ‘1986 and 1980).
wWith the error propagation method, the
significance of not being able to model mortality
precisely becomes apparent.

Based on the results presented here, future
research should now be directed toward improviog
the ability to predict regular mortality. Evevo a
marginal improvement in the mortality model would
lead to a significant improvement in_ the
precision ‘of predictious made with the overall

STEMS model.
‘There are a oumber of different approaches

that might be taken - to - improve the mortality
“model., Some possibilities are as follows: .

'model used in its stochastic form that overwhelms .
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1) The collection of new data to supplement
existing data, via samples or experiments, should
be considered for improving the logistic model.
Currently the data collected for the mortality
model is deficient because the range of predictor
variables is 1limited due to clustering and
previous long-term experimeunts not being designed
for the purpose of calibrating a logistic
mortality model.

2) The ionputs used for the mortality model
are those that are typically collected in
mensurational surveys. These variables might not
be adequate for the purpose of modeling
mortality. More detailed measurements, includiong
the measurement of physiological variables, would
potentially improve the precision of the logistic
model,

3) Although STEMS is not a process model,
consideration should be given to developing a
mechanistic mortality model. If this is done, the
goal should be to understand the physiological
process of npoo-catastrophic tree mortality so

that a deterministic mortality model can be
developed.
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COMPETITIVE ABILITY AND GROWTH ALLOCATION OF PLANTED

NORTHERN RED OAK AND YELLOW-POPLAR SEEDLINGS1

T, E. Kolb and K. C. Steiner2

Abstract. —— Growth rate and growth allocation among organs of
planted one-year-old northern red oak (Quercus rubra L.) seedlings were
compared with those of a putatively more competitive tree species,
yellow-poplar (Liriodendron tulipifera 1.), in the presence and absence
of interference with roots of Kentucky bluegrass (Poa pratensis L.).
Seedling total dry weight, dry mass relative growth rate, and
partitioning of weight to leaves, stems, and roots were measured
periodically over a 173-day period. After 173 days, total dry weight
for northern red oak was greater than for yellow-poplar in the absence
of interference, while species did not differ in weight in the presence
of interference despite a three~fold advantage in weight for seedlings
of northern red oak when planted. Relative growth rate for yellow-
poplar in both the presence and absence of interference was greater than
that for northern red oask, indicating greater competitive ability for
yellow-poplar. Yellow-poplar allocated more dry weight to leaves and
stems and less to roots than northern red oak in the presence and, to a
lesser extent, in the absence of interference. Northern red oak
significantly increased growth allocation to roots at the expense of
stems and leaves in response to interference, while allocation for
yellow-poplar did not change. Species differences in growth allocation
did not explain yellow-poplar's greater competitive ability under
conditions of grass root interference.

Keywords: Quercus rubra L., Liriodendron 1985), suggesting yellow-poplar has greater

tulipifera L., growth analysis, morphological
plasticity.

INTRODUCTION

A major concern in the management of
northern red oak (Quercus rubra L.) is the
difficulty encountered in regenerating new
stands to replace those that are harvested
(Crowe 1988, Holt and Fisher 1979). Efforts at
artificial regeneration of northern red oak
often fail because seedlings are unable to out-
grow competing vegetation (Erdmann 1967, Farmer
1981, Foster and Farmer 1970, Hilt 1977, Russell
1973). Artificial regeneration of yellow-poplar
(Liriodendron tulipifera L.) typically 1s more
successful than that for northern red oak on
sites dominated by herbaceous plants (Bowersox
and McCormick 1987, Farmer 1981, Torbert et al.

1Paper presented at the Seventh Central
Hardwood Forest Conference, Southern Illinois
Univegsity, Carbondale, March 5-8, 1989.

Research Assistant and Professor,
respectively, School of Forest Resources, The
Pennsylvania State University, University
Park, PA.

competitive ability under these conditionms.

Competitive ability is defined as the
capacity of a plant to capture resources under
conditions where other plants limit resource
levels. Differences in competitive ability
exist among plants, but it is unclear which
growth characteristics influence competitive
ability. - Characteristics that may be important
include how growth is distributed among plant
organs, and plasticity in growth allocation in
response to competition (Grime 1979, Roush and
Radosevich 1985). This study compares growth and
plasticity characteristics of northern red oak
and yellow-poplar seedlings when planted with
grass root interference. The primary objective
is to identify differences in growth allocation
between these species which may explain the
greater competitive ability of planted seedlings
of yellow-poplar.

METHODS AND MATERIALS

One~-year-old seedlings of yellow-poplar and
northern red oak from the state nursery were grown
for 173 days in the presence and absence of a
trimmed sod of Kentucky bluegrass (Poa pratensis
L.). Seedlings and grass were grown outdoors
(University Park, PA) in six wooden boxes (1.3m




length x 0.6m width x 0.6m depth) containing an
agricultural top soil (Hagerstown series). Each
box was partitioned into quarters by tempered
masonite from the bottom surface to 20mm above
the soil surface. A layer of pea-sized gravel
supported by hardware cloth facilitated bottom
drainage.

Treatments were assigned to each box using a
split-plot design. On April 20, 1986, 0.30m? of
commercially produced bluegrass sod was planted
in two quarters of each box (main plot), while
the other two quarters were unsodded and subse-
quently kept free of weeds. On April 25, five
seedlings of northern red oak or yellow-poplar
(26.9/m?) were planted in each box quarter (sub-
plot). Prior to planting, the shoot of each
seedling was trimmed to the same length as the
taproot to standardize shoot-root ratios within
each species.

Ten randomly selected seedlings of each
species were destructively sampled at the time of
planting to determine initial total dry weight and
shoot-root ratio. Average total dry weights at
time of planting were 3.8g for northern red oak
and 1.2g for yellow-poplar. Average shoot~-root
ratios (based on dry weight) at the time of
planting were 0.3 for northern red oak and 0.9
for yellow-poplar.

Soil moisture was maintained near field
capacity by irrigation until initiation of stem
elongation for all seedlings (27 days after
planting). Thereafter, soil moisture was moni-
tored every other day at a depth of 0.3m in grass
plots with a Mark III Moisture Meter (Rick and
Associates, Bellaire TX). Whenever an average
reading of "1.5" (l=very dry soil, 4=vyery moist
soil) was recorded, 3.8 liters of water were
applied to each subplot. Grass was frequently
clipped so that leaves of seedlings were never
shaded.

Leaf, stem, root, and total dry weights for
each seedling were measured in six destructive
harvests (one box/harvest) in intervals of
approximately 26 days, beginning when all northern
red oak seedlings had developed only one new stem
flush (41 days after planting). At each harvest,
leaves and stems were collected from each seedling
in one randomly selected box, the box was dis-
mantled, and roots were extracted by washing soil
away. Leaf area for each seedling was measured
with a Li-Cor LI-3000 leaf area meter. Organ dry
weights were measured after drying for 24 hours
(60°C for leaves, 100°C for roots and stems) .

Seedling total dry mass relative growth rate
for each subplot was calculated as the slope of
the linear regression of logarithmic (log ) values
of mean seedling total dry weight at each harvest
on the number of days since planting as described
by Hunt (1982). Leaf weight ratio, stem weight
ratio, and root weight ratlo were calculated for
each seedling to compare allocation of weight
between species. For each species, partitioning

" of total dry weight among organs at each level

TOTAL DRY WEIGHT (G)

of grass root interference was measured by
comparing parameters of the allometric equation
Y=aX . Comparison of allometric equations
between different-sized plants minimizes the
influence of ontogenetic drift on partitioning

of growth among organs, allowing interpretation
of envirommental effects on partitioning (Hunt
1978, Ledig and Perry 1966). The allometric
coefficient ("b") describes the partitioning of
growth between organ "Y" and another organ or the
whole plant "X", and is a measure of the ratio of
their relative growth rates,

Allometric equations were calculated sepa-
rately for Y=leaf dry weight, Y=leaf area, Y=stem
dry weight, and Y=root dry weight, where X=total
plant dry weight; and for Y=ghoot dry weight where
X=root dry weight. Shoot dry weight equalled
dry weights of leaves plus the stem.
the linear form of the equation (log (Y)=a + b log
(X)) was used to stabilize error varilances
(Baskerville 1972, Zar 1968). For each species,
individual tree data were pooled over all harvests
for regression. Differences in the allometric
coefficient "b" between levels of grass root
interference were tested by a linear covarilance
model for homogeneity of regression equations
(Neter and Wasserman 1974).

RESULTS
Grass root interference reduced total dry

weights of both species by the fourth harvest
(day 99) (Fig. 1). In the absence of interfer-

30-1

254

20 4

T T T T T T T T
[ 20 40 80 80 100 120 140 160 :éo
DAYS SINCE PLANTING

e NRO/NO_GRASS amm— NRO/GRASS.
-—— YPAO GRASS - semeeemes YP?éRASS

Figure 1.--Seedling dry weights for northern red
oak (NRO) and yellow-poplar (YP) planted
with and without grass root interference at
seven harvest dates (days 0, 41, 68, 99,
122, 153, 173). Each value is the mean of
five seedlings.

In all cases,



ence, average weight for northern red oak was
greater than that for yellow-poplar at the first
(day 0), second (day 41), third (day 68), and
seventh harvest (day 173), while weights were
similar between species at other harvests (days
99, 122, 153). In the presence of interference,
average weight for northern red oak was greater
than that for yellow-~poplar at the first four
harvests (days 0, 41, 68, 99), while weights
were similar between species at the final three
harvests (days 122, 153, 173). By the final
harvest (day 173), seedlings of northern red oak
averaged 2.2 new stem flushes in the absence of
interference, and 1.2 new stem flushes in the
presence of interference. Total dry mass
relative growth rate for yellow-poplar was 547
greater than that for northern red oak in the
absence of grass root interference (152 mg/g/
week versus 99 mg/g/week), and 1937 greater in
the presence of interference (117 mg/g/week
versus 40 mg/g/week).

For both species, increases in leaf weight
ratio tended to coincide with decreases in root
weight ratio in both the absence (Fig. 2) and
presence (Fig. 3) of grass root interference.

In the absence of interference (Fig. 2), northern
red oak had greater root weight ratio and lower
stem weight ratio than yellow-poplar at the first
three harvests (days 0, 41, 68) and the last
harvest (day 173), while differences were small
at the other three harvests. Leaf weight ratio
did not differ substantially between species at
any harvest in the absence of interference. In
the presence of interference (Fig. 3), northern
red oak had greater root weight ratio, lower stem
weight ratio, and lower leaf weight ratio than
yellow-poplar at most harvests. The more consis-
tent differences in growth allocation between
species in the presence of interference can be
attributed to the development of only 1.2 stem
flushes by northern red oak in this environment

versus 2.2 flushes in the absence of interference.

The shoot-root allometric coefficient for
northern red oak in the absence of grass root
interference was 0.97, indicating balanced
allocation of growth between shoot and root
(Table 1). The shoot-root coefficient decreased
in the presence of interference (statistically

Table 1.,--Allometric coefficients (b) of the
equation log (¥)=a + b log (X) for northern
red oak seedlings planted with and without
grass root interference. Coefficients in
the same column followed by the same letter
are not significantly different at p<0.05,

X=root X=total
weight weight
Leaf
Environment Shoot  Leaf area Stem  Root
No grass  0.97% 1,22° 1.04® 0.93% 0.93%
Grass 0.66° 0.90% 0.64° 0.68° 1.10°

LEAF WEIGHT RATIO

STEM WEIOGHT RATIO

ROOT WEIGHT RATIO
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Figure 2.-~ Leaf weight ratio, stem weight
ratio, and root weight ratio for northern
red oak (NRO) and yellow-poplar (YP)
seedlings planted in the absence of grass
root interference at seven harvest dates
(days 0, 41, 68, 99, 122, 153, 173). Each
value is the mean of five seedlings.

significant at p<0.09), suggesting a change in
growth allocation. The effect of interference on
growth allocation between shoot and root was the
result of significant changes in allocation to
all organs. Interference reduced growth
allocation to leaves and stems, and increased
allocation to roots.

Shoot-root allometric coefficients for
yellow-poplar (Table 2) were identical at both
levels of grass root interference (0.86), indi-
cating similar growth allocation. Interference
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Figure 3.--Leaf weight ratio, stem weight ratio,
and root weight ratio for northern red oak
(NRO) and yellow-poplar (¥P) seedlings
planted in the presence of grass root
interference at seven harvest dates (days
0, 41, 68, 99, 122, 153, 173). Each value
is the mean of five seedlings.

had no significant effect on growth allocation
to individual organs (Table 2).

DISCUSSION

Seedling total dry weights in the presence
of grass root interference did not differ
between northern red oak and yellow-poplar over
the last three harvests of the growing season.
This was despite a three-fold advantage in
weight for northern red oak seedlings when
planted. Yellow~poplar seedlings overcame the
initial disadvantage in size due to a greater

Table 2.--Allometric coefficients (b) of the
equation log (Y)=a + b log (X) for yellow-
poplar seedlings planted with and without
grass root interference. Coefficients in
the same column followed by the same letter
are not significantly different at p<0.05.

X=root X=total
weight weight
Y
Leaf
Environment Shoot Leaf area Stem Root
No grass 0.86% 1.16* 1.04% 0.80° 1.07°
Grass 0.86% 1.49% 1.36% 0.76% 1.04°

relative growth rate compared to northern red
oak. Thus, the competitive ability of yellow-
poplar seedlings under conditions of grass root
interference was greater than that for northern
red osk. This is consistent with previous
reports of the performance of planted seedlings
of these specles in fleld tests (Bowersox and
McCormick 1987, Farmer 1981, Torbert et al. 1985) .,

Northern red oak and yellow-poplar differed
both in growth allocation among oxgans, and in
plasticity in growth allocation in response to
grass root interference. In the presence of
interference, morthern red oak had more weight
in roots and less in leaves and stems compared
to yellow-poplar, Northern red oak increased
growth allocation to roots at the expense of
leaves and stems in response to interference,
while yellow-poplar did not change growth
allocation among organs., Northern red oak's
determinate growth habit may account for its
large increase in growth allocation to roots in
response to Interference. Root growth of oaks
typically slows during stem elongation (Reich et
al. 1980), and seedlings in non-grass plots
developed more stem flushes (2.2) than those in
grass plots (1.2). Of these differences in
growth allocation, none adequately explain
yellow—poplar's greater competitive ability in
the presence of grass root interference, since
water, and possibly soil nutrients were the only
1imiting resources. Grass follage never shaded
leaves of trees, and a preliminary study (Kolb
1988) indicated no detrimental allelopathic
effects of Kentucky bluegrass foliage or roots
on the growth of either specles.

_If all other factors were equal, northern
red oak's greater root weight proportion and
greater plasticity in growth allocation to roots
should have increased its competitive ability
against grass roots over that for yellow-poplar.
That this was not the case suggests that yellow-
poplar's root system is more efficient on a per
weight basis in capturing resources than
northern red oak's, perhaps due to differences
in root structure or rates of water and nutrient
absorption. Differences in dry weight allocation
among roots, stems, and leaves between northern
red oak and yellow-poplar may reflect adaptatiom
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Figure 3.--Leaf weight ratio, stem weight ratio,
and root weight ratio for northern red oak
(NRO) and yellow-poplar (YP) seedlings
planted in the presence of grass root
interference at seven harvest dates (days
0, 41, 68, 99, 122, 153, 173). Each value
is the mean of five seedlings.

had no significant effect on growth allocation
to individual organs (Table 2).

DISCUSSION

Seedling total dry weights in the presence
of grass root interference did not differ
between northern red oak and yellow-poplar over
the last three harvests of the growing season.
This was despite a three~fold advantage in
weight for northern red oak seedlings when
planted. Yellow-poplar seedlings overcame the
i{nitial disadvantage in size due to a greater
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Table 2.--Allometric coefficients (b) of the
equation log (Y)=a + b log (X) for yellow-
poplar seedlings planted with and without
grass root interference. Coefficients in
the same column followed by the same letter
are not significantly different at p<0.05.

