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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,

WHERE DOWE GO 1

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.

b INTRODUCTION through additions and revisions as new information
_. becomes available. Since I reviewed all of the

The purpose of my presentation is to give you papers, I was exposed to the state-of-the art by a
my perspectives on (1) where we stand on manage- large number of specialists. You will hear more

ment techniques for central hardwoods and (2) what about this project in a later paper.

i we need to do to fill gaps in our knowledge. My
comments include views developed the past 2 years We have a great deal of technology that can be
while helpihg prepare the publication, Central used to improve the productivity and usefulness ofL
Hardwood Notes (In press), a review of the Pro- central hardwood forests. The Central Hardwood

ceedings of the Central Hardwood Forest Conference Notes should be very helpful to practitioners when
i VI (1987), and, of course, my experience which dealing with a wide variety of resource problems

I covers 40 years as a research silviculturist and a and opportunities. Yet there are some technical
research administrator from Missouri to Washing- areas where we do not have enough definitive

ton, D.C., with stops in between. One of those information to do a better Job, even after more
i stops included participating in the First Central than 50 years of research. But I don't think we

Hardwood Forest Conference. Finally, I will share have to apologize for our progress considering the
i some of my specific concerns about research prior- efforts expended on the central forests and their

i ities, solving practical problems and technology inherent complex diversity and broad ecological

transfer, gradients, We still need more specific informa-

ion on probabilities of success, and we need spe-

cific guidelines for extensive, low cost, treat-
WHAT WE KNOW ABOUT MANAGEMENT ments. In many cases we do not have adequate

data, experience or validation, but I am convinced

The Research and State and Private Forestry that we could be more aggressive in interpreting
Branches of the USDA Forest Service gave me an and synthesizing for practical application. We
opportunity to participate in a unique cooperative are too conservative. That also applies to some

project called Central Hardwood Notes. The con- of our scientific reporting. The following com-

cept was to bring together the very scattered ments on the status of our practical knowledge
expertise on central hardwood management through a relate only to those general areas covered by the
series of short, practical Notes. This first Central Hardwood Notes.

attempt includes 85 Notes and nearly 100 authors

including practitioners and researchers. We

likely overlooked some important subjects but WHAT WE KNOW
oversights and changes can be easily accommodated

We now have a good, general understanding of
alternatives for silvicultural systems and how

1 they are likely to meet the various needs of land-
Paper presented at the Seventh Central owners. This information is based on many years

Hardwood Forest Conference, Carbondale, IL, March of research and experience. The consequences of

5-8, 1989. different kinds o_ harvest cuttings are generally

2 understood, but our ability to shape future stands
Consultant and retired Associate Deputy in some forest types is limited by lack of ecolog-

Chief, Research, USDA Forest Service. Annandale, ical knowledge, economic reality and failure to

VA 22003. apply what we know. We know when it is safe to



cut, but we are not sure what to do when it is dictable and some improvement cutting can be good

not. So we wait. And we still need more prac- investments. Some excellent guidelines are avail-

tical information on how and when to apply the able for release, weeding, thinning, pruning, and

shelterwood and selection systems and how to managing for high quality trees. Research on
manage mixed hardwoods and the bottomland types, fertilization has been limited and the potential

for practical application is uncertain.

Some of the important ecological and silvical
characteristics of the different forms of natural Economics and markets are key elements in the

hardwood regeneration are defined for most major future of central hardwoods. We have some guide-

species. Field foresters must have and understand lines and advice about making decisions on forest
this kind of basic technology to prescribe treat- investments. We even hear good news now and then

ments. Guidelines to define adequate advance oak about new and expanding markets for low-quality

reproduction are especially helpful. Unfortu- material. But there is a very large volume of
nately, the guidelines are based on Missouri data, presently unmerchantable material taking up valu-

and they need to be validated and/or modified for able growing space that needs to be removed.

other areas. We need similar regeneration guide-
lines for other species. After many years of Many agents damage hardwood trees: insects_

research, theoretical prescriptions to establish disease, fire, logging, grazing, and perhaps air
strong advance oak reproduction remains unproven, pollution. We have some good information on

things to do and not to do for some of these

Prescriptions for planting pine and hardwoods agents. For others, such as gypsy moth, we may
have improved a great deal in the past 30 years, never have easy solutions. We can certainly do a

The importance of planting site evaluation, plant- much better job minimizing damage to soils and
ing methods, stock care, stock quality, and weed residual trees during logging. Experiences in

control are well known by research and are all Europe and in the eastern United States strongly
important to success. Unfortunately, when it suggest that the central hardwood forests should

comes to practice we do not do as well as we be given high priority in future air pollution
should in applying what we know. Survival rates research.

are too low and too many off-site plantings fail.

We have learned a lot about planting black locust Wildlife is often given as a primary reason
(Robinia pseudoacacia L.), black walnut (Juglans for owning hardwood forest lands. So forest prac-

L.), yellow-poplar (Liriodendron tulipifera titioners need to be able to prescribe treatments

L.), northern red oak (Quercus rubra L.), and to favor both wildlife and timber. There are many
eastern cottonwood (_s deltoides Bartr. ex treatments that can be made in stands of various

Marsh.), but we still need convincing research for ages to improve wildlife habitat. But too few of

other hardwoods. All researchers agree--"plant the prescriptions made by wildlife specialists

large seedlings"--but they don't tell you how big seem to consider forest practices. And too few

is large. I know specific data are around some- prescriptions made by forest management research-

where; I helped collect a lot of it. era consider wildlife needs. Since managers must
make prescriptions that include several resources,

The general importance of site quality and how they need reliable research results where timber,
to measure site index is well established in cen- wildlife, water, and other resources were con-

tral hardwoods. To avoid costly mistakes, every sidered in the design, treatments, and outputs.

practitioner must understand the relation between While multidisciplinary research is certainly not
quality sites and quality production of forest a new concept, there seems to be a resurgence of
resources. Site classification systems to improve interest in making it work.
management for multiple-forest resources on large

properties are just starting to be developed for If someone is interested in enhancing recre-
parts of the region, ational opportunities, there are some excellent

principles and guidelines to follow. The same is

Technology for growth and yield estimates has true for owners and managers who want to present a
advanced rapidly with the advent of computers, natural appearing landscape for themselves and the

Old and new data bases in this forest science area viewing public. Suggestions for amelioratinK the
have produced a solid foundation to improve inven- visual impacts of forest cutting practice make

tory estimates and make projections for some good sense, but we need to see some demonstration

forest types. There are some basic data gaps to of how to get practical technology into use°
be completed, and we still need reliable ways to

predict quality changes. Research has provided the basic understanding

of hydrologic processes and how water production
There is a large body of information on the and quality are influenced by forest practices°

principles and practice of managing hardwood We have excellent guidelines on how to protect
stands. Past research has shown what kinds of forest soils and water quality during various

responses to expect from intermediate cutting in kinds of forest operations. Forest roads can be
different aged stands from saplings to mature constructed and used with minimum erosion. The

trees. Release cuttings in very young stands to impacts of forest grazing are well known by water
improve composition, growth and quality is specialists. The pressing problem in forest

risky. Responses in older stands are more pre- hydrology is to better use the information we have



tO convince forest owners, loggers and farmers to a report tends to weaken scientific accountability

protect watershed values, and credit--footnotes are often more appropriate.
Peer reviews are many time cursory, and this is

_ often the result of overusing the "buddy system".

DIRF_ION OF CURRENT RESEARCH Good, constructive reviews make big improvements
in manuscripts, but they take valuable time. Be

When I saw a copy of the Sixth Proceedings of prepared to reciprocate.
the Central Hardwood Forest Conference, I was

impressed. I was impressed by how big it was com- I don't want to leave you with the idea that I
pared to the First Conference. I read the whole think all research reporting should be how-to-do-

thing--all 526 pages. I started out reading only its. Scientific reporting is essential to the

a few papers, but they turned out to be so good I development of knowledge in any science. My
decided to "evaluate" the quality of all the favorite story "on being scientific" is one I tell

papers. I classified each paper as to whether or on myself. Probably my most original research was
not it contained new information. Obviously, I am to clearly demonstrate for the first time that

not an expert in all the technical areas involved, endotrophic mycorrhizae have a beneficial effect

so my estimate was probably conservative. I on tree growth. I wrote a brief article and
judged that 80 percent of the papers contained new submitted it to a new science journal in
and useful information for me. That is excellent forestry. They could not use it because it was

_id demonstrates good work on the part of the obviously aimed at foresters and tree planters.
scientists and Conference organizers. However, if So I revised it, made it sound more scientific,

I was right in my assessment, research budgets and it came out in AAAS's Science with a world-
could have been extended by 20 percent by more wide audience.

careful problem selection. Simplistic, but I am

sure many of you have mentally made these kinds of We need to make research problem selection a
observations at conferences you have attended, more rigorous process. There are lots of valid

considerations, but the bottom line for both basic

I liked the general format of the Proceedings, and applied research should be who cares? and

especially the invited papers and keynote. 0bvi- why? We also need to talk to users, extension
ously, they were designed to be provocative and to specialists, and other agencies before we design
expose the participants to emerging issues. I studies to be sure that potential results can be

believe these Conferences are worthwhile and serve directly translated into prescriptions for

a number of good scientific purposes from peer action. This is a compelling reason for having
review to exhilaration and enjoyment. They are technology transfer a formal part of the study

essential for the process of scientific scrutiny plan.
to improve future research and development.

Having said that, it is my purpose to make some Fred Haeussler, past president of the Society
observations, express my concern, and give some of American Foresters and Land Manager for a large

opinions on the needs and directions for better forest industry, laid out his concerns for "Appli-
hardwood research, cation Challenges" rather bluntly in Rochester,

New York (1988). Fred said, "Researchers, exten-

First, I will continue with some observations sion specialists and forest managers don't com-

developed during the Central Hardwood Notes municate as well as they should. They don't

project, my review of the Sixth Proceedings. and coordinate their efforts as well as they should.
off course the bias I have developed through exper- They don't work together in close harmony with

ience and misadventure, joint goals and objectives." He believes there
needs to be closer, more open and constructive

Forestry research reporting is getting selection of research priorities.
better. I am not sure who is responsible, but in

my experience authors, reviewers, and editors are If a major conclusion is "more research is
all doing a better job. This is reflected in Pro- needed", show why more resources will provide some

ceedings, Journals, and Technical Papers. Yet useful technology. We often fail to point out the
there is room to improve both technical content practical significance of research results. Many
and readability. We need better research report- hardwood researchers are too modest about their

ing to improve the acceptance of results by peers research; maybe not all of them but at least some
and users, to be more competitive for research of them. Depending upon the audience and out-

funds, and to get paid more. let, we need to be more aggressive in suggesting
how to use new information even if the results are

There is still a general tendency to use too short term, preliminary, or basic in nature.

many words, include unnecessary information, and
be indirect. While proper qualification is essen- Sometimes we forget or ignore lessons from the

tial for scientific reporting, over qualification past and do research where it is convenient, not

tends to weaken conclusions and mystify readers, where it is proper. If you do research on arti-
Overuse of citations is burdensome and takes up fact sites, you will get artifact results. Black

valuable space. Cite new material and authori- walnut studies on thin, poorly drained soil will

tative review articles where possible. Over- produce thin, poor results. After all, we have

citing yourself is hazardous unless you are in a been hearing off and on since at least 1878 that

very narrow line of research. Too many authors on walnut needs deep, rich soil (Hough 1878).



PRIORITIES FOR HARDWOOD RESEARCH about other species as well. In the past we did
not overlook long-term research, but it took a lot

The publication Research Priorities for of resources and we took a lot of shortcuts. In

Eastern Hardwoods (McLintock 1987) is a definitive fact, some long-term research is more accurately
source of information on research needs for cen- described as case studies. The trouble with case
tral hardwoods. It includes priority ratings at studies is that forest stands and situations are

the problem area level. It is comprehensive and dynamic, and they change and case studies become
it is good. Many of you provided input. All artifacts of forests past. But we have learned a

hardwood researchers should carefully consider lot from case studies, and we will continue to

these recommendations when selecting new study learn from them. Fortunately, we still have some

areas. Naturally, there are other factors you well-designed long-term research that is still
must consider when setting priorities, such as technically active. But with the pressure on

expertise, support facilities, cooperators, fund- research budgets for the past 10 or more years

ing levels, time spans, and assignments. Never be there have been a lot of changes made in the
timid about expressing your ideas about research status of various Experimental Forests and long-

priorities after objectively considering the term research projects. I do not question the
factors and the opinions of others. In my exper- wisdom of all the decisions that had to be made,

ience, creative ideas are scarce and are rarely but I suggest that we must find ways to adequately

squelched, maintain and significantly expand long-term
research to develop in-depth treatment-response

The same rationale applies to the misappli- data sets. We need to make a better case for the

cation of existing technology. All too often we usefulness of interim results in long-term
see mistakes by people who should know better. I research. We have some excellent examples where

was asked to look at a bottomland walnut planta- this was done, but we also have examples where we

tion that was failing. The soil scientist said he were not aggressive enough.
had taken several soil cores on the site. But he

didn't get far enough off the road and the bench Researchers and especially research admin-
it ran on. When we got to the site and opened the istrators always say we need more research, which

car door I knew the answer. You could smell means more money. Why more long-term research?

"crawfish land" and you didn't need a lot of soil We have reached a point where we must pay more

cores to know what was in the soil profile, attention to forest systems and forest ecological

processes if we are going to find dynamic solu-
There is no need to improve on McLintock, but I tions to dynamic problems. For example, we have

would like to share some of my personal concerns yet to resolve a number of important questions for
about funding, priorities, and the future of the different silvicultural systems including uneven-

hardwood resource, aged systems. If we do not do more substantive
long-term research we will continue to recycle

I heard an estimate that the amount of research, reinvent the wheel, and relearn what we

research in the United States more than doubled already know. We do too much of that now. Let me
from 1976 to 1986. In sharp contrast, the number give you a real example--oak regeneration.
of forest scientists decreased substantially dur-

ing this period. Giese (1988) traces the decline Korstian (1927) and other early American

in funding during the past 10 years and calls writers gave us the clues to oak regeneration--
forestry research "An Imperiled System." Real- advance reproduction. The prescriptions for cut-

istically, other priorities were judged to be more ring were European but essentially untested in
important than ours. We simply did not compete, this country. Not to worry, there is plenty of

We can and must do better in demonstrating needs, oak in the understory and the overstory. Ivan
capabilities and opportunities for better returns Sander and I summarized a lot of long-term

returns on investments in forest research. We research in the late 1960's and took a close look

need to be more aggressive and more urgent about at what kind of reproduction we were getting. Not
some of our high priority problems, to worry, most of the time we were getting enough

oak. But the closer we looked the more exceptions
In the world race for leadership in bio- we found. We now believe that there will be more

technology, forestry is getting off to a very slow and more exceptions as the stands continue to

start. There are valid reasons why most of the change dynamically as a result of some dramatic
support for this kind of research is put in such changes in land use. So we know advance oak

areas as medicine and food. But there are excit- regeneration is important but we don't know for
ing possibilities in trees, and we need to find sure how to get it. Richard Watt and I summarized

ways to capitalize on this developing technology, the collective wisdom of oak researchers in 1971

(Clark and Watt 1971) and proposed how to repro-
Do we have an imbalance between short-term and duce oaks without having actually done it. Our

long-term research? I think we do, and it is recommendations still sound good. In the mean-

leading to serious problems. First, both kinds of time, Ivan Sander and associates have continued

research are essential in developing appropriate their long-term research to find out the facts.
alternatives for the management and use of forest They have generated a lot of basic information and

resources. A lot of short-term research has pro- some practical guidelines, but in their expert

vided us with a good understanding of the silvics opinion we still must continue long-term research
of major tree species. We must continue to learn on the oak regeneration process. I believe them.



All of you oak researchers and managers remember good foundation in growth and yield research, but

this: oak regeneration is a long-term process and we need to include more sites, species, quality°
not an event. Problems in oak regeneration are and time in our studies. Insects and diseases

discussed in recent publications by Mills, will be here as long as we have trees, and we need
Fischer, and Reisinger (1987); Coder, Wray, and to know how to manage stands that are healthy

Countryman (1987); and Crow (1988). enough to withstand the rigors of outbreaks that
are sure to come. If we don't hurry up and learn

With the technology now available for data to use fire as a cultural tool, we will lose it as

collection, storage, summary, and retrieval, the an option. We know that timber cannot bear all
costs to maintain long-term research records can the costs of ownership. We need better prescrip-

be substantially reduced. Through cooperative tions for integrated management based on multi-

efforts we should extend the coverage of such disciplinary research that will increase the qual-

research to include the major associations and ity and quantity of recreation, wildlife, and
conditions. Funding is a significant problem, but water as well as wood products. And owners and

we need to start thinking about how to do it and users tell us that is what they want.
where to do it. At the same time, we need to

correct some inequities in the reward system for That sounds like more than enough for all of

those engaged in long-term research° us to do for quite awhile. That is why it is
important to select high priority problems, get

For several years there has been a call for all the help you can, don't duplicate, and don't
more multidisciplinary research° There may be dally.

some in the pipeline, but I have not seen much
evidence that we can expect to see estimates of

multiresource outputs designed specifically for AND THAT'S NOT ALL

that purpose° As we take on the more complex job
of studying forest ecological processes, we must As Yogi said, "It ain't over till it's over."

use multidiciplinary teams to evaluate multiple You are not done with your research until it is
resources. Many central hardwoods owners and put into practice. Getting research results into

managers have multiple objectives. So far, we can use by individuals and agencies is a significant

only guess at or synthesize outputs other than part of your job or at least it should be. There
timber. Considering the possible permutations is another very good reason to get your research
that could result from various sites, types, ages, results applied--self preservation. Nothing

and stand conditions we may never be able to make begets funding better than highly visible success.
finite estimates of multiple resources. But it

certainly makes more sense to use appropriate While I am giving advice, I would like to add

expertise when a study is designed and executed, a few more things for each of you to consider and
support:

In discussions of research needs, someone

always recommends that we need to be able to pre- I. We need to support a strong and viable
scribe some extensive treatments. This is good domestic forest industry.

advice considering the long periods of investments 2. We need to improve habitats for both
and the relatively low timber value of many hard- consumptive and non-consumptive forest
wood stands. We do need low-cost treatments to wildlife.

establish desirable regeneration, to favor the 3. We need to improve forest esthetics and

best species in young stands, and put the growth recreation.

potential on the most valuable trees. Biological 4. We need to protect forest water quality.
alternatives must be accompanied by valid costs 5. We need to help develop a stronger forest
and returns_ land use ethic with longer ownership

tenure.

There are a lot of other technical areas with

high priority problems that need to be solved I hope I have not left you with any feeling of
before we make the central harwood region fully pessimism. On the contrary, I am optimistic. The

productive for multiple uses. Without more effec- central hardwood forests certainly look a lot
rive utilization and better markets we will not be better than 40 years ago. The forest survey data

able to use the vast amount of excellent wood and show tremendous inventory increases. True, it is
fiber in low value trees that could be converted harder to find the very big trees, but that too

into high quality parts or products. This will can change with more time. When we get done with

require a lot of research and development in log- all the jobs in front of us, the forest will have

ging, processing and economics. How can we capi- changed so much that future researchers will have
talize more on potential international markets a new set of problems and opportunities. And that

while we strengthen the domestic industry? We is not to say we did our jobs wrong. It will be
still have a lot to learn and better guidelines to because we did our jobs right and kept the forest

develop for both natural and artificial regenera- dynamic.
tion for many of the hardwood species. We will

continue to lose and fragment forest acreages and To close I would like to share with you the
habitats to stripmining unless we can make a last stanza of Cleo Caraway's "Sacred Trust" that
better case for reclamation with trees. We have a opens the Central Hardwood Notes.
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CENTRAL HARDWOOD FOREST RESEARCH BUDGETS, PRIORITIES, CHALLENGES I

Ronald D. Lindmark 2

Abstract.--The North Central Forest Experiment Station

is committed to maintaining its rolein 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 you can't_-do with the budget you have, tell me

the conference organizers to convince me to what you can do!" Bob used to say.
participate. Alums always like to return to
their alma mater, and that's how I regard The work of our scientists today is

Carbondale. I was a project leader at the lab testimony to what can happen when we avoid the

from 1969 to 1974. Those good years bring back destructive temptation to develop a chip on our
many fond memories, collective shoulders bemoaning the resources we

don't have, and instead to make the best of what

But a more compelling reason brings me back we do have.

to Carbondale this morning. This conference

gives me a forum to express my pride in the So before I go any further, I salute the men
accomplishments of our Station scientists and and women, at the Station as well as at other

cooperators who conduct central hardwoods research institutions, whose good work under not:so ideal conditions has made it possible for us

research, to convene this symposium. They've engaged in

When I worked here, we had 5 research PRODUCTIVE SCIENCE, and after all, that is what

projects, 15 to 20 scientists, and an army of we're all about. It's too easy to lose sight of
technicians and support personnel. Those were this basic foundation of our business. I want

days of expansion; big budgets and lots of you to know that I think the most important
personnel. It was easy to be a scientist then. mission of my job is to support and encourage

productive scientists in as m_y ways as I can.

Doing productive science in today's climate I'm proud of our work in black walnut
of tight budgets is not easy. Yet, despite
adverse conditions, our scientists have continued silviculture, protection, genetics, and

to produce. I'm glad to have the opportunity management. I'm also proud of the
here to celebrate some impressive research accomplishments our scientists have made in

accomplishments and to congratulate the hardwood processing, such as basic researchinvolved in understanding the principles of
scientists responsible for these accomplishments.

drying. Our scientists in Columbia have created
a valuable body of knowledge regarding oak

I spent many years in the Forest Service's
Washington Office with Bob Buckman, then Deputy regeneration, critical to the management efforts

of National Forest personnel. I'm especially
Chief for Research. I'll never forget one of

pleased with our exciting technology transfer
Bob's favorite sayings to Staff Directors, efforts like the Central Hardwood Notes. which
Station Directors, or others who came into his

will be coming out soon, and the Walnut Notes,
office seeking support, solace, or advice about

ibudgetproblems. "Damn it, don't tell me What ...... which have just been published.