X=root X=total
weight weight
Y
Leaf
Environment Shoot Leaf area Stem Root
No grass 0.86 1.16* 1.04* 0.80° 1.07°
Grass 0.86% 1.49%° 1.36° 0.76% 1.04%

relative growth rate compared to northern red
oak. Thus, the competitive ability of yellow-
poplar seedlings under conditions of grass root
interference was greater than that for northern
red oak. This 1s consistent with previous

reports of the performance of planted seedlings
of these species in field tests (Bowersox and
McCormick 1987, Farmer 1981, Torbert et al. 1985).

Northern red oak and yellow-poplar differed
both in growth allocation among organs, and In
plasticity in growth allocation in response to
grass root interference. In the presence of
interference, northern red oak had more weight
in roots and less in leaves and stems compared
to yellow-poplar. Northern red oak increased
growth allocation to roots at the expense of
leaves and stems in response to interference,
while yellow-poplar did not change growth
allocation among organs., Northern red oak's
determinate growth habit may account for its
large increase in growth allocation to roots in
response to interference. Root growth of oaks
typically slows during stem elongation (Reich et
al, 1980), and seedlings in non-grass plots
developed more stem flushes (2.2) than those in
grass plots (1.2). Of these differences in
growth allocation, none adequately explain
yellow-poplar's greater competitive ability in
the presence of grass root interference, since
water, and possibly soil nutrients were the only
limiting resources., Grass foliage never shaded
leaves of trees, and a preliminary study (Kolb
1988) indicated no detrimental allelopathic
effects of Kentucky bluegrass foliage or roots
on the growth of either species.

_If all other factors were equal, northern
red oak's greater root weight proportion and
greater plasticity in growth allocation to roots
should have increased its competitive ability
against grass roots over that for yellow-poplar.
That this was not the case suggests that yellow-
poplar's root system is more efficient on a per
weight basis in capturing resources than
northern red oak's, perhaps due to differences
in root structure or rates of water and nutrient
absorption. Differences in dry weight allocation
among roots, stems, and leaves between northern
red oak and yellow-poplar may reflect adaptation



to different environments, since large allocation
to root growth 1s a characteristic of plants
found on nutrient-poor or droughty sites (Chapin
1980, Grime 1979, Orian and Solbrig 1977). It is
possible that northern red oak's growth charac-
teristics provide a longer~term ecological
advantage that could not be observed in our
short-term study.

CONCLUSIONS

1) Competitive ability of yellow-poplar
seedlings planted under conditions of grass root
interference was greater than that for northern
red oak over a 173-day growing season.

2) The competitive advantage of yellow-poplar
seedlings under conditions of grass root inter-
ference was a product of high total dry mass
relative growth rate sustained through continuous
investments in leaf mass, but not through large
investments in root mass or plastic allocation of
mass in response to interference.
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REGENERATION IN OAK STANDS FOLLOWING GYPSY MOTH DEFOLIATIONS1

David Allen and Todd Bowersox2

Abstract —- Regeneration was measured in oak stands where
defoliation from gypsy moth had created understocked overstories.
Abundance and species composition of ground vegetation present in
gypsy moth created understocked sawtimber sized stands were
determined for two physiographic regions in Penmsylvania.

Average abundance for all commercially important species were
gimilar for the two regions (about 28,500 stems/acre) and these
species accounted for about 907 of all woody stems inventoried.
However there were major physiographic differences in abundance

values for specific species.

In general: (a) red maple accounted

for 90% of stems of commercially important species in the Allegheny
Mountain region and 49% in the Ridge and Valley region; (b) birch
was most abundant in the Ridge and Valley region, accounting for
297 of the stems of commercially important species whereas in the
Allegheny Mountains region birch accounted for 47%; (c) red and
white oaks accounted for 167 of the stems of commercially important
species in the Ridge and Valley region and -4% in the Allegheny

Mountains region.

INTRODUCTION

Between 1969 and 1984, gypsy moth has
caused moderate to heavy defoliation to about
6.2 million acres of forestland in Pennsylvania
(Quimby 1984). A major moth outbreak in 1981
and below average growing season rainfall
amounts from 1980 through 1983 have resulted in
substantial tree mortality. Inventories of
post-1982 mortality in these defoliated areas
have been summarized by Quimby (1984). His
study suggests that about 350,000 acres suffered
approximately 30% volume loss and about 341,000
acres had greater than 507 volume loss. Most
of the mortality was for oak and hickory
species. Although stands in the moderate
mortality class (15-30%7 mortality) are likely
to regain a fully stocked stand characteristic
and can continue to be managed as a unit, the
stands with heavy mortality (>50% mortality)
are likely to remain understocked until
regenerated. Thus the future value of these
heavy mortality stands will depend on the

1 Paper presented at Seventh Central
Hardwoods Forest Conference, Carbondale, Ill,
March 5-8, 1989.

2 Graduate Research Assistant and Professor
of Silviculture; respectively, School of Forest
Resources, Pennsylvania State University,
University Park, Pa, The research was supported
by funds from USDA, Forest Service, Gypsy Moth
Research and Development Program, Morgantown,
W.Va.
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nature and characteristics of the post-mortality
ground (understory) vegetation.

Numerous authors have summarized the state
of knowledge for regenerating non-gypsy moth
impacted stands in Pennsylvania (Penn State
1983). Generalized silvicultural guidelines
have been developed for regenerating gypsy moth
impacted Appalachian hardwood stands (Gottschalk
1988a and 1988b). Information on the composition
and abundance of the ground vegetation in stands
which have experienced heavy mortality (and
possible salvage) have been limited to field
observations. These field observations report
the ground vegetation to range from "fern-grass
savannahs" to "pokeberry-blackberry-blueberry
thickets” to an occasional "best red maple-birch
regeneration I have ever seen". At this point,
we do not have quantitative information on
enough stands to develop a point of reference
for future cultural activities. Needed is a
database on the abundance, composition and
structure of ground vegetation in these heavily
impacted stands so that forest resource managers
can formulate revised plans, if needed.

Heavy mortality has occurred over a wide
geographic area and for many edaphic-stand
conditions. We selected two physiographic
regions for the assessment of regeneration
status after gypsy moth related mortality in
Pennsylvania. The objective of the study was to
determine the abundance and composition of the
ground vegetation present in gypsy moth created
understocked sawtimber sized stands growing in



the Allegheny Mountains and Ridge and Valley
physiographic regions.

PROCEDURES

Oak dominated sawtimber sized stands that
had understocked overstories from gypsy moth
defoliation (>307 mortality, volume basis) were
gselected from Bureau of Forestry (Department of
Environmental Resources, Pennsylvania) lands
within a seven county area. Bureau of Forestry
forestland managers provided guldance and
documented that the selected stands were under-
stocked due to gypsy moth related mortality. A
total of 90 stands were designed to be selected
with 45 located in the Allegheny Mountains
physiographic region (Clearfield, Clinton and
Centre Counties) and 45 located in the Ridge
and Valley physiographic region (Huntingdon,
Juniata, Mifflin and Perry Counties) (Figure
1). Within each physiographic regiom, 20
stands were designed to be selected in Site
Productivity Class I, 15 stands in Site Produc-
tivity Class II and 10 stands in Site Produc-
tivity Class III. This sampling bias favoring
the better sites was based on known site
dependent regeneration relationships (Bowersox
and Ward 1972, Gottschalk 1983) and forest
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Figure 1. The central Pennsylvania study
area and the counties located in the Allegheny
Mountains and Ridge and Valley physiographic
regions,

management intemsity. Site productivity classes
were based on expected merchantable sawlog
lengths for oak (Class I = 48 ft, Class II = 32
to 48 £t and Class III = < 32 ft; Bureau of
Forestry procedures). Study stands met the
designed number in each site productivity class
except for the Class I sites in the Allegheny
Mountains region where only 13 of the desired 20
stands could be located. Prior to gypsy moth
defoliations, the mixed oak stands were even-
aged and ranged from 80 to 120 years of age and
were fully stocked.

At each randomly located potential ground
vegetation sample point, a field estimate of
overstory stocking level was made to determine
if the surrounding stand was below the B level
for sample point acceptance. Residual live tree
basal area for the ground vegeiation inventory
points rangeé from 0 to 60 ft.” and averaged
about 40 ft.“, mainly oak species (Table 1).

Ground vegetation for six points in each

stand were inventoried according to the procedures

outlined by Marquis et al. (1984). Commercial
and non-commercial species present 6 to 7 years
after heavy mortality were inventoried for two
height class. They were (a) 0.1-1.0 ft. and (b)
>1,0 ft. height but less than 1.0 in. DBH. These
inventory procedures also provide a basis for
estimating non-woody vegetation and regeneration
stocking criteria. Relative density of non-tree
species was ocularly estimated, by 107 classes,
for each species group and for collective ground
cover dominance of each sample plot. The )
regeneration stocking criteria used (Marquis et
al, 1984) required a decreasing number of
seedlings with increasing seedling size for
determining the likelihood of a 6 ft. radius
(113,1 £ft.“) plot being stocked. These criteria
required higher numbers of seedlings per size
class than other regeneration stocking criteria
(Sanders et al, 1976 and 1984) to insure success
where deer browsing is severe. These criteria
do not account for inter-species competition.

Statistical analysis was performed using
Statistical Analysis System package programs
(SAS 1985), The General Linear Models procedure
was used for analysis of variance. Number of
stems by species for the individual inventory
plots were converted to a per acre basis, and
used in the analysis. Sums of squares for stand
nested within site productivity class was used
as the error term for analysis of variance. If
analysis of variance showed statistically
significant differences attributable to region
or site, means were separated by the Waller
Duncan procedure. The 0.05 level of probability
was accepted as significant.

RESULTS
Total number of seedling stems averaged

about 28,500 per acre for the commercial species
and 3,800 per acre for the non-commercial



species. There were no significant differences
between the two regions in the abundance of
commercial species and non-commercial species
for the 0.1 to 1.0 ft. and total height classes
(Table 2). However, the Ridge and Valley
region had significantly greater abundance
values in the >1.0 ft. class for both species
groups. The main reason for the regional
difference in the large size class was the
abundance values for birch and stripped maple
(Table 2).

Red maple dominated the commercial species
abundance values in both regions with a total
of 13,563 and 25,895 stems per acre in the
Ridge and Valley and Allegheny Mountains regions,
respectively. The abundance values for total
stems (above), and the 0.1 - 1.0 ft, stems
(10,954 and 22,743 per acre for the Ridge and
Valley and the Allegheny Mountains, respective-
1y) were significantly different (Table 2).

The regional difference in the >1.0 ft. red
maple stems between the 2,609 per acre in the
Ridge and Valley and the 3,152 per acre in the
Allegheny Mountains was not significant. Red
maple was most dominant in the Allegheny
Mountains region, accounting for 90% of all
commercial species stems. In the Ridge and
Valley region, red maple accounted for 497 of
all commercial species stems.

Species specific abundance values for
birch, red oak and white oak were greater in

the Ridge and Valley region than in the Allegheny
Mountains region. The differences were signifi~
cant for all size classes of white oak, the 0.1

- 1.0 ft. class of red oak and the >1.0 ft.

class of birch (Table 2). The abundance value
for ash, black cherry, yellow-poplar and other
commercial species were not analyzed because of
the low abundance values and infrequent
occurrence.

Abundance values of non-commercial species
were low in both regions, collectively accounting
for about 12% of the average total woody stems
in each region (Table 2). Sassafras with 1,776
stems per acre was the most abundant non-
commercial species in the Allegheny Mountains
region; and stripped maple with 1,964 stems per
acre was the most abundant species in the Ridge
and Valley region. Although the abundance of
non-commercial stems was low in comparison to
the total woody stems, these non-commercial
stems may have an impact on commercial species
diversity. Individually, two of the three
non-commercial species in the Allegheny Mountains
region had abundance values equal to or greater
than the abundance values for red oak, white
oak and other commercial species. Collective~
ly, the non-commercial total abundance of 3,530
stems per acre was greater than all commercial
species less red maple (3,038 stems/acre). 1In
the Ridge and Valley region, the abundance
value for stripped maple was greater than the
values for red oak and other commercial

Table 1. Average overstory basal area in the sample stands for the two

physiographic regions, by site productivity classes

and species

group.
Site Productivity Class1
Physiographic Weighted
Region/County I 11 I1I Average
(- ===-=-- square feet per acre — — = = ~ )
Allegheny Mountains
Red oak 20 15 11 16
White oak 5 14 19 12
Red maple 16 13 6 12
Others 4 2 3 2
Total 45 44 39 3
Ridge and Valley
Red oak 19 12 18 16
White oak 10 14 20 13
Red maple 5 3 2 4
Others 3 3 _6 4
Total 37 32 46 37
1

Site productivity classes were primarily based on expected

merchantable saw log lengths, for oak I = 48 ft, II = 32 to 42 ft. and III

= <32 ft.



Table 2,
region, by height class.

The average1 abundance of species groups in the two physiographic

Species Height Allegheny Ridge and
Group Class Mountains Valley
(=== -- stems/acre = = = = = = - - - - )
Red oak 0.1 -1,0 530 a 1,160 b
> 1.0 177 a 338 a
Total 707 a 1,498 b
White oak 0.1 - 1.0 397 a 2,471 b
> 1,0 61 a 570 b
Total 458 a 3,041 b
Red maple 0.1 - 1.0 22,743 a 10,954 b
> 1,0 3,152 a 2,609 a
Total 25,895 a 13,563 b
Birch 0.1 - 1.0 1,073 a 2,590 a
> 1.0 71 a 5,396 b
Total 1,144 a 7,986 b
Stripped maple 0.1 - 1.0 39 a 794 b
> 1.0 103 a 1,170 b
Total 142 a 1,964 b
Witch-hazel 0.1 ~ 1.0 466 a 429 a
> 1,0 199 a 375 a
Total 665 a 804 a
Sagsafras 0.1 ~ 1,0 1,192 a 603 b
> 1.0 584 a 238 a
Total 1,776 a 841 b
a11? 0.1 - 1.0 25,239 a 18,091 a
commercial > 1,0 3,694 a 9,861 b
Total 28,933 a 27,952 a
ALl non-> 0.1 - 1.0 2,476 a 2,010 a
commercial > 1.0 1,064 a 2,066 b
Total 3,530 a 4,076 a
Total 0.1 - 1,0 27,715 a 20,101 a
> 1.0 4,748 a 11,909 b
Total 32,463 a 32,000 a
1

Physiographic region means, within species and size class, with the same
letter were not significantly different at the 0.05 level.

2 Includes other commercial species not listed.

3

speclies. Collectively, the non-commercial
species were more abundant than all commercial
species, except birch and red maple.

Although the abundance values for all
commercial, all non-commercial and all woody
species did not differ between the two regions,
the abundance values for individual species
were greatly different between the two regions.
Therefore; the abundance values among the three
site productivity classes were analyzed by
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Includes other non-commercial species not listed.

region. Physiographic region specific site
productivity dependent differences in average
abundance values (by size class) for individual
commercial and non-commercial species were
substantial., Differences between the lowest
and highest average species specific abundance
values among the site productivity classes were
frequently greater than a factor of five.
However; because of high variability in the
database and non—constant error variance, site
productivity class was a significant factor in



only five of the 25 analyses. The subjective
methods for determining site productivity may
have also weakened the analyses. Our analyses
are continuing and at this time we can only
present the following general trends.

Abundance values of all size classes of
red oak, other commercial species, witch-hazel
and stripped maple were greater in Site I
stands than either Site II or ILI stands,
regardless of region. White oak, red maple,

birch and sassafras abundance values in response

to site productivity class were dependent on
region. Number of stems for all size classes
of white oak were most abundant in the Site II
stands in the Ridge and Valley region and in
Site III stands in the Allegheny Mountains
region. Greater white oak numbers on the Site
II to III productivity classes may be due to
chestnut oak accounting for 80% of all white
oak stems. Red maple was most abundant in all
size classes in Site I stands in the Ridge and
Valley region; and in the Allegheny Mountains
region, greatest abundance values for the
0.1-1.0 ft. size were measured on Site II
stands and greatest values for >1.0 ft. size
were measured in Site I stands. Number of
stems for all size classes of birch were most
abundant in Site I stands of the Allegheny
Mountains region and in Site II stands of the
Ridge and Valley regiom. Stems for all size

classes of sassafras were most abundant in Site
11 stands of the Allegheny Mountains region and
in Site I stands of the Ridge and Valley
region.

The combined dominance of the surface area
by all herbaceous and woody ground vegetation
averaged 547 in the Allegheny Mountains reglon
and 22% in the Ridge and Valley region. Over
all site productivity classes, ferns were the
dominant group in the Allegheny Mountains
region (387 coverage) but not in the Ridge and
Valley region (67 coverage). There was 2
tendency for ferns to be more dominant of the
ground surface area in Site I stands than Site
1T or III stands (Table 3). Blueberry (and
huckleberry) was the most dominant group in the
Ridge and Valley region (21% coverage, overall)
and second most dominant in the Allegheny
Mountains region (147 coverage, overall).
Blueberry group was more dominant in Site II
and III stands than in Site 1 stands. Grasses,
laurel, broadleaf weeds and others would
occasionally dominate individual inventory plots
but their overall coverage values were low (Table
3.

Over all site productivity classes, 72% of
the plots in the Allegheny Mountains region and
83% of the plots in the Ridge and Valley region
were stocked with commercial species (Figure 2).

Table 3. Relative amount of ground surface occupied by selected plant

communities for the two physiographic regions,

by site productivity

class.
Site Productivity Class
Physiographic Weighted
Region/Plant Community 1 I1 I11 Average
(- - - % of surface area occupied — = =)
Allegheny Mountains
Ferns 48 32 35 38
Blueberry 8 11 28 14
Grasses 4 13 : 4 8
Laurel 1 4 9 4
Broadliaves 0 1 0 0
Others 3 3 2 3
overall Dominance’ 55 48 62 54
Ridge and Valley
Ferns 9 5 1 6
Blueberry 14 27 26 21
Grasses 2 1 0 1
Laurel 0 1 6 2
Broadliaves 7 2 2 4
Others 3 2 2 2
Overall Dominance2 19 29 22

20

1 Include mosses, partridgeberry,

2 Overail Dominance ~ the r

dominated by non-tree species.

summation of individual plant communities.

strawberry, teaberry and vines.

elative amount of the stand surface area
An independent assessment and not a
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Figure 2, Percentage of plots stocked in
the two physiographic regions by species group.

On an individual species basis, red maple was
stocked on 697 of the plots in the Allegheny
Mountains region, far greater than any other
species group (Figure 2). Individual species
stocking in the Ridge and Valley region was
highest for red maple (55%) and birch (50%).
Plots stocked with oak (19%), other commercial
(11%) and non-commercial (27Z) in the Ridge and
Valley region were greater than the species
specific values in the Allegheny Mountain region
(Figure 2).

DISCUSSION

Initial evaluations in sawtimber stands
with heavy gypsy moth related mortality indicate
that the stands were developing abundant and
well distributed regeneration of commercial
species. The regeneration was dominated by red
maple in the Allegheny Mountains region and red
maple and birch in the Ridge and Valley region.
Red and white oaks were very sparse in the
seedling component of the Allegheny Mountains
region but accounted for about 16% of the
commercial species seedlings in the Ridge and
Valley region. Competing ground vegetation
(particularly ferns) can restrict seedling
establishment and growth (Bowersox and McCormick
1987, Kolb et al, 1989). 1In the oak stands of
Pennsylvania, birch, red maple and stripped
maple are the most frequent woody stems "observed"
to tolerate fern dominated understories.
Restricted mixtures of commercial species and
greater fern domination of the understory
appears to be more prevalent in the Allegheny
Mountains region than in the Ridge and Valley
region,

Seedling species compositions in the study
stands were different from the overstory
compositions. The extent of the composition
shift caused by the gypsy moth could not be
determined because pre-defoliation inventories
were not available. Successful natural regenera-
tion of oak species is a mystery throughout the
range. In Pennsylvania, quantitative data on
regeneration inventories from oak stands are
limited to a few research reports. Bowersox
and Ward (1972) inventoried 28 undisturbed
mixed oak stands in the Ridge and Valley
physiographic region and reported that number
of woody stems per acre ranged from 2,667 to
79,000 and averaged 26,071, In their database,
5,985 of the stems were of commercial species
comprised of 137 red oak, 337 white oak, 437
red maple, 2% birch and 9% other commercial
species. Less intense inventories in three
Ridge and Valley physiographic region stands
that had received shelterwood treatments and
then a clearcut found an average of 5,133 stems
of commercial species with 6% red oak, 37 white
oak, 74Z red maple and 177 other commercial
species (Bowersox and McCormick 1987). Ferns
and grasses dominated the ground vegetation in
both the shelterwood and clearcut status of
these three stands. Comparatively, the gypsy
moth disturbed stands had greater numbers of
commercially important seedlings but with
similar species composition as stands not
disturbed by gypsy moth.

Forest managers desiring to increase the
oak component in the developing regeneration
need to consider the community differences of
the two regions. In the Allegheny Mountains,
oak abundance values were sparse and seedlings
were smaller in relation to the red maple and
non-commercial seedlings. Except in the fern
and blueberry dominated unstocked areas, new
oak seedling establishment and growth will
depend on their ability to compete with the
established red maple seedlings. In the Ridge
and Valley region where species composition was
more diverse, red and white oak was more
abundant and seedlings were larger than in the
Allegheny Mountains region. Oaks in the Ridge
and Valley region accounted for 167 of the
commercial species seedlings and were stocked
on 197 of the plots. New oak seedling establish-
ment, and growth of the new and existing oak
seedlings in the Ridge and Valley region will
depend on their ability to compete with birch,
red maple and non-commercial seedlings.
Knowledge is lacking on the ability of oak to
become established and grow in competition with
birch and red maple. Once this information is
available, practices to increase the oak
component can be recommended.
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TREE MORTALITY FOLLOWING GYPSY MOTH DEFOLIATION IN SOUTHWESTERN PENNSYLVANIA

David E. Fosbroke
and
2

Ray R. Hicks, Jr.

Abstract.--Approximately 200 0O.l-acre plots
have been monitored in southwestern Pennsylvania
since 1985 in order to measure the impact(s) of
Gypsy moth (Lymantria dispar (L.)) defoliation on
forest stands of the Appalachian Plateau. Plots
were located in both defoliated and undefoliated
stands. Average defoliation (in defoliated stands)
was 337 in 1985, 507 in 1986, 19% in 1987 and 8% in
1988 and ranged from no defoliation on non-host
species (e.g. yellow-poplar) to complete defoliation
on many of the oaks. An average of 247 of the trees
in defoliated stands had died as of July 1988.
Defoliated stands lost an average of 34 square feet
of basal area per acre. Thirty percent of the oak
basal area was dead following defoliation.

Mortality varied by specles, aspect, site index and

crown condition.

INTRODUCTION

In recent years, the gypsy moth
(Lymantria dispar (L.)) has extended its
range into the Appalachian Plateau region
of southwestern Pennsylvania. Gypsy
moth defoliation often results in tree
mortality. Mortality results from a
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combination of a reduction in photosyn-
thetic capacity caused by leaf removal, a
loss of root starch reserves during the
refoliation process, stress induced
during frost and drought periods, and
secondary attack by the shoe-string root
rot fungus (Armillaria mellea (Vahl.:
Fr.)Kummer) and the two-lined chestnut
borer (Agrilus bilineatus (Weber))
(Parker 1981, Wargo 1972 1977). Growth
loss 1s a more subtle affect of defoli-
ation that is often overshadowed by the
more noticeable nature of mortality. De-
foliation also opens the forest canopy
during the growing season, drastically
altering the understory environment.

This opening of the canopy combined with
selective tree mortality, reduction in
acorn production, and the decrease in
sprouting ability typical in defoliated
stands, alters stand regeneration species
composition.

Gypsy moth defoliation also substan-
tially affects decisions made by natural
resource managers and controllers of
political purse strings. A 1984 damage
survey conducted by the Pennsylvania
Department of Environmental Resources of
691 000 acres demonstrates how severe
tree mortality can be (Quimby 1987).
Volume losses were 218 million cubic feet
of pulpwood and 951 million board feet of



sawtimber. The combined value of dead
wood based on stumpage values current at
the time of -the study amounted to $104
million or approximately $151 per acre.
Herrick and Gansner (1987) reported more
conservative loss estimates in separate
studies in central Pennsylvania and the
Pocono Region of Pennsylvania. Median
losses were approximately 6 percent
(about 1 cord/acre) and median value
losses were $4.40 and $3.50 per acre
respectively. However, losses did reach
20 cords per acre and $50.00 per acre in
some plots. Forest managers are frequen-—
tly forced into salvaging stands to
prevent losses of these magnitudes.
Prevention of gypsy moth defoliation by
aerial application of insecticide 'is
also costly as evidenced by project
costs reported by several states at the
1985 National Gypsy Moth Review in
Columbus, Ohio (Table 1). Costs varied
between $4.13 and $14.87 per acre. The
average cost for the spray projects
reported by Delaware, New Jersey,
Pennsylvania, and West Virginia was $9.31
per acre. The total project costs for
these four states in 1985 was approxi-
mately $3.4 million. As more acreage is
defoliated by the gypsy moth, financial
and human resources become limiting
factors for suppression programs. Then
it becomes imperative that priorities be

Table 1. --Cost of the 1985 gypsy moth
aerial spray programs in_four
selected eastern states.

Area ) :
State Treated Cost/Acre Total Cost
(Acres) ($)2
DE 67 000% 7.47 502 000
NJ 39 922 8.973 358 100
PA 29 722 14.87 441 966
70 882 11.73 830 742
102 217 10.09 1 031 369
wv 54 020 4,13 223 102
Total - 3 387 279
1

Data in this table is taken from
information reported by each state in
the Proceedings of the 1985 National
Gypsy Moth Review, Columbus, Ohio, Nov.
18-21.

2

In some cases, these values do not
include the costs of survey, administra-
tion, or treatment of small special use
areas.

3 .
This value is an unweighted
average of the high and low costs
reported by New Jersey in the proceed-
ings.
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made as to which forest areas can be
treated. The highest priority will be
high-value stands where the insect is a
pest to the citizenry, such as residential
areas, campgrounds and scenic vistas.
This is likely to leave few resources for
the protection of uninhabited forest
land. Therefore, treatment should be
considered only for those stands that

are both high-value and at a high risk

of tree mortality. It is hoped that the
information collected in this study can
be useful in determining the relative
risk of different stands. Presented here
is a descriptive summary of defoliation
and tree mortality in southwestern
Pennsylvania.

PROCEDURES

To assist resource managers in the
Appalachian Plateau region in determining
which stands are at a high risk, 237 0.1-
acre circular plots were established in
Cambria and Somerset counties in south~
western Pennsylvania (fig. 1). Plots
were located in both defoliated and un-
defoliated stands. A stand was considerec
"jefoliated" when more than half of the
plots in the stand received greater than
507 defoliation. At the time of estab-
1ishment (1985 & 1986), a variety of tree
characteristics, site conditions, and
understory information were recorded for
each plot (Table 2). Site index 1is an
average of site index values calculated
from four dominant or codominant oak
trees per plot whenever possible.
Separate equations were used for the
white oak group and the red oak group
using equations developed by Wiant and
Lamson (1986). Volume equations were

PLOT LOCATIONS

WVU APPALACHIAN PLATEAU GYPS3Y MOTH STUDY

Figure 1.--Location of gypsy moth resear«

plots established by West Virginia
University in 1985 and 1986.



Table 2.--Data Collected = WVU Appalachian Plateau Gypsy Moth Study.

Tree Characteristics
DBH
Total Height

Merchantable Height (8" top)

Species

Crown Class
Crown Vigor
Defoliation
Tree Grade

Site Conditions

Site Index

SCS Soil Type

Percent Slope

Slope Position

Aspect

Understory Iaformation
Species ‘

__Hefght Class

based on Wiant's (1986) formula for esti-
mating form class 78 volume by Inter-
national 1/4-~inch rule. ' Tree grades

were assigned using the dichotomous key
published by Miller et.al. (1986).

Since establishment, every plot has been
revisited prior to defoliation each
spring (mid May) to assess tree condition
and again during peak defoliation each
summer (late June through early July) to
assess defoliation levels,

STUDY AREA AND STAND CONDITIONS

The study was conducted on separate
parcels managed by the Pennsylvania Game
Commission, WESTVACO, and an individual
landowner near the eastern border of the
Appalachian Plateau in southwestern
Pennsylvania. The topography of the
plateau ranges from relatively flat to
very steep in a short distance and eleva-
tions vary from 1300 to 2550 feet above
mean sea level. The highest point in
Pennsylvania, Mt. Davis, 1is near the
Somerset county study areas. The dis=-
sected topography on the plateau forms
a dendritic drainage pattern. As a
result, aspect is important in determining
species composition.

Forests of the plateau represent a
boundary between the Mixed-Mesophytic
forest described by E. Lucy Braun (1950)
and a southern arm of the birch-beech~-
maple type of the Northern Hardwood
forest (SAF 1980). Braun described the
Mixed-Mesophytic forest as being dominated
by American beech (Faqus grandifolia),
tuliptree (Liriodendron tulipifera),
basswood (Tilia heterophylla), sugar
maple (Acer saccharum), chestnut
(Castanea dentata), sweet buckeye
(Aesculus octandra), northern red oak
(Quercus rubra) borealis), white oak
(Quercus alba), and eastern hemlock
(Tsuga canadensis). Additional locally
abundant species listed were black birch
(Betula lenta), black cherry (Prunus
serotina), cucumber tree (Magnolia
acuminata), white ash (Fraxinus americana),
and red maple (Acer rubrum). Sour gum
(Nyssa sylvatica), black walnut (Juglans
nigra), and species of hickory (especially
Carya ovata and C. cordiformis) occur in
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a large proportion of the stands, but

are never abundant.

As Braun noted,

there 1s a large number of dominants in

this type,
relative abundance vary greatly
" place to place.
ceptions to Braun's description

therefore composition and

from

There are few ex-

in the

southwestern Pennsylvania gypsy moth

sample.

is restricted to the understory.

basswood and sweet buckeye were
tially missing from the sample.
maple and chestnut oak (Quercus

0f course American chestnut

Also
essen-
Red
prinus)

were dominant species and black oak
(Quercus velutina) and scarlet oak

‘(Quercus coccinea) were locally abun-

Pre-defoliatfon overstory com-
position 1in defoliated and undefoliated
plots are compared in figure 2. Maple

Species Composition of Stands
on the Appalachian Plateau

30,
] B Not defoliated

8 257 B Defoliated
A
R
+ 204 -
_
° 15 &
- 1 s
S 1nd B
o 107 31
5 1 55
a 5

o

BB WO
Species

SM

Figure 2.~-Pre-defoliation overstory
species composition of defoliated
and undefoliated plots - WVU
Appalachian. Plateau gypsy moth
study.

®

. RM=Red Maple, CO=Chestnut Oak,
SM=Sugar Maple, BB=Black Birch and
Yellow Birch combined, WO=White Oak,
OH=0Other Hardwood and B/SO=Black/Scarlet
Oak.



accounted for 36% of the trees in the
sample in both cases. The defoliated
plots had a larger oak component (517 vs.
37%). TUndefoliated plots showed a
decrease in northern red oak and white oak
and an increase in sugar maple and black
birch when compared to defoliated plots.

The sample includes the wide range
of forest conditions found in south-
western Pennsylvania. The most noticeable
difference between the defoliated and
the undefoliated stands is the larger oak
component and lower stand density (basal
area/acre) in the defoliated stands
(Table 3). Conditions were similar in a
study in central Pennsylvania reported
by Herrick and Gansner (1987).

Table 3,~-Pre-defoliation stand conditions
of defoliated and undefoliated
stands - WVU Appalachian Plateau
Gypsy Moth Study.