I'm not only proud, but also very impressed

by this record of achievement. It's fair to say
1paper presented at the 7th Central this work is £he reason our laboratories and

Hardwood Forest Conference, Southern Illinois scientists in Carbondale and Columbia are

University at Carbondale, March 5-8, 1989. considered leaders in the field of central
Ronald D. Lindmark is Station Director of hardwoods research. I want you to know that I'm

the North Central Forest Experiment Station, dedicated to maintaining this record of

St. Paul, Minn. achievement.
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With that said, let me mention several universities, State DNR's, individual

topics I'll discuss this morning. First, I'll corporations, and other interested groups. No

review North Central's research budget. Budgets one likes reduced budgets. But I prefer to look
are a fact of life in deciding what we do and at the positive side. Tighter dollars will
don't do. Since leaving Carbondale, it seems motivate us to foster better ties with our
like a good deal of my time has been devoted to research clientele.
budgeting. I'II talk about our research

priorities and the recent organizational changes Congress and the Washington Office recognize
in our central hardwood research program. _ne need to look for outside funding sources to

Finally_ I'll discuss emerging issues in forestry supplement federal dollars. They're encouraging
and how the North Central Station is addressing us to do this very thing through cooperation and
these issues, partnerships with non-federal organizations. One

example is the research challenge cost-share
Recent Forest Service research budgets, as program. In this program federal research

most of you know, are not a good news story. The dollars are matched to non-federal research

budget formulation and development process has dollars made available to study a particular
become increasingly frustrating during the past problem. The aim is to make the most of federal

decade. After much internal negotiations_ our research dollars. This year $500,000 has been

Station proposals, however modified, become part made available, providing we can obtain matching
of the total Forest Service research budget, funds. Another $500,000 has been proposed in the
That budget, again after much negotiation, Reagan budget for next year. We don't know if
becomes part of the Forest Service budget, then President Bush will modify that°
the Department of Agriculture budget, and

finally, tlhePresident's budget after reductions The Station has responded to this

recommended by the Office of Management and incentive. This year we submitted 26 proposals
Budget° for almost $500,000. We haven't heard yet which

proposals have been accepted, but of course, we
The legislative budget process also goes hope to get a healthy share of this money

through many iterations to finally produce what dedicated to research at the North Central

during the past 8 years has been additions to Station. This is a new experience for us, but it
most budget line items reduced in the President's is an opportunity for both the federal and

budget. However_ all restorations have been private sectors to strengthen our research
earmarked for specific programs and specific effort.

locations, mostly for high priority programs such

as acid rain° In addition, our budget is rarely We must continue to be aggressive and

received on schedule and frequently comes as a imaginative in strengthening existing ties and in
continuing resolution late in the fiscal year. establishing new relationships. This is an

If you've ever seen a yo-yo in action, you have a important part of getting the job done. We value

fair idea of our budget process, the cooperative relations we currently have with
SIU, the University of Missouri, the Black Walnut

The bottom line is Forest Service research Council, the University of Illinois, and the

budgets have declined° This is true both University of Wisconsin, to name just a few. I
nationally and at the North Central Station, see this as the norm in years ahead.
especially when we allow for inflation and

increasing salary costs. What are the research priorities at the

North Central Station? Much of the North Central
North Central Station employees need to look Station's territory lies within the central

no further than their own operations to see the hardwood region. Central hardwoods research has
effect on our research programs. In 1978, the always been a major research emphasis at the
Station had about 100 scientists and almost 250 North Central Station, and it will continue to
permanent full-time employees. Today, a decade be.

later, we have 70 scientists. We are simply not

holding our own when it comes to budgets. And Our three central hardwood research projects
all this comes at a time when the cry for involve II scientists based at two locations. We
scientific knowledge is increasing, have two projects at Carbondale: the Central

Hardwood Physiology and Genetics project led by

Tight budgets and mounting costs have forced Jerry Van Sambeek, and the Hardwood Processing
us to closely examine our programs and our unit led by John Phelps. Our other central

priorities. If I can leave you with one thought hardwood research project is based in Columbia.
this morning, I hope it's that the North Central That project, Central Hardwoods Silviculture and

Station cannot meet the forestry research needs Ecology, is led by Steve Shirley. Combined, this
of this region alone. We simply don't have the research consumes 27 percent of the Station's

resources to tackle the great array of questions total timbermanagemen t research budget, 13
involved with the diverse resources in the North percent of our total Station budget, and 16
Central Region. It has always been important, percent of our cadre of scientists.
but in today's economic environment it is

critical that we maximize our partnerships; our Considering the diversity in our programs,
cooperative relations with other Stations, these numbers show that central hardwoods rank



hlgh in terms of North Central's research Before Ishift gears let me review.
Programs. This is especially true when we

Declining budgets have forced us to examine our

consider that other programs such as Forest programs, make a lot of difficult choices, and to
Survey, which we are striving to get on a10-year seek productive partnerships with our clients.

cycle, consume_i/5 of our resources. I think Despite tight budgets and many research demands
it's also important to note that our Forest ' ....

Survey project and our Station's economic studies we will continue to expend a significant amount

apply directly to the central hardwood region, of our Station's resources on central hardwoods.
The recent reorganization of the central

I'd like to discuss research priority hardwoods research program will make us more
setting in a broader context. I'm often asked, efficient and competitive for research dollars,

"What are your research prioritiesT" for any I'd like to talk about emerging research

number of topics. Unfortunately, priority needs and how they relate to traditionalsetting is not a simple, straightforward process.
.long-term studies. Forest Service research has

At least four factors influence what we do. maintained continuous research plots, on growth

(1.) National research priorities established by and yield, for example, for longer than some of
the famous European forests. Most of these

the President through our Washington Office and plots, found on our experimental forests, are
by Congress. (2.) Local research needs, as invaluable.
described by both private and public resource

managers. (3.) Budgets. As I alluded to earlier, We're committed to maintaining them. Again,
Congress is becoming increasingly activist. They !budgets might not allow us to expand these
use earmarking and specific budget allocations to
implement their own agendas. As I mentioned, our studies, and we may be forced to convert some

budgets are given to us already broken down by research plots to demonstration areas if we can't
budget line items, and any restorations are made justify usefulness. But for most of these
to specific locations. We have a little studies a maintenance, bare-bone level of support

is usually possible, even after the hard choicesflexibility to reallocate funds, but not much.

(4.) Scientist skills and research equipment, to are made. To survive the close inspection tight
a lesser extent. Our research is determined budgets demand, such studies must be able to

demonstrate productive, tangible results.somewhat by the skills and inclinations of our

iscientlsts, although we can manage our work force
In fact, productive research is really the

to minimize this to some extent, key to our success at the broadest level. The

The process of how any one or a combination best way to foster support of our programs is to
produce high quality research that makes aof these factors determines specific programs

differs by Station, project, budget year, and difference--that is needed and will be used by
Congress. our clientele.

Each of our three projects is working on In a similar vein, if we want to be "in the
priority problems identified by us and a number loop" on emerging issues, we've got to be poised

and ready as an organization to respond quicklyof user groups, such as the Hardwoods Research
and effectively to emerging issues.

Council. I value highly the advice and

°! suggestions made by these outside groups, and I
What are these issues? Such things aslook forward to working with them in the future.

An analysis of the research problems and an global climate change, including the effects of
assessment of our resources led us to restructure atmospheric deposition; water quality; economic
our Carbondale and Columbia efforts. With opportunities through new forest products;

threatened and endangered species; and
planned retirements, termination of a unit in St.

Paul, and salary savings through reductions in catastrophic forest fires.

our technician work force, we feel we are How do we prepare to respond? We examine
focusing our very limited resources in Carbondale
and Columbia. how our current research might be applied, or

modified, to become pertinent to these concerns.
We look for new partnerships, and added financial

We've tried to eliminate any overlap in our
support, with groups concerned about these same

timber management research. We also have tried problems. We keep our programs flexible. Our

to give each unit a clearer mission. The work at scientists no longer have the luxury of spending
Carbondale will focus on plantations and on the entire careers on one very narrow subject area.
fine hardwoods. The work at Columbia will deal Today, we must be willing and able to re-focus

with natural stands and with a more holistic, our research orientation to respond to changing
multi-functional approach to central hardwood needs. Research at both the Carbondale and

ecosystems. We think this split will make us Columbia labs should be aware and sensitive to

more responsive to user needs and better position local and regional issues of this sort.
our Station to compete for TMR dollars. We

welcome support to strengthen the programs at An important part of "productive research"

both locations, is technology transfer. We've simply got to
commit ourselves as scientists to ensuring that



what we learn through our work is communicated to It's easy to say we already know how to
natural resource professionals, regenerate oak. It's harder to take this

information and apply it to their management

I think we've done a pretty good job of situations. We all know that National Forest
technology transfer. The Walnut Notes and personnel and other land managers don't manage in

Central Hardwood Notes I mentioned before a biological isolation chamber. Economic,
represent state-of-the-art information, social, and political pressures often demand less

than biologically optimum management practices°

I'm particularly proud of the effort, I think technology transfer efforts must
creativity, and innovation that have gone into recognize these pressures. We need to look at
these publications. More than 50 years of how our information can be applied to their
research results and experience from natural situation.
resource professionals and researchers have been

condensed into these for use by natural resource But again, at risk of repeating myself too
managers. Forest Service retiree and former boss often, these technology efforts are based on the
Bry Clark deserves much credit for the Central assumption that our research results in new

Hardwood Notes. Authors include scientists from information, new and improved ways of doing
universities, government agencies, and industry, business that make a difference.

I think these publications will become required

reading for any professional manager, and the Let me sum up by giving you my vision of
looseleaf format will enable us to update the where the research at the North Central Station

information they contain, is going. We will continue to try to fill
existing technical gaps in our knowledge.

We're also putting the finishing touches on Answers to some of these questions will come from

a walnut demonstration area. When completed this basic, fundamental research. Other problems will
summer, this site outside of Carbondale will give dictate applied work. Both facets are addressed
managers a view of different silvicultural at Carbondale and Columbia. We will do more

practices related to black walnuts, cooperative research. Our programs, to survive

and gain support, must become more flexible, more
We value our association with user group able to change to respond to emerging issues,

organizations, partly because these associations like global warming. This demands that our

are an excellent way to transfer research scientists be able to switch gears occasionally.
information. We hope to maintain and strengthen iThe nature of funding our work makes the

our ties with groups like the Hardwood Research 'attribute of flexibility even more important.
Council and the Walnut Council. _0ur work will come under closer scrutiny by

legislators, research clients, and the general
Finally, workshops and symposiums llke this public. The best support we can obtain is the

are an important way to discuss and publicize our testimony of pleased clients.
research results, and seek the support we need to

forge ahead. I want to thank the organizers of To survive, to even thrive in this climate,

this symposium. I know it takes a great deal of our work must become increasingly productive and
effort and time to organize this. George Rink, of demonstrated value. We have to continue to

and all the other members of the organizing work hard in our laboratories. But as

committee, thank you. importantly, we must work harder in the public

arena, and in our efforts to apply our research
These technology transfer efforts can also information in ways that make our research

make our clients familiar with existing research information contribute to solving management
information that applies to current issues. For problems and concerns.
example, we have a great body of knowledge on oak

management and oak regeneration. Yet National If we do this, we'll be better poised to
Forest personnel in this area are really meet the challenges of the future.
struggling with the issue of oak management and
clearcutting.
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FORESTRY RESEARCH FOR ILLINOIS: RECOMMENDATIONS OF THE

ILLINOIS COMMISSION ON FORESTRY DEVELOPMENT 1

Gary L. Rolfe 2

Abstract.--Research recommendations were developed
by the l]linois Commission (Council) on Forestry
Development for Illinois and central hardwoods in the

context of national issues and priorities.

Recommendations are a combination of reactlve/proactlve
research initiatives integrated with landowner educational

needs. Included is research on management options,

enhancing multiple use, woodlot productivity,
agroforestry, expert systems, private landowner goals and
motivations and envlro0mental issues. A statewlde

computer network and resource database and a comprehensive
educational program is recommended to fael]Itate
effectiveness of these research initiatives.

Although support for forestry research is

Productive forest]ands are integral to the not in keeping with the value and importance of
economy of the United States. With nearly 737

the forest resource it is perhaps a less
million acres of forest cover in the U.S., the

significant factor than the imp]iclt nature of
production and maintenance of these ]ands is very our research programs. Often, our research
important (Bentley 1986). Forest-based industry initiatives are driven by "crisis" situations.
alone contributes more than 60 billion dollars

In other words, our research programs tend to be

annually to the U.S. economy and employs 1 of predominantly reactionary to meet specific
every II people in the manufacturing industries problem situations encountered today. We are

(Brown 1986). Couple these direct economic gains generally unable to channel research resources
from our forest resource with the inestimable

into a more long-term or proactlve approach
value of the resource for recreation, wildlife, because of flnancla] limitations and the need to
soil and water conservation and its contribution

qulck]y deal with providing the information needs

to global atmospheric stabl]ity and it is easy to of today (Brown 1986). An adequately financed
justify a we]1-flnanced and broad-based forestry research program could help to stimulate an

research program. Such a program could provide anticipatory, proactlve approach to our forestry
the basic information needed to effectively research but funding is only one limitation. The

manage this critical resource for the long-term, forestry research community may, in fact, he
another limitation because of our generally

Unfortunately, our forestry research conservative attitude. We must be more

programs have not kept pace with the significant aggressive in our forestry research and move into
need for information to effectively manage the

a proactlve position which projects from today's
resource_ Currently, our University-based database and today's issues into the future to
forestry research program nationwide totals less predict tomorrow's needs. Certainly our research

than i00 million dollars annually (Br6wn 1986). programs will always have a reactive component
Industry-based forestry research programs are because not every issue can be predicted but we
generally declining and the Forest Service

must move aggressively to establish a longer term
program is only stable at best. view of the resource to ensure its future

viability and contributions to society.

The l]llnols forest resource picture is

[Paper presented at the Seventh Central quite similar to the national one. Illinois has
Hardwood Conference, Carbondale, l]]inols, March more than four ml]lion acres of some of the most

5-8, 1989. productive forestland in the midwest but this

2Gary L. Rolfe is Professor and Head,
important resource suffers from neglect (Rol fe

Department of Forestry, University of lllluols, and Richmond 1986b). The majority of our
Urbana, Illinois and also Chairman, Illinois forestlands are privately owned and in relatlve]y

Council on Forestry Development. small parcels averaging less than 50 acres each
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(Herendees and Rolfe 1983). Currently these Forest Productivity
forestlands are producing about 144 milllos board

feet annually but this is less than one-third of While the United States has an abundance of

:their capability (Rolfe and Richmond 1986a). The total forest cover, productivity on the majority

Illinois forest industry which is a ode billloo of these lands is considerably below potential
dollar industry can only benefit from improved with most regions of the country averaging only

productivity and management of Illinois one-third to one-half of potential sustained

forestlands, yield. Intensive forest management including
tree improvement, site preparation,

Illinois now ranks in the bottom I0 states reforestation, advanced silvicultural techniques

is wood production but near the top five states and advances in harvesting technologies is
in wood use (Rolfe and Richmond 1986b). needed, An expanded research program in these

Narrowing this gap between production and use areas is critical. However, productivity
could result in significant gains at every level increases should not be at the expense of the

of the Illinois economy. Improving productivity other benefits provided by our forests or at the
through improved management of our forestlands expense of environmental quality. Concurrent
can also increase the complimentary benefits we research should evaluate these related

derive from our forest resource (Forging a environmental issues.
Forestry Future in the Midwest 1983). Better

management will result in improved diversity of Products Development
wildlife habitat, enhanced recreational

opportunities and significant soll and water The recent trend in composite products from
conservation benefits, wood gives rise to the need for a long-term view

of the potential for forest products. New and

Improving productivity on Illinois creative uses of wood must respond to the public
forestlands and consequent industry development demand for new and improved products. The

is a challenge which requires a combination of a potential for chemicals from wood is largely
solid research database wltb effective landowner untapped and new technologies will allow greater

and public education programs. To meet this sophistication in the use of wood. A

challenge the Illinois Commission on Forestry comprehensive expansion of products related
Development was created by the Forestry research is recommended.
Development Act which was signed into law in 1983

(Rolfe and Richmond 1986a,b). The Commission Marketing
(now a Council) is responsible to the state

legislature and has the broad goal of evaluating Improved marketing systems must be

the Illinois forest resource and making developed in anticipation of public needs and
recommendations for development of this resource demands. Research in development of wood-based

to meet the multiple public benefits only it can products to meet these demands must be pursued
provlde--timber, wildlife, recreation, aesthetics now in antlcipatlon of future public needs.

and soil and water conservation. Critical to International marketing and global trade issues
realizing the full magnitude of these multiple must be studied and the role of our forests in

forest resource benefits is a proactive research meeting global needs more clearly defined.
and education program. The Commission through

its study of the 11]inois forest resource has Biotechnology
identified research and education needs integral

to achieving this important goal. These research Application of biotechnology and high

and education recommendations were developed in technology techniques to tree improvement for a
the context of both Illinois and national forest multitude of goals is viable today and must have

research needs and are a viable combination of a high priority in research. Substantial gains
both reactive and proactive approaches to both in tree improvement can result from an expanded
research and education, research program in this area.

Environment
NATIONAL RESEARCH NEEDS IN FORESTRY

Environmental issues relating to forests
To provide background perspective for the and productivity will continue to come to the

11]inois Commission on Forestry Development forefront in research priorities. Atmospheric

research recommendations it is necessary to deposition, glrobal CO2 cycling and the
consider important national research issues. "greenhouse effect", soil and water conservation,
These national issues are an integration of air quality and other related issues are of
research needs developed through the work of innnedlate coocern.
several organizations including the National

Association of Professional Forestry Schools and Integrated Pest Management
Colleges, the Joint Councll on Food and

Agricultural Sciences (Five-Year Plan on the Food Forest insects, pathogens and other pests

and Agricultural Sciences, 1986), the Hardwood in many forested areas of the country cause
Research Council (McLintock 1987) and others, tremendous tree losses which can be as high as 20

National research issues the Illinois percent of total production. More research is

Commission considered as background included: needed to emphasize integrated use of a range of
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techniques including combinations of chemical, regular 10-year intervals to provide management

bio]ogical, biotechnologlcal manipu]ation, and agencies, forest researchers, members of the

cultural practices to protect our forest timber industry, and other concerned groups with
resource, current, usab]e information. New techniques such

as satellite imagery interpretation shou]d be
Urban Forestry incorporated and utilized as appropriate.

Specific research programs must be It is further recommended that an on-line
implemented to effective]y deal with the expanded forest resource database be created and

demand for urban forest resources. Species maintained with up-to-date forest resource

se]ection and management systems as well as a information. This computer database should be
better understanding of the needs of urban

part of a statewide network and easl]y accesslb]e

citizens are important issues to receive to agencies, forestry professionals and
increased attention, researchers.

These issues and other more specific Management Options
research questions at the national level served

to provide background for formulation of the Forest management practices have major
Illinois Commission on Forestry Development impacts on the forest resource and the benefits

research recommendations, available from Illinois forestland. Impacts of

the management option chosen may not be readily
apparent for many years but yet have a direct

ILLINOIS COMMISSION ON FORESTRY DEVELOPMENT relationship to the benefits the landowner and
RESEARCH RECOMMENDATIONS the public ultimately receive from the forest.

The Commission reviewed research programs The Commission recommends an expanded

of the University of Illinois, Southern Illinois research program to evaluate and develop

University, other midwestern universities and the predictive capability of the consequences of a
U.S. Forest Service, North Central Forest variety of hardwood management options and
Experiment Station and its branches to determine silvlcultura] practices. Studies should be

the current status of the research knowledge base designed to develop predictive capabl]ities of
in terms of tbls previously described broad impacts to all relevant forest resources

national picture. Several research issues were including timber, wildlife, recreation, soll and
identified as high priority for new or expanded water conservation, and aesthetics. Consequences

research for our Illinois research program. A of a variety of management practices in urban
combination of a reactive approach to deal with setting should also be included.
current issues and a proactive approach for long_

term planning is suggested. The Commission Long-term economic predictions and

believes that it is especially important that we simulations must be an integral part of this
become more proactive in our research to develop research program in management options. In many
the predictive capability needed to anticipate instances a clear economic forecast could

future resource based societal issues, encourage landowners to institute a comprehensive

forest management program.
Important research recommendations of the

Commission (Rolfe and Richmond 1986a,b) include: Enhancing Multiple Use

Statewide Forest Inventory and Resource Database The forests of Illinois provide a variety
of benefits and as a consequence, are managed for

A/though only indirectly a researchable several different uses. Individual landowners

issue D maintenance of a current forest resource often have non-tlmber production goals but
inventory and creation of an on-line computer ultimately sell their timber.
database are integral to an overall effective

research program for l]]inois forests. A Research is needed to develop management
comprehensive resource database is essential to systems which optimize multiple benefits.

development of the productive capability we Management systems should be developed which
greatly seed. enhance the landowners major goal but also

provide the other multiple benefits only our
Previous inventories of Illinois' forest forests can provide. In some instances, multiple

resources were conducted in 1948, 1962 and 1985 uses may be in conflict, so research must be

by the U.S. Forest Service. However, there is no developed in a systems approach to achieve the

provision for an ongoing, uniform method of maximum benefit for the landowner and society.
collecting comprehensive data. Existing data
offer insufficient detail for the needed

proactive approach to long-term resource Woodlot Productivity
planning.

Research on maximizing forest productivity

It is recommended that a comprehensive while maintaining a stable ecosystem is
urban and rural forest inventory be conducted at esPeciaily important, Illinois forests can show



greatly improved productivity with good Environmental Issues

management techniques but this should not be

accomplished at the expense of a quality environ- Environmental issues are at the heart of a
ment or greatly reduced multiple benefits. A comprehensive proactive research program for

comprehensive expansion, of the current research Illinois forestlands. In each of the previously
program in woodlot productivity is required, described research areas it is very important

Development of predictive capability for that adequate research be conducted to provide
assessing long-term productivity and current and projected environmental consequences

eDvlronmenta] impacts of improving productivity of prescribed forest management practices. It is
is essential, also important that we develop a better

understanding of the specific roles of forests in

Genetics and tree improvement research maintenance of air and water quality.

utilizing new bio-techno]ogy techniques must also
be expanded. Genetic manipulation at the Beyond these major research areas there are

molecular level offers a tremendous opportunity many silvicultural issues which must be better
to improve productivity without impacting understood. For example, the statewide evidence

environmental quality or long-term site of "hard maple takeover" and techniques to

productivity. Disease, pest resistance and promote oak regeneration continue to be of great
impacts of environmental stress may also be concern. Research in new and expanded uses of

greatly minimized through genetic manipulation, wood; especially low quality wood and sawmill
residues is very important and must continue.

Agroforestry Marketing techniques for landowners and primary
industry must also be developed and involve a

Current research programs to develop significant research element.

agroforestry systems for Illinois marginal lands

should be expanded. Illinois has nearly two It is very difficult to separate research
million acres of land which is clearly marginal needs for Illinois forestlands from the

for rowcrop agriculture. These lands should be overwhelming educational needs of Illinois
quickly brought into permanent cover but landowners, the public, and public officials.
landowners often face a severe financial The Illinois Commission, in its study of resource

education programs, found that our programs arelimitation in taking these lands out of rowcrop

production. Agroforestry systems allow the considerably inadequate to meet the needs of both
landowner to gradually retire his land from the rural population and the urban community.

rowcrop production while establlsbing a forest
production system. These techniques are A basic educational framework is provided

essential for adoption of forest practices by by the Illinois Cooperative Extension Service and
_many Illinois landowners, the Department of Conservation Division of Forest

Resources but both are greatly understaffed and

Expert Systems unable to provide the needed broad-based forest
resource education. Forest landowners require a

Further research in the development and comprehensive program to educate them on the

techniques for implementation of computer-based multiple benefits available from their forests
expert systems to assist private forest and how to achieve those benefits. These types

landowoers in better declsion-making is of educational programs must be based on the

especially needed. With the shortage of forestry proactive research program previously described.
professionals in Illinois it is very important Landowners need to know bow specific management

that we move towards systems which are easily actions today impact tomorrow's forest and
accessible by landowners and which can provide environment. Development of predictive cap-

ability involving all of the multiple benefits todecision-making techniques. Expert systems
coupled with a resource database and a statewide be derived from our forests is essential.

computer network should greatly improve our
ability to manage the Illinois forest resource. The process of educating these forest

Forest growth simulation and yield as well as landowners also requires basic research to
economic scenarios should be an integral part of determine landowner motivations and goals and how

these systems, to best work with them to encourage good forest
management. Educational programs must be

Private Landowners designed to provide the types of information

which can have maximum impact on tbe management

With 93 percent of Illinois forestlands of the Illinois forest resource.

privately owoed by more than If0,000 landowners
it is critical that we fully understand landowner The urban community has even greater
goals, motivations and interests to facilitate educational needs with 83 perce_t of the

good management on their forestlands. Expanded population or 9.5 million people living in
research is needed to further our knowledge of Illinois urban areas (Rolfe and Richmond 1986a).

private landowners and their role in developmeDt Urban citizens are the predominant users of our
o_ Tllinois forest resources, forest resource. Resource education programs for
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this important group are equally essential if we Brows, Gregory N. 1986. An Overview of Forestry
are to effectively manage our forest resources Research. In Progress and Promise,
for multiple values over the long-term. National Asso-_iation of Professional

Forestry Schools and Colleges and

It is imperative that Illinois forestry Cooperative State Research Service.
research programs are based on the needs of the Washington, D.C.p. 16-21.

publlc but they must also inc]ude a strong

proactlve element which is so very important to Five-Year Plan for the Food and A_ricu]tural
long-term maintenance and enhancement of the Sciences. 1986. A Report to the Secretary
total forest resource. Continued reliance on of Agriculture. Joint Council on Food and

reactionary research efforts and relatively ]ow Agrlcu]tural Sciences. Washington, D.C.
levels of funding for forestry research in 96 p.