DEFOLIATED UNDEFOLIATED

Variable Mean Range Mean Range
Ave. dbh 7.7 3-45 8.3 3-36

(in)
Trees/ac

(no.) 266 - 266 -
BA/ac
(sq. ft.) 118 40-259 140 82-199
Stand age )

(yr.) 78 49-140 74 46-111
Site 1dx

(0ak) 53 32-91 60 40-81
BA in
oak (%) 74 10-100 57 12-100
Vol/ac
(bd ft:) 8195 294- 8905 1977~

27518 21128

Slope pct :

(%) 23 0-58 21 0-46
% Exposed :

Rock 6 0-80 22 0-80

TREE DEFOLIATION

Gypsy moth defoliation in south-
western Pennsylvania has been sporadic
since 1980. An attempt was made to
sample stands just prior to initial
defoliation based on egg mass counts,
aerial sketch maps, and aerial photog-
raphy. Since 1985, defoliation estimates
have been made for every tree within 166
plots. Each estimate is the average of
ocular estimates (20% classes) made by
two independent observers. Figure 3 shows
the average defoliation of the major
species in 1986, the year of heaviest
defoliation. These averages provide a
relative susceptibility rating guide for
the Appalachian Plateau in southwestern
Pennsylvania. This guide 1is similar to
the "general guide for gauging relative
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Average Defoliation in 1086 by Species
in Appalachian Plateau Stands

¥ Low preference
B3 Mod. preference
@ High preference

20 30 40 50 60 70
Percent Defoliation

Figure 3.--Average individual tree defoli-
ation by species in 1986 - WVU
Appalachian Plateau Gypsy Moth Study.

susceptibility (of species) 1in central
Pennsylvania" published by Herrick and
Gansner (1987).

As expected, the oaks suffered the
brunt of the attack., The average oak
defoliation was 627 or approximately the
defoliation level often stated as the
threshold for defoliation. Herrick and
Cansner (1987) reported less severe de-
foliation on white oak (34%), northern
red oak (41%), and scarlet oak (47%) in
central Pennsylvania stands which were
heavily defoliated in 1981. Though the
initial stand conditions of both studies
were similar, the central Pennsylvania
stands were less severely defoliated
(avg. = 39%) in 1981 (Herrick and Gansner
1987) than the southwestern Pennsylvania
plots were in 1986. Results from our
stands in southwestern Pennsylvania
indicate that the oaks are all equally
susceptible to defoliation (figure 3).
Generally, black birch was in the inter-
mediate or overtopped crown position
underneath oak canopies. 1In 1986, black
birch suffered an average defoliation of
32%. Defoliation was hardly noticeable
on the remaining species.

STAND DEFOLIATION
pDefoliation intensity and duration

are key factors in assessing potential
stand mortality. A stand was considered

"defoliated" when more than half of the

plots in the stand received greater than
50% defoliation. Mortality increased with
increasing number of years of defoliation
(Table &4.)+ The mortality rate sharply
increases when a stand receives its
second defolilation. However, in some
cases a single defoliation resulted in



Table 4.--Tree mortality by defoliation history - WVU Appalachian

Plateau Gypsy Moth Study.

No. of Annual

Mortality within

Proportion of Proportion of

Defoliations Category (%) Sample (%) Total Mortality
0 11 15 8
1 11 27 13
2 28 39 50
3 34 18 : 28
4 36 <1 1

substantial mortality.

A simple average percent defoliation
for each stand is of limited value in
assessing defoliation intensity because
sinple averages do not take into account
differences in crown volume between trees.
Therefore, defoliation was weighted by dbh
squared as suggested by Herrick and
Gansner (1986). Tahle 5 shows the
severity of defoliation on the Appalachian
Plateau plots since 1985. The heaviest
defoliation was in 1985 and 1986. Even
a few plots in the "undefoliated" control
group were moderately defoliated in both
years. This is because the defoliation
category was based on a stand average and
not on individual plot averages.

Table 5.--Weighted plot defoliation
averages 1985-1988 ~ WVU Appalachian
Plateau Gypsy Moth Study.

DEFOLIATED UNDEFOLIATED

Year N Mean Range N Mean "Range

1985 99 32.99 0-99 21 7.36 0-36

1986 166 49.48 1-100 28. 15.12 0-50

1987 166 19.40 0-74 28 6.86 0-33

1988 166 8.50 0-48 28 1.83 0-11

TREE MORTALITY

As of July, 1988, twenty-four per-
cent of the trees (3.0 inches dbh and
larger) in the defoliated stands died
compared with 117 in undefoliated areas
(Table 6). Defoliated stands lost an
average of 34 square feet of basal area
per acre. Overall basal area losses
increased by 157 due to defoliation.  The
oaks suffered most, losing 30% of their
collective basal area.

The defoliated stands were separated
into categories based on the proportion
of oak relative to all other species
(Table 7). The mortality rate increased
sharply when oak made up more than 60%
of the stand's basal area. In fact, when
the oak component made up less than 60%
of the stand, average losses were no
greater than in undefoliated stands
(Table 6 & Table 7).

Table 6.-~Percent mortality in defoliated
and undefoliated stands - WVU Appa-
lachian Plateau Gypsy Moth Study.

DEFOL. UNDEFOL.
Species
All (% tree loss) 24 11
(% basal area loss) 23 8
~ Oak (% tree loss) : 39 16

(% basal area loss) 30 8

Table 7.--Percent tree loss in defoliated
stands with different oak components.’
- WVU Appalachian Plateau Gypsy Moth

Study.
%z Total
%4 Oak 7 Mortality % Sample Mortality
<10 0 0.5 0

11-20 2.5 2.5 0.5
31-40 11.0 5.0 2.5
41-50 8.0 5.5 2.0
51-60 9.0 6.5 2.5
61-70 15.5 10.0 6.5
.71-80 21.0 16.5 14.0
81-90 21.0 26.5 24,0
91~100 43.0 27.0 48.0

Comparison of stem mortality for each
oak species shows that scarlet, black, and
chestnut oaks were particularly vulnerable
with 57Z, 467, and 44% mortality respecs
tively (Table 8). White oak and northern
red oak fared a little better with 35%
and 317 stem loss. It should be noted
that scarlet and black oak represented a
small proportion of the total sample,
however even these small proportions
represent 84 black oaks and 259 scarlet
oaks. Red maple and sugar maple were
included in the table in order to compare
the oak mortality with species which were
unaffected by the gypsy moth.

Mortality rates (Table 9) were lowest
(15%) on the northeast and east aspects:
and on level sites where sugar maple,
northern red oak and red maple dominated
(i.e. made up the majority of the trees
3.0 inches dbh or larger). Where chest-
nut oak and red maple were the dominants
(south and southeastern aspects) mortality



was the heaviest (30%). Mortality rates
were intermediate on the remaining aspects
(north, southwest, west and northwest)
where red maple dominated with northern
red oak or white oak.

Table 8.--Percent mortality for selected
species in defoliated stands - WVU
Appalachian Plateau Gypsy Moth

Study.

%Species %Total
Species Mortality ZSample Mortality
Scarlet Oak 57 6 14
Black Oak 46 2 4
Chestnut Oak 44 18 31
White Oak 35 10 15
N. Red Oak 31 17 22
Sugar Maple 5 7 1
Red Maple 4 25 6

Table 9.--Percent mortality and species
mixture on different aspects - Wvu
Appalachian Plateau Gypsy Moth Study.

Species
Aspect Mixture ZMortality
N 33% RM-26% RO 71
NE 23% SM-22% RO-19%Z RM 12
E 30% SM-21% RO-14% RM 14
SE 287 CO-24% RM-16% RO 36
s 30% CO-24% RM-37% Mol 34
SW 227 RM-22% W0-20% RO 22
W 29% RM-16% RO-14% CO-

14% WO 28
NW 26% RM-24% RO-20% CO 25
FLAT 30% su—21§ RO-14%7 WO-

10% OH 13

1

- MO=about 10% each of white oak,
northern red oak and scarlet oak.
2
OH-other hardwoods.

Site index was grouped into three
classes: 60, 60-70, and 70. Twenty-—
six percent of the trees on poor sites
(ST < 60) died while only 167 died on
average sites (SI 60-70) and 14% died on
good (SI > 70) sites. Mortality was also
greater on slopes steeper than 15% (287
loss) than on slopes which were less than
15% (15% loss). As with aspect, species
is probably the overriding factor in
these site/mortality relationships as the
oak component was higher on the steep
slopes and poor sites.

MANAGEMENT IMPLICATIONS

Gypsy moth host preference classes
were developed by Mosher (1915) and
modified by Houston (1979). Oaks are
considered high on the 1ist of plant
species "gavored" by the gypsy moth; white
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" was minimal by any means.

oaks are considered particularly suscep-
tible. Harrick and Gansner (1987) found
that white oak in central Pennsylvania
received only half of the defoliation
that chestnut oak and black oak did.
Based on the results of our study in the
Appalachian Plateau (fig. 3), any of the
oaks (northern red, black, scarlet, white,

~and chestnut) should be considered equally

likely to be defoliated during a year of
heavy defoliation such as 1986.

Even though the average defoliation
of all the oak species was about 60%,
scarlet, black and chestnut oak suffered
heavier mortality than did white and
northern red oak. This is not to say that
the mortality of these latter two speciles
Chestnut oak
mortality accounted for almost one-third
of the total mortality. This was a
function of both the proportion of
chestnut oak in the sample and chestnut
oak's high mortality rate. When a :
stand's oak component exceeded about 607,
there was a substantial increase in tree
mortality.

Mortality appears to be heavier on
poor sites, steep slopes and some aspects
largely because these gsites support a
large oak component. In the Appalachian
Plateau of Pennsylvania, aspect seems to
have such an influence on species compo-
gition that table 10 could be useful in
establishing an initial hazard rating
based on topographic maps in the absence
of stand composition information. Though
there are probably sites which do not fit
the pattern in this table, the consistency
of the relationship is surprising. Then
results from a stand exam could be used
in a final hazard rating.

Tree mortality due to insect defoli-
ation is a complicated process involving
interactions between trees, defoliators,
secondary organisms and environmental
factors. The most useful variables for

_predicting tree mortality following

gypsy moth defoliation are defoliation
duration, defoliation intensity and
species composition. This paper provided
summaries of this type of information for
forest stands on the Appalachian Plateau
of southwestern Pennsylvania. The next
step is to determine what other variables
might be useful in separating mortality
differences within varying levels of
defoliation and oak composition.
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Susceptibility Of Sugar Maple And Oak To Eleven

Foliar-Applied Herbicides

1

H.E. Garrett, M.W. Thomas® and S.G. Pallardy

3

Abstract.--Eleven

foliar-applied

herbicides were

tested for their effectiveness in controlling sugar maple

and oak species.

Picloram combined with 2,4-D (Tordon 101

M) applied at a rate of 757 ml/gallon of water proved to be

the most effective.

percent of all sugar map

Three years after application, 100
le "and 75 percent of all oak

recefving this treatment were dead.

INTRODUCTION

A significant increase in the density of
sugar maple (Acer saccharum Marsh.) in Mis-
souri's oak-hickory Tforests has been reported
(Nigh et al. 1985; Pallardy et al., 1988).
Similar increases have occurred Tn other states
(gcggesinger, 1976; Cottam, 1949; Lorimer,
1984).

Sugar maple encroachment is considered
undesirable because it is associated with the
failure of oak to regenerate under its sub-
canopy. 0ak regeneration in Missouri has
steadily declined since logging in oak-hickory
forests peaked between 1890 and 1920. Early
oak regeneration failure was largely inde-
pendent of the more recent encroachment of
sugar maple, but has been exacerbated by it.
Dense shade, caused from the overlapping crowns
of sugar maple saplings, prevents adequate
Tight penetration for oak seedling growth and
development. Seed germination may occur but
the young oak seedlings soon die for lack of
light. Without advanced oak regeneration,
there are no saplings present to assume canopy
positions as mature oaks die or are harvested.
The problem is especially relevant to mesic
sites which have the greatest potential for
growing high quality oak, as sugar maple ap-
pearance and dominance is most rapid on these
sites (Pallardy et al., 1988). Because of the
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potential for serious decline in oak wood
supply, a future negative effect on the hardwood
forest products industry of the affected states
is possible. Further, as more oak falls from a
position of dominance in the overstory and is
replaced by sugar maple, the mast-producing
capacity of oak-hickory forests will be reduced.
Loss of this important food source could be
detrimental to wildlife populations, partic-
ularly those of deer, turkey and squirrel.

This study was an initial step in de~
veloping herbicide recommendations for sugar
maple in Missouri. It was designed to test the
effectiveness of a number of chemicals applied
to the foliage with a backpack mist blower.
Several oak species were also treated to doc-
umentk the effect of foliar-applied herbicides
on oak.

MATERIALS AND METHODS

Thirty-six, 0.02 ha (0.05 acre) circular
plots were established on east-facing slopes at
the Ashland Wildlife Area (Garrett and Cox,
1973) in late May and early June of 1984. The
study employed a randomized complete block
design with three replications of 12 plots each.

Thirty trees (15 sugar maple and 15 oak)
were selected within each plot. Only trees that
were healthy and growing vigorously were se-
lected for treatment. There were 360 trees per
replication or a total of 1080 trees, with 540
individuals each of sugar maple (Acer saccharum
Marsh.) and oak species. Within the oak group,
white (Quercus alba L.), chinquapin (Quercus
muehlenbergil Engelm.), post (Quercus stellata
Wangenh.), northern red (Quercus rubra .y,
black (Quercus velutina Lam.) and blackjack
(Quercus™ marilandica Muenchh.) oaks ~were in-
cTuded.




The diameter of each tree was measured
with Mishoto dial calipers calibrated to 0.02
mm accuracy. Seedlings less than 1.4 m (4.5')
tall were measured approximately 15 cm (6")
above the root collar. Saplings above 1.4 m
(4.5') but less than 2.54 cm (1I") in diameter
were measured approximately 30 cm (12") above
the root collar. Saplings over 2.54 cm (1") in
?iameger were measured at a height of 1.37 m

4,5').

Sugar maple study trees ranged from 3.54
to 117.24 mm (0.1-4.6") in diameter. The oak
which grew under the subcanopy of sugar maple
ranged from 2.22 to 117.34 mm (0.1-4.6") but
averaged only 14 mm (0.6") bdh (basal diameter
height) compared to 25 mm (1") dbh (diameter
breast height) for the maple.

A1l herbicides were applied at Tlabel-
recommended rates (Table 1); the highest rates
were used when a range was provided. A Solo
model 410 backpack mist blower mounted on an
aluminum frame was used to apply all herbicides
which were mixed the morning of application.
Each of the 30 trees/plot was individually
misted from at least two sides. Each tree
was sprayed "to wet" but not to run-off.
Replicate I was treated on May 21 and 22,
replicate II on June 2 and 4 and replicate IT1

Table 1.--Active ingredient(s) [AI] and ap-
plication rate of herbicides applied
to the foljage of sugar maple and

oak.

Product Al ZAT Rate
(Manufacturer) (m1/gal)
Roundup Glyphosate 41 79
(Monsanto)
Banvel 720 Dicamba 13 374
(Velsicol) Related acids 3

2,4-D 25
Krenite Fosamine 42 76
(DuPont) ammonium
Tordon 101 M Picloram 10 757
(Dow) 2,4-D 40
Garlon 3A Triclopyr 44 123
{Dow)
Garlon 4 Triclopyr 62 95
(Dow)
Weedone 2,4-DP  2,4-DP 60 38
(Union Carbide)
Weedone LV-4 2,4-D 61 158
(Union Carbide)
Weedone 170 2,4-D 30 57
(Union Carbide) 2,4-DP 31
Weedar 64 2,4-D 47 30
(Union Carbide)
Ethephon Ethylene 4 95

(Union Carbide)

over three days, June 11, 13 and 17, 1984,
Defoliation data were recorded in September
1984, 1985 and 1986, one, two and three growing
seasons after herbicide application, respec-
tively.

A1l trees were classified according to
topkill and mortality. "Topkill" referred only
to those study plants in which 100 percent de-
foliation had occurred at the time of obser-
vation, with no sprouting along the upper stem
or in the crown. Topkill was used to quantify
the first- and second-year observations. Study
trees sprouting at the base were recorded
separately and expressed as a percentage of the
total plants treated. The term "mortality" was
applied only to data collected in the third year
after spraying, and was applied to those study
plants that were 100 percent defoliated (top-
killed) and showed no basal sprouting.