111inois will not suffice to promote and protect

our forest resources over the long-term. The Forging A Forestry Future in the Midwest. 1983.
Commission strong]y recommends a significant Conference Proceedings. Editors C. A.

expansion of the research programs at the two Hooper and G. L. Rolfe. University of
state universities and encourages the U.S. Forest Illinois. Urbana, Illinois. 43 p.
Service to expand research relating to central

hardwoods. The Commission also encourages Herendeen, R. A. and G. L. Rolfe. 1983.

researchers in 111inois to deveIop complementary, Forestry in l]linols, Illinois Research.
interactive programs to realize the maximum gain Vol. 25(I):3-6.
from our research dollars.
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CENTRAL HARDWOOD RESEARCH PRIORITIES

AS VIEWED BY

A STATE FORESTER 1

Allan S. Mickelson 2

Central Hardwoods are an important resource The research need that was identified as

in Illinois as well as in the surrounding being most pressing in the majority of the states
states. They are important commodities to the canvassed was Oak Regeneration/Hard Maple
economies of the Central States and important to replacement.
the worldwide manufacture of fine furniture, fix-

tures and construction materials. They are also Oak ReKeneration: While some of the prin-

important in terms of their non-commodity values ciples involved are known, we generally do not
of wildlife, recreation, water and air quality, have good prescriptions on high quality oak
providing for an overall better quality of life. sites. There is a need to know how and when to

prescribe a shelterwood, group selection or

Yet as important as this resource is, we have clearcut system of even-aged management opera-
seemingly paid less attention to it than it tionally with a high or higher degree of cer-

rightfully deserves. Much greater potential can tainty. Recommendations developed in the Ozark
be achieved through more active management based Region do not apply throughout the Central
on sound scientific principles. Hardwood region.

Central Hardwoods cover 80 million acres in Two aspects of oak regeneration need to be
the eastern United States and represent 33% of investigated: natural and planted. Past oak

the total forest cover. The commodity value of high grading has progressed to the point where

this resource is staggering. Far greater values natural regeneration of high quality oak may no
are associated with the non-commodity and intrin- longer be a viable option in many stands.
sic values. Further, it has been estimated that

with sound and active maragement of this resource Tied rather closely to this is the need for

the economic return could be increased by 7 to i0 additional research to identify and propagate the

times the present day values. But status quo best oak seedlings, either in the wild or nursery
will result in losses of a much greater magni- environment, to develop the most economical

rude. methods of planting and bringing these seedlings
through the rotation to achieve natural stand

Research on Central Hardwoods is desperately dominance.
needed and justifiable.

Advances in tree improvement, seed handling,
To assist in identifying needed research on genetic engineering and tissue culture are needed

our Central Hardwoods, I sought the input of my on oaks and other fine hardwoods. These needs

counterparts in Iowa, Missouri, Indiana and Ohio. are becoming more pressing as the time, costs and
Therefore, the perspective I present today on space needs of nursery propagation become more
research priorities in the Central Hardwoods is prohibitive every year.
the collective consensus of five State Forest-

ers. I must say that the response to my request Oak Decline: High hazard areas of oak

for input was handled on an immediate response decline have been identified in the Central Hard-

basis, indicating to me that all State Foresters wood Region. Some treatment measures applied

share a concern that this topic of research on apparently augment the spread of decline symptoms
the Central Hardwoods needs immediate attention, to adjacent stands; however, new research is

needed to determine the causes and the correct

means of managing these areas to minimize damage.

1 Hardwood Utilizatlon and M-rketin_: Addi-
Paper presented at the Seventh Central tlonal and/or new research is needed to find

Hardwood Forest Conference, Carbondale, IL, March profitable product uses for our under-utilized

5-8, 1989. species. These are more commonly referred to as
2 low-grade hardwoods. With utilization and mar-

Chief, Division of Forest Resources, ketlng research the profitable use of these

Illinois Department of Conservation, Springfield, species would enhance more active management of
IL 62706, our forest stands. Can methods be found to over-



come the barriers of utilizing oak, hickory and Biodegradable "plastic" bags are now being
other "heavy hardwoods" in oriented-strand board manufactured from corn products or by-products.

or other composition board products? Also along Why can't wood by used as well? Wood burned in
these lines is the need to develop equipment for combination with fossil fuels could substantially

intermediate stand treatments. Perhaps even more reduced the C02 and S02 omissions.
basic is the need for more eocnomical and effec-

tive and efficient methods of deadening trees in New uses of wood and wood residue must be

a TSI operation. The old axe/chainsaw girdling found before the market place goes to synthetics
or felling methods are becoming cost prohibitive, completely.

Growth/Yield Information: The lack of Urban ForestryHesearch: We must not forget
growth/yield responses to standard silvicultural as we discuss Central Hardwood Research that the

practices applied in our Central Hardwood region same species and some of the same problems are

and the corresponding economic implications of found in our urban areas. Urban forest manage-

these practices are causing considerable prob- ment is a growing concern throughout the United
lems. Our field foresters' clientele is con- States. Intensified research efforts are needed.

stantly improving in educational levels and To effectively manage, enhance and expand the
sophistication in understanding the involvement urban forests we need a survey to quantify it.
and activities that affect the environment. More

and more their decisions are being based on eco- On a periodic basis the USDA Forest Service

nomic considerations where some type of invest- conducts forest inventories State by State. Yet
ment must be made to assure a future return or a vast area of the forest resource is not

desired result, as opposed to biological consid- included in a detailed manner to positively
erations. There is a desperate need for better affect programmatic structure. This vast area

computer-based growth/yield programs and associ- includes the urban forests of the Nation.
ated economic analysis software programs.

We need additional research on species to

Uneven-aged Management Systems: Closely plant, new cultivars, insect and disease control,
related to, yet separate from, the oak regenera- product development from urban wood waste and

tion issue is the present uneven-aged silvicul- more effective educational programs for urban
tural system we're using to manage oaks. The "q" forestry.
factor approach is one method of single tree

selection but it is difficult to apply. More The above should not be construed to be a

practical and applicable approaches to using complete list of research needs in the Central

uneven-aged management practices are needed. Hardwood region. Some basic research is being
conducted with State or private funds that

Polltical/Economlcal/Educational: More deserves more time, attention and full research

advanced research is needed to develop programs development. These projects include oak under-

and means to communicate the benefits of forest planting, seedling quality, seedling root mot-
management to the public and to elected offi- phology, tree improvement, nursery propagation
cials. The image of forestry, the profession, techniques, oak mast production, insect and dis-

our programs and practices has been tarnished, ease problems and agriforestry among others. The
More effective means must be found to better research needs are as diverse and numerous as the
represent the "truth of the woods" and our species in our forests. The common thread that

efforts, runs through the Region is that the private land-
owner controls the vast majority of the forest

Innovative Product Development: A visit to resource base. Anything we can do through

the supermarket by a forester is a disturbing research and development that will encourage the
experience. We find plastic milk jugs, meat on wise use of this land and its products will have

styrofoam, cereal in cellophane and all packed incalculable benefits. We, as State Foresters,
from the store in plastic bags and taken home to land managers, and researchers must be the lead-
a formica kitchen. Our land fills are rapidly era in demonstrating how the latest and best

approaching capacity with a high percent of the technologies can be incorporated into land man-
material being wood, wood products, paper and agement. You, as forest researchers, must be the
wood residue, providers of this information.

Meanwhile, our sawmills are being covered By working together in this partnership
with sawdust and our wood manufacturing plants arrangement we will find our forest lands more
are being crippled by wood dust problems, abundant, more productive and our resources

better managed for future generations.
Our wood-based paper plants are being threat-

ened by cultivated short rotation or annual agri-
culturally oriented crops.

r
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A DOZEN RECOMMENDATIONS FOR MANAGING

HARDWOOD FORESTS PROFITABLY 1

J. Michael Vasievich 2

ABSTRACT. Many landowners don't manage their central

hardwood forests. 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 management--professional forestry assistance,

stand cultural treatments, harvesting and

Money doesn't grow on trees, but many regeneration, and financial planning. When
landowners profit by careful management of their combined with professional forestry advice and

hardwood timberlands. They want to get the most sound judgment, these recommendations will help
from their land without paying too much and hardwood forest landowners increase their profits.
without sacrificing the amenities or non-timber
benefits. Landowners who manage their stands have

more productive and profitable forests. These Recommendation 1. Seek the assistance of a

landowners often have certain things in common, forester for planning forest management.
and I would like to focus on some general

management practices that lead to greater profits Mixed hardwoods forests are complex and many
from hardwood forests, biological and physical factors affect their

growth and value. Managing these forests requires
Management recommendations cannot be made special skill to achieve timber and non-timber

which apply to all hardwood forests. Each stand goals. These forests are more difficult to manage

is uniquely composed of trees of different than even-aged pine plantations because they may
species, ages, and sizes, and each landowner has contain dozens of different species. Decisions
different goals. Some landowners are interested regarding harvests, regeneration, and stand

in abundant wildlife. Some want an attractive cultural practices should be made with the help of
forest for personal enjoyment. Others want the a skilled forester. All landowners have good

highest cash return from their timber. Most intentions for their forest land, but they may

landowners want some of each of these, miss out on benefits or profit because they
Recommendations for specific treatments must be overlook treatments that can improve their stands

based on actual stand conditions, strengths of or perform treatments that degrade them and lower

local timber markets, and landowner objectives, profits. Foresters can identify and recommend
Therefore, management activities appropriate for practices that will enhance and protect forest
one landowner's stands may be off-base for land and improve productivity.
another.

Technical forestry assistance is available
The foliowing 12 recommendations deal with from various public and private foresters.

several aspects of economic forest Service foresters, extension foresters, State

...... forestry agencies, and university forestry
departments can provide help with many forest

ipaper presented at the seventh Central management problems for free or at cost. However,

Hardwood Forest Conference. [Southern Illinois the services offered by public foresters may be
University at Carbondale; Carbondale, Illinois; restricted to 1 or 2 days of work a year on each
March_5-8, 1989]. property. Also, most public foresters cannot mark

_J. Michael Vasievich is Project Leader, or sell timber, supervise timber sales, or enter
Economics of Alternative Forest Management Choices into a fiduciary relationship with private

in the North, USDA-Forest Service, North Central landowners. Generally landowners are referred to
Forest Experiment Station, East Lansing, Mich. consulting foresters for more extensive services.
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Consulting foresters provide more diverse and measurements of productivity are important in
specialized services than public foresters. Most deciding how to manage stands, when to manage

_ consultants can inventory timber, prepare them and where. Highly productive sites grow
management plans, recommend treatmentsto meet timber faster than other sites, and more intensive

landowner objectives, sell timber, contract for timber management is appropriate on these acres.
and supervise silvicultural services, and provide
specialized income and estate tax advice. State

forestry offices can provide a list of consulting Recommendation 3- Manage hardwood forests to

foresters and the services they offer. Some produce high qualitysaw logs of high value

States have registration or licensing laws for species.
consulting foresters, which provide some assurance

that foresters meet specified standards. Higher timber quality means greater value,
especially for hardwood trees. High-quality trees

Many forest products companies have special contain sound clear logs without knots, splits,

Landowner Assistance Programs run by company rotten portions, scars, or other defects. The
foresters. These programs are aimed at improving species mixture in a forest also greatly affects

management of private timberlands and enhancing value. Central hardwood forests contain many
relationships between the company and landowners, species, but only a few are really valuable.
They provide a valuable source of forest High-quality oak, ash, walnut, and cherry logs are

management services to private landowners, but in the greatest demand and have the highest market
some companies may ask for a first refusal right values. The best trees of these species may be

to purchase timber grown on enrolled acres, worth five to ten times more than average logs of
less preferred species.

Selecting a forester is much like selecting
any other professional. Consultants act as agents, Timber quality can be managed in several
and landowners must have confidence in their ways. The key is to maintain the most desirable

reputation and ability. Foresters should be able species mixture and control stand density to

to provide the full range of services needed, assure good growth rates. Stands should be
They should be ethical in representing landowner managed to maintain the proper number of

interests and be technically qualified to apply high-quality crop trees of the most valuable
scientific principles of forestry to accomplish species to maximize profits. Understocked stands

management objectives. Consulting foresters are less profitable because some growing space is
should know their clients' management objectives unproductive. Tree growth will increase in these
and help achieve them, whether landowner goals stands with time, but there are few options for

emphasize timber production or other forest increasing productivity.
outputs.

Overstocked stands are less profitable too

because undesirable trees compete with crop trees
and slow growth. These stands need to be cut to

Recommendation 2. Concentrate timber management harvest mature trees, remove competing trees, and
efforts and dollars on the most productive sites, provide adequate growing space to allow crop trees

to flourish. Eliminate trees that are financially
Timber production has the highest returns on mature or that interfere with the growth of crop

the best sites -- where trees grow fastest and trees. Cutting strategies must maintain the
quality logs are produced in the shortest time. proper stand density for quality and growth.
Financial returns are higher on productive sites

than on less productive ones because forest Keep the best quality, but immature, crop
management practices cost nearly the same on both trees of preferred species in the stand when

types of sites, partially cutting stands. Select large diameter
trees that are financially mature for harvest.

The best sites can grow at least a cord of The diameter of financially mature trees may be 16

wood or about 200 to 500 board feet of quality inches or more, depending on species and markets.

sawtimber a year in well-stocked hardwood stands. Rarely are high-qua!ity central hapdw0o @ trees
This translates into average annual earnings of financially ready to cut at smaller diameters.

$15 to $50 per acre or more these days, depending High-quality hardwood trees gain the most in value
on volume, species, and quality of the trees. The as they mature into larger diameter classes and
faster growth rates on highly productive sites higher sawtimber grades. Therefore, avoid the

,_ offer earlier and more frequent harvests and temptation to cut trees when they reach the
shorter rotations. Much potential income is lost minimum sawtimber diameter of about 12 inches.

if these stands are not managed to focus growth on Trees usually are growing the fastest in value at

the best and proper number of crop trees, this time. Harvesting these financially immature
trees is costly in forgone revenues.

All forested acres should not be managed the

same. Many treatments on highly productive sites Never cut the best trees and leave the

are not economical on less productive acres, worst. This destructive practice, called high
largely due to slower tree growth rates. Soil grading, is common and an assured way of producing

productivity can be highly variable on timber timber stands full of low-quality trees of
stands as small as 30 to 40 acres. So, careful undesirable species. Sometimes this practice is

19



called diameter limit cutting in which loggers cut The relationship between regeneration and
all merchantable trees above a certain diameter, harvesting merits special attention. Harvested

The problem is that the most valuable trees above trees and trees with little value must be replaced
that diameter are cut and all the least valuable with desirable species suited to the site to

ones are left. The eventual result is a forest improve productivity. Careful planning for

Full of low-value, low-quality trees with greatly regeneration is needed before cutting. How much
reduced earning potential, canopy to remove, which trees to cut, when to

harvest, and many other factors can make the
Crop trees must be protected from logging difference between successful regeneration and

damage. Damage to residual trees from careless poor stocking or low-value trees. Regeneration is
logging can also destroy the quality of future so critical to profitable management that it must

crop trees. So, select loggers carefully. Only be considered a primary goal of harvesting.
accept those with a good record, and be sure to

monitor logging progress to prevent damage to the Mixed hardwood stands may need some attention

site and the residual trees. A lot of money can every 5 to 15 years. In some cases, noncommercial
be lost when a hlgh-value tree is scarred by logs treatments such as cleaning to kill or remove

being dragged behind a skidder. A professional undesirable trees may be necessary. Each
forester can be invaluable in helping to select a management action can be thought of as a

reputable logger and supervise logging operations, mid-course correction. Missing needed treatments
may be costly because the resulting future stand

Optimum cutting strategies depend on many may be far less valuable. Missing treatments can

factors, and there are no simple rules. Adequate delay stand development, postpone harvests of
timber cutting prescriptions require an mature timber, and allow undesirable trees to

examination of each stand by a forester. Many prosper.
decisions are needed -- how often to harvest, how

many trees to remove, and which trees to cut. The Noncommercial thinnings or cleanings should
best management recommendations will differ improve the stand enough to Justify their cost.
because timber stands differ. Most landowners Some benefits may be from increased future timber
often do not have the technical background to make values, but other non-timber benefits are
cutting decisions. Loggers usually have an certainly valuable too and should be considered

economic incentive to cut the most profitable when planning management treatments. Recently cut
trees - for them, but they usually do not have the timber stands may appear unsightly, but they

landowner's financial interests in mind. So, it regain their appearance quickly if the harvesting
takes much experience to select the best cutting operation was well planned.
strategy.

Active stand management may suggest a goal of

timber production to some, but even many

Recommendation 4. Manage hardwood stands to treatments to enhance wildlife habitat involve

increase growth rates and stand value, some form of harvests. Brush or slash may be
pushed into piles to provide wildlife shelter.

Forest owners often believe that forests can Small openings are especially valuable to some

pretty much take care of themselves. This may be species for the type of food and forage produced
true to a degree: forests continue to grow year in them. Such openings can serve as places to

in and year out, even through market cycles, concentrate and harvest game. Openings can also

Trees get larger, some die, and new seedlings be planted to preferred wildlife food crops to
start without any real assistance. But, left to favor particular species. Although many
grow without attention, few forests ever achieve landowners believe timber cutting reduces

their full economic potential. Most central wildlife, many species use clearcuts or young
hardwood forests can produce more timber and forests extensively for food or breeding.
wildlife, and much can be achieved with carefully

planned intermediate cuts, final harvests, and

other improvements. Recommendation 5- Manage wildlife values for
additional sources of income.

Many of the ways landowners can manage their

hardwood stands involve cutting, removing, or Many landowners seek non-timber benefits from

killing trees and other vegetation. Cutting their hardwood forests, particularly wildlife and

undesirable trees is necessary to focus growth on recreation. Most activities to enhance wildlife I

crop trees. In addition, new sprouts or seedlings involve vegetation management such as planting I
needed to regenerate new stands are encouraged by game foods, cutting immature trees, and harvesting
removing unwanted overstory competition. In mature trees. Final harvests and improvement cuts

partial cuts, only carefully selected trees are can be planned to improve wildlife habitat as I
removed. Complete harvesting is essential to well. Timber and wildlife are often viewed as _

start a new vigorous forest of the high-value conflicting goals, but many stands can be managed icentral hardwood species that require full to produce more of both. isunlight for establishment and growth. Complete

harvesting is often needed to rehabilitate stands Hunting leases are becoming more common
that have been neglected or abused by destructive throughout the United States, and this source of

harvesting in the past. income should not be overlooked as a way to

4
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supplement earnings. The market for hunting are strong, the best action may be to harvest all
leases is growing rapidly, but it is not well or most of the stand and regenerate. Even if no

,_ organized at this time. Annual fees paid for market is available for damaged timber, removal of

prime hunting locations are often set at the the damaged trees for firewood may be needed to

landowner's cost for property taxes. In time, maintain a healthy and productive stand.
prices may rise and be set through competition.
Many hunters prefer leased land because it is less There are important income tax considerations

crowded, is generally safer, and may offer greater when timber is damaged. Timber damage can qualify

chances of success that other land. Hunting as a casualty loss for income tax purposes if the
leases usually require larger tracts, but several damage is sudden and unexpected. Fires; extreme

landowners can combine their forest holdings to weather such as tornados, ice, floods or drought;

offer a single lease to hunting clubs or selected and some insects may qualify. The amount of

groups. The added income can be used in part to casualty loss for income tax purposes is limited
to approximately the initial timber investment,

enhance wildlife populations, eventually leading
not the market value at the time of the loss.

to higher lease rates for the improved habitat.
Unfortunately, this value is usually very low or

Hunting leases are emerging as a growing zero for most natural hardwood stands. If this is
competitive market in many areas, but they may not the case, even completely destroyed stands may not

be for every landowner. Landowners wanting to qualify for any tax deduction under current tax
lease their property should get professional provisions.

- forestry advice and have a clear contract to limit

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

Recommendation 6. Promptly salvage damaged timber
to minimize losses, recover value, and improve Many landowners cut timber but fail to
stands, adequately regenerate their land following

harvest. They never plan for the next forest and

Hardwood forests can be damaged by many count on nature to provide a new stand from
whatever is left A new forest will eventually

natural hazards including fire, storms, ice,
drought, insects, and diseases. Logging damage to regrow on most cut-over land, but the new stand
residual trees is also a common cause of financial will usually be far less valuable and productive

loss. Hardwood stands need adequate protection than could be achieved otherwise. Usually, the
and treatments to reduce losses when they are next stand grows from the least desirable

unmerchantable trees left on the site rather than
damaged. Forest stands affected by natural events
are not usually destroyed completely. Rather, from the best genetic stock. Failing to

growth and quality are reduced when individual regenerate timberland after harvest will reduce
trees or groups are killed, broken, scarred, long-term productivity.

attacked, or infected. Owners lose the value in
destroyed trees and in future growth and quality Landowners sacrifice much future income when

from damaged trees_ they allow harvested acres to remain idle and
unmanaged. The goal of regeneration is to get

Some management decision must be made when enough new trees of the most desirable species. A
such damaging events occur. Many landowners do large share of potential profits depends on

nothing to recover salvageable timber or to limit regeneration success. Harvested hardwood stands
future financial losses. The basic management are usually regenerated from seed or sprouts or

choices are to (I) leave the stand alone, (2) from seedlings already in the stand. Shelterwood
salvage and continue to grow the stand, or (3) harvesting may be needed in several stages to

establish an advance crop of seedlings before the
harvest all trees_ start over, and regenerate.