ANOVA was applied only to the third year
(1986) mortality data as the 1984 and 1985 data
were preliminary in nature. Treatment means
were compared with least significant difference
tests (LSD) at the 95% confidence Tlevel.
Additionally, linear correlations  between
mortality and diameter of sugar maple were
calculated. ‘

RESULTS
Sugar Maple Control

Most herbicides proved ineffective in
controlling sugar maple when mist blown (Table
2). In September of 1984, at the end of the
first growing season in which herbicides were
applied, only two herbicides (Tordon 101 M and
Garlon 3A) provided 100% topkill in 80% or more
of the study plants. Tordon 101 M gave the best
control at 98%. Garlon 4 and Banvel 720 induced
complete topkill of sugar maple in 76 and 67% of
the study plants, respectively, while Roundup
gave 47% topkill. The 2,4-D/2,4DP ester herb-
jcides proved to be among the least effective in
controlling sugar maple. The ester formulation
of 2,4-D (Weedone LV-4) yielded the highest
control of the group (44%), while the com~
bination of 2,4-D and 2,4-DP ester (Weedone 170)
yielded only 13% control. The ester formulation
of 2,4-DP %heedone 2,4-DP) also exhibited poor
results, with only 9% of the study plants
completely topkilled. The amine formulation
of 2,4-D (Weedar 64) induced complete topkill in

‘only 7% of the sugar maple study plants.

" Krenite and Ethephon were also very ineffective.



Table 2.--Percentage of plants showing topkill
(1984 and 1985) and whole-plant mortality
(1986) of sugar maple mist blown with
eleven herbicides in May/June of 1984.

Topkill Mortalit

Herbicide 198 985 1986
——————————— Percent-----~-- 1

Roundup 47 36 36¢
Banvel 720 67 27 38¢
Krenite 7 24 29cd
Tordon 101 M 98 100 100a
Garlon 3A 80 42 40c
Garlon 4 76 40 60b
Weedone 2,4-DP 9 11 16d
Weedone LV-4 44 20 22d
Weedone 170 13 16 18d
Weedar 64 7 7 7de
Ethephon 2 4 9de
Control 0 0 Oe

1Means with common letters are not signif-
icantly different at P<0.05.

The resistance of sugar maple to most
foliar-applied herbicides became even more
evident in 1985 (Table 2). Most plants showed
a reduced effect from the herbicide two growing
seasons after application. Only one herbicide,
Tordon 101 M, continued to provide good con-
trol, inducing or maintaining topkill in all
sugar maple plants. Only two other herbicides
(Garlon 3A and Garlon 4) provided at least 40%
control. A1l other treatments proved much less
effective by the second year after application.

Mortality  percentages three growing
seasons after herbicide application indicated
that only Tordon 101 M provided 100% control
(100% mortality) and was significantly more
effective than all other herbicides tested.
Most other herbicides yielded results similar
to those reported in 1985, with the exception
of Banvel 720 and Garlon 4. Application of
both these herbicides resulted in improved
control, although it was inadequate for a
silvicultural prescription. Garlon 4 yielded
the second highest level of control at 60%
mortality.

Basal sprouting, for the most part, was
not a problem in sugar maple. Most sprouts
observed in 1985 (two growing seasons after
application) had died by 1986. The two form-
ulations of triclopyr (Garlon 3A [salt] and
Garlon 4 [ester]) allowed the most sprouting --
31% in 1985 and 19% in 1986. Krenite induced
basal sprouting in 22% of the maple, while the
remaining eight herbicides yielded sprouting of
11% or less. ' :

Control of Oak Species

Although the primary objective of this
study was to evaluate the effectiveness of
herbicides in controlling sugar maple, oak
species were also included for testing. Most
herbicides proved to be more effective in
their capacity to topkill oak than sugar maple,
but oak appeared to be the more prolific
sprouter, although this was not tested sta-
tistically. One growing season after herbicide
application, four treatments had resulted in
topkill in more than 82% of the oak study plants
(Table 3). Banvel 720 and Garlon 4 gave 89%
control, Krenite 84% and Tordon 101 M 82%. The
ester formulations of 2,4-D/2,4-DP provided
intermediate control, with Weedone 2,4-DP and
Weedone 170 inducing 78% and Weedone LV-4 67%
complete defoliation. Garlon 3A and Roundup
provided 73 and 64% topkill, respectively.
Weedar 64 and Ethephon provided poor control,

Table 3.--Percentage of plants showing topkill
(1984 and 1985) and whole-plant mortality
(1986) of oak (all species) mist blown
with eleven herbicides in May/June of

1984,

Topkill Mortalit

Herbicide 19 985 1986
—————————— Percent--=~wwwe- 1=

Roundup 64 58 38bc
Banvel 720 89 47 58abc
Krenite 84 69 67ab
Tordon 101 M 82 62 71a
Garlon 3A 73 47 53bc
Garlon 4 89 64 69ab
Weedone 2,4-DP 78 40 45bc
Weedone LV-4 67 44 60abc
Weedone 170 78 42 60abc
Weedar 64 36 20 22cd
Ethephon 11 4 1lde
Control 0 0 Oe

1Means with common letters are not signif-
jcantly different at P < 0.05.

Data collected in 1985 revealed a reduction
in effectiveness in every oak treatment, indi-
cating that sprouting within the crowns was
occurring. Only three treatments (Krenite
[69%], Garlon 4 [64%] and Tordon 101 M [62%])
provided over 60% total defoliation in 1985,

As with sugar maple, changes in oak re-
sponse data from 1984 to 1985 were much greater
than between 1985 and 1986, indicating that the
effects of the herbicides were stablizing and
suggesting that first-year data in herbicide
studies on woody vegetation may not be very



meaningful. In 1986, only Tordon 101M was found
to result in mortality in excess of 70% (Table
3). However, Garlon 4 and Krenite yielded 69
and 67% mortality, respectively.

Basal sprouting was more prominent in oak
than in sugar maple. In 1985, two treatments
(Banvel 720 and Weedone 2,4-DP) resulted in
basal sprouting in excess of 50%; two in over
40% (Weedone LV-4 and Weedone 170); two in over
30% (Garlon 3A and Weedar 64) and over 20% of
Garlon 4 and Krenite-treated plants sprouted.
Basal sprouting in 1986 was reduced for every
herbicide except Roundup -- plants in four
treatments sprouted in excess of 30% (Banvel
720, Weedone 2,4-DP, Roundup and Garlon 3A) and
four induced between 20 and 30% plants with
basal sprouts (Garlon 4, Weedone 170, Weedar 64
and Weedone LV-4).

The effectiveness of all herbicides on
sugar maple, with the exception of Tordon 101 M
(100% mortality), gas significantly related
to tree diameter (r® = 0,13 to 0.59). Signif=-
icant regression slope coefficients indicated
that larger diameter trees were more difficult
to defoliate and, subsequently, harder to kill.
Only three herbicide treatments, however,
showed significant correlations ?etween di-
ameter and defoliatifon 1in oak (r® = 0.09 to
0.35), Defoliation with Roundup and the two
triclopyr herbicides (Garlon 3A and Garlon 4)
was ngn1f1cant1y decreased as dfameter in-
creased,

DISCUSSION AND CONCLUSIONS

The amine salt formulations of picloram
combined with 2,4-D (Tordon 101 M), applied at
a rate of 757 ml/gallon water by a backpack
mist blower, proved to be the most effective
treatment for controlling sugar maple. These
results are consistent with those reported in
the literature. Coble et al. (1969) found high
percentages of red mapTe Topkill when applying
picloram in a similar manner. Seventy four
percent topkill was achieved at a 0.5 1b aehg
rate while 1.0 and 2,0 1b aehg both produced
100% topkill with no sprouting two growing
seasons after application.  Schwartzbeck and
Wiltse (1964) in their work with sugar and red
maple, also reported 98-100% control when
applying picloram alone and in combination with
four rates of 2,4-D. Nine percent of the maple
sprouted - at the base at the highest rate of
appl}cation (0.7 b picloram plus 2.0 1b 2,4-D
aehg).

The two triclopyr-based herbicides proved
to be marginally effective in controlling sugar
maple, with Garlon 4 being the second most
effective chemical. Sixty percent mortality
was realized three years after application of
the ester formulation of triclopyr in this
study. Haywood (1980) reported 63% mortality
and McCormack et al. (1981) reported 64 to

74% control after applying Garlon 4 to red
maple. Lichy (1978) reported from 44 to 100%
control. In contrast to results for Garlon 4,
a significant reduction to only 40% mortality
was observed in our work with the salt formu-
lation (Garlon 3A).  However, between 65 and
90% defoliation and 100% mortality have been
reported by Lichy (1978) when Garlon 3A was
applied to red maple. Perala (1980) reported
only 20% topkill of sugar maple with one-half
of the trees sprouting at the base. In view
of the differences observed between our study
and Lichy's, sugar maple may be more resistant
to the triclopyr salt than red and some other
maple species.

The phenoxy compounds composed of 2,4-D,
and 2,4-DP alone and in combination were the
least effective herbicides tested and hence
cannot be recommended for herbicidal control of
sugar maple. Maple has also been shown to be
resistant to these compounds in other studies.
Stewart (1974) reported only 30% topkill of
vine maple one year after application of
2,4-D/2,4-DP 1in a water carrier and no mor-
tality after three years. When using diesel
fuel as a carrier, control was only slightly
better. Lichy (1978) reported 50% topkill of
red maple after misting 2,4-D (ester) and only
10% with the salt formulation. Between five
and 58% topkill was reported by Coble et al.
(1969) for red maple when the ester formuTation

J of 2,4-D was applied.

Timing of herbicide application is ex~-
tremely important. Most herbicides should be
applied when the plants are actively growing to
be effective, and this criterion was generally
met in our study. One herbicide used, however,
was designed to be applied in Tate summer and
early fall, This compound, Krenite, is a
contact herbicide and prevents bud and shoot
development the following spring. The poor
control of sugar maple with Krenite in this
study (29%) may have, in part, been a result of
the early spring application, Inconsistent
results have been reported, however, when using
Krenite to control striped and red maple, even
with proper fall application (Sprague and
McCormack, 1981).

Roundup and Banvel 720 both proved in-
effective for controlling sugar maple. Et-
hephomr, included to determine its effect as a
defoliator, was also ineffective.

Oak species employed in this study, for the
most part, existed beneath the dense shade of
the sugar maple understory, a condition which
may have influenced the vigor and consequently
the results of this study. The basal diameters
(bdh) of the oak were quite small, averaging
only 14 mm (0.6").

Mortality and basal sprouting among treated
oak trees were generally higher than for sugar
maple., Tordon 101 M, the most effective herb-



icide on sugar maple, was also responsible for

the greatest oak mortality. However, it was not
significantly more effective than Garlon 4,

Krenite, Weedone LV-4, Weedone 170 or Banvel 720
(Table 3).

While, in general, a negative correlation
was found between diameter and herbicide ef-
fectiveness, Tordon 101 M was found to be
equally effective on large and small diameter
sugar maple plants. Trees up to 96 mm (3.8")
dbh were killed by foliar application of Tordon.
Perala (1980) demonstrated similar results. In
a study of Tordon 101 M applied at a rate of
2.5 1b ae/ac, 73% topkill of sugar maple up to
3.8" dbh with only 4% basal sprouting was
reported.

In view of the increasing prominence of
sugar maple in Missouri oak-hickory forests and
related future management problems, some method
‘to control sugar maple is desirable. Our study
demonstrates that of 11 chemicals tested, only
Tordon 101M, induced sufficient mortality to be
recommended for foliar application. Further-
more, it is noted that in herbicide trials-of
this nature, a minimum of two, and preferably
three, years are desirable to secure reliable
data.
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DIRECT CONTROL OF INSECT DEEOLIATION IN OAK STANDS IS

ECONOMICALLY FEASIBLE IN PREVENTING TIMBER VALUE LOSS
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Abstract.--We used data from 106 defoliated
forest stands in West Virginia to establish the

quantity of timber (board
Mortality
with a large component of

to mortality.

feet) that was lost due
was highest in stands
oak growing on better

sites. Break—-even benefit-cost analysis was used
where avoidance of anticipated loss was the benefit
and spray (chemical plus application) was the cost.
Anticipated loss was computed as the product of

mortality and stumpage value.

We assumed that the

stands would not be harvested for 20 years and that

spraying would need to be
year or a l0-year cycle.
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break-even spray cost lower than actual spray costs

that were reported to us.

We conclude that if

prevention of economic loss is the only consideration
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spraying can
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generally be justified.
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INTRODUCTION

The commercial forests of the
southern Appalachians are facing the
advancing front of gypsy moth Lymantria
dispar L.. To avoid excessive losses
due to defoliation, landowners must make
some important decisions. Basically, the
landowner has three options: do nothing,
harvest the timber, or implement a control
strategy to prevent or at least minimize
loss.

With the "do nothing" strategy land-
owners accept the risks in the hope that
their stands will not be defoliated or
that the defoliation is not severe enough
to cause widespread mortality. Where

timber is mature and there is an existing
market, harvesting is an obvious solution.



The final option is to implement some
control strategy to prevent as much defo-
liation and damage as possible. Several
different methods have been used over the
years to attempt to control the gypsy moth.
These include male moth trapping, sterile
male release, the introduction of para-
sites and disease, silvicultural control,
and the application of chemical pesticides.

The aerial application of chemical
insecticides, specifically Dimilin, has
provided some of the best results in
controlling the gypsy moth (Nichols 1982)
and was used in the analysis for this
project.

This study uses mortality rates
observed following insect defoliation in
eastern West Virginia and western Mary-
iand. Using economic analysis and given
the expected mortality, we determined
which stands we can afford to spray and
fetain profitability.

HOST SUSCEPTIBILITY AND VULNERABILITY

The susceptibility of a forest stand
can be described as the probability that
it will experience defoliation. It has
been shown that a stand's susceptibility
to defoliation depends largely on the
species composition and the site and
stand conditions such as aspect, slope
position, and soil condition (McManus
1980) .

Moser (1915) found that susceptibil-
ity was also affected by the stage of
growth of the insect larvae. Some tree
species were fed upon by all larval in-
stars while others were preferentially
eaten by certain instars.

) Bess et al (1947) reported that the
most susceptible stands in the northeast
were those which grow omn typically dry
sites such as rocky ridges or deep sands.
These highly susceptible stands have
often been disturbed in some way. These
disturbances include fire, ice, snow, oOr
wind. The trees on these sites are often
poorly formed, slow growing oaks which
have structural features favorable to
ovaposition by the gypsy moth. Structual
features include deep bark fissures, bark
flaps, and holes or wounds. Bess and
coworkers also found susceptible stands
to be open in nature and hosting under-
story plants such as blueberry, huckle-
berry, bracken fern, sweetfern, grasses,
and sedges. Leaf litter in susceptible
stands was shallow and exposed rocks and
ledges were common. The forests in the
northeast which were least likely to be
defoliated were those that grow on well
drained, loamy soils where soil moisture
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was not a limiting factor to growth.

The sites were relatively undisturbed.
Resistant stands were usually well
stocked and contained a diversity of

tree species. This species mixture may
even include some which are highly pre-
ferred by the gypsy moth. The trees on
the resistant sites were relatively fast
growing and provided very few favorable
structual features. The leaf litter in
resistant stands was usually deep, thus
providing habitat for gypsy moth pre-
ators. The understory species which were
found to be prevalent in resistant stands
include mapleleaf viburnum, woodland
ferns, and wild sarsaparilla. Houston
(1L979), Houston and Valentine (1979),

and Houston (1983) reported findings
similar to those of Bess et.al. (1947).

In contrast to susceptibility, vul-
nerability refers to whether or not trees
will die as a result of defoliation.
Susceptibility and vulnerability are
somewhat independent of one another.
Houston (1983) reported that stands which
were more susceptible were often less
vulnerable because they were constantly
stressed by the environment in which they
grow and were acclimated to such condi-
tions.

The amount of mortality that occurs
after defoliation is related to such
factors as the intensity of defoliation,
the number of defoliatiomns, the trees'
condition before defoliation, the site
and stand conditions such as aspect,
slope percent, slope position, and
environmental factors such as drought
and late spring frosts before and after
defoliation (Mason et. al. (1987).

Hicks and Fosbroke (1987), working
in the Appalachian Plateau region of
Pennsylvania, found that trees which were
most vulnerable to mortality were oaks
(especially white oaks), growing on
steeper slopes, southwesterly aspects,
and on sites with a higher site index.

In the Pocono Mountain Region of
Pennsylvania, Gansner and Herrick (1984)
found that oaks (especially white oaks),
with poor crowns and low vigor, on poOoOr
growing sites and on westerly aspects
were more likely to die.

Working in Pike and Monroe counties
PA, Herrick et. al. (1979) found that
stands that were more vulnerable to
mortality were those in which the trees
had poor crowns, were growing at higher
elevations, had a greater distribution of
grees 11 inches DBH or less, were composed
of largely‘preferred species such as oaks,
and were located on lower slope positions.



PHYSIOLOGICAL EFFECTS OF DEFOLIATION ON
TREES

Defoliation of 3 tree by insects
causes the tree to be stressed. If the
defoliation stress is severe or if it is
coupled with other stresses the tree
becomes predisposed to attack by second-
ary organisms. These secondary agents
further stress the tree and often ulti-
mately cause death.

Wargo (1978) reported that the
degree to which a tree is affected by
defoliation depends on several factors:
the percentage of foliage eaten; how
many successive years the tree was
defoliated; what time of year the tree
was defoliated; the weather conditions
after defoliation; if secondary agents
attacked the tree; and vigor of the
tree before defoliation (Graham 1963,
Acciavatti 1982).

The percentage of foliage which is
eaten by any defoliator is very important
in determining whether or not the tree
can recover from defoliation. In any
case, we can assign a probability of
mortality to trees or stands and that
probability is associated with the
susceptibility, vulnerability and like-
lihood of epidemic-level insect popula-
tions.

ECONOMIC ANALYSIS

With an insect such as gypsy moth
which is invading the southern Appalachian
region, imminence of defoliationm can be
forecast using available survey and
detection. Therefore, an effective method
to determine if control is economically
feasible is important to the forest land-
owner.

Canham (1986) presented a break-
even benefit cost analysis used to make
sound forestry decisions. Future costs
and revenues are discounted at a given
interest rate to a present value. This
value represents the minimum benefit re-
quired for a control project to at least
break even. We utilized a procedure of
this type in our study.

McCay and White (1973) conducted a
similar study in which they calculated
immediate losses and estimated future
sawtimber losses from gypsy moth defoli-
ation on a per acre basis. 'The future
losses were discounted back to present
values. The present value of the losses
represents ‘the amount of money the land-
owner could afford to pay for forest
protection, ! k

~‘Another method for estimating the

benefits of some control strategy has
been presented by Gansner and Herrick
(1987). Measurements were taken on plots
in central Pennsylvania from 1978 to 1985.
The percent loss in timber value and
compound rate of change in value for all
susceptible trees were calculated. The
dollar values represented the standing
trees' net value in the production of 4/4
inch lumber and/or pulpwood, allowing for
the cost of conversion.

METHODS
STUDY AREAS

The data for this research were
collected from two different study areas,
Sleepy Creek Public Hunting and Fishing
area in the eastern panhandle of West
Virginia and Green Ridge State Forest in
western Maryland (fig. 1).

Sleepy Creek Public Hunting and
Fishing area, which is maintained by the
West Virginia Division of Wildlife, is
located on the Morgan~Berkeley county
line in West Virginia and is about 6
miles southeast of Berkeley Springs and
11 miles west of Martinsburg. It is
comprised of 23,000 acres of mountainous
and rolling. terrain consisting of mostly
pine-oak and oak-hickory forest types.
Sleepy Creek contains two mountains;
Sleepy Creek Mountain and Third Hill,
which range in elevation from 880 to
2,172 feet above sea level. The soils
are shallow, shaley to stony loams with
low moisture levels.

From 1981 to 1983 various areas of
West Virginia's eastern panhandle received
heavy defoliation., The looper complex
which defoliated the areas in the eastern
panhandle consisted mainly of Phigalia
titea (Cramer). Other species which were
involved included P. strigateria (Minot),’
Erranis tiliaria (Harris), and Alsophilia
pometaria (Harris) (Butler 1985). Loopers
have similar host preference and feeding
season as gypsy moth, therefore we felt
the looper data were applicable to gypsy
moth.

FIELD PROCEDURES

Field data was collected from 141
one-tenth acre plots. The plots were
separated into those areas which according
to reports had received 1, 2, or 3 years
defoliation (106 plots) and control plots
which received no defoliation (Crow 1985).
Tree data which were collected on each
plot included: tree number, azimuth from
north, distance from plot center, species,

dbh, crown vigor estimate, tree grade
(trees 9.6 inches DBH and greater),
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Figure l.-~Location of study sites.

crown class, merchantable height (to a

4 inch top), and total height, Plot data
which were collected included: plot number,
date, number of years defoliated, aspect,
slope percentage, slope position, and an
estimation of the percentage of exposed
rock (Crow 1985).

Merchantable volume in board feet
was calculated for each tree with a
diameter breast height (dbh) of at least
10 inches and a tree grade of 1, 2, or 3.

Because original helghts were taken
to a 4 inch top, Wiant and Yandle's (1984)
taper system formula for predicting tree
merchantable height, given an 8~inch
diameter limit, was used.

The tree's dbh and the calculated
merchantable height was then used in
volume equations produced by wWwiant (1986)
to predict the board foot volume for each
tree. The equation for predicting Inter-
national 1/4 inch volume (form class 78)
was used in this analysis.

The volumes were then separated into
1ive and dead categories for each species.
The total volume, live volume, and dead
volume for each specles were accumulated
for each plot.

ECONOMIC ANALYSIS PROCEDURES

Mortality ratios were developed by
dividing the total dead volume for each
species by the total volume (live and
dead) for that species. For example, if
red oak dead volume was 30 board feet
and total red oak volume was 100 board
feet then the mortality ratio would be
30/100 X 100 or 30%. This was done for
each of the species or species group.
The per acre volumes and the mortality
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ratios are shown in Table 1,

The average volume per acre for
each species was multiplied by the
mortality ratio for that specles to
calculate a volume loss per acre for
the species. Stumpage values received
from the West Virginia Department of
Agriculture and the Maryland Forest
Service for the areas in which the re-
search plots were located were then
applied to the volume losses for each
species to derive a per acre value loss
for each species., These loss values for
each specles were then summed to develop
a total value loss per acre.

This total loss per acre is con-
sidered to be a benefit assuming that
the landowner would spray and consequen-
tly the mortality loss would not occur.
Other losses such as growth loss,
aesthetic value loss, and recreational
losses which could be incorporated into
the benefit category 1f the gypsy moth
was controlled by spray were not accounted
for because of the difficulty in assessing
an accurate value loss for each of these
variables. Conversely, value loss was
not adjusted for salvage value, presuming
mortality occurred. Also stand opera-
bility for logging was not taken into
consideration.

Several assumptions were made to
complete the economic analysis. The
first assumption was that the stand age
is 60 years which is a reasonable average
for many stands in the region. The
second assumption was that the rotation
age is 80 years. The 80 year rotation
age was derived using Schnur's yield
tables for upland oaks (Schnur 1937) to
calculate the rotation age at which mean
annual inerement was maximum. The final



species for the 106 defoliated plots.

os for each

Total Total Dead Bdft Total Bdft Percent
Species Dead Bdft Bdft Per Acre  Per Acre Mortality
Red Oak 6391 19588 603 1848 33%
Misc Oak 4197 40284 396 3800 10%
White Oak 1742 17671 164 1667 10%
Chestnut
0ak 18897 32460 178 3062 58%
Hickory 4455 6478 420 611 697%
Other 357 6599 34 623 5%
Total 36040 123081 3400 11611 29%

assumptions were that landowners will need
to spray every 5 years or every 10 years
until harvest.

After the value per acre loss or
benefit was calculated for a stand, the
cost of control was then calculated.
Periodic spray costs which would occur in
the future were discounted back to present
values using 6 percent as the rate of
return.

Benefits were then compared to costs;
if the benefits were greater than costs,
the implication is that the landowner
could afford to spray. The benefit-cost
analysis was calculated until a spray cost
was found that made benefits and costs
essentially equal. The point at which
the benefits and costs are equal can be
considered the break-even point.

The benefit-cost analysis was con-
ducted on the actual losses by species
groups that were experienced on the 106
defoliated research plots in West Virgin-
ia and Maryland. Stumpage values from
West Virginia and Maryland were used to
see how stumpage prices affect the break-
even point.  Maryland stumpage values were
considerably lower than West Virginia
stumpage values because of the lower
timber quality, lack of available markets,
and the amount of salvaged timber which
was being cut.

Five hypothetical cases were then
constructed to see how stand composition
would affect the break—even point. Three
species groups were used for the hypothet-
ical stand analysis. These were red oak,
chestnut oak, and other, the later in-
cludes yellow=poplar, red maple, sugar
maple, black cherry, black gum ete. - Only
three species groups were used in the
hypothetical stands to limit the number
of different stand compositions and be-
cause these species would affect the
benefits the most. Red oak and chestnut
oak had high mortality rates. so benefits
would be high and the "other" species,
group suffered only minor losses

and would derive lower benefits from
spraying. The average volume per’
dcre of 11.6 MBF/acre from the 106
research plots was used and the three
species groups were broken up to represent
different proportions to the total volume.
Actual mortality ratios to predict the
volume losses for each species were also
taken from the. values calculated for the
106 research plots.,

The specieé composition for each of
the hypothetical stands

Percent pf Volume

Case

Case Case Case Case
Species 1 2 3 4 5
Red Oak 70 . 33 0 0 0
Chestnut Oak 30 . 33 70 30 0
Other 0 33 30 70 100

Benefit-cost analyses were conducted
for each of the hypothetical cases to find
the break-even spray cost, Each of the
cases was analyzed using West Virginia and
Maryland stumpage values and five and ten
year spray intervals, The future costs
were discounted to present values using a
6% interest rate. Stand age was assumed
to be 60 years and rotation age was as-
sumed to be 80 years.

RESULTS

Because losses were so great on the
106 research plots, a landowner could
afford to spray in any of the senarios
using actual losses from our stands
(Tables 2,3). Actual spray costs ranged
from $2 per acre using fixed wing air-
craft to spray tracts that are approxi-
mately 500 acres or larger in size to $50
per acre using helicopters and spraying
less than 100 acres. However stumpage
price does have a dramatic effect on the
break-even cost as can be seen by comparing
the present value (PV) of costs column in
Tables 2 & 3. F el

The total value loss per acre, and
break-even spray costs for the hypothetical



cases are shown in Table 4. The highest
loss values and break-even spray costs
occur in hypothetical cases 1, 2, and

3. In these cases the stand volume is
made up mostly of one or both of the

oak species. The oak species not only
suffer high rates of mortality, but

also have the highest stumpage values

which adds up to extremely high value
losses.

Table 2..Economic Analysis for Act

Stumpage Prices.

The lowest loss values and subsequent
break-even spray costs occur in hypothet—
ical cases 4 and 5, TIn these two cases
the "other" species group makes up 70
and 100 percent, respectively, of the
total stand volume. This species group
consists of speceis which are less vul~
nerable to mortality and have generally
lower stumpage values.,

ual Losses Using West vVirginia

Value
Loss/Acre WV Stumpage Loss/Acre

species (Bdft) $/MBF $/Acre
Red Oak 603 $ 148 $ 89
Misc Oak 396 98 39
White Oak 164 94 15
Chestnut Oak 1783 98 175
Hickory 420 88 37
Other 34 96 3
Present Benefits = $ 358
Break Even Cost Analysis — 5 Year Spray Interval

Activity Cost/Acre Year PV of Costs
Spray $ 132 0 $ 132
Spray 132 5 98
Spray 132 10 73
Spray 132 15 55
Present Value of Costs = $ 358
Break Even Cost Analysis = 10 Year Spray Interval

Activity Cost/Acre Year PV of Costs
sSpray $ 230 0 $ 230
Spray 230 10 128

Present Value of Costs =$§ 358
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ticides to control imminent gypsy moth
defoliation is feasible based on benefits
and costs.

The highest benefit values and break-
even spray costs were experienced on those
stands which consisted mostly of vulner-
able, high value species such as red and
chestnut oak. Stands which consist mainly
of less vulnerable and lower value species
have lower benefit values and lower
break—even spray costs.

From this study, landowners might
conclude that they could afford to spray
to protect their forest stands in almost
any situation. This 1s probably not
true. Normal mortality was not consid-
ered when calculating losses in this
study. Landowners may also need to con-
sider the fact that they may not get 100
percent protection from spraying insec-
ticides. With decreasing effectiveness
of spray, the benefit to cost relation-
ship will become lower and the land-
owner can afford less to protect his or
‘her forestland. i

On the other hand, mortality losses
could be underestimated because of
factors such as aesthetic, wildlife, and
recreation losses which cannot be )
measured in dollars and are not accounted
for in this analysis. Other factors
which will affect the break-even spray
cost are salvage values, growth increase
of residual trees, and the cost of survey
and detection of insect populations.

Any landowner who is faced with
defoliation by the gypsy moth should
consider all of these factors along
with their personal management objectives
and the risks involved when conducting a
benefit-cost analysis to determine the
feasibility of spraying to control
defoliation.
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SITE FACTORS AND STAND CONDITIONS ASSOCIATED
WITH OAK DECLINE IN SOUTHERN

UPLAND HARDWOOD FORESTSl/

Dale A. Starkey and Steven W. Oakg/

Abstract ~- Evaluations of oak stands from Virginia
to north Georgia and west to Arkansas, Illinois and
Missouri revealed that oak decline and mortality
occurs over a wide geographic area, but that
severity is highly variable. Site factors such as
soil texture and depth, topographic position and
site index were associated with high incidence and
severity of oak decline and mortality. Plots with
the highest incidence of mortality were
characterized by shallow, rocky soils; were on
ridge or upper slope topographic positions with
west to north aspects; had average or lower site
indices (<70); and a predominance of red oak
species (especially black and scarlet oaks). A
general classification of mortality risk was
assembled by combining these attributes with other
factors such as recent history of defoliation and
growing season precipitation. This classification
may be used for identifying or prioritizing stands
for regeneration, preventive or remedial
silvicultural treatments and may suggest
modification of management objectives.
association of site factors varies with
geographical area, it may be possible to tailor
risk rating systems to specific areas.

Since the

INTRODUCTION

1

1/ Paper presented at the Seventh Central
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Oaks comprise the most important group of
upland hardwood trees in the eastern United
States. They are widely distributed, abundant
on a variety of sites, have relatively high
timber values and contribute substantially to
wildlife habitat quality and recreational
opportunities. Oak decline is the most
widespread, common, and perhaps complex disease
problem of this group. Dieback and mortality
occur in varying degrees causing loss in timber
volume, growth, wildlife and recreational values
{Starkey and Brown 1986). '

Episodes of oak decline in the eastern U.S.
have been reported since the early 1900's (Balch.
1927) up ‘to the present time. Cases have been
reported from Arkansas (Rhodes and Tainter 1980,
Lewis 1981, Mistretta et al. 1981, Bassett et
al. 1982, Yeiser and Burnett 1982), Connecticut



(Dunbar and Stephens 1975), Florida (Lewis
1981), Massachusetts (Feder et al. 1980),
Minnesota (Chapman 1915, Walters and Munson
1980), Mississippi (Lewis 1981), New Jersey
(Kegg 1971), New York (Long 1914), North
Carolina (Beal 1926, Tainter et al. 1984),
Pennsylvania (Fergus and Ibberson 1956, Staley
1965, Nichols 1968, Wargo 1977), Virginia (Beal
1926, Rauschenberger and Ciesla 1966, Skelly
1974), West Virginia (Gillespie 1956, Staley
1965) and Wisconsin (Haack and Benjamin 1982).