Many factors such as landowner objectives, stand complete overstory is cut. This is particularly
value and extent of damage, local markets, and the true for oak. Desirable species can be encouraged

stand's ability to recover from damage, influence by controlling how much canopy is removed and
the decision after a loss. From a purely which trees are cut, by preparing the seedbed, and

financial perspective, the best choice is to by killing unwanted trees before or after the
select the option that offers the greatest future harvest.

value and to ignore the past or sunk costs that
can never be recovered. The best regeneration results are achieved by

planning for the next stand before any trees are

Salvage should always be considered after a cut. Cost savings, more effective control of
loss. Sometimes not enough timber volume is stocking and species mixtures, and more complete

affected to allow a commercial harvest. In this utilization can be achieved by coordinating
case, improvement cutting can be combined with harvesting and regeneration. Rather than leaving

salvage of damaged timber to enhance future stand regeneration to chance, experienced foresters can
values. Damaged trees that are left to grow take guide each stand to produce a more productive new

up growing space but may never increase in value, forest.
Unless harvested quickly, damaged timber may be

attacked by insects and diseases that render it Hardwood regeneration is not always costly in
useless. If the damage is extensive and markets dollar terms, but it does take time and special

21



skill to get the desired results. Many things can Recommendation 9. Use a harvesting contract when

inhibit successful regeneration such as competing cutting timber to protect productivity and achieve
understory vegetation, inadequate nutrients, management objectives.
light, or moisture, and insufficient site

preparation. Stand improvement treatments may be The trees to be harvested and left must be

needed before or after harvest, and these can add carefully selected and controlled. Harvesting
to the cost significantly. The least costly contracts clearly specify the trees to be cut, the

method of achieving adequate regeneration is to be type of harvesting allowed, the method of payment,
sure harvesting creates the right conditions for and the time allowed for harvest. They are legal

tree growth. The benefit of successful instruments to protect the landowner and convey
regeneration is a much improved stand and title to the timber to be cut. Contracts may

eventually greater profits, include provisions to protect forest roads and
streams, to prevent or require cutting of certain

Many landowners believe small partial trees, to cover slash disposal, and to permit or
harvests every decade or two is the best method, limit other activities associated with

But this method is not a good way to produce most harvesting. Contracts usually outline the

of the high-value central hardwood species. These consequences of not meeting the contract

species must have full sunlight for establishment provisions. In some cases, a performance bond or
and development. Consequently, complete overstory advance payment is required from the logger before

removal is essential if species such as oak, ash, cutting begins. Most reputabl_ loggers are
walnut, and cherry are to achieve their best accustomed to operating with contracts, but many
potential, timber sales are not covered by one. When loggers

can do whatever they want, landowners usually
Harvested stands can be planted, but this is lose.

a difficult and costly option. Planting may be

the only way to establish desirable species not Sample harvesting contracts are available
present because of past history and to introduce from many consulting foresters, public forestry
genetically superior trees. Planting hardwoods offices, extension forestry groups, university

such as oak, ash, or walnut may require intensive forestry departments, and county cooperative
site preparation to reduce understory extension offices. Model contracts must be
competition. The costs of planting and tending modified to reflect each landowner's particular

hardwood plantations are high and the time until situation.
harvest is long. Therefore, these long-term
forestry investments should only be considered on

the very best sites. Recommendation I0. Use cost-sharing incentive

programs when possible to reduce direct costs and
increase productivity.

Recommendation 8. Seek multiple buyers for timber

and sell it by competitive bid if possible. Forest management practices can be costly and

returns are far in the future. Consequently,
Timber is often sold directly by landowners cost-sharing programs help non-industrial private

without the benefit of competition or a timber landowners reduce economic risks. Most programs
appraisal. Also, landowners are often poorly contribute part of the cost for selected

informed about local timber markets, the volume of treatments to improve the productivity of private
their trees, or the value of their stand. Many forests. Use these programs when they can help

landowners lose a large share of their profits accomplish forest management goals and reduce
because they don't know much about timber markets costs.

and can't judge the fair market value of their

timber. Then they sell below market value to The Conservation Reserve Program (CRP)

buyers who do know the true value of their timber, provides cost-share payments to establish trees on
highly erodible croplands and fields, subject to

Timber sales offered competitively with scour erosion, and makes additional annual

sealed bids are a more consistent way to be sure payments for 10 years. This is not long enough to
that a timber sale earns the highest market grow a timber crop, but the cost savings create an
price. Negotiated sales are sometimes necessary excellent earnings potential. The CRP requires

to salvage timber quickly or for other reasons, enrolled land to be removed from agricultural
Even if this is needed, landowners should have a production for at least i0 years.
knowledgeable forester do the negotiating.

The Forestry Incentive Program (FIP)will pay
Another problem occurs frequently when timber landowners to establish trees or improve stands

is sold and harvested without professional for timber. The Agricultural Conservation Program
forestry assistance. When given a free hand, (ACP) pays for certain conservation practices,
loggers will cut what they can sell profitably and including some to improve woodlands. These _

leave the unmerchantable trees. This can greatly programs are administered by the Agricultural
increase the cost of regenerating the next stand, Stabilization and Conservation Service in

adversely affect future productivity, and mean cooperationwith the State forestry agencies.

less money for the landowner. Some States also have special cost-sharing
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programs to help pay for improvements to private office or a qualified forester to determine if
forests. These public programs relieve at least timberland can qualify for these provisions.
some of the financial burdens of improving

forests. The Federal and State tax laws are complexI

_ and difficult to interpret for each landowner's

I situation. The best recommendation is to seek the

Recommendation 11. Carefully plan for the tax advice of qualified forestry tax experts to help
consequences of timberland income and assets, select the most advantageous management actions.

Tax workshops may be available to help timber
Income, estate, and property taxes are owners understand the effects of taxes on profits.

complex and costly. Some landowners pay more
taxes than necessary because they don't understand

the tax regulations and don't plan their Recommendation 12. Compare the financial

management activities to take advantage of performance of forest management activities with
provisions favorable to forestry, other investment options.

The Tax Reform Act of 1986 greatly changed Many landowners believe that active forest
Federal income tax regulations for forestry. The management is not profitable, but this is not the
most significant change was the elimination of general case. Many factors affect the income

preferential tax rates for capital gains. As a potential of managed forests. Some timberland

result, timber income is now taxed at a higher investments pay competitive returns, especially
rate than before the law took effect, for well-stocked managed timber stands on highly

productive sites in strong market areas.
The deductibility of certain forest

management expenses was also changed by the 1986 Forestry investments may be considered in
law. As a result, landowners may not be able to several ways. Investments made now increase the

deduct all expenses unless they meet certain future quantity and/or quality of timber or other
criteria for active management of their land. The forest outputs. With hardwood forests, the

rules on deductions are complicated, but investment cost is often not a direct outlay. It

landowners who actively manage their land is revenue lost from not cutting a stand and
,generally receive the most favorable deductions holding it to grow another year. Forest owners
for management expenses, should reasonably expect that the benefits in a

year will be equal to the current stand value plus
The favorable reforestation tax credit and at least as much as could be earned on that value

amortization provisions remain in effect. These in a bank (or some other investment). With

provisions allow landowners to quickly recover investments, the benefits are always delayed and
their reforestation costs, up to $i0,000 per year. received some time in the future.

Estate taxes affect timberland passed on to Achieving a profitable forest requires an

heirs. Many landowners have large and valuable investment perspective when making timber
_ timberland holdings that cannot be easily management decisions. Money spent to improve tree

converted to the cash needed for estate taxes. In growth or earnings can't be spent on other things
some cases, heirs have had to liquidate timber or invested elsewhere. So, timber investments

during weak market periods or when stands were not must be able to earn a competitive return. This
ready for harvest to settle estates. Landowner's means that treatments that can't earn an

.... objectives are not usually well served when they acceptable profit should not be done, if

must cut timber, sell land, or divide forest profitability is a goal.
holdings to pay estate taxes.

The concept of financial maturity is an
The need for unplanned and forced harvests important one, especially for hardwood forests.

can be reduced and timberland ownership can be Trees should be harvested when they reach

preserved by effective estate planning. Many financial maturity, when the rate of value growth
methods are available to reduce estate tax impacts falls below the interest rate that could be earned

and preserve timberlands and other assets for in another investment. Foresters determine this

heirs. Get qualified tax and legal assistance to by measuring recent growth rings and comparing the

protect heirs from the unforeseen consequences of value increment with the total value of the tree.

_?_ estate taxes on timberland values. If trees are held to grow too long, then their
rate of earnings falls below competitive rates.

Property taxes, yield taxes, and severance If they are cut too soon, then much potential
taxes also affect timberland management by value growth is sacrificed. Usually financial
imposing costs each year and possibly at harvest, maturity is specified as "critical diameters" for
In some States, special provisions are available a particular situation. The diameter of

" for reduced property taxes. To qualify, financially mature trees depends greatly on the
landowners may be required to follow an approved species, local markets, site quality, and amount
management plan or to allow public use of their of competing timber, so no single number can
land for hunting and recreation. Enrolling land suffice. Invariably, this economic diameter is

under these special laws can reduce property taxes larger than the minimum diameter or size of trees
significantly. Check with your State forestry acceptable to loggers
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Forest landowners should especially consider timing of harvests and noncommercial treatments is

intermediate stand treatments to improve the critical.

growth of pole timber or small sawtimber crop The fifth recommendation recognizes the

trees. Improvement and cleaning cuts to remove or potential for income from wildlife in hardwood
kill competing low-quality trees will enhance the stands. Profitable management can easily include
growth and vigor of remaining crop trees. Because treatments to enhance wildlife, and hunting leases

these crop trees may already be close to harvest, are becoming an important source of income.
the investment period is relatively short. The

faster growth rate on the select trees will also The need to promptly salvagedamaged timber
allow an earlier harvest. If conditions are and make the best choices after a stand has been

right, this low-cost investment can pay handsome damaged is the sixth recommendation. Damaged
returns. Timber stand improvement treatments are hardwood forests need care to keep them highly
especially profitable when stands are overstocked productive.
and growth has slowed or where the best trees are

being crowded out. Unfortunately, many landowners The seventh recommendation calls for careful

believe that spending money to improve their planning for regeneration in conjunction with

stands is wasteful, but in many cases they are harvests. Regeneration is critical to profits and
wrong, always more successful if the right conditions are

created when trees are cut.
Of course, investment returns play only a

small role in deciding how to manage hardwood The message in the eighth recommendation is
stands. Landowners may want less income and more that timber should be sold by competitive bid to
intangible forest benefits, but they often

get the highest price. Professional forestry
unknowingly lose out by not managing their stands assistance is especially important to help
effectively. In many cases, landowners can have landowners realize the fair market value of their

more timber, more income, and more non-timber timber.
benefits simultaneously by actively managing their

hardwood forest. They do not always need to Hardwood trees are especially vulnerable to

embrace timber production as a primary goal. logging operations. So, the ninth recommendation
calls for harvesting contracts to reduce the risks

SUMMARY when cutting timber.

Management of hardwood stands can be costly.
Owners of central hardwood forests want to The lOth recommendation is to use available

get the most from their land and generate income cost-sharing programs for financial assistance
without paying too much and without sacrificing when possible to keep cash outlays to a minimum.
the amenities or non-timber benefits. Twelve

recommendations are offered to help these owners Some of the important costs of forest

achieve greater profits in conjunction with their management operations are income, property, and

other goals. Profitable management of hardwood estate taxes. Taxation of forestry operations is
forests requires careful selection of treatments complicated and requires special advice. The llth
and planning of harvests, recommendation is to carefully plan for the

special tax consequences of owning forestland.
The first recommendation points to the need

for professional forestry assistance to help make Finally, the 12th recommendation is to

the best management choices in diverse and complex consider the financial returns of specific
hardwood stands, forestry actions and compare them with other

investment options. Too often landowners have

Recommendation number 2 is to concentrate little information on the return they can expect
timber management efforts on the most productive from managing their forest. Perhaps their choices

sites where tree growth rates are the highest, would be different if they knew the payoffs.
This is where the greatest return on investment

can be made. Money doesn't grow on trees, but many
landowners can profit by carefully managing their

The third recommendation recognizes that the hardwood timberlands. Landowners who choose not

greatest values in hardwood stands are found in to actively manage their forests may forego
the best quality trees of preferred species, benefits and eventually reduce the attractiveness _

Actions to develop, protect, and enhance the and productivity of their stands. In some cases,
quality of the most valuable trees are essential, landowners may not realize how their forests can

be improved or how some investments can add
The fourth recommendation points out that profits and improve other benefits. These

landowners must not overlook important recommendations are offered to help landowners

opportunities to improve their forests. The better understand their opportunities.
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SOME PERSPECTIVES ON OAK DECLINE IN THE 80' S1

2
Kenneth J. Kessler, Jr.

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. Most oak decline
research of the past was observational in nature. 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 Predisposing Stresses

The purpose of this paper is to review the Abiotic Biotic
historical record of oak decline episodes in the

• past 80 years and then suggest areas where addi- Drought Defoliation
tional research is needed and where possible new Soil flooding -insects (e.g. gypsy
experimental approaches might be appropriate. In Winter injury moth)
this analysis, oaks of the Midland Hardwood Forest Late spring frosts -diseases (e.g. oak
and the Appalachian Forest (Barrett 1980) are Highway deicing salt anthracnose)

emphasized. Decline diseases of oak have period- Air pollutants
ically been noted in the eastern deciduous forest--

particularly affecting members of the red oak Secondary Stresses
group, subgenus Erythrobalanus (e.g., black, scar-

let, pin, and red oak). The extensive literature Ultimate Mortality-causing Aen_
on these past declines indicates that oak decline

has been a recurring phenomenon during the 20th Bark borers (Two-lined chestnut borer)
century in the eastern United States. Root borers (Prionus species)

Root pathogens (Armillari_a)

Bark pathogens (Ho_H__)
OAK DECLINE DEFINED

Some characteristics of declining trees may be:
Oak declines are complex plant diseases that

develop when trees altered (predisposed) by abiotic 1. Reduced growth.
and/or biotic stresses are invaded and sometimes

killed by opportunistic organisms of secondary a. Shoot growth elongation.
action. Predisposing and secondary stress agents b. Diameter growth.
that may be involved in oak decline are: c. Smaller leaf size.

2. Dieback.

a. Twigs and branches.
b. Roots.

3. Sprouts arising from latent or adventitious
1

Paper presented at the Seventh Central buds.
Hardwood Forest Conference, Southern Illinois 4. Chlorotic foliage.

University, Carbondale, IL, March 5-8, 1989. 5. Premature fall coloration.
6. Reduced stored food reserves.

2 Principal Plant Pathologist, USDA Forest 7. Reduced resistance to attacks by opportunistic
Service, North Central Forest Experiment Station, pathogens and insects.

Carbondale, IL 62901. 8. Degeneration of mycorrhizae.
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PAST INVESTIGATIONS OF DECLINE Oak Decline in the 1920's and i930's

Earliest Reports Drought was a primary factor in several epi-
sodes of oak decline during the 1920's and 1930's.

Jensen (1901) described what appears to be a In the southern Appalachians a drought around 1925

typical pattern of oak decline that occurred in caused extensive mortality of black oak (Hursh and

southeastern Wisconsin around the turn of the cen- Haasis 1931). Red and scarlet oak were also
tury. Scarlet, red, and white oaks were affected, affected but to a lesser degree. Chestnut oak was

bur oak was'not. The decline was thought to have least affected by the drought. Armillaria root rot
been initiated by a period of unusually severe and the chestnut borer were thought to be secondary
drought in 1893-1895. The climax of the decline factors that contributed to the impact of the

followed the severe winter of 1898-1899--a winter drought.
with abnormally low temperatures and no snowfall.

As a consequence of the lack of snow cover, the Balch (1927) noted that the 1920_s oak mortal-

ground froze to great depths and did not thaw until ity in the southern Appalachians appeared to peak
the end of April. Greatest oak mortality occurred around 1927 and attributed it largely to drought in
on "hard pan" soils. 1925 and late frosts at the end of April 1927.

Most of the dying oaks were mature dominant trees

A few years later Chapman (1915) reported mot- that had been growing poorly for the previous
tality of scarlet, red, white, and bur oaks in decade. Dying trees often had extensive trunk rot

southeastern Minnesota. In Minnesota trees weak- and carpenter worm infestations. Their roots fre-
ened by factors such as drought and soll compaction quently harbored Armillarla mycelial fans and

from excessive pasturage were attacked by the Prionid root borer larvae. All affected trees

Armillaria root rot fungus, Armillaria mellea, and showed varying degrees of infestation by Agrilus
the two-lined chestnut borer, Agrilus bilineatus, bilineatus larvae.
Death of trees was attributed to the attack of the

root rot fungus and/or the stem invading beetle In Pennsylvania an extended drought round 1930
larvae, caused extensive losses of scarlet and black oak

(McIntyre and Schnur 1931). Chestnut and white

About the same time in New York State, mor- oaks were little affected. The drought produced
tality of white oak and chestnut in an area where changes in species composition of all oak types on

the chestnut blight organism was not present was severely affected areas except for the chestnut oak
attributed to A. mellea attack (Long 1914). 01d type.

stumps were thought to serve as a "breeding ground"
for the mycelium of the fungus before invasion of Parr (1937, 1940) described a dieback-decline

living trees, of chestnut oak in Connecticut during 1933-1937

caused by heavy infestations of the pit-making oak
According to Baker (1941) the gypsy moth scale, Astrolecanium variolosum. Chestnut oak is

(Porthetria dispar), accidentally introduced into the preferred host for this scale insect. Trees on
the Northeastern States in 1869, had become a poor sites were more seriously affected by scale
serious pest of oaks in that region by 1890. Oak infestation than those on better sites. White oak

mortality associated with repeated defoliations by was occasionally infested when closely associated
the insect peaked in 1912-1915 after a period of with chestnut oak. Black and scarlet oak were not

severe drought. At the same time, an outbreak of attacked by this scale even when growing near
the two-lined chestnut borer hastened the death of chestnut oak.

oak trees weakened by defoliation and drought.

Armillaria mellea was also noted as a ubiquitous Knu11 (1931) was one of the first investigators
root rot fungus that attacked and hastened the to observe that oak defoliations caused by com-
death of low vigor trees. Baker further estab- plexes of several species of defoliators could lead

lished that single, complete defoliations by the to tree decline and mortality. In Pennsylvania he
gypsy moth rarely killed trees, but did greatly described a synergistic complex where defoliation

reduce diameter growth the same year of the by the elm spanworm, Ennomos subsignarius, and the

defoliation, fruit tree leaf roller, Archips argyrospila0 weak-
ened trees' defenses to attack by the two-lined

An early attribution of tree injury to the chestnut borer.
effects of acid deposition was presented by

Galloway and Woods in 1896. They stated that "In
the vicinity of manufacturing establishments and Oak Decline in the 1950's and 1960's

often in cities and villages where large quantities
of bituminous coal are used, vegetation, especially In the 1950's many red oaks, particularly scar-
trees and other woody plants are frequently injured let oaks, died in Pennsylvania (Fergus and Ibberson

by the fumes which are thrown off into the atmos- 1956, Hadley 1956), West Virginia (Gillespie 1956,
phere." They further concluded that the chief Tryon and True 1958), and Virginia (Skelly 1974,

injury was due to sulphurous and hydrochloric Staley 1965). Fergus and Ibberson (1956) suggested
acids. Symptoms of pollution damage they described that, although drought may have been involved in
included reddish brown spots and marginal necrosis some areas, oak mortality was occurring on all
of leaves and cumulative dleback of tree crowns types of sites and environmental conditions. In

year after year. West Virginia Gillespie (1956) found that many dead
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oaks had declining growth for 6-8 years before defoliated by the gypsy moth. By using a tractor-
dying° Before a tree died_ leaves in the upper mounted front-end loader, Wargo excavated root

crown often suddenly turned brown and wilted during systems to examine the extent of root rotting. The

late July-early August. In subsequent years, a roots of most recently dead or dying trees were
i gradual dying back of branches occurred in the found to be extensively colonized by the Armillaria

bottom two_thirds of the crown of such trees, root rot fungus, even though in many instances the

Tryon and True (1958) observed that the root sys- fungus was not visible at the root collar. The
tems of declining trees were the last parts of the results suggested that both Armillaria root rot and

trees to die° girdling by Agrilus larvae were involved in tree
,, mortality and that trees died because water and
! Staley (19620 1965) provides the best and most food relations were drastically disrupted in the

I extensive coverage of the oak decline of this stem by the borer and in the roots by the fungus.

I periods He found that the principal factors
involved in the decline were leaf roller defolia- A decline of red oak in western North Carolina

I tion° root rot, Agrilus borer attack late spring on upper slopes in 1979 was thought to be initiated

frost_ drought, and unfavorable soils. Drought, by lower than normal February temperatures in 1963
frost_ and root rot were considered contributors to and then aggravated by dry summers starting in 1968

the decline but not the primary initiating agents, and worsening in 1973-1978 (Tainter et al. 1984).
He also concluded that initial symptoms of decline After 1979 those trees surviving experienced little

indicated diminished availability of carbohydrates subsequent decline.
for growth and that final symptoms leading to mor-
tality reflected extreme moisture stress. In the Missouri Ozarks, scarlet oak and black

oak experienced serious mortality that began around
In Canada ice damage to red oak during the 1978 and extended into the early 1980's (Law and

winter of 1959-1960 reduced tree vigor and pre- Gott 1987). Scarlet oak stands more then 60 years
disposed trees to Armiilaria root rot infections, old were most affected. Weather factors that may

In addition the twig colonizing fungi, Pseudovalsa have played a role in the mortality were (I) pro-

loni_ and Diatrypella quercina, were associated longed high temperatures during the summer of 1980,
with crown dieback in the reduced vigor trees (2) two severe winters of 1976-1977 and 1978-1979,

(Dance and Lynn 1963). and (3) below normal rainfall during 1976, 1978,
and 1980. Secondary organisms contributing to the

Nichols (1968) maintained case histories of 70 decline appeared to be the two-lined chestnut borer

stands experiencing oak mortality in Pennsylvania. and the stem and branch colonizing fungus, Hypoxy-

Mortality in all the 70 oak areas was always pre- lon atropunctatum.
ceded by either heavy insect defoliation or severe
frost damage. Generally two consecutive years of Oak mortality-decline was also a problem in

60 to 100 percent spring defoliation were required Kentucky and surrounding States in the 1980's
to kill the trees° Nearly all dying and recently (Stringer et al. 1987). Chief oaks affected were

killed trees were infested by the two-lined chest- black, scarlet, and red oak. Principal factors
nut borer, responsible for the decline appeared to be drought,

intra-stand competition, and Agrilus stem gir-

Drought was not judged to be a major cause of dling. Dissection of root systems of declining and
mortality as evidenced by data from the 70 areas dying oaks revealed no indication of Armillaria

collected during the severe drought years 1962- root rot infection.
1966. The effect of drought was judged to be

roughly equal to that of a moderate defoliation. Although oak mortality and decline have occur-
Yearly growth losses in terms of annual ring growth red in both North American and European regions

following dry years never exceeded 30 percent of where air pollutant concentrations, including acid
normal growth, deposition, are high, field evidence of adverse

effects on growth of oaks remains inconclusive

(Smith 1987). McClenahan and Dochinger (1985)

Oak Decline in the 1970's and 1980's studied whether air pollutants had an effect on
stem growth of white oak in a highly industrialized

Dunbar and Stephens (1975) studied mortality portion of the Ohio River Valley in southern Ohio.

patterns of oaks severely defoliated by the gypsy Their results suggested that nonclimatic factors,
moth and elm spanworm in Connecticut. Mortality presumably pollutants, had caused annual growth

ranging from 18 to 79 percent was attributed mainly reductions in the industrialized portion of the
to stem and branch girdling of the weakened trees Ohio River Valley, particularly after 1930. Detri-

by the two-lined chestnut borer. All dying and mental effects of ambient ozone concentrations on

recently dead trees contained borer larvae. In net photosynthetic rates (output growth reductions)
contrast, mycelial fans of the Armillaria root rot have been demonstrated for red oak (Reich et. al.

fungus were found under the bark of only 31 percent 1986) and black oak (Carlson 1979). Reich et al.
of the recently dead trees and under none of the (1986) found that red oak seedlings were relatively

dying trees, insensitive to acidic rain over a single growing
season, although acidic rain did cause decreases in

Wargo (1977) attributed a more important role percent and numbers of short roots infected by
to Armillaria root rot in killing oaks severely mycorrhizal fungi (Reich et al. 1985).

27



Phipps and Whiton (1988) studied long-term 3. Comparative studies among oak species.
growth trends in 60 white oak stands located Most cases of oak decline have involved selected

throughout the white oak range. A permanent, non- oak species. Often only members of the red oak

reversed growth decline apparently as a consequence group are chiefly involved. White oaks and

of a growth rate change in the mid 1950's was noted hickories occupying the same sites are generally
in the white oaks in two-thirds of the stands. The affected to a much lesser degree. Comparative ,

event in the 1950's that initiated the growth studies of several species occupying the same
decline did not appear to be related to either cli- decline sites could involve analyzing their site
mate or pollution, requirements for major and minor nutrients and

moisture throughout their phenological develop-

Mueller-Dombois et al. (1983) compared oak ment. Survival adaptations that involved drought
decline with other North American decline and cold tolerance, crown type, rooting pattern,

diseases. The other declines were maple decline, root-shoot ratio, growth rate and time of growth
birch dieback, pole blight of western white pine, could be usefully compared. Finally, much needs to

and little leaf disease of southern pines. In all be learned about allelopathic relationships among
these declines, trees typically died in groups the trees, shrubs, and herbaceous vegetation of oak

rather than singly. This spatial pattern of mor- stands.
tality was thought to be due to a stand dieback

mechanism that involved (i) cohort senescence as a 4. Quantification of stress factors, modeling,
predisposing cause, (2) a sudden adverse perturba- and predicting decline. While most of the abiotic

tion of the stand as a secondary cause but serving stress factors--moisture stress, cold injury, pol-

as a synchronizing cause, and (3) biotic agents as lutant concentrations, heat stress, etc.--can be
tertiary causes but contributing to dleback and quantified providing resources are available for
mortality. Cohort senescence was defined as unl- instrumentation and data gathering, the biotic

form loss of vigor of a canopy cohort due to aging factors, particularly the diseases, are harder to
and gradually increasing environmental stress, quantify. Few experiments have been conducted with

Cohort senescence was viewed as a normal phenomenon forest tree declines where disease levels have been
of population dynamics rather than as a disease, regulated or actually increased by artificial

manipulation. To develop good oak decline models,
all the suspected stress agents must be quantified

RESEARCH NF2_ED AND SOMEPOSSIBLE particularly to study how different levels of

EXPERIMENTAL APPROACHES several stress agents interact. The possible
interaction of relatively low levels of several

1. Long-term permanent study plots. Most oak stress agents that singly would have little effect
decline studies of the past have involved studies on tree growth would be an early candidate for

within single States. Regionwlde studies to monl- modeling. The historical recurrence of oak decline
tor and ascertain the decline status of north plus the added effect of possible changes in global

central oak forests are needed, particularly to warming suggests that new waves of oak decline will
establish if decline is primarily a local problem occur in the future. Predictive models that

or a regionwide one. Permanent study plots regu- anticipate oak decline are needed by forest mana-
larly remeasured and observed can be used to estab- gers and planners. Finally, generalized models are
lish the relative importance and interaction of needed that can take conclusions from local areas

various decline causal agents, that have been intensively studied and apply them
to large forest units.

2. Controlled stress factor experiments.

Experiments where several levels of suspected 5. Site modification and management. Detailed
stress factors are applied to oak decline candidate knowledge of the requirements to initiate a decline

trees are rare. Gradwell (1974) hand defoliated may provide information as to how sites could be
oaks to simulate insect defoliations occurring at manipulated or better managed to avoid decline.
different times of the year. Air pollutant treat- Some items for experimentation are species composl-

ments at several concentrations have been applied tion, understory changes, and fertilization includ-

to young oaks under greenhouse and growth chamber ing liming some acid soils.
conditions (Carlson 1979, Reich et al. 1985, 1986).

Many of the sites where oak decllne is most

Critical experiments where concentrations of severe are former chestnut sites. Perhaps the oaks
root and stem borer infestations are varied or that have colonized the chestnut niche are not par-

intensity of Armillaria root infection is con- ticularly suited to these sites. The time may be _
trolled are desirable to establish the importance approaching (or is here) where the technology is

of such secondary stress agents in the decline available to transfer a chestnut blight resistant
syndrome. Application of moisture stress regimes gene from resistant Asiatic chestnut or possibly
to large oaks in the field could be patterned after one of the oaks to American chestnut. A national

studies by Copeland (1955) on drought effects on commitment to return the American chestnut to its
shortleaf pine and by Skilling (1964) on sugar former preeminence would probably have strong

maple blight, appeal to a diverse segment of the American popu-
lation.
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LANDSCAPE ECOLOGY: AN ECLECTIC SCIENCE FOR THE TIMES

Thomas R. Crow I

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 of 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 these units -- size, shape, width, connectivity --

can be easily quantified (Milne 1988) and incor-

A field of scientific inquiry entitled porated into studies of how the spatial arrange-

"landscape ecology" has emerged in recent years ment of forests, bogs, roads, and cities, for
that has significance for a variety of applied example, affects the movement of insect pests,

sciences including regional planning and natural the spread of fire, the colonization of woodlots

resource management. Still in its infancy, land- by animals, or the movement of people.
scape ecology lacks the rigor and definition of a
well-established scientific discipline; however, The grain size of a landscape mosaic is a

as it matures, its concepts and paradigms will measure of the average size or patchiness of the

provide a useful theoretical and empirical basis landscape. A landscape with fine grain has many

for many resource management decisions, small patches, compared with a landscape that has •
only a few large patches or course grain. Patch

Landscape ecology can best be considered as size is a major control over the physical and

the intersection of numerous related disciplines, biological characteristics of an individual eco-
including ecology, geography, forestry, landscape system. For many bird species, for example, patch

design, wildlife biology, genetics, and sociology size is an important habitat characteristic
(Risser et al. 1983, Naveh and Lieberman 1984, (table I) that affects where a species will occur,
Forman and Godron 1986, Risser 1987, Urban et al. and more importantly, whether a patch will support

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 Table l.--Minimum size of woodlot that has at

ecology. More specifically, landscape ecology least a 50 percent chance of supporting a

focuses primarily on the relationships between breeding population (from Temple 1988).
spatial and temporal patterns and ecological

processes. Landscape patterns have often been Species Woodlot Size
described as dynamic mosaics, changing in time

and space, and these patterns reflect both human Hairy Woodpecker 40 acres

impacts as well as physical features such as Pileated Woodpecker 240 acres

climate, physiography, and soils. The redistri- Acadian Flycatcher 240 acres
bution of materials, energy, and organisms among Least Flycatcher 160 acres
landscape elements in both time and space is an Tufted Titmouse 80 acres

essential feature of landscape ecology. Blue-gray Gnatcatcher 80 acres

Veery 60 acres
Wood Thrush 20 acres

CHARACTERISTICS OF LANDSCAPES Yellow-throated Vireo 40 acres

Patches and corridors, two conspicuous Chestnut-sided Warbler 160 acres

features of the landscape, are critical structural Cerulean Warbler 200 acres
and functional units. The characteristics of American Redstart 240 acres

Ovenbird 80 acres _

Mourning Warbler 160 acres

iThomas R. Crow, Research Plant Ecologist, Hooded Warbler 240 acres
USDA-Forest Service, North Central Forest Scarlet Tanager 40 acres

Experiment Station, Rhinelander, Wisc. 54501
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a breeding population. The average woodlot size adapted to edge environments. Wildlife managers

of only 47 acres in Temple's study area has signi- have always taken a special interest in edges

ficant implications for maintaining breeding because many important game species are edge
populations of many species, species. The abundance of species brings an

abundance of biological interactions. Animal
Many species require two or more patches to activity, including herbivory and predation, is

complete their life cycles. Amphibians, for often greater along edges than in patch interiors
example, need aquatic systems such as small ponds (Wilcove 1985, Temple 1987). Increased predation

to complete their early larval stage, but spend along edges is thought to be related to increased

much of their adult life in the uplands near the prey densities and to the natural travel lanes
pond. The aquatic and terrestrial habitats need created by abrupt changes in the vertical struc-
to be in close proximity. The use of different- ture of vegetation (Reese and Ratti 1988).
aged stands by ruffed grouse (Bonasa umbellus)

has been well documented (Gullion 1977). This In studying the development of an old growth
species uses mature forests for feeding, beech-maple forest in Ohio, Whitney and Runkle

intermediate-aged (pole size) stands for breeding, (1981) concluded that position within the stand

and young regenerating stands for brooding, had greater impact on overstory composition than
Again, spatial proximity of these three stand did the age of the stand. For example, while

conditions is an important requirement, northern red oak (_uercus rubra) was abundant
along the stand margins, it was virtually absent

Corridors play at least four major function- from the interior of the old growth forest_ This

al roles. They act as conduits for the movement conclusion is significant because of the conver-
of materials and organisms, they act as filters sion of midwestern forests to small, fragmented

or in some cases as barriers, they provide woodlots with high edge-to-area ratios.
habitats for edge species, and they act as

sources of biological and environmental effects
upon adjacent areas (Forman 1986). Width and IMPORTANCE OF SCALE
connectivity are two important structural attri-

butes of corridors that, in turn, affect their Problems of scale are important to landscape

functional characteristics. The availability of ecology. The relations between spatial pattern,

critical habitat within a patch can be enhanced temporal change, and ecological processes depend
by connecting similar patches with corridors, largely on scale (Risser et al. 1983, Allen and

In Maryland, forest interior birds were able to Hoekstra 1987, Meentemeyer and Box 1987). Ecolo-
maintain themselves in small woodlots when the gical processes differ in their effects and

woodlots were connected to much larger forested importance at different scales, and different
areas by corridors (MacClintock et al. 1977). species and groups of organisms operate at

different scales. The appropriate scales at
In the Midwest, fencerows serve as important which to conduct landscape studies depends on

travel corridors between forest fragments. Small the question being asked. Too often, however,
mammals and birds common to the forest are more the _temporal or spatial scale used in a study is

likely to traverse along the woody cover provided based more on the investigators' perceptions than
by fencerows than across open agricultural fields on the organism(s) and ecological process(es)
(Harris 1984). Influencing the travel patterns under consideration.

of seed-dispersing animal species affects the

dispersal of plant species. Including variation in both time and space
can be challenging when considering landscape

Streams, and the riparian zones associated patterns. Many population models, for example,
with them, are good examples of corridors. A assume a homogeneous environment and a uniform

first-, second-, and third-order stream system distribution of individuals within that environ-

forms a dendritic network that links components ment. Obviously, such simplicity severely
of the landscape. The various kinds of drainage restricts the utility of the models; more recently,
densities and patterns present form a distinctive ecologists have begun to consider population

imprint that greatly affects the movement of dynamics in heterogeneous environments (e.g_,

water, nutrients, sediments, and animals within Wiens 1976, Levin 1976, Seagle and Shugart 1985,
the watershed (Forman 1986). Major river Lande 1987). In addition to linking time and

corridors often serve as important flyways for space, landscape studies are likely to require
migratory waterfowl and raptors. In areas shifting across several spatial and/or temporal

greatly modified by humans, stream corridors are scales. Because biological systems are hierar-

likely to be the only linkage among remnant chlcal organizations, hierarchy theory offers some
patches of natural vegetation, promising ideas for addressing complex biological

questions at different scales (Allen and Starr
Edges have always been of interest to 1982, Allen et al. 1984, Allen and Hoekstra 1987)o

ecologists because of the concentration of The science of scale needs to develop in concert

ecological interactions that occur at the inter- with landscape ecology, and much additional work
face between two different ecosystems. It is remains in both areas. However, any general prin-

not unusual to find species from both habitats eiples developed for landscapes will have to apply
at the edge along with species that are especially at all relevant spatial and temporal scales.

SI



APPLYING LANDSCAPE ECOLOGY TO MANAGEMENT -EXAMPLES windthrowo Franklin and Forman (1987) found the

checkerboard cutting pattern commonly applied to

Landscape ecology, with its emphasis on Douglas fir forests in the Pacific Northwest
spatial and temporal heterogeneity, provides a greatly increased the frequency and severity of

useful context for studying problems related to blowdown. Such a cutting pattern increases the il
conserving biological diversity. There is in- contrast between adjacent units, increases the

creased recognition that human activities are in- amount of exposed edges in the landscape, and
extricably linked to the accelerating loss of bio- isolates forest patches in cutover areas. Wind-

logical diversity (Myers 1979, Wilson 1985, 1988). throw occurs most frequenly along exposed edges
Although direct impacts_ such as the loss of and at the corners of the residual blocks

species due to overexploitation, are a factor in (Franklin and Forman 1987).
some cases, indirect impacts such as habitat

destruction are more important for most endangered Road densities are a measure of landscape
species_ Habitat destruction not only involves "mesh" and road densities have been shown to be an

the loss of the original habitat, but even more important landscape feature related to the distri-

insidious, it also increases the isolation of bution of the timber wolf (Canis lu_u_) in Wiscon-
populations that required the original habitat, sin (Thiel 1985), Ontario (Jensen et al. 1986), and

This process of fragmentation is common to growing Minnesota (Mech et alo 1988). Wolves in the Great
societies where once large blocks of contiguous Lakes regions generaliy do not occur where densi-

habitat are repeatedly divided into smaller and ties of roads passable by 2-wheel-drive vehicles
smaller blocks and separated by urban, agricultur- exceed 0.58 km/km 2. Roads themselves do not inhi-

al, and industrial developments, and their accom- bit colonization by wolves; instead, human contact

panying infrastructures (e.g., roads, utility is the critical factor. Roads provide accessibility
rights-of-way) o Under these land-use patterns, for humans, and humans, either deliberately or

opportunistic species that benefit from distur- accidentally, kill wolves (Mech et al. 1988).
bance will prosper. These are often exotic "weed"

species such as the introduced European starling

(Sturnus vulsaris) or edge species such as the METHODOLOGIES FOR LANDSCAPE ECOLOGY

blue jay (_yanocitta cristata) or raccoon
(Proc_on lotor) that adapt well to fragmented Techniques and methods currently used in
landscapes. In turn, area-sensitive species that resource management and research can also be used

require large tracts of habitat decline or even in landscape ecology. Computers, mathematical
become locally extinct, models, geographic information systems, data-base

management, remote sensing, and radiotracking are
Changing landscape patterns between 1939 and some of the practical tools available to landscape

1974 on a 1,1!7 ha tract in southeastern Illinois ecologists.
resulted in the extirpation of prairie chickens

(Tympanuchus _innatus) from the area in 1969 and New methodologies are being applied as well.
substantial declines in bobwhite (Colinus The development of fractual geometry has made it

yi_inianus) and cottontail (Sylvil_s floridanus) possible to quantify complex boundaries and patch
populations (Vance 1976). Rapid intensification shapes (Mandelbrot 1983, Milne 1988). Indices are

of cash-grain farming during that time eliminated also available for quantifying the degree of
grasslands and reduced woody cover along fence- connectivity among landscape components (e.g.,

rows and in woodlots. Because prairie chickens Pielou 1979)o i
require extensive grasslands, it is not surprising

that the major factor limiting prairie chicken

populations in illinois and elsewhere is the lack SUI__ARY
of suitable grasslands for nesting. The loss of

brushy fencerows was especially detrimental to Resource managers and planners increasingly
bobwhite and cottontails (Vance 1976). recognize that informed management decisions

cannot be made exclusively at the site or stand

Pest management can be improved by under- levels. The opportunities associated with a
standing how landscape patterns affect pest particular management unit are not only determined
movements and rates of infestations. In general, by the content of that unit, but also to a great

landscape homogeneity increases the spread of extent by the context in which the unit exists.

pests ........... this is true with agricultural Regardless if the primary management object is
systems, and examples can be also found in natural producing timber, creating suitable habitats for

systems. Fire suppression in western conifers common game species, protecting a watershed, or
increases forest homogenization and forest matur- providing a wilderness experience, assessing

ity, and large stands of mature timber increase these opportunities requires considerations that
the frequency, intensity, and rate of spread of extend beyond the boundaries of the specific

bark beetle infestations (Forman 1987). management unit. An increased emphasis on

regional analyses requires a landscape perspective _<_
Landscape patterns can significantly affect (Joyce et al. 1983, Evans 1986).

the potential for major forest disturbances.

For example, forest cutting patterns and cutting Although a landscape perspective is not

intensities greatly affect susceptibility to unique to landscape ecology, (a landscape
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Almanac), the eclectic character of landscape appraisals. USDA Forest Service General

ecology is unique and provides a potentially Technical Report RM-101. Rocky Mountain
useful framework for many fundamental problems Forest and Range Experiment Station, Fort

in resource management. While a theoretical base Collins, Colo. 18 p.
for landscape ecology is only beginning to emerge, Lande, R. 1987. Extinction thresholds in
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INTENSIVE GROUP SELECTION SILVICULTURE IN CENTRAL HARDWOODS

AFTER 40 YEARS I

Leon S. Minckler 2

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. Photographs were taken in 1988 of the
stands undisturbed since 1968. The treatments were successful

in terms of regeneration in openings, stand quality, stocking,

and net growth while maintaining a continuous and diversified
forest cover.

INTRODUCTION numerous color slides were taken in March 1988 to
show conditions at about half rotation in the

In 1947 conferences of Forest Service people absence of further cuttings or inventories since
were held in Southern Illinois to decide on a 1968.

research program for the Kaskaskia Experimental
Forest located on the Shawnee National Forest.

The conferees were composed of Washington high- OBJECTIVES

level Forest Service research people and forest
management research people from the Central Objectives of these commercial-type compart-

States Forest Experiment Station and the ments (average 20 acres) were concerned with
Carbondale Research Center. An agreement was long-term silvicultural systems and variations of

reached on the dominant study, hereinafter systems for both short and long-term values and

called the "Compartment Study" and a working to sustain a natural and healthy forest ecosystem.
plan was written and approved. This study was These objectives for uneven-aged silviculture
fully active for 20 years but terminated in included logging methods, various silvicultural

1968, about one-fourth of the work plan goal of systems, long and short cutting cycles, long and
one rotation. It is essential to note that shorter rotations and intensive and extensive

management. Even-aged silviculture included
stand conversion from hardwoods to short leaf pine,

ipaper presented at 7th Central Hardwood two-cut shelterwood, and commercial clearcutting
Conference at Southern Illinois University, for sawtimber (no culls killed). Costs in

Carbondale, Iii, March 5-8, 1989. Much of the physical units were kept for all operations. Two

oral presentation was slides taken in 1988. general sites were sampled, coves and northerly
slopes vs. ridgetops and south slopes. During

2Leon S. Minckler retired in 1968 as the 20 years (1948 - 1968) 106 cutting operations

Research Forester, U.S. Forest Service, Carbon- on 755 acres removed about 2 million bd. ft. of

dale, Iii., after 33 years of service. He then sawlogs.

taught for 9 years at Virginia Polytechnic

Institute and SUNY College of Environmental This paper will cover only the uneven-aged

Science and Forestry. Since 1977 he has been a intensive group selection silvicultural manage-
forestry consultant living in Blacksburg, VA. ment method with data up to 20 years and slides
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taken 40 years after start of management in 1948. NATURE OF THE ORIGINAL FORESTS AND

This includes 21 compartments, 13 on coves and EARLY RESPONSE TO MANAGEMENT

northerly slopes and 8 on ridges and south

slopes. Because of ecological characteristics Early in the compartment study a complete

and past cutting history most stands on the inventory had been made on 22 compartments

Kaskaskia were uneven-aged at the start of totaling 420 acres of unmanaged stands (Minckler
management, as shown by actual inventory data. and Roach, 1955). About 18 percent of the pole

trees and i0 percent of the sawtimber-sized trees

were culls. The average sawtimber volume per
TREATMENTS acre of merchantable trees was 4020 bd. ft.

(International I/4-inch rule), and composition by
It is essential that the actual treatments tree classes and size is shown in Table i.

as started in 1948 and continued thereafter be

understood. At present it is common for

foresters to use patch cutting and call it group Table l.--Volume per acre of unmanaged forests
selection. In this study the following classes on first 22 compartments treated; Kaskaskia

of merchantable trees ii inches d.b.h, and above Exp. Forest
were marked to cut over the whole management

unit (compartment): financially mature but Sawtimber Sawtimber
otherwise sound and desirable, high risk trees, 11-17 inches 18 inches

and sound but low quality trees. Cull trees Tree Class d.b.h, and larser Totals
(unmerchantable now or in the future) were

killed, All others, good growing stock, were Growing-stock I 1625 460 2085
left. Trees (poles) 5 to I0 inches d.b.h, which

were potential good growing stock were left Mature and
unless too dense. Others were killed. We had sound low

no markets for firewood or pulpwood. In this quality 695 695 1335
operation close attention was paid to find

opportunities to create openings for new Poor risk;
regeneration. As shown later, minimum size over-mature

openings should be as wide as height of sur- and defective 245 355 600
rounding trees. Opening sizes will range up to

Totals 2565 1455 4020
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 iNumber of trees per acre:

selection cutting based on tree and forest 19 of 39 sawtimber trees were good growing
stock; 46 of 94 pole trees were good growingcharacteristics and not mechanical in nature.
stock.

Financial maturity is based on some chosen
percent value return and on site quality. Our

mature trees ranged usually from 20 to 24 The seven earliest cuts had a 600 bd. ft.

inches d.b.h, and good growing stock usually per acre improvement cut and all culls killed.

made up at least 50 percent of the basal area. The average periodic annual net growth after

cutting was 272 bd. ft. per acre (Minckler,
Control was by complete inventory giving 1955). Some of this was in-growth from the

volume and diameter distribution of the manage- residual large poles (Minckler, 1957). Immediate
ment unit as a whole. This could be done by and rapid increase in diameter growth of white

sampling. Treatments were made in 5 to 6 year oak occurred after release (Minckler, 1967)
and i0 to 12 year cycles. Some compartments except for suppressed trees with poor crowns.

were cut three times. The ideal stand structure, Observation has shown that other species of oak
volume, and tree quality was approached gradually poles still vigorous and with good crowns also
and considerable flexibility was anticipated but responded to release.
the goal of a continuous forest was always

maintained. Another early example of response to in-
tensive management and group selection in two

In intensive management time and money was cuts (1952 and 1959) was the 21-acre "poor" and
spent to kill Culls and do release and weeding high graded woodland (Table 2). This shows

as required. Thousands of cull trees were dramatically how correct application of eco-
killed. Openings for regeneration were cleared logicalknowledge can aid nature and increase

of brushy competition if needed. For extensive productivity. The net growth even during the
management no culls were killed and no improve- first 15 years was 128 bd. ft., culls had been

ments made that involved costs. For example, reduced to zero, and there was a sharp ingrowth
the commercial clearcut compartments had a high of saplings into pole sizes. Many openings were
residual of cull trees, made and these were soon filled with mixed oaks,
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Table 2. Intensive group selection silviculture On the i0 areas surveyed there was about 3000

on 21-acre poor farm woodland demonstration desirable, well-distributed seedlings and seedling

__ sprouts per acre of openings on both sites_ There
Intensive was an additional 3000 of miscellaneous timber and

improvement nontimber species in small coves and about 1700 on
and group oak-hickory sites, Yellow poplar reproduced

Original selection poorly in thick litter and oaks and yellow poplar
stand cutting, 1967 had more new reproduction and faster growth in the

1952 1952, 1959 Inventory cut openings.
per acre

In 1971 with the cooperation and support of

Sawtimber voiume_ the National Parks and Conservation Association,
trees II inches Peter A. Twight, with the help of a forest tech-
d.b.h, and nician, made a i00 percent inventory of two mixed

larger, bd. ft. 3048 1762 3190 hardwood compartments totaling 38 acres and with
three cutting treatments between 1949 and 1971

Number of cull (Twight and Minckler, 1972). I surveyed openings
trees 5 inches for regeneration by milacre plots.
d.b.h_ and larger 67 67 0

Number of good The original stand in 1949 averaged 5579 bd.

growing stock ft. per acre of merchantable trees Ii inches
trees 5-10 inches d.b_ho and above_ In the three cuts 3579 bdo ft°
d.b.h. 36 0 59 were removed and the culls killed° In 197] the

merchantable sawtimber stand was 5763 bd. fto per
acre.

hickory, yellow poplar and other miscellaneous

timber species. By some standards this area The stand databefore and after management
would have been clearcut in 1952o The 1988 slides are shown in Table 3. The net production on this

show a beautiful stand of poles and small saw- 38 acres for 22 years after the beginning of
timber, management was 171 bd. ft. per acre per year plus

elimination of all cull trees, improved stand

quality, and the establishment of new regeneration

EARLY REGENERATION AND GROWTH RESPONSE TO in openings. Note that volume of oaks and yellow
INTENSIVE GROUP SELECTION SILVICULTURE poplar increased and that of hickory and miscel-

laneous species decreased.