Oak decline is a complex disease resulting
from the interaction of predisposing stress
factors with disease or insect pests which are
secondary in action (i.e. not normally highly
aggressive or capable of individually causing
severe damage or death). Predisposing stress
agents for the initiation of decline can be
defoliating insects (Tryon and True 1958,
Nichols 1968, Kegg 1971, Dunbar and Stephens
1975), drought (Balch 1927, Bassett et al. 1982,
Tryon and True 1958, Rhodes and Tainter 1980,
Lewis 1981, Mjstretta et al. 1981, Tainter et
al. 1983, Tainter et al. 1984), or late spring
frost (Beal 1926, Balch 1927, Staley 1965,
Nichols 1968). Secondary disease and insect
pests acting in conjunction with stress agents
are Armillaria root disease [Armillaria mellea],
other root disease fungi such as Clitocybe
tabescens, Corticium galactinum (Toole 1960,
Filer and McCracken 1969), Ganoderma lucidum
(Lewis 1981) and Polyporus dryadeus (Fergus
1956), canker fungi such as Hypoxylon spp.
(Bassett et al. 1982, Lewis 1981) and the
2-lined chestnut borer (Agrilus bilineatus;
Balch 1927, Dunbar and Stephens 1976, Cots and
Allen 1980, Lewis 1981).

Trees react to stress of defoliation or
prolonged drought by converting starch (stored
in the roots) to sugar to support continued
metabolism. This conversion is recognized by
Armillaria mellea (Wargo 1972). This fungus
commonly lives as a saprophyte on stumps and
roots of dead trees in oak stands and can
successfully colonize living tree root systems
under stress. Other non-aggressive root disease
fungi may act similarly. The 2-lined chestnut
borer preferentially attacks weakened trees
(Cots and Allen 1980, Haack and Benjamin 1982).
The adult oviposits in bark crevices; the larvae
then bore into the inner bark and create
meandering galleries that partially or
completely girdle the tree.

Root disease and stem girdling impair the
internal water and food relations in the tree
resulting 'in a progressive dieback of branches
from the upper and outer crown, downward and
inward. Other accompanying symptoms of these
injuries may include chlorotic, dwarfed or
sparse foliage; development of epicormic sprouts
on the main bole and larger branches; premature
autumn coloration; marginal leaf scorch; foliage
wilt; foliage death; and sudden total tree
mortality. Reduced shoot and diameter growth
‘occurs in severely affected trees. While some

dead trees show little evidence of prior
decline, most have declined for 2 to 5 years or
more before succumbing. Because of differences
in the dynamics of internal water and stored
food budgets (Kramer and Kozlowski 1960),
physiologically mature trees may not be able to
resume normal growth with the return of good
growing conditions but continue to decline,

" while other physiologically less mature trees

recover and rebuild their crowns. Patterns of
decline and mortality may be easy or difficult
to discern in forest stands, depending on the
inciting stress factors, site conditions and
species affected.

In the early 1980's, we received many
reports which indicated that the southern U.S.
sustained a substantial increase in oak
mortality and decline. Inquiries of federal
land managers and state foresters were made in
late 1984 concerning the current status of oak
decline in their areas of jurisdiction. Oak
decline was reported across the south from
Virginia to Arkansas, with concentrations in the
Appalachian and Ozark Mountains (Starkey 1985) .
Damaged stands reported to us provided a
population for evaluation. The main objective
of this evaluation was to characterize oak
decline sites with regard to species and size
classes affected, the severity of decline and
mortality, and site and stand factors associated
with damage. A preliminary report of this
eva%uation has been published (Starkey and Brown
1986) .

MATERIALS AND METHODS

Thirty-eight sites were chosen for
evaluation from the population of damaged stands
(Starkey 1985). Criteria for selection included
the absence of recent site disturbances (e.g.,
fire, logging, road construction), species
composition predominantly oak, and an area
uniform enough to be considered a stand-sized
management unit (15-100+ acres). We attempted
to achieve a dispersion of stands across the
region where decline was reported (figure 1).
Surveyed stand location by state and number
were: Virginia (11), North Carolina (4), South
Carolina (3), Georgia (2), Tennessee (5),
Alabama (2), Illinois (2), Missouri (2), and
Arkansas (7).

Each stand was sampled with 12 BAF 10 prism
plots. Trees 5.5" and larger were tallied and
classified according to crown position, and
crown decline condition class (slight, <1/3
dieback; moderate, 1/3 - 2/3; severe, >2/3).

' Stand data recorded were elevation, slope,

aspect, topographic position, soil depth and
texture to 24 inches, and site index. The
percentage of dominant and codominant trees in
the various crown decline condition classes was
compared for individual species and species
groups and various site factors using analysis
of variance, Duncan's Multiple Range Test, and
occasionally chi~square analysis. The sampling
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Table 1.--Percent of stocking of dominant and codominant trees by species and crown
g

condition™=

Species

Crown All
Condition BLO SCOo NRO WHO CHO H Other Species
Healthy 9.5 8.0 8.5 31.4 13.5 23.4 63.5 20.4
Slight 4o.5 39.4 52.5 38.6° 60.6 47.6 22.9 42,8
Advanced (%) 16.582/ 29.7b 28.6b 18.5a 21.3ab 17.0a 10.0 20.2
Dead (%) 33.5a 22.9a 10.4b 11.5b 4.6b 12.0b 3.6 16.6

TOTAL 100 100 100 100 100 100 100 100

1/ Species with > 100 observations (> 5% of the stocking).

2/ Significance applies within but not among crown condition classes. Values
followed by different letters are significant at the .01 level (**) or .05

level (*), as indicated for the crown condition class. Where no letters appear, F
statistics were not significant and no Duncan's was performed.

Figure 2.~-Average percent of dominant and
codominant trees in the advanced and dead
crown classes on various aspects.

\lope Class

The effects of slope class were examined
only for plots with a slope topographic position
(65% of all plots). No significant differences
in the percentage of healthy plus slight or
advanced decline were found for slope class.
Mortality, however, decreased significantly with
increasing slope class (table 2).

Aspect

Associations of damage with aspect were
also examined only for plots with a slope
topographic position. While no statistically
significant differences existed, overall damage
(advanced decline plus dead) was greatest in
west to north aspects, least on northeast and
east aspects, and intermediate in southeast to
southwest aspects (figure 2).

Soil Texture

Two broad soil texture categories were
established because of the.small number of
observations in many individual classes. Stony
or gravelly soils had significantly greater
mortality than other soil textures (table 2; 26
vs. 12%; p = .01). ~The converse was true for
advanced decline (9% for stony or gravelly
soils, 25% for other textures). The healthy
plus slight crown condition classes were
approximately equal.



Soil Depth

Soil depth classes were also combined into
two classes, shallow (< 18" deep) and deeper
soils (>18" deep). Results were similar to
those for soil texture. Shallow soils had
higher mortality levels than deeper soils (25
vs. 8%) while converse was true for advanced
decline (27 vs. 14%; table 2). Both of these
relationships were highly significant (p = .01).

Site Index

All the factors previously discussed
contribute to site index, the most commonly used
measure of site productivity. Most individual
factors associated with low site indices (i.e.,
shallow, stony soils on ridges) had the highest
levels of correlation with mortality. This was
also the case when site index of plots was
analyzed (table 2). Mortality was 22% of
stocking on low site indices (< 65 ft. -at age
50) and only 15% on the highest site indices (>
75 ft. at age 50). Advanced decline, however,
was higher on productive 'sites (28%) than on the
least productive (18%). Both of these
relationships were significant.

Stand Factors
Species Composition

Scarlet oak (Q. coccinea) accounted for
over 20% of all trees on decline sites, followed
by black oak (Q. velutina; 17%), white oak (Q.
alba; 15%), and chestnut oak (Q. prinus; 12%).
Hickories accounted for 7% of the stocking and
the remainder was other species.

Species in the red oak group (ARO) were
much more frequently damaged than those in the
white oak group (AWO; table 3). The percentage
of healthy red oaks was one-third that of white
oaks, while the percentage of dead red oaks was
three times thdat of white oaks. These
differences were highly significant (p = .01).
Advanced decline differed between the osk groups
(similar to mortality) but the difference was
not significant.

Table 3.--Percent of dominant and codominant red
and white oak trees in various crown
condition classes

Crown Condition Red Oaks White Oaks
Healthy 70t/ 2l
Slight ETTY 48a
Advanced 2ha 19a

Dead 24a 9b

1/ Significance applies within crown
condition class. Values followed by different
letters are significantly different at the p =
<05 level according to analysis of variance.

Among oaks, black (BLO) and scarlet {SCO)
osks sustained the highest mortality levels (34
and 23%, respectively), followed by white oak
(WHO), northern red oak (NRO), and chestnut oak
(CHO; table 1). Among non-oak species,
hickories (H) were most severely affected (12%
mortality). Advanced decline was worst in
scarlet, northern red (Quercus rubra), and
chestnut oaks.

Age

Evaluated stands were mainly
sawtimber-sized with ages ranging from 50 to 110
years. Most were in the 60- to 80-year-old age
class (31 of 38 stands). A few poletimber-gized
stands of advanced age were encountered. Since
our sampling did not include a wide range of
ages, no firm conclusion can be drawn regarding
age and decline. However, we limited our
sampling to known areas of decline and can infer
that damage is probably more common.and severe

.in these older age and larger size classes. We

received no reports of young poletimber-sized
stands being affected.

Basal Area

Basal area per acre (all crown classes) of
evaluated stands averaged 87 square feet and
varied little among stands (range from about 70
to 110 square feet). Several statistical
analyses were performed on plot basal areas
versus advenced decline and mortality but no
significant relationships were detected. A
representative portion of these data is
presented in table 4.

Table 4.--Average percent of trees in various
crown condition classes and basal area

categories

Basal Ares

(Sq. Ft. Advanced Dead

per Acre) :
<70 174/ 17
70-80 17 17
90-100 13 21
110-120 12 18
2120 18 19

1
1/ Values in columns are not significantly
different.

Risk Classification

The association of site and stand factors
with decline severity can be used to construct a

- rudimentary classifcation for mortality (figure

3). We made no attempt to weight each of the :
individual site and stand factors according to

the strength of the association with mortality.
However, of the factors studied, aspect was not
statistically correlated and should be
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A FIVE YEAR RECORD OF CHANGE FOR A DECLINING

SCARLET OAK STAND IN THE MISSOURI OZARKS 1/

Leo J. Johnson and Jay R. Law 2/

Abstract -- Oak decline following extreme droughts in
1980 and 1983 was monitored in an uncut 29-acre sixty-four
year old scarlet/black oak sawtimber stand showing signs of

decline,
Forest in Missouri.

on the MWinona District of the Mark Twain National
Annual evaluation of 74 overstory trees

and reproduction on 30 1/735 acre plots in the stand shows

that the percentage of dead trees
1984 to 62% in 1987 and that tree

increased from 36% in

species composition in the understory is
{Quercus stellata Wangenh.) and white oak (Quercus

post oak

in the overstory has

shifting towards

alba L.) with red maple (Acer rubrum L.) and shortieaf pine

(Pinus echinata Mill.)

sources are not readily apparent.

in gragsses, forbs,

occurred.

Keywords: forest decline, Mark Twain National Forest,
Quercus coccinea Muenchh., Quercus velutina

ecology,

appearing even though good seed
No significant increases
or undesirable woody vegetation has

forest
Lam.,

Quercus stellata Wangenh., Quercus alba L., Acer rubrum L.,

Pinus_echinata Mill.

INTRODUCTION

As early as 1978, large numbers of trees in
some scarlet oak stands on the Mark Twain

National Forest began dying (Law and Gott 1987).
A severe drought in 1980  (Decker 1986)
significantly increased the number of oak

sawtimber stands exhibiting signs of decline
(Robbins et al. 1980). The area of the Forest
reporting the largest number of declining stands
was a three Ranger District unit with 321,000
acres of National Forest land located in Carter,
Oregon, Ripley, and Shannon counties in south
central Missouri.

A field survey of oak sawtimber stands there
in 1982, found that stands where scarlet oak
predominated or occurred in mixtures with black
oak over the age of 60 years, located on broad
flat ridges had the highest percentage of dead
and declining trees (Auerbach 1982). With 70,000
acres of forest type 57 Scarlet Oak and an
estimated volume of 28 million board feet in
scarlet oak over the age of 60 (USDA-FS 1979),

1/ Paper presented at the Seventh Central
Hardwood Forest Conference, Carbondale, IL, March
5-6, 1989.

2/ Silviculturist and Timber staff Officer,
Mark Twain National Forest, USDA Forest Service,
Rolla, M.
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the loss of resource in the three Ranger District
area, should the decline continue, could be
significant to management (Law and Gott 1987).

Annual precipitation returned to near normal
during 1981 and 1982 in the area of the decline.
However, a drought of less duration (<4 months)
occurred in 1983 from June through September, with
two months classified as extreme (Decker 1986).
Based on aerial reconnaissance in September and
the interpretation of color-infrared photography
flown in August of 1983 that showed increasing
areas of stressed oak, a decision was made to
continue a timber salvage sale program started in
1981. ,

A question.remained: If no harvesting were
done in the dectining stands, how many trees with
decline symptoms might recover? Our purpose was
to study the change in health of 1individual trees
in the overstory of a declining stand and the
development of trees in the understory.

MATERIALS AND METHODS
Selection of Study Site
In the spring of 1984, a 29-acre segment of

an 84-acre, 64-year old stand of scarlet oak
sawtimber was left uncut. The larger area had



been under consideration for a Research Natural
Area designation under a cooperative study
between the Forest Service’s North Central Forest

Experiment Station and the National Forest’s
Eastern Region. The area was seen as
representative of the Socliety of American

Foresters former Forest Type 41 Scarlet Oak
(1967). This type was dropped in the 1980 Forest
Cover Types of the United States and Canada by
the Society. The Scarlet oak type is currently
referenced as a variant of Type 44 Chestnut Oak
(SAF 1980).,

This study area was selected because 60% of
the overstory trees were scarlet oak over the age
of 60 years and the site had not been recently
disturbed by fire or logging. The stand was
typical of other deciining stands as 1t already
had 36% of the overstory in dead trees.

The rapidly deteriorating health of this
sawtimber stand and others nearby, resulted in
most of the oaks in the area being cut in salvage
operations by 1984 with the exception of the
reserved undisturbed 29-acre study stand. The
study area was bordered on three sides by re-
generating stands of oak and oak-pine seedlings/
saplings and on the North side by a forest access
road which separated the study stand from a young
pole/samtimber stand of mixed oak and shortleaf
pine.

PLOT ESTABLISHMENT

Eight 10 factor variable radius plots, two
chains apart, were located in the center of the
stand on the flatter section of the ridge so that
influences from Tlogging adjacent areas and
topographic variations could be minimized. The
center of each plot was marked and azimuths and
distances to trees on the plot were recorded. No
attempt was made to replicate the study or the
plots  as - the major reason for the study was to
observe and record change in the condition of the
individual trees.

A1l trees 1.5 inches DBH and larger were re-
corded starting in the summer of 1984. Trees were
tallied by species with DBH being measured to the
nearest 1/10 of an inch. Based on the condition
of the foliage and branches in the crown, each
tree was assigned a decline status. A tree was
listed as showing “symptoms of decline" if there
was flagging (brown or red foliage), leaves were
unusually small and yeilowing, foliage was
sparse, or the tree had one or more bare 1imbs
above green branches.

The classification of "healthy" was given to
trees with no symptoms of deciine, those showing
signs of recovery by refoliation and improved
color in leaves, and with no dead branches in the

.upper crown above the first green branch. Those
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classified as dead were trees that had passed
from a state of decline to one where no live
folfage was present in mid or late growing season.

The plots were visited in the spring and fall
to record the appearance of each tree at the start
and end of the growing season to see what changes
in tree health were taking place. A1l measurements
and tree health classifications were done by the
senior author. Earlier observations showed that
some foliage would die shortly after reaching full
leaf or 1in the last months of the growing season
(late August or early September). Visits in the
spring and fall were made to determine the best
time of the year to evaluate the full impacts of
decline.

Changes 1in the number of seedlings and
saplings less than 1.5 inches DBH were recorded
using four circular 1/735 acre plots located
twelve feet in cardinal directions from the
centers of the 10 factor B.A. plots. A total of
30 small plots were located. Considerable care
was taken not to step inside the plot radius when
recording information. These plots were also
measured in spring and fall.

RESULTS
Species Composition

The overstory at first measurement in 1984
had 172 trees that were larger than 1.5 1inches
DBH. The major species was scarlet oak with 74
trees representing 43% of the trees in the stand.
The next species with the highest number of trees
was sassafras Sassafras albidum (Nutt.) Nees. with
650 trees accounting for 29%. Blackgum Nyssa
sylvatica Marsh. was represented by 26 trees or
15% of the total number 1in the stand. Both
sagsafras and blackgum trees were intermediate or
suppressed. Black oak Quercus veluntina Lam. and
white oak Quercus alba L. each represented 5% of
the overstory. Other dominants included four post

oaks Quercus stella Wangenh. and one hickory Carya
glabra (Mill.) Sweet.