The earliest survey of reproduction in open-

ings was made on 7 compartments of mixed hardwoods The latest regeneration count was made on
(coves and northerly slopes) and 3 compartments of this area in 1971 in 34 openings on the 38 acres

oak hickory (ridges and south slopes) four years just discussed (Twight and Minckler, 1972). Open-
after treatment (Minckler and Jensen, 1959). ings were made by treatment procedures for group
Treatments removed 600 to 1200 bd_ ft. per acre of selection already discussed. The results show a

sawtimber plus killing 36 cull trees per acre. 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, fto plus killing culls. 1

1949 _ White Oak Red Oaks Yellow Poplar Miscellaneous Totals

Number of trees 2 982 838 1,552 349 862 4,593

Board foot volume 3 40,090 26,340 89,220 40,000 17,020 211,670
Percent of trees 21 18 34 8 19 I00

Percent volume 19 12 42 19 8 I00

1971 Hickory White Oak Red0aks Yellow Poplar- Miscellaneous Totals

Number of trees 2 507 829 868 314 107 2,625
Board foot volume 3 22,192 33,687 114,725 42,240 3,280 219,124

Percent of trees 19 32 33 12 4 I00

Percent volume __ iO ...... 15 .... 52 __ 21 ............. 2 ....... I00

iTaken from Twight and Minckler, 1972.

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

3Trees ii inches d.b.h, and above (International I/4-inch rule).



ft.) from less than one inch to four inches clarified. Regeneration in small cut openings of
(Table 4). The reproduction in these openings 1 to 2 sized or larger was successful in species,

had not been weeded but all openings were cleared numbers, and growth. Patch cutting of larger
of overstory trees openings is usually not required or appropriate.

A continuous diversified forest is obtained which

can gradually be brought to the desired uneven-

REGENERATION RELATED TO OPENING SIZE aged stand structure by diameter distribution
control of the management unit. The treated

A regeneration study I0 years after cutting stands of good quality trees have a range of size
in I00 group selection openings on i0 compart- from saplings (in new openings) to poles and saw-

ments related regeneration to size of openings timber. Net volume growth during this management
(Minckler and Woerheide, 1965). Desirable period was good. Stands at half-rotation (1988)

reproduction occurred on all sizes but composition are well-stocked and of high quality, as shown by
and size of saplings I0 feet and taller was photographs, as no further inventories have been

related to opening size and site (Table 5). taken since 1968 with one exception, 1971. New

inventories of the 38 compartments at half rota-
The larger opening sizes of 1½ to 2 generally tion (about 1988 - 1990) would add vital informa-

had taller reproduction. Openings of less than • tion, and with the cost data already obtained,
3/4 to i- size are too small for successful allow conclusions on the cost results if markets

development of regeneration with the possible for pulpwood and firewood were now available.
exception of white oak. The amount of light in

group selection openings is highly correlated Finally, on eastern mixed hardwood forests

with opening size (Minckler, Leon, 1961). the choice is not always "rehabilitate or
regenerate" but often rehabilitate and regenerate.

Observations of old openings show that crowns This choice should also be based on owner's or

of edge trees intermingle, and spacing between public desires and needs. Foresters have

edges tends to become normal. Epicormic sprouting flexible actions which are ecologically sound.
of leave edge trees did not occur except on trees
with low crown ratios, generally not left as good

growers. LITERATURE CITED
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Table 4. Reproduction numbers per acre in 1971 of trees not overtopped in 34 cut openings on the

study area. Data after three cuts between 1949 and 1967.

1
Diameter Miscellaneous

at White Red Yellow Black Non-

4.5 ft. Hickory Oak Oaks Poplar Gum Timber Timber Dogwood Timber Species

1 in. 47 34 28 91 41 97 ii0 28 339 476

i" - 2" 116 91 34 ii0 59 66 i00 78 476 655

3" - 4" 50 116 6 69 22 22 3 16 285 304

Total 213 241 69 270 122 185 213 122 ii00 1435

Percent 15 17 5 19 8 13 15 8 67 i00

iMiscellaneous species are sugar maple, white ash, black cherry, black walnut, sycamore,
beech, and elm.
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i Table 5. Total amount of reproduction I0 feet and taller under canopy and in i00 openings of dif-

ferent sizes i0 years after cutting in i0 compartments

....

Coves and Northerly Slopes

1
___Opening size

i_ Species Under canopy 1/4 and 1/2 3/4 and i 1-1/2 and 2

Number per acre

_ Yellow-poplar 0 60 330 290
White oak 120 180 200 360

Black and red oaks 50 50 70 65

Hickory 240 330 500 450
Miscellaneous desirable 15 30 180 50

_o_ Total desirable 425 650 1,280 1,215

Miscellaneous undesirable i00 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 I0 15 120 130

Hickory Ii0 210 300 365

Miscellaneous desirable 0 0
0 0

Total desirable 260 355 655 895

Miscellaneous undesirable 25 55 80 I00

Miscellaneous shrubs 50 Ii0 340 300

_i Total undesirable 75 165 420 400

i_ iDiameter 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.

affected by cutting, topography, and litter Minckler, Leon S. 1967. Release and pruning

depth. Jour. Forestry 57:424-428. can improve growth and quality of white
oak. Jour. Forestry 65(9):654-655.

Minckler, Leon S. 1961. Measuring light in un-

even aged hardwood stands. Central States Twight, Peter A. and Minckler, Leon S. 1972.

Forest Expt. Station Tech. Paper 184, 9 Ecological forestry for the Central hard-

pp., illus, wood forest. 12 pp., illus., April, 1972.
National Parks and Conservation Assoc.,

Minckler, Leon S. and Woerheide, John D. 1965. Washington, D.C.

Reproduction of hardwoods I0 years after
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FIFyECT OF SITE AND AGE ON TRF_ REGENERATION

IN YOUNG UPLAND HARDWOOD CLF_CUTS 1

David W. George and Burnell C. Fischer 2

ABSTRACTo--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
clearcuns from 5 to 17 years on the Hoosier National Forest. IData was collected on 1801, 0.01 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

yellow-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 f
clearcut age and site variables.

composition from oak dominated stands to a more

INTRODUCTION mixed hardwood regeneration following clear-
cutting. The frequency and distribution of

Clearcutting on the Hoosier National Forest regeneration following clearcutting across the
(HNF) has been the harvesting alternative used by array of sites on the HNF is not known and the
the United States Forest Service (USFS) for need for further research in the area of

approximately twenty years. The decision to use identified in the Hoosier National Forest Land

clearcutting on the HNF was based on USFS Resource Management Plan (USFS 1986). The

research, completed in the 1950's and early specific concern is that foresters cannot predict
1960's, and summarized by Roach and Gingrich or control the amount of oak regeneration which

(1968)o This research indicated that if a high will occur following a regeneration harvest. In

priority management objective was to produce high anticipation of these concerns over clearcutting,
value timber products in a relatively short time, Purdue University's Department of Forestry and

then clearcutting was the most efficient Natural Resources was contracted by the USFS to
alternative to regenerate most upland hardwood evaluate the regeneration of clearcut stands on

types (Sander and Clark 1971, the Hoosier National Forest (Wayne-Hoosier
Roach and Gingrich 1968). National Forest, Contract No. 53-52BI-5-01086).

Some foresters and environmental groups have The failure of oak to regenerate successf_
raised concerns that clearcutting is detrimental after harvesting, especially on more productive
to the forest. In particular environmental groups sites, is not unique to clearcutting on the
suggest that there is a change in species Hoosier National Forest (Standiford and Fischer

..................... 1980, He_ligmann et. al. 1985, Crow 1988). It

appears that regardless of the even-aged
I Paper presented at the Seventh Central Hardwood management harvesting alternative used, the
Forest Conference, Southern Illinois University, reproduction of oak follows the trend of little or

Carbondale, !Ii°, March 6-8, 1989. no reproduction on excellent sites, an occasional

occurrence on good sites and moderately plentiful
2 Project Assistant in Silviculture, School of on poorer sites (Trimble and Hart 1961). Mills

Forestry, The Pennsylvania State University, et. al. (1987) compiled a comprehensive literature
University Park_ Penn. and Professor of Forestry, review of Upland hardwood silviculture with a

Department of Forestry and Natural Resources, section especially applicable to the HNF. The ,
Purdue University, WestLafayette, Indo reason that current stands on the HNF are
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dominated by oak is not well understood. They The three remaining units of the HNF, the

concluded that any harvesting activity will reduce Lost River, Little Africa and Tell City,

the oak component of the future forest with oak Management Units are located in the Crawford
regeneration only dominating on poor sites. On Upland and Escarpment Sections of the Shawnee

better sites they suggest oak will not be a major Hills Natural Region. The Crawford Uplands
component of the regeneration and other species Section's most distinguishing feature is the
will dominate, rugged hills with sandstone cliffs and rockhouses.

The major soll association in this section is

Competition among woody stems in young Wellston-Zanesville-Berks which are well drained

clearcuts is intense with only those trees that acid silt loams. The forest vegetation on the
can obtain and maintain a dominant crown position upland slopes are black, chestnut, scarlet and

surviving to form the overstory of the next forest white oaks, and various hickories. The coves
stand. Once a tree in a young clearcut stand contain a mixed mesophytlc association represented

obtains a dominant crown position it has the by species such as American beech, sugar maple,

greatest probability of surviving and maintaining white oak, yellow-poplar and black walnut.
its dominance (Bicknell 1982). Therefore, a Portions of the Lost River and Little Africa

seedlings past height growth increment and present Management Units are in the Escarpment Section.
crown position are the most significant variables The major differences between the Escarpment and

to consider when predicting which seedlings will Crawford Dpland Sections is that the Escarpment
successfully reach or maintain a dominant crown section does not contain sandstone cliffs and

position (Walters 1963). rockhouses, and post oak along with black oak
tends to replace chestnut oak on dry sites. Also,

This study uses subsets of an empirical data some of the cove species that are found in the
base of 1801, 0.01 acre plots distributed across Crawford Upland Section are not present in the

74 clearcuts, 5 to 17 years of age on the Hoosier Escarpment Section.
National Forest (Fischer 1987). The purpose of

this study was to relate site quality and clearcut METHODS

age to species composition on the HNF. Specific

_% objectives were to determine the distribution of Two hundred twenty-five clearcuts with
the dominant-codominant and dominant plot tree complete records that included age, acreage,

species composition in young stands resulting from location and sale sawtimber volume by HNF species
clearcutting by age and site quality. Dominant- group were identified as "qualifying" for field
codominant trees were defined as trees with crowns sampling. Seventy-four clearcuts representing a

which form the main canopy. Dominant plot trees distribution of ages and sites were sampled. A

were the individual tree on each plot with a crown systemic distribution of equi-spaced plots (Husch

above the main canopy and currently expressing the et. al. 1982) was determined to best represent the

most height dominance, 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
STUDY SITES formula from Husch et. al. (1982) where the

sampling intensity was 1 percent and plot size was

Clearcuts of mature, upland hardwood stands 0.01 acre. The initial point to begin the

made prior to 1981 on the Pleasant Run and Lost inventory on each clearcut was determined from
River Management Units of the USFS Brownstown R.D. topographical maps to ensure all available site

and prior to 1982 on the Little Africa and Tell characteristics were equally likely to be included

City Units of the USFS Tell City R.D. were in the inventory. Plots overlapping the boundary
identified from HNF office records. Clearcuts of the clearcut were not included in the sample.

made in pine stands and/or tornado damaged stands A total of 1801 plots were sampled.
were not considered representative of mature,

upland central hardwood stands and were dropped Plot data collection was divided into three
from further consideration, sections. Section 1 was the collection of the

site variables of aspect and slope position (fig.

Homoya et. al. (1985) has described the I). Aspect was the plot center's azimuth to the
natural regions of Indiana. The Pleasant Run nearest 10°• Section 2 consisted of a tree tally

Management Unit (Figure I) is located in the Brown for each woody stem greater than or equal to 4.5
County Hills Section of the Highland Rim Natural feet in height, within the boundary of the plot,

Region. The region is unglaciated with well by species, crown class and origin. Crown
drained acid silt loam soils of the Berks- classification was an ocular estimate of crown

Gilpin-Welkert association. The natural vegetation position. Dominants had crowns above the main

is primarily oak-hickory on the uplands with canopy, codominants had crowns as part of the main
chestnut oak dominating the overstory of the ridge canopy and suppressed trees had crowns under the

tops and a thick layer of greenbriar in the main canopy. Trees classified as seedlings
understory. The ravines of the Brown County Hills originated from seed, seedling sprouts originated

Section contain meslc species such as American as sprouts from roots or seedlings, and stump
beech, red oak, sugar maple and white ash. sprouts originated from cut stumps. Section 3 was



a more detailed survey of the dominant plot tree species were designated as dependent variables and

in the tree tally section. The DPT was defined as site/age variables were used as independent
the individual tree on the plot which was variables. Wilks' lambda was used as the

currently expressing the most height dominance, multivariate test. The Wilks _ lambda test uses

If two or more trees were equal in dominance the the determinant of two matrices, which had an
tree nearest the plot center was chosen. Dominant approximate F statistic distribution_ to test for
plot trees were restricted to species which had a significant difference between the vector of

the potential to reach the main canopy at rotation means of the dependent variables (SAS Institute
age (approximately 80 years) thus miscellaneous 1985).

noncommercial species were excluded. If a plot

was dominated by wild grapevines or contained a The analyses and subsequent results of this

large residual tree, no DPT was recorded for that study are from a more extensive investigation of
plot. The DPT data included: Species, DBH - to variables which were found to be related to the

the nearest tenth of an inch, Tree Height - to the species composition of young clearcuts on the HNF

nearest two feet, Origin - as defined in the tree (Fischer 1987). For consistency with Fischer's
tally section, Stump Age (one foot above the study, and since the dominant-codominant

ground) and DBH Age. An increment borer was used regeneration best indicates the species that have

to obtain a core for stump age within one foot of become established and will dominate on each plot,
the ground and 4.5 feet in height for the DBH age. the suppressed trees were not included in the

Growth rings were counted in the field and the analyses. Also, Fischer (1987) concluded that the
observed age recorded, similarities between the Shawnee Hills and the

Highland Rim Natural Regions exceeded the

differences and would allow for the analysis of

4_ the data from the plots on the four management

4_ __"-- 4_ units to be combined.

2 For statistical analysis of the aspect

/ f __ variable the aspect azimuth for each plot was

transformed to a scale using the Beers et. al.
(1966) aspect transformation procedure:

l _ A' = Cos. (45-A) +I
where

A' = transformed aspect value,
Cos. = cosine,

Slope Position Code Topographic Position and A = observed azimuth.

1 Bottom of Slope This transformation assumes that azimuth 45 °

2 Bench (northeast) is the most favorable aspect for tree
3 Mid-Slope growth.
4 Break from ridge top

5 Ridge top To obtain a more balanced distribution of

plots by slope position and for comparisons with
other central hardwood regeneration studies (Hilt

Figure I. From Bowersox and Ward, 1972; Slope 1985, Heiligmann et. al. 1985), the five slope

position code numbers for typical positions (fig. I) were reduced to three. Slope
topography of the ridge and valley positions 1 and 2, bottom and bench slope

region of Pennsylvania. positions, were combined into a "lower slope
position" (251 plots). The "mid-slope position,"

position 3, was left intact (II01 plots). Slope

ANALYSIS positions 4 and 5, a break just over a ridge
ridge top slope positions, were combined int

Univariate and multivariate analyses of "upper slope position" (449 plots).
variance were used to test for significant

differences between the distribution of species The distribution of plots into single year
across site and age factors. Univariate analysis age classes for the clearcut stands inventoried
was used to test for differences between the means showed an unequal distribution. To obtain a more

of a single variable across site or age variables, even distribution of plots with respect to age,
whereas multivariate analysis of variance uses a plots were divided into four age-class categories:
vector of means to test for significant 5-7, 8-11, 12-14, and 15-17 years of age. With

differences across sites and/or ages (Morrison the four age groups there are 504 plots in the 5-7

1976). The model for the univariate analysis years of age group, 391 plots in the 8-11 age
tests for the effect of site/age variables group, 504 plots in the 12-14 age group and 402

separately on each species. The multivariate plots in the 15-17 years of age group.
analysis of variance model was used when all



Fifteen species/species groups (the term Table l.--Density, and frequency of occurrence on
"species" will be used here after to refer to 1801, 0.01 acre plots and importance values

species/species groups) were stratified across (I.V.) for dominant-codominant regeneration
aspect codes, slope positions and age groups. The by species on the Hoosier National Forest

fifteen species are: (i) white oak (white and clearcuts.
chinkapin oaks), (2) northern red and black oak,
(3) other oak (chestnut, scarlet, pin and post

oaks), (4) yellow-poplar, (5) black cherry, (6) Species Density Frequency I.V.

black walnut, (7) white ash, (8) hickory
(bitternut, mockernut, pignut and shagbark

hickories), (9) soft maple (red and silver maples, white oak 599 308 2.9

_ and boxelder), (i0) sugar maple, (Ii) red and red and black oak 1361 539 5.6
American elms, (12) sassafras, (13) aspen, (14) other oak 536 127 1.7
other commercial hardwoods (basswood, butternut, yellow-poplar 4010 954 12.6

! blackgum, sweetgum, hackberry, locusts and black cherry 1425 678 6.6

sycamore) and (15) miscellaneous noncommercial black walnut 48 30 0.3
(bluebeech, redbud, devil's walking stick, white ash 1514 570 6.1

dogwood, hawthorn, ironwood and pawpaw), hickory 374 215 2.0
soft maple 1187 314 3.9

RESULTS sugar maple 2304 719 8.3
red and Am. elm 1610 498 5.8

Dominant-Codominant Regeneration sassafras 4591 991 13.8
aspen 6261 171 2.1

For the analysis of the dominant-codominant other hardwoods 1108 441 4.6

regeneration importance values were derived by: miscellaneous 9115 1348 23.5

IV i = (((Di/D) + (Fi/F)) / 2)* i00 Total 30408 7903 i00.0
where

i = 1,12

IVi = species importance value,
Di = density of a species, TPi = ARCSlN _-% spp i
D = sum of densities, where

F i = frequency of a species, i = 1,12
and F = sum of frequencies. TPi = transformed percent by species,

and % spp i = percent dominant-codominant

The importance value is an "indication of the species on each plot.

vegetational importance of a species within the
stand" (Curtis and Mclntosh 1951). The importance The results shown in table 2 reveal that the

value formula compensates for species which tend overall effect of the interaction was significant.

to be clumpy and whose presence is then over Since the three factor interaction of aspect,

emphasized when only percentage values are used as slope position and clearcut age was significant
a measure of dominance, for all species except black walnut, the effect of

the main factors and two-way interactions (not

The ranking of importance values are: shown in table 2) are not clear. However, slope

miscellaneous species followed by sassafras and position appears to be the most important main

yellow-poplar (table i). Together these three factor. The two-way interaction of slope position
species have an importance value of 49.9. and clearcut age was significant for black walnut
Surprisingly, the fourth highest ranking species indicating that slope position and age

was sugar maple. The combined importance value interactively effect the distribution of black
for the three oak species is 10.2. The other oak walnut while aspect did not.

(primarily chestnut oak) and black walnut species
were the least important of the fifteen species. Dominant Plot Tree

Multivariate and univariate analysis of For the analysis of the dominant plot trees

variance using Wilks' lambda and an F statistic (DPT) data the species were reduced to 12 instead

(all statistical tests were at the 0.05 level) of the fifteen species used in the dominant-
were used to determine the effect of transformed codominant analysis. The adjustments to the

aspect, slope position and age on the percentage species categories were: a) to combine the black
of dominant-codominant trees in a given species, walnut and white ash species, b) to combine the
For this analysis the percent of each species on a hickory species with the other commercial

plot was transformed by the formula: hardwoods, and c) to exclude the miscellaneous
species (see methods). Also, time constraints



necessitated a reduction in the sampling intensity regeneration could be advance regeneration. The
of the DPT age on the Tell City Ranger District. origin of these misclassified observations could
On this district the age of the DPT was obtained be from trees that had died back or were broken

only on every fifth plot. All other data on the off during the logging operation and then
DPT were collected on these plots. This reduction resprouted below one foot after harvest.
in sampling intensity accounted for 440 of the

1801 plots. These plots were removed from the DPT The seedling and seedling sprouts origin
data base. Also, 39 plots did not have a DPT thus categories were combined because of the difficulty

the DPT data base has 1322 plots, in distinguishing between the two classifications,

especially after a clearcut was ten years of age.
Since the above ground age, at one foot, of Also, since there could only be one DPT per plot,

each DPT was collected it was possible to importance values are not possible on a plot
determine which trees were advance regeneration, basis, therefore, percent values were used.
For this study advance regeneration was defined as

any DPT that had an age at one foot which was Post Harvest Regeneration
three years or greater than the overall clearcut

age. This age was chosen since most HNF cutting In table 3 it is evident that yellow-poplar

contracts ranged over a two or three year period, is the dominate species in the post harvest
The observations which were determined to be regeneration category_ Red and black oak and

advance regeneration were sorted into a separate black cherry are the second and third highest

data base. The data base without the advance percent species followed by aspen and sassafras.
regeneration (hereafter referred to as "post The three oak species together make up 18.8

harvest regeneration") consists of 1071 percent of the DPT post harvest regeneration. The
observations while the advance regeneration data results suggest that the species composition is

base has 251 observations. Since there was not currently dominated by shade intolerants with the
any attempt to age DPT below stump height (one rest of the species relegated to a subordinate

foot), it is possible that some of the role in clearcuts 5 to 17 years of age.
observations that were classified as post harvest

The origin of the species shows that
yellow-poplar, black cherry, red and American elm

Table 2.--Significance of F test by species and and sassafras trees were primarily from
Wilk's lambda for the overall effect by seedling/seedling sprouts. All of the aspen were

aspect, slope position (sl. pos.), age and from seedling/seedling sprouts. The white oak,

the three-factor interaction on transformed and red and black oak species are almost equally
percentage of dominant-codominant split between seedling/seedling sprout and stump

regeneration, sprouts. The other oak species had the highest
percent of stump sprouts at approximately 67

Species Aspect SI. Age Aspect x percent.
pos. sl. pos. x

age Advance Regeneration

The 251 observations which were identified as

white oak ,i ns * * advance regeneration were analyzed in the same

red and black oak * * ns * format as the post harvest regeneration data to
other oak * * * * allow for comparisons between the results of both

yellow-poplar * ns * * data bases. For these data black cherry is
black cherry ns 2 * * * dominant followed by yellow-poplar (table 4). The

black walnut ns * ns ns percentages of black cherry and yellow-poplar in
white ash ns * * * the advance regeneration (table 4) have almost

hickory * ns ns * been reversed from the post harvest regeneration
soft maple ns * ns * data (table 3). The percent red and black oak is

sugar maple ns * ns * much lower for advance regeneration than post
red andAm, elm * * * * harvest regeneration. The three oak species make
sassafras ns * ns * up 12.2% of the DPT advance regeneration.
aspen ns * ns *

other hardwoods ns * * * The average percent of seedling/seedling

miscellaneous ns ns * * 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
Overall effect * * * * observations are from seedling/seedling sprout

origin. However, in contrast to the post harvest
data where the majority of the sugar maple

I, - significant at the 0.05 level observations are from stump sprout origin all of
2ns - not significant the observations in the advance regeneration data

are from seedling/seedling sprout origin.
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Table 3.--Percent of dominant plot trees by Table 4.--Percent of dominant plot trees by
species group and percent by origin of each species group and percent by origin for each
species for observations classified as post species for observations classified as