The total stand stocking averaged 90 square
feet of basal area per acre. The overstory was
predominately scarlet and black oak sawtimber
sized trees. The calculated number of trees per
acre over 1.5 1inch DBH was 172, based on the 74
trees recorded on the 8 plots.

There were 1594 trees per acre less than 1.5
inches DBH in the initial measurement of the 30
17730 acre plots (see table 1). A1l of the
species present in the overstory were represented
in the initial inventory of seedlings. Red maple
Acer rubrum L., which had not been recorded in the
overstory plots, had 49 seedlings per acre. The
stems of small blackgum and sassafras were
:e}1eved to be too numerous to count. (See table
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62% in 1988. The number of trees classified as
healthy has remained relatively unchanged, from
11% Jn 1984 to 8% in 1988. In 19686, it appeared
that a recovery might be beginning, but by the
fall of 1987, the trees that were apparently
recovering were once again showing new signs of
decline. 1In the spring of 1988, measurements
showed that the conditions had worsened with only
one tree showing signs of improved health, while
eight others showed increasing signs of decline.

As of June 1988, only 24 of the 74 scarlet
oaks were alive and all 9 of the black oaks were
dead. The one hickory and all 50 of the
sassafras present in 1984 had also died. Only
38% of the original overstory trees were alive at
this spring remeasurement. A1l of the white and
post oaks and blackgums were still considered
healthy, showing no symptoms of decline. Only one
of the surviving scarlet oak was considered to be
in a healthy growing condition, while the other
23 had symptoms of decline.

DISCUSSION

It had been recognized that the trees in the
stand were predisposed to decline by a
combination of adverse weather events (drought
and snowless severe winters) and defoliations
(late spring frosts and insect attacks such as
the looper complex) and that it was the organisms
of secondary action (OSA) such as Armillariella
mella. Vahl., the black shoestring root rot and
Agrilus bilineatus Weber, the two-lined chestnut
borer that attacked the stressed trees and caused
their death (Sinclair and Hudler 1988; Wargo
1977). KWe observed that these two agents were
very active in the area of the declining stands
(Law and Gott 1987; Robbins et al 1980).
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Figure 2.--Changes in species composition in
declining Scarlet Oak stand.
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By comparing the species composition of the
overstory trees in 1984 with the seedling
inventory of 1988 (Figure 2), it is apparent that
the species change is from a scarlet/black oak
type to a future stand with a greater mix of
species and one with more trees of the white oak
group. Seedlings of post oak, red maple and
shortleaf pine are becoming established even
though the seed source is sparse or almost non-
existent in the immediate area.

At this time, almost all of the seedlings are
less than two feet in height with only blackgum,
hickory and sassafras having a few taller
individuals. Based on an evaluation system for
determining the adequacy of oak reproduction to
replace the existing stand (Sanders et al 1984), a
stocking value (SV) for the current regeneration
was determined to be 5. To be able to reasonably
insure that the oaks would survive and suc-
cessfully compete with the many established
blackgum and sassafras seedlings, should the
overstory be completely removed, the size of the
oak seedling would have to increase to where the
stocking vaiue was at least thirty, SV = 30. Due
to the age and size of the overstory oaks and the
fact that many of them are now dead or dying (and
not resprouting), the contribution from stump
sprouts to the regenerating stand, if the over-
story trees were cut at this time, would be very
small.

SUMMARY

The observations made concerning the decline
and subsequent mortality of scarlet and black oak
sawtimber trees in a declining stand in this area
of the Mark Twain National Forest are very
limited. It is recognized that the reliability of
any findings concerning changes 1in species
composition could be improved through the re-
plication of the study and the inclusion of a
greater variety of forest conditions and
locations.

The objective has been met of establishing a
continuing record of changes in tree health for an
uncut - declining stand representative of common
situations where all declining trees were being
harvested. Recovery of older scarlet and black
oaks now seems very doubtful where they are
predominant in the composition of unlogged
declining stands on the broad flat ridges of this
three District area of the Forest.

This one situation does show that most trees
that appear to be healthy and vigorous at the on-
set of a decline may remain in that condition for
at least a five-year period 1f no other dis-
turbance takes place. This study did not com
pare what happens to apparently healthy trees left
after some harvesting had taken place in a de-
ciining stand with one where no man-caused




disturbances occur. A study of this nature would
be helpful 1{n making management decisions about
future activities in declining stands.

The shift in species composition as shown in
the development of tree seedlings 1in the
understory 1is not totally surprising. The study
area is located in Oak-Pine Breaks (Sandstone)
landtype association based on the ecological
classification system developed on the Mark Twain
(Miller 1981). The stand 1is on an ecological
landtype (ELT) 15 which 1is characterized by a
flat landform on a neutral aspect with soils of
sandstone origin such as captina and where the
naturally occurring vegetation community 1is Dry
chert forest.

In the Dry chert forest community on this
ELT, the potential natural vegetation would have
white oak, shortleaf pine, black and scarlet oak
flowering dogwood, Cornus florida L. and Townbush
blueberry Vaccinium vacillans Torr. as dominant
plants (Miller 1981). The historic presence of
shortleaf pine on the lands in this area has been
well documented in the history of the Tumber
industry 1in the early days of settlement in
Leslie Hills 1949 dissertation, History of the
Missouri Lumber and Mining Company 1880-1909.
This area has been mapped by Liming as being
where the cover of the shortleaf pine was
continuous in his The Range of Shortleaf Pine in
Missouri (1946) and supported by in the U.S.D.A.
- Forest Service publication Atlas of United
States Trees, Volume 1 (1971).

Fletcher and McDermott (1957) were able to
correlate the occurrence of shortleaf pine with
soils - of sandstone origin (Roubidoux Formation),
and the fact that it was the soil moisture regime
that was the most important single factor to
influence the relative abundance of pine over
Jarge areas. Steyermark (1940 and 1959) re-
cognized oak-pine association as an edaphic
climax type in the Ozarks.

The movement of the more drought-hearty
shortieaf pine and white oak back to these upland
Dry chert forests in south central Missouri may
actually be a visual sign that the natural forces
of the ecology of the Ozarks are again at work.
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The objectives of our study were to determine
to what extent an observed growth decline in wal-
nut trees with a tall fescue understory could be
reversed, what types of vegetation management
practices are most effective, and what factors
are involved in the interference process.

MATERIALS AND METHODS

Our study began in 1981 in a walnut planting
on a wide floodplain adjacent to Indian Creek in
Jackson County, Illinois. The planting was
established in the spring of 1965 with 1-0 seed-
lings at a spacing of 3.7 m by 6.1 m. Annual
mowing between 1973 and 1981 resulted in the
development of a dense, tall fescue (Festuca
arundinacea Schreb.) sod. During this same
period, walnut height growth slowed and some of
the trees began to show top dieback and epicormic
sprouting along the main bole. In addition,
total mortality had increased from less than 2
percent in 1972 to 8 percent in 1981 when the
ground cover study began.

The soils are a mixture of Sharon silt loam
(a coarse-silty, mixed, acidic, mesic, Typic
Udifluvent) and Bonnie silt loam (a fine-silty,
mixed, acidic, mesic, Typic Fluvaquent). These
soils are classified as suitable to questionable
for growing walnut because of their poor internal
drainage (Losche et al. 1980). Some mottling is
present within the 1.5 m deep silty loam topsoil
that overlies a fine gravelly or silty sand
layer.

Twelve plots of 9 to 15 trees each were iden-
tified in the summer of 1981. Each plot was
separated by a 3.7-m- or 6.1-m-wide tall fescue
isolation strip. The plots were stratified
(blocked) into small, average, and large dbh-size
classes. The following four treatments were
assigned randomly within each stratum: (1)
retain tall fescue sod (check), (2) cultivate
semi-annually (May and August), (3) cultivate and
seed to a perennial legume, and (4) cultivate
annually and reseed to an annual legume. Because
the crownvetch (Coronilla varia L.) seeded in
1981 failed to become established, treatment 3
was reseeded with sericea lespedeza (Lespedeza
cuneata (Dumont) G. Don.) in the spring of 1983.
Treatment U4 has been cultivated annually in
August and reseeded with hairy vetch (Vicia
vellosa Roth). Because the planting was on a
wide floodplain, we did not use a complete
chemical control treatment with pre- and post-
emergent herbicides. The plantation was thinned
in 1981 before beginning treatments to avoid
possible confounding with intraspecific competi-
tion.

Annual measurements since 1982 include dbh,
total live tree height and lateral shoot elon-
gation. . Composite foliage samples were collected
in late June. from each plot by removing leaflets
of one mid-shoot leaf from a mid-crown branch on
the south side of each tree. Foliar samples were
analyzed for total nitrogen by the Kjehldahl
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method, phosphorus by the vanadomolybdophosphoric
yellow method, and potassium by flame emission.
Composite soil samples were collected each fall
from each plot from three randomly located posi-
tions at four depths (0-20, 20-40, 40-60, and
60-80 cm). They were analyzed for pH in a 1:2
soil:water solution, for nitrate nitrogen and
phosphorus by colorimetry, for potassium by flame
emission, and for organic matter content by loss-
on-ignition.

The study was expanded in 1985 and 1986 to
determine what factors were-associated with
differences in tree growth. In the spring of
1985, point dendrometers were placed on three
trees randomly located within each plot and read
semi-weekly during the 1985 and 1986 growing
seasons. In late June, number of leaves per
elongating shoot, lee® rachis length, and number
and area of leaflets per leaf were also deter-
mined on the same material used for the foliar
nutrient analyses. In May, July, and October,
standing biomass from six 0.3~ by 0.3-m subplots
within each plot was harvested at the ground line
and separated into legumes, other forbs, grasses,
and detritus to determine oven dry weights. Per-
cent crown defoliation for all trees was visually
estimated to within 5 percent weekly from August
through September. Two observers independently
estimated the defoliation and then these figures
were. averaged.

In the spring of 1986, three soil moisture
tensiometers were placed randomly within each
plot to determine soil moisture deficits at a
depth of 60 cm. Daily readings of soil moisture
deficit below -10 centibars (field capacity) were
summed for each plot to determine cumulative
stress days from April 10 to October 7. Daily
rainfall was determined with a recording rain
gauge.

Analysis of variance was used to interpret
results; differences were considered significant
at the 5 percent level. Because strata were the
replications in this study, the interactions
between strata and ground cover treatments could
not be determined. A split-plot design using
year as a subplot was used to examine for inter-
actions between year and ground cover treat-
ments. Multiple comparisons were made with
Duncan's New Multiple Range Test. Average radial
growth increments through the growing season were
fitted to a polynomial equation to determine
Julian dates for 10 and 90 percent of growth
completion for each plot (Bocoum 1987). A
similar procedure was used to determine Julian
dates for 50, 75, and 95 percent defoliation.

RESULTS AND DISCUSSION
 Tree Growth Characteristics
Retaining the tall fescue sod resulted in
continued tree decline as previously reported by

Schlesinger and Van Sambeek (1986) and subsequent
mortality as reported here (fig. 1). Conversely,
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Figure 1.--Walnut survival in a 17-year-old,
slow-growth planting by ground cover
treatment.

most trees in the semi-annually cultivated and
hairy vetch plots ceased crown dieback and
developed normal crowns. Trees in the plots
seeded with a perennial legume showed a mixed
response where tall fescue remained the dominant
vegetation until 1986 when sericea lespedeza
became the dominant vegetation.

After beginning ground cover treatments, the
check treatment showed net negative height growth
because each year one or two trees had crown die-
back that was not offset by the small increment
of height growth on the other live trees (fig.
2). Before beginning ground cover treatments,
height growth for all the walnut trees still
alive in 1982 had averaged only 0.07 meters
annually for the three preceding years. If all
live trees during this period had been included,
overall annual height growth would have been
negative and similar to the growth observed in
the check plots after ground cover treatments and
begun.

Annual height growth improved first in the
plots seeded to hairy vetch and next in those
that were cultivated semi-annually (fig. 2). Net
negative height growth continued for 3 years in
the sericea lespedeza plots where a few trees
continued to decline while the majority eventu-
ally began to recover. The initial recovery when
underplanted with sericea lespedeza was probably
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Figure 2.-~-Average height of study trees before
and after ground cover treatments. Treat-
ments began in the fall of 1981 (year 0).

in response to the fall 1981 cultivation when
seeded to crownvetch and the spring 1983 cultiva-
tion when seeded to sericea lespedeza.

Walnut dbh growth showed a slightly different
pattern from that of height growth because
declining trees do not show marked reductions in
stem diameter (fig. 3). Annual dbh growth for
the check trees averaged only 0.07 cm, which was
less than the 0.12 cm of annual dbh growth that
occurred for the 5 years preceding the start of
ground cover treatments. Annual dbh growth in
the semi-annually cultivated, hairy vetch, and
sericea lespedeza plots averaged 0.39, 0.35, and
0.17 cm, respectively. None of the treatments
restored annual dbh growth to 0.66 cm, the level
that occurred for the first 10 years following
plantation establishment (Schlesinger and Van
Sambeek 1986). :

Differences in radial growth, determined with
point dendrometers, were found for time of growth
initiation and completion among the dbh strata
but not among ground cover treatments (table 1).
Trees in the semi-annually cultivated and hairy
vetch plots grew approximately 10 days longer
than trees with a fescue or sericea lespedeza
understory. -This difference was not statig-
ticially different because the error term
contains a large stratum x treatment inter-
action. For the semi-annually cultivated plots,
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Figure 3.--Average stem diameter before and after
ground cover treatments. Treatments began in
the fall of 1981 (year 0).

annual growth of the trees in the small dbh
stratum was more than twice (0.30 cm) that of the
trees in the average dbh stratum (0.13 cm).

Lateral shoot or limb growth for walnut in
the semi-annually cultivated and hairy vetch
plots was nearly two times that of trees with a

Table 1.--Mean dates for initiation and comple-
tion of walnut radial growth in 1985 and 1986
by ground cover treatments and dbh strata.

Date for = Date for
10% of 90% of Growth
Variable growth growth duration
-days-
GROUND COVER:
Cultivated May 6 at July15 a 70 a
Hairy vetch May 3 a July 14 a 72 a
S. lespedeza May 5 a July S5 a 61 a
Tall fescue May 5 a July 6 a 62 a
DBH STRATA:
Large May 8 a July 19 a 71 a
Average May 4 b July 12 a 69 a
Small May 2 b June 28 b 58 b

1 Dates and means followed by the same
letter within groups are not different at the
P > 0.05 level.
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tall fescue understory (table 2). Holt and
Voeller (1972) found similar increases during the
first year after walnuts were chemically released
from tall fescue understories.

Walnut leaf rachis length for trees in the
semi-annually cultivated and the hairy vetch
plots was 19 and 17 percent greater, respec-
tively, than for trees in the fescue sod plot
(table 2). Increased walnut leaf length also was
reported by von Althen (1985) for trees chem-
ically released from a quackgrass sod. In addi-
tion to increased leaf length, trees in the
semi~annually cultivated and hairy vetch plots
averaged 15.7 leaflets per leaf compared to 14.3
for trees with a tall fescue or sericea lespedeza
understory. Increased leaf length was accom-—
panied by a 2~ to 57-percent increase in total
jeaflet area per leaf. The increase in leaflet
area, along with a greater number of leaves, gave
the trees in the treated plots a 31- to 68~
percent increase in potential photosynthetic area
on each limb over trees in the check plots. New
growth on trees in the large dbh stratum also had
more and longer leaves than trees in the small
dbh stratum (table 2).

Semi-annual cultivation and annual reseeding
with hairy vetch affected leaf color and reten-
tion. Leaflets in these treatments were greener
in July and August than those for trees with a
tall fescue or sericea lespedeza understory. In
addition, the foliage for these same treatments
remained on the trees 6 to 13 days longer than
for trees with a tall fescue or sericea lespedeza
understory (table 3). A similar pattern was
observed among dbh strat