• harvest regeneration. (n = 1071) advance regeneration. (n = 251)

Percent by origin Percent by origin
Species Percent Seedling/ Stump Species Percent Seedling/ Stump

seedling sprout seedling sprout

sprout sprout

white oak 2.7 55.2 44.8 white oak 5.6 78.6 21.4
red and black oak 11.6 46.3 53.8 red and black oak 4.4 63.6 36.4

other oak 4.5 33.3 66.7 other oak 2.8 57.1 42.9

yellow-poplar 37.7 88.3 11.7 yellow-poplar 14.8 73.7 26.3
black cherry 10.7 93.9 6.1 black cherry 31.6 88.6 11.4
walnut and ash 4.7 61.4 38.6 " walnut and ash 5.2 84.6 15.4

soft maple 3.0 56.3 43.7 soft maple 5.6 50.0 50.0

sugar maple 1.5 43.8 56.2 sugar maple 6.8 i00.0 0.0
red and Am. elm 5.9 85.7 14.3 red and Am. elm 8.4 95.0 5.0

sassafras 7.0 86.5 13.5 sassafras 6.4 62.5 37.5

aspen 8.2 I00.0 0.0 aspen 1.6 100.0 0.0
other hardwoods 3.0 59.4 40.6 other hardwoods 6.4 71.6 29.4

Average 77.6 22.4 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

DISCUSSION AND CONCLUSIONS results in the two studies may be because Hilt

only inventoried stands with at least 60 percent
The species composition of the dominant- oak sawtimber volume before harvest, while in the

codominant regeneration in clearcuts 5-17 years of HNF study the percent of preharvest oak sawtimber
age on the Hoosier National Forest is dominated by volume averaged only 54 percent (Fischer 1987).
intolerant species such as sassafras and yellow-

poplar as well as many miscellaneous noncommercial Two conclusions can be made about the species
species. These results are consistent with other composition of the dominant-codominant

authors' conclusions from similar studies regeneration on the HNF. First, since the overall

(Standiford and Fischer 1980, Beck and Hooper effect was significant (table 2), the species
1986, Hilt 1985). composition of the young clearcuts differs across

sites and age. Secondly, no one single factor of
Hilt (1985) used multivariate and univariate aspect, slope position or age can be solely

analysis of variance to test for the effect of contributed to changes in species composition.

site and age on five species groups. He found the These conclusions verify why simplistic, single
overall effect of age, site and the interaction of factor prediction models have not succeeded in

age and site significant at the 0.05 level, aiding foresters to predict regeneration response
Hilt's univariate results for the effect of age, to clearcutting in the upland central hardwoods.
site and the interaction of age and site for oaks,

yellow-poplar, maples, other commercial hardwoods The dominant plot tree (DPT) represents the

and noncommercial hardwoods were that age was only tree on each plot that will most likely survive
significant for noncommercial species, while site and dominate a plot over time (Bicknell 1982,

was significant for the oaks and other commercial Fischer 1987). Overall, 81 percent of the DPT
species. The interaction of site and age was only observations were classified as post harvest
significant for the oak species, regeneration and only 19 percent as advance

regeneration. The order of dominance by species
A direct comparison between Hilt's results for the post harvest DPT is yellow-poplar followed

and the results reported here is not possible by red and black oak, and black cherry. In the

because Hilt used site index for a measure of site advance regeneration data black cherry is dominant
quality, while the site variables used in this followed by yellow-poplar and red and American
study were aspect and slope position. Also, Hilt elm. The most obvious difference between the

chose to group species into far fewer classes. In species composition of the post harvest
our results the significance of the aspect, slope regeneration and advance regeneration data base

are the changes in percentages of yellow-poplar
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EFFECTS OF UNDERSTORY REMOVAL IN THINNED

UPLAND OAK STANDS -- 22-YEAR RESULTS 1

Donald E. Hilt, David L. Sonderman, and Everette D. Rast 2

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 study have now closed, and the effects of

to 60 percent or lower relative stand densities, a understory removal on the growth of residual trees

dense understory often develops in response to the can be considered conclusive. The long-term
increased sunlight. The understory originates from results also provide valuable information on the

(i) advanced regeneration, (2) sprouting from growth and yield of thinned upland oak stands, as

stumps of recently-cut trees and advanced well as on the species composition, quantity, and
regeneration damaged in logging, and (3) seedlings size of the understory that develops.
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 THE STUDY
nutrients. We do not know the long-term effects of

this understory on the growth of the residual Six 0.25-acre plots were established in a

trees, or if the effects are great enough to 52-year-old, fully-stocked, even-aged, upland oak
influence forest management, stand in southeastern Ohio in 1963. A randomized

block design with two plots in each of three blocks

The data analyzed in this report were from a was used. Site index was uniform across all plots,
study established in a 52-year-old, even-aged, and averaged 73 feet according to Schnur's (1957)

upland oak stand in southeastern Ohio in 1963. site index curves. Species composition was typical
Ten-year results were reported by Dale (1975). No for an upland oak stand of this age and
significant effects due to understory removal were site--primarily scarlet oak, black oak, and
evident at that time. However, the effects of chestnut oak, with some white oak, and a few

silvicultural treatments sometimes change over hickory and yellow-poplar trees (Little 1979).
time. After 22 years, the thinned stands in this

All six plots were thinned to the 60-percent
stocking level according to the tree-area-ratio

Ipaper presented at the Seventh Central equation (Gingrich 1967). This stocking level was _
Hardwood Forest Conference heldat Carbondale, selected because it (I) opens the crown canopy

Illinois on March 5-8, 1989. enough to allow adequate light for understory
development, and (2) was thought to be about the

2Research Foresters, United States lowest level of stocking for full site

Department of Agriculture, Forest Service, utilization. The major conslderation during
Northeastern Forest Experiment Station, 359 Main thinning was to leave the specified stocking level
Road, Delaware, Ohio 43015.
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distributed on the best trees as evenly spaced as 0verstory trees were graded in 1985 using the
possible throughout the plot. Within this provisional grade specifications for hardwood

framework, noncommercial species such as dogwood, growlng-stock trees (Boyce and Carpenter 1968).

sourwood, sassafrass, and blackgum, commercial This grading system applies to pole-size stands
species in the lower crown classes, and larger because all trees larger than 7.0 inches dbh with a

trees with stem deformities (forks, crook, and potential 12-foot butt log are assigned a grade,
sweep) were removed first. Some of these less Grades are based on the probability of the tree

desirable trees had to be left to achieve uniform yielding a Grade I, 2, or 3 butt log when it
spacing, reaches 16 inches dbh. Below-grade trees were

classified as Grade 4.
After thinning, an understory removal treatment

was applled 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 RESULTS
2.6 inches were removed by cutting immediately

after thinning, and (2) any resproutlng that Understory Development
occurred was killed the following spring by mist

blowing each plot with 2, 4, 5-T in a solution of Considerable understory developed in both the

40 lbs (AI)/gal of No. 2 diesel fuel. Misting untreated and treated plots (table 2). The
killed the sprouts without damage to the overstory difference in the total number of trees per acre,
trees. The understory was not removed on the
corresponding untreated plots in each block. An 1428 for the untreated plots and 1447 for the

isolation strip 30 feet wide surrounded each plot treated plots, was not significantly different
and received the same treatment as the plot. (p>0.05). However, basal areas per acre were

significantly different (p>O.05), averaging 11.70

All residual overstory trees greater than or and 7.31 square feet for the untreated and treated

equal to 2.6 inches dbh were numbered for plots, respectively. Given that the number of
remeasurement so that future mortality and ingrowth understory trees per acre was the same, the
could be determined. Dbh was measured initially difference in basal areas can be attributed to the

and at various yearly intervals on these trees presence of larger understory trees on the

through 1985. The total number of overstory trees untreated plots. Average dbh was always greater on
and their respective basal areas per acre were the untreated plots, regardless of species

nearly identical for the untreated and treated (table 2). A graph of the number of trees in each

plots after thinning in 1963 (table 1). Species 0.5-inch dbh class clearly illustrates the presence
composition varied slightly with untreated plots of larger trees on the untreated plots (fig. 1).

having more white oaks and the treated plots having The two distributions were significantly different
(p>0.05) based on a chi-square test for equality.

more chestnut oaks. We conclude that the effect of understory removal

Understory trees were numbered and measured was to delay the development of understory growth;
accordingly as they grew larger than the 2.6-inch however, it did not prevent the reestablishment of
diameter limit. In 1985, we also recorded the the understory.

species and dbh of all trees taller than 4.5 feet

(but less than 2.6 inches in diameter) to gain more Understory removal treatments substantially

°_ insight on the development of the understory, altered understory species composition (table 2).
Heights of these smaller trees and any trees that There was a major increase in the amount of

grew larger than 2.6 inches were measured with a sassafras on the treated plots. Sassafras is a
prolific seeder that established itself quickly on

telescoping pole. disturbed soil. Sassafras, and to a lesser degree,
sourwood and yellow-poplar, seemed to replace

Table l.--Number _d bual arma(BA)ofoverstory trees following thi_ing for blackgum and dogwood, both of which were present in
plots wlth _treated _d treated _derstorles. greater numbers on the untreated plots. The

difference in the number of commercial trees per
Species 1963 198 _

Number BA Number BA acre was not significant (p>0.05), averaging 243

No/at Ft2/ec No/ac Ft2/ac and 264 for the untreated and treated plots,
UNTR_TED respectively.

_ite o_ 30.7 8.5 25.3 11.9
Black o5 48.0 19.3 37.3 30.1

Scarleto5 85.3 37.3 68.0 62.0 Heights of understory trees tabulated by 5-foot

Yellow-poplarChestnut°_2.75'3 2.51.1 I[3 1.3" height classes clearly indicate the presence of

Hickory 17_.'7 0.4 I_ 0.8 taller trees on the untreated plots (table 3).
10-gVY.1 Nineteen percent of the trees on the untreated

Total

_TED plots were taller than 15 feet, compared to only ii
_ite o5 12.0 2.6 9.3 3.2
Black o_ 44.0 18.8 38.7 32.7 percent on the treated plots.
Scarlet o5 72,0 33,6 50.7 45.5
Chestnut o_ 41.3 11.7 29.3 15.3
Yellow-poplar 8.0 2.O 8.0 3.5

Total 177.3 _ 13-'_---0.0 1_.2

0verstory Development

The number of overstory trees per acre in 1985
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Table 2.--Number. basal area (BA), and average DBH of understory trees in

1985, 22 years after thinning, for plots with untreated and Table 4.--Basal areas, basal area growth, and mortality of overstory trees over
treated understories. 22 years for plots with untreated and treated understories.

Untreated Treated 2irem
_Ft /Ae) Untreated Treated Difference Significance* _

Number BA Dbh Number BA Dbh
Basal area 1963 69.1 68.7 0.4 N.S

Commercial Ft2/ac In. No./ac. Ft2/ac ID, Basal area i?_5 106.1 100.2 5,9 N.S

Oaks _ _ 1__2 40 O.14 0.7 Gross growth:" 52.1 50.2 2.5 N.S
Yellow-poplar 13 .39 1.8 48 .12 0.5 15.6 19.2 -3.6 N.S
Red maple 83 .86 i.i 93 .46 O_ Mortality N.SNet growth 36.9 30.7 6.2

Hickory 87 .70 1.0 52 .IO 0.5
Other commercial l/ 16 ,__ l.l __ .24 1.O

Total commercial 24--3 2._4 i.---2 264 I.O--6 _D._ !/Growth rates computed fop the 22-year study period are appropriately
-- .... termed accretion--they include growth on trees that later died.

Noncommercial
Black gum 369 2.82 1.0 169 .61 0.7 *Significance level -- 0.05.

Dogwood 667 4.17 0.9 496 1.55 0.6
$ourwood 48 1.42 2.1 124 2.45 1.7
Sassafras 89 0.63 1.0 352 1.59 0.8

Other noncommercia I_/ 12 .II 0_. 41 .06 0.4
Total noncommercial i12-8 9.1--6 1.2 118__ 6.-_ 0.--_

Overall Total 1428 11.70 1.2 1447 7.31 0.8

-I/whlteash, American beech, basswood, sycamore, sugar maple. II0

_IHazelnut, serviceberry, red bud. Ohio buckeye, American chestnut, cucumber 4 .-%/

tree. N ko0 .4.'__

90 MORTALITY
TREATED

500 _ UNTREATED .... i SO _ *

400 / _ TREATED ,
TO uNTREATED

_ SO , , , i , I i l i
52 54 56 58 60 62 64 66 68 70 72 T4

P 200 _
STAND AGE (YEARS)

\',,

_ ........ Figure 2--Relationship between overstory basal
' ' ' ' ' area and stand age for thinned

0.5 I.O |.S _.O 2,S _.O 3.5 4.O 4.5 _.O plots with untreated and treated
DBH CLASS (INCHES) understories.

Figure 1--Diameter (dbh) distribution of understory
trees in 1985,22 years after thinning. The slope of the lines between measurements in

Figure 2 indicates gross stand growth (survivor

growth). Gross basal area growth per acre was
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 nearly the same in the untreated and treated plots
treated understories, for any measurement period, as indicated by the

Heignt --Untreated Treated parallel lines. Gross growth for the entire

class 22-year period was not significantly different
0-5 169 2o1 (p>0.05) for the treated and untreated plots
6-I0 551 697

11-15 433 393 (table 4). Mortality and net growth were not
16-2o 213 12s significantly different either (p>O.05) We
21-25 33 20 "
26-30 23 7 conclude that understory removal had no effect on _!•
3z-35 5 1 the stand growth of the overstory trees. ]
36-40 l o
Total _ 1--_

Diameter growth rates of the largest 40 trees

was nearly identical for untreated and treated per acre are plotted for five measurement periodsin Figure 3. Comparisons of diameter growth rates
plots, averaging 134.6 for the untreated plots and
136.0 for the treated plots (table i). Although should be made on an equal number of crop trees per

ending basal areas averaged 106.1 square feet for acre (Adams and Chapman 1942; Smith 1962; Hilt
the untreated plots and 100.2 square feet for the 1979). The 40 largest trees per acre arecommensurate with the European standard of 100
treated plots, they were not significantly
different (table 4). The reason for the difference trees per hectare. Diameter growth rates were not _

in basal areas is the increased mortality of significantly different (p>0.05) between the _/
scarlet oak on the treated plots (fig. 2). Some of untreated and treated plots for any of themeasurement periods. Since growth rates were

the larger scarlet oaks began dying at age 67. slightly larger on the untreated plots, we conclude I
Since this increased mortality occurred nearly 15

years after thinning, we cannot attribute its cause that the understory removal had no effect on thediameter growth of the larger trees.
to the understory removal treatment.
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Figure 3--Periodic annual diameter growth rates Figure 4--Average potential tree grades in 1985,
of the largest 40 trees per acre for 22 years after thinning, for trees in
thinned plots with untreated and treated thinned plots with untreated and treated
understories, understories.

It has been suggested that an abundant net growth, and mortality were not significantly
understory shades the boles of the overstory trees different between treated and untreated plots.
and increases the quality of the overstory trees Diameter growth rates of the largest 40 trees per
because of the early death of existing and acre were actually slightly larger on untreated
epicormic branches (Dale and Sonderman 1984). plots. Potential tree grades assigned after 22
Since the trees were not graded in 1965, we could years indicated no difference in tree quality due
not analyze grade changes. However, provisional to treatment.
tree grades in 1985 indicated no differences

between the untreated and treated plots (fig. 4). It may be argued that understory removal in
The only trend was an increase in provisional grade this study did not affect overstory growth because
with increasing dbh. This trend was similar for the understory reestablished itself and should have
both the untreated and treated plots, and indicates been removed again. While this argument has some
that the highest quality trees at age 74 were also merit, the high cost of herbicide treatments makes

the largest trees, 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
CONCLUSIONS dense understory that develops after thinning.

However, we cannot recommend understory removal in
.... A dense understory develops in upland oak thinned stands as a viable management practice

stands that are thinned to 60 percent and lower because understory removal did not increase the
relative stand densities. The untreated plots in growth o£ overstory trees. Because of the negative
this study still had nearly 1,400 understory stems attitudes toward the use o£ herbicides, herbicide
per acre 22 years after thinning. This understory use is appropriate only when a specific result is
could presumably compete with the overstory trees desired, or under intensive management where
for moisture and nutrients. A single understory repeated applications are economically possible.
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 LITERATURE CITED
in the litter that respond to the disturbed soil

and increased sunlight. Sassafras quickly Adams, W. R. and G. L. Chapman. 1942. Crop tree
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EARLYTHINNINGCAN IMPROVEYOUR STANDOF

COPPICE-REGENERATEDOAK1

K.E.Lowell,H.E. Garrett2, R.J.Mitchell3

Abstract.--Datafrom a long-termstudyestablishedin
a coppice-regeneratedoak stand in the Missouri Ozarks
demonstratedthat: 1) superior stump sprouts can be
identifiedas early as age 5, 2) thinningof sprouting
clumpswill significantlyincreasethe diameterand volume
growthof selectedsprouts,and 3) the advantagesof early
thinning of clumps to single dominant sprouts remain
evidentat age 30. A seriesof curvesare presentedthat
providea basis for making recommendationsconcerningthe
early clump thinning of coppice-regeneratedoak stands.

INTRODUCTION the long-term development of coppice-regen-
erated oak stands or the effects of silvi-

Obtaining adequate oak reproductionin culturaltreatmenton these stands.
even-agedupland hardwood forests is a wide-
spreadproblemin the CentralHardwoodsRegion This lack of information presents an
(Bowersoxand Ward 1972, Sander et al. 1984). obvious problem to the forest manager -- if a
As a result,advancedregeneration-_n-'Barvested stand of young (less than 10 years) coppice-
oak stands is often consideredto be the most regeneratedoak is not growingas desired,what
important component in stand regeneration, should be done? Will a clump thinningon each
Becauseoaksare prolificsprouters,many trees sproutingstump improvethe growth of residual
originatefrom stumps, and often these large sproutsto the desiredlevel? If so, will the
seedling-sproutsgrow rapidly (Johnson 1977, effects remain evident as the stand grows
1979, Zahnerand Myers 1984). older,or will the improvedgrowth be a short-

lived phenomenon? Or, ratherthanconductinga
Unfortunately,despitethe importanceof thinning,is it better to allow the stand to

_ these coppice-stems,littleis knownabout the grow until some trees are large enough that a
long-termgrowth and developmentof coppice- harvest for posts and poles or firewood is
regenerationin oak stands or about the ef- possibleand then regeneratethe stand (natur-
fect(s) of silviculturaltreatment(s)on such ally or artificially)after harvest?
regeneration. Perhaps the best discussionof
these topics are two guides preparedby the Long-term studies of the growth and
USDA Forest Service for advanced oak regen- developmentof coppice-regeneratedoak stands
eration (Sander et al. 1976, Sander et al. are needed to answer these questions. Though
1984). However, (Tu-eto data limi_tio-ns such studiesare rare, data collectedfrom one
neither of these guideswere able to discuss study initiatedin the Missouri Ozarks in the

early 1950s can contributevaluable information
to thistopic. The purposeof this paper is to

1paper presented at the Seventh Central presentthe resultsof a long-termstudy of the
Hardwoods Conference, Carbondale, Illinois effects of clump thinning on coppice-regen-' erated oak stands and to describe a technique
March 5-8,1989. for evaluatingthe probable results of clump

2Assistant Professor and Professor, thinningon standdevelopment.
respectively,Schoolof Forestry,Fisheriesand
Wildlife, University of Missouri, 1-31 Ag-
riculture,Columbia,MO 65211. MATERIALSAND METHODS

3AssistantProfessor,Schoolof Forestry, Data were collected from University
AuburnUniversity,WhiteSmith Hall,Auburn,AL Forest, a 7200-acreforested tract located in
36849. southeasternMissouri and owned by the Uni-

versityof Missouri. The 3-acre studyarea was



of medium quality -- site index 60 to 65 feet sprouts that were amon_ the n largest sprouts
base age 50 for red oaks. In 1953, the entire (i00, 150, 200, or 250) per acre at age 5 as
study area was clearcut. Before clearcutting, measured by height that were also among the n
the age of the stand was approximately 32 largest sprouts per acre at age 30 as measured
years. After clearcutting, the stand regen- by dbh.
erated vigorously through stump sprouts.
Predominant tree species were scarlet oak Average dbh and volume at age 30 were also
(_uercus coccinea Muench.), black oak (Quercus examined on the n largest stems. Gross cubic
velu-T_na Lamo_ southern red oak (Quercus feet volume was-estimated at age 30 using a
_cata Michxo), white oak (Quercus alba-_, local volume equation developed for University

post oak (_uercus stellata Wangen_ and Forest from detailed measurements of 162 oak
h!ckorYo (_ spp.) w_mprised 34%, 17%, trees (Lowell unpubl.).
5%, 23%,_ and 8%, respectively, of the
regenerated stems. Lowell et al. (1987) have shown how the

data for all sprouts could be used to develop
Three 1.0 acre blocks subsequently were equations to estimate the probability of "suc-

established and each block divided into four cess" for a specified sprout diameter at age 30
0.25 acre sub-plots. These sub-plots included given the height at age 5 of the sprout and the
a 23 foot buffer strip leaving a 0.147 acre diameter of the parent stump. The form of the
measurement plot. In each block, treatments equations and signs of the coefficient estimates
were assigned randomly: one plot was selected are:
for an unthinned control, one for thinning, and
two were not used. Five years after clear- (-(bO-bI*CRIT+b2*HT+b3*TRT*DIAM))
cutting, a single dominant stem on each sprout- _ = I/(l+e ) (I)
ing stump was selected and tagged in both the
control and thinned plots. In the thinned where _ is the probability that,
plots, every multiple-stemmed sprout clump was given an initial (age 5)
thinned to a single dominant stem. No single sprout height an individual
stems were cut, and stumps producing single stem will equal or exceed
stems were not included in this study. In the a given dbh (CRIT) at age 30,
control plots no thinning was done. Thinned CRIT is the predefined "success"
plots averaged 600 (selected dominant) stems criteria (inches),
per acre after thinning and unthinned plots HT is the sprout height at age 5
averaged 740 (selected dominant) stems per (feet),
acre. At age 5, species, diameter of the TRT is 0 if the stand is not
parent stump at the point of cutting (7 inches thinned and i if the stand
above ground), the number of sprouts on the is thinned, and
stump, and height of each selected sprout were DIAM is the parent stump diameter
recorded° At age 30 (25 years after thinning), (inches) measured 7 inches

diameter at breast height (dbh) was measured to above ground. <_
the nearest 0.I inch and mortality of all
selected sprouts was inventoried. Dominant The terms in equation (I) are presented in
sprout heights were also sub-sampled at age order of descending statistical significance.

30. The most important term is the target diameter _-- a larger desired future diameter (CRIT)
A forest manager is not likely to manage decreases the probability of "success" (i.e.,

all existing stems in young stands throughout a having a sprout that grows to at least that dbh
rotation, but instead is likely to concentrate by age 30}. The next most important term is i
efforts on those that show the most promise at the height of the sprout at age 5 -- a rela- l
the time of thinning. Moreover, to gain a tively tall sprout has a better chance of

thorough understanding of how clump thinning achieving "success" than a shorter sprout.
can improve the growth of coppice-regenerated Finally, a larger parent-stump diameter pro- _
oak stems, it must be known how stems respond vides a competitive advantage to a dominant
throughout the size distribution. Therefore, sprout, but only if a clump thinning is con-
rather than examine the mean thinning response ducted.
of all sprouts in this study, the largest 100, _

150, 200, and 250 trees per acre were evaluated Note that because of the way the equations
for each of the control and thinned plots at were fitted, a tree is considered "unsuc-

age 30. "Largest" was determined by dominant cessful" at age 30 if it does not attain the _i
sprout height at age 5 and by dominant sprout specified dbh due to either slow growth or
dbh at age 30. Thus, an identical set of stems mortality. By graphing the probability of _
was not examined at both ages. However, success for a sprout of given height against a _

because it is of interest to know how many of range of success criteria, Lowell et al. (in _
those sprouts originally selected as superior prep.) developed a series of curvet _r use
at age 5 maintained dominance at age 30 in each in making silvicultural recommendations for
treatment, a "Dominance Index" (DI) was cal- 5-year-old coppice-regenerated oak stands.
culated. DI is defined as the percent of These curves are reproduced here for red oak

and white oaks on thinned and unthinned stands.

54



RESULTSANDDISCUSSION Table 1.--Average diameter and volume for
o selected portions of the diameter

Regardlessof the portionof the diameter distribution.
distributionexamined,early clump thinningat
age 5 benefittedthe selectedsprouts-- i.e., Largest n stems per acre
sproutsthat have expresseddominanceby age 5 100 150 200 250

_- (Table 1). Moreover,the benefit providedby

thinning,rather than disappearing,was still Dbh 1/
prominentat age 30. It is also notablethat (.inches) -
the magnitudeof the response of volume to Control 7.6a 6.9a 6.0a 5.6a
thinning shows a tendency to increase -- from Thinned 9.2b 8.5b 7.8b 7.2b
2.9 to 4.0 cubic feet for 250 to 100 stems per Increase(%) 21 23 28 29
acre, respectively-- in the largerportionof
the diameterdistribution. It is also evident Volume

that on a percentagebasis,cubic foot volume _cubicfeet)
responds more than dbh regardless of the Control 9.5a 7.8a 6.2a 5.3a

...... portionof the diameterdistributionexamined. Thinned 13.5b 11.6b 9.8b 8.2b
Increase(%) 53 49 58 55

The DI values show that, in both thinned
and unthinned stands, sprouts identifiedas Dominance_/
superior at age 5 tend to remain dominantat Index (%)
age 30 (Table I). Thus, superiorsproutscan Control 60 62 63 67
be identifiedas early as age 5, and most of Thinned 69 74 79 78
these sprouts will maintain their dominance,

particularlyif they are favored by thinning. _/Within a parameter,measurementsfollowed
However,even if sproutsidentifiedas superior by the same letter are not significantly
at age 5 are not favoredby early clump thinn- differentat the 99% confidencelevel. Domi-
ing,the DI is still 60 or greater-- i.e.,60% nance Index was not tested for significant
of those sprouts achieving early dominance difference.
maintained their dominance to age 30. Ap-
parently,the intra-stumpcompetitionpresent _/Dominance Index is the percent of stems
on unthinnedstumps is not sufficientto cause among the largestn trees at age 5 by sprout
a complete suppression of the dominance height, and also among the largest _ trees
achievedby superiorsproutsat age 5. by dbh at age 30.

To use these findings,it is necessaryfor
forest managers to be able to evaluate the To utilize the curves in Figure I, an

'_ effect of a potentialclump thinningon their inventory of coppice-regenerationmust be
stands. Figure 1 providesmethodologywhich conducted. A sample of sproutingstumps must
can be used to develop silviculturalrecom- be selected and the height of the dominant
mendations for these oak stands. The hori- sprout on each stump recorded. The number of
zontal axis indicates the desired average sprouting clumps per acre must also be es-

minimum (not mean) dbh desiredin a particular timatedfrom this inventory. While no specific
.... stand at age 30. The five curves on each of sample intensity is recommended here, the

the four figures are representativeof diff- sample size must be large enough to provide a
erent averagedominant sprout heights at age samplewhich the forestmanager is confidentis
5, and the verticalaxis, labeled"Probability representativeof the stand conditions. After

_ of Success," provides an estimate of the this inventory is completed, the curves are
probabilityof achievinga desiredset of stand used as illustratedin the followingexample.
conditionsat age 30 given the initial(age 5)
averagedominantsproutheight. Anotherway of Supposethat a standof 5-year-oldred oak

_% viewingthis is that _ estimatesthe proportion stump sprouts is found to have an average
Of sproutswhich achieveor exceedthe desired dominantheightof 10 feetand an estimated500
dbh. sprouting stumps per acre. (In this study

there were an average of 670 sproutingstumps
per acre.) From Figure la the forestmanager

° can determine that a clump thinning will
producea stand where the probabilityat 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 differentand perhapsmore
meaningfulway, a clump thinningwill 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 sproutsper acre) will be
at least3 inchesdbh,and 25% (125 sproutsper
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acre) will be at least 4 inches dbh. The stands only (see equation (1) and Lowell_et
intersectionat 0.81 of the curve for 10 feet al. 1987). Hence after a thinning operation--_
with the Y-axisalso indicatesthat 81% of the s--#routswith relatively large parent stump
original 500 dominant sprouts (405 per acre) diameterscan be expectedto outperformsprouts
will surviveto age 30. These relationships, with smallerparent stump diameters. (Figures
of course,are limitedonly to realisticstand la and lb were produced using the average
densities, parent stump diameter of 4.9 inches.) If a

stand is not thinned,no competitiveadvantage
The effectivenessof this clump thinning results for a sprout with a relativelylarge

can be assessed by examining the projected parent stump diameter. This may be a con-
futurestand if no thinningoccurs. Using the siderationfor managers who decide, for eco-
previousexamplefor comparison,Fig. lc shows nomicsreasons,to thin only selectedclumps in
that if a clump thinning is not conducteda a coppice-regeneratedstand. In such an
stand will develop at age 30 in which 28% of operation, efforts should be concentratedon
the 500 dominantsprouts(140per acre)will be those clumpswith relativelylarge parentstump
at least 2.0 inches dbh, 17% (85 sproutsper diameters,providedthat stump spacingwill not
acre) will be at least 3.0 inchesdbh, and 10% cause excessiveinter-stumpcompetitionin the
(50 sprouts per acre) will be at least 4.0 future. Second, the limits of the original
inchesdbh. Thus a clumpthinningwill produce study must be kept in mind. The results
a standwith 89% more stems -- 265 ratherthan presentedapply to an average site wherein the
140 per acre -- which are at least 2.0 inches treatmentis a clump thinningand not a thin-
dbh comparedto an unthinnedstand, 124% more ning to control the stand density. Estimates
stems at least 3.0 inchesdbh, and 150% more will varywith a betteror poorersite and also
stems at least 4.0 inchesdbh. Moreover,on if subsequent thinnings are used to control
the unthinnedstand only 58% of the sprouts overallstanddensity.
(290stemsper acre) can be expectedto survive
to age 30. Thus, in additionto the greater
number of largerstems producedby the thinn- CONCLUSIONS
ing, a forestmanagerwill also havemore stems
to manageat age 30 therebyproducinga greater It is possible to identify superior
number of management options than for an sprouts as early as age 5 in stands of cop-
unthinnedstand, pice-regeneratedoak. Furthermore,if these

superior sprouts are released at age 5 by a
The different shapes of the curves in clump thinning, significantincreases in dbh

Figure i make it apparentthat there are also and volume will result. These increases
species differencesin growth potential. As (compared to dominant sprouts in unthinned
the specified"successcriteria"increases,the clumps)will remain conspicuous25 years after
Probabilityof Success shows a tendencyto be thinning. By using success probabilities,a
less for white oak than red oak implyingthat forestmanagercan determineif, giventhe size
the growth of a given red oak sprout will and numberof stems at age 5, a future stand
exceed that of white oak. For example,in a with a desired minimum diameter can be ob-
thinned stand a 12 foot white oak sprout(age tained. Moreover, if stands are not thinned
5) has virtuallyno chanceof reaching7 inches early,by the time they reach age 30 -- a point
dbh by age 30 whereas a similarred oak sprout at which some researchershave recommendeda
has a 0.16 chance of achieving this dbh. first thinning-- existing growing stock will
Conversely,white oak sprouts have a better be inferiorto that whichwould have existed if
chance of survivalthan red oak sprouts. For an earlythinninghad beenconducted.
example,in a thinnedstanda 12 footwhite oak
sprout has almost a 100% chance of survival
(dbh=O) compared to the 92% chance for a LITERATURECITED
similar red oak sprout. Consideringthat the
red oak and white oak species groups are Bowersox, T.W., and Ward, W.W. 1972. Pre-
composed primarilyof scarlet oak, and white diction of advance regenerationin mixed
and post oak, respectively,these differences oak stands of Pennsylvania. For. Sci.
agree with the assessmentthat white and post 18:278-282.
oak tends to grow slowlyand have intermediate
shade tolerance, whereas scarlet oak grows Harlow, W.M., and Harrar, E.S. 1969. Text-
rapidly and is relatively shade intolerant bookof Dendrology. McGraw-Hill-'B-o-6k
(Harlowand Harrar1969). Company. p. 298-325.

In using these guides, there are two Johnson, P.S. 1977. Predictingstump sprout-
_ factorsof which a user must be aware. First, ing and sproutdevelopmentin the Missouri

not only is height at age 5 indicativeof Ozarks. U.S.D.A. For. Serv. Res. Paper
future "success",but also the diameterof the NC-149.
parent stump is significantlyand positively
correlated with "success", but in thinned
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THE NEED TO IMPROVE MODELS FOR INDIVIDUAL TREE MORTALITY i

George Gertner 2

ABSTRACT.--The primary source of variability in
projections made with a widely used single tree growth and

yield simulation model employed for modelllng central
hardwoods 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 Another use of the error propagation
technique is for aiding in the development of

Stand and Tree Evaluation Modeling System future strategies for improving, in a systematic
(Belcher et al. 1982), STEMS, is a single tree fashion, simulation models such as STEMS° Briefly
growth projection system that was developed by described here is the method for doing this and

the USDA Forest Service to evaluate a wide suggestions for improving the STEMS model.
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 ERROR BUDGET

model. STEMS has primarily been used to evaluate

management and sllvicultural alternatives and for The error propagation method provides a
updating forest survey plots. The component direct method for calculating the variance of

models of STEMS are not strictly empirlcal, but predictions. For each function in the growth
are something in between empirical and model, an approximation is used to approximate

_ mechanistic. The structure of the models are the variance of prediction made with the function

based on the calibration data, as well as the when there is random error in the input of the
geometric and mechanistic properties that can be function. By approximating the variance for each
expected as a result of a long history of growth function, the random errors that pass from one

and yield research, function to another can be approximated and
accounted for (Figure I). With an iterative model

Gertner (1987 and 1988) used an error such as a multi-year projection system, the

propagation method as a computationally efficient initial errors entered into the functions of the
alternatlve to Monte Carlo methods to obtain model might be due to errors in the state
estimates of precision of predictions made with a variables. After the first iteration, the errors

modified version of STEMS. Precision estimates will be due to errors in predictions from past
for the STEMS model were desired to gauge the iterations. With each addltional iteration, the

reliability and precision of predictions, to variance will increase as errors propagate
calculate confidence intervals, to statistically through the system. The final variance of the

test hypotheses when experiments are performed prediction for the overall system will be due to
with the model, and to weight projections used as the accumulation of all the errors.

an auxiliary source of information in combination

with on-the-ground sample estimates. With the error propagation method, an error
budget can be easily generated. An error budget
shows the effects of individua] errors and groups

of errors on the accuracy of simulation

Ipaper presented at the Seventh Central Hard- projections. It can be considered to be a catalog
wood Conference, Southern Illinois University, of the contributions of the different error

Carbondale, Illinois, March 5-8, 1989. sources to the overall accuracy of the system.

2George Gertner is Associate Professor, Some specific types of errors that might be

Department of Forestry, University of Illinois, considered when developing the error budget for a
Urbana, IL 61801. This study was partially model are the following (Figure I):

supported by Mclntlre-Stennis Project MS-55-326.



ERRORS The variance of predictions made with the

i igrouptng j overall simulation model were partitioned
TMOHT _masurewnq according to the important component models to

_"r_' | IIamPllng I generate the portion of the error budget due to
process errors. The four major individua] tree
models used in the STEMS model are: I) llve crown

ratio function, 2) annual diameter increment

FUNCTION i \ function, 3) probability of regular oon-

(_ror| _ catastrophic mortality (survival) fuoctloo, andSIMULATION __

MODEL -i,_,;ff_ _ \ 4) total stem volume fuoctlon. The form of the
_3 time_ models and the specification of process errorsmrrorj --_ were as defined in Gertner (1987). A slmp]ifled

tPee/ flow chart of the projectlon system is shown in
o

/ Figure 2. Sampllng errors in the state variables

_J that were used to initiate the system werethat were used to initiate the system were

accounted for and propagated through the models,

OUTPUT but were not partitioned. It was assumed that
there were no measurement errors in the state

variables.

Figure 1.--Errors in simulation model.

1) Errors in measurements of state
variables whlcb are dependent on quality
measurement equipment, time a_d budget _ ....
coostralnts, etc. r--

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 variables. The size of the errors are TREE
dependent on sample size, plot size, sampling LOOP

method, etc. NO

3) Process errors which refer to modelling
errors and stocbastic errors tbat are not

accounted for by tbe component models.

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

L_TA_ ETATISTZCS I4m

Once an error budget is developed for a [NRITETABLES].model, the important sources of error can be
ranked in 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.

Figure 2.--Flow chart of modified STEMS

projection system, iSTEMS ERROR BUDGET (PROCESS ERRORS)

Table IA shows the percent of variability
Currently, an error budget is being in the number of trees per hectare versus time

developed for the STEMS model. Presented here is partitioned according to the four major

the portion of the error budget due to process individual growth models. As would be expected, _

error which has been found to contribute a major almost one hundred percent of the variability in

proportion of the variability in projected forest the number of trees per hectare is due to the : _
growth, mortality model. Other stand attributes were also

greatly influenced by the mortality model. For
The budget was developed by projecting 40 example, shown in Table IB is the partitioned

prism plots that were taken randomly from the variance for basal area per hectare. Although not
oak-hickory (Quercus-carya) component of Allerton as important, the mortality model is still the

Park. A11erton Park is a mixed hardwood forest major source of variability in stand basal area.
iowned by the University of Illinois.



Table IA.--Percent of variability for number of I) The collection of new data to supplement

trees per hectare associated with component existing data, via samples or experiments, should
models, be considered for improving the logistic model.

Currently the data collected for the mortality

Projec- Live Annual Total model is deficient because the range of predictor
tion Crown Diameter Stem variables is limited due to clustering and

Year Ratio Increment Mortality Volume previous long-term experiments not being designed
for the purpose of calibrating a logistic0 0.12 0.53 99.35 0.0

I0 0.ii 0.43 99.46 0.0 mortality model.

20 0.09 0.34 99.57 0.0 2) The inputs used for the mortality model30 0.08 0.28 99.64 0.0
are those that are typically collected in40 0.04 0.27 99.69 0.0
mensurational surveys. These variables might not50 0.02 0.25 99.73 0.0
be adequate for the purpose of modeling

mortality. More detailed measurements, including

the measurement of physiological variables, would
potentially improve the precision of the logistic
model.

Table lB.--Percent of variability for basal area 3) Although STEMS is not a model,
process

per hectare associated with component models.
consideration should be given to developing a

Projec- Live Annual Total mechanistic mortality mode]. If this is done, the
tion Crown Diameter Stem goal should be to understand the physiological

process of non-catastrophic tree mortality so
Year Ratio Increment Mortality Volume that a deterministic mortality model can be

0 2.72 29.53 67.75 0.0 developed.
I0 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 LITERATURE CITED
40 1.01 6.98 92.01 0.0

50 0.92 5.69 93.39 0.0 Belcher, D., M. Holdaway, and G. Brand. 1982. A
description of STEMS-- the stand and tree

evaluation and modeling system. United
The results presented are not unique to the States Department of Agricu]ture Forest

particular data set. Similar results were Service General Technical Report NC-79 18p.
obtained with projections made for other stands

and county wide inventories from locations in Buchman, R., S. Pederson, and N. Walters. 1983. A

both II]inois and Wisconsin. tree survival mode] with application to
species of the Great Lakes region. Canadian
Journal of Forestry Research. 13:601-608.

.... FUTURE RESEARCH

Gertner, G.Z. 1987. Approximating precision in
Currently, the model used to predict the simulated projections: An efficient

Iprobability of annual mortality is a logistic alternative to Monte Carlo methods.
model used in its stochastic form that overwhelms Forest Science. 33:230-239.
all other component models in the STEMS system.

It is fairly well known that the art of modeling Gertner, G.Z. 1988. A]ternative methods for
_ individual tree mortality is very poor (i.e., improving the variance approximation of

Buchman et al. 1983; Hamilton 1986 and 1980). single tree growth and yield projections,
With the error propagation method, the IN: Proceedings of IUFRO Forest Growth

significance of not being able to model mortality Modeling and Prediction Conference.
precisely becomes apparent. Minneapolis, MN, August 24-28,1987. p.739-

746.

Based on the results presented here_ future

research should now be directed toward improving Hamilton, D. 1986. A logistic model of mortality

the ability to predict regular mortality. Even a in thinned and unthinoed mixed conifer

marginal improvement in the mortality model would stands of Northern Idaho. Forest Science.
lead to a significant improvement in the 32:989-1000.

precision of predictions made wltb the overal]
STEMS model. Hamilton, D. 1980. Modeling mortality: A

component of growth and yield modeling. IN:

There are a Dumber of different approaches Proceedings of the Workshop on Forecasting
that might be taken to improve the mortality Forest Stand Dynamics. Lakehead University,

model. Some possibilities are as follows: Thunder Bay, Ontario, June 24-25, 1980.
p.82"98.



COMPETITIVE ABILITY AND GROWTH ALLOCATION OF PLANTED

NORTHERN RED OAK AND YELLOW-POPLAR SEEDLINGS 1

2
T. E. Kolb and K. C. Steiner

Abstract° -- Growth rate and growth allocation among organs of
planted one-year-old northern red oak (_uercus rubra L.) seedlings were
compared with those of a putatively more competitive tree species, _

yellow-poplar (Lirlodendron_ifera L.), in the presence and absence _
of interference with roots of Kentucky bluegrass (Poa pratensls 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 oak, 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: _ercus rubra L., Liriodendron 1985), suggesting yellow-poplar has greater

_L., growth analysis, morphological competitive ability under these conditions.

plasticity. Competitive ability is defined as the

capacity of a plant to capture resources under

INTRODUCTION conditions where other plants limit resource
levels. Differences in competitive ability

A major concern in the management of exist among plants, but it is unclear which
northern red oak (__ercus rubra L.) is the growth characteristics influence competitive

difficulty encountered in regenerating new ability. Characteristics that may be important
stands to replace those that are harvested include how growth is distributed among plant

(Crowe 1988, Holt and Fisher 1979). Efforts at organs, and plasticity in growth allocation in
artificial regeneration of northern red oak response to competition (Grime 1979, Roush and
often fail because seedllngs are unable to out- Radosevich 1985). This study compares growth and

grow competing vegetation (Erdmann 1967, Farmer plasticity characteristics of northern red oak
1981, Foster and Farmer 1970, Hilt 1977, Russell and yellow-poplar seedlings when planted with
1973). Artificial regeneration of yellow-poplar grass root interference. The primary objective

(Liriodendron tuli_ifera L.) typically is more is to identify differences in growth allocation
successful than that for northern red oak on between these species which may explain the

sites dominated by herbaceous plants (Bowersox greater competitive ability of planted seedlings i

and McCormick 1987, Farmer 1981, Torbert et al. of yellow-poplar. _i

....................... METHODS AND MATERIALS

Ipaper presented at the Seventh Central
Hardwood Forest Conference, Southern Illinois One-year-old seedlings of yellow-poplar and

University, Carbondale, March 5-8, 1989. northern red oak from the state nursery were grown
Research Assistant and Professor, for 173 days in the presence and absence of a

respectively, School of Forest Resources, The trimmed sod of Kentucky bluegrass (Poa pratensis
Pennsylvania State University, University L.). Seedlings and grass were grown outdoors
Park, PA. (University Park, PA) in six wooden boxes (l.3m
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length x 0.6mwidth x 0.6m depth) containing an of grass root interference was measured by

agricultural top soil (Hagerstown series). Each comparing parameters of the allometric equation
box was partitioned into quarters by tempered Y=aX . Comparison of allometric equations

- masonite from the bottom surface to 20mm above between different-sized plants minimizes the

the soil surface. A layer of pea-sized gravel influence of ontogenetic drift on partitioning
supported by hardware cloth facilitated bottom of growth among organs, allowing interpretation

drainage, of environmental effects on partitioning (Hunt
1978, Ledig and Perry 1966). The allometric

Treatments were assigned to each box using a coefficient ("b") describes the partitioning of
split-plot design. On April 20• 1986, 0.30m 2 of growth between organ "Y" and another organ or the

commercially produced bluegrass sod was planted whole plant "X"• and is a measure of the ratio of
in two quarters of each box (main plot), while their relative growth rates.
the other two quarters were unsodded and subse-

quently kept free of weeds. On April 25, five A11ometric equations were calculated sepa-

seedlings of northern red oak or yellow-poplar rarely for Yfleaf dry weight, Yfleaf area, Yfstem
(26.9/m 2) were planted in each box quarter (sub- dry weight, and Yfroot dry weight, where Xftotal

plot). Prior to planting• the shoot of each plant dry weight; and for Y=shoot dry weight where

seedling was trimmed to the same length as the X=root dry weight. Shoot dry weight equalled
taproot to standardize shoot-root ratios within dry weights of leaves plus the stem. In all cases,
each species, the linear form of the equation (log (Y)=a + b los

(X)) was used to stabilize error variances

Ten randomly selected seedlings of each (Baskerville 1972, Zar 1968). For each species,

species were destructively sampled at the time of individual tree data were pooled over all harvests

planting to determine initial total dry weight and for regression. Differences in the allometric •
shoot-root ratio. Average total dry weights at coefficient "b" between levels of grass root

time of planting were 3.8g for northern red oak interference were tested by a linear covariance
and 1.2g for yellow-poplar. Average shoot-root model for homogeneity of regression equations
ratios (based on dry weight) at the time of (Neter and Wasserman 1974).

planting were 0.3 for northern red oak and 0.9
for yellow-poplar.

RESULTS

Soil moisture was maintained near field

capacity by irrigation until initiation of stem Grass root interference reduced total dry
elongation for all seedlings (27 days after weights of both species by the fourth harvest

planting). Thereafter, soil moisture was moni- (day 99) (Fig. I). In the absence of interfer-

toted every other day at a depth of 0.3m in grass
plots with a Mark III Moisture Meter (Rick and _o

Associates• Bellaire TX). Whenever an average /
reading of "1.5" (l=very dry soil, 4=very moist /
soil) was recorded, 3.8 liters of water were 2s /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 _ ,5 /approximately 26 days, beginning when all northern
red oak seedlings had developed only one new stem o
flush (41 days after planting). At each harvest,
leaves and stems were collected from each seedling S ,o /

in one randomly selected box, the box was dis- i

mantled, and roots were extracted by washing soil i
away. Leaf area for each seedling was measured _I
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 o 2o 4o so so ,oo ,20 ,40 ,so ,8o
for each subplot was calculated as the slope of GAysSrNCEPL^NrCNG

---- YP/NO GRASS ......... YP/GRAS$
the linear regression of logarithmic (loge) values NRO/NOGRASS NRO/GRASS
of mean seedling total dry weight at each harvest

on the number of days since planting as described Figure l.--Seedling dry weights for northern red

by Hunt (1982) ........... ratio, stem weight oak (NRO) and yellow-poplar (YP) planted
ratio, and root weight ratio were calculated for with and without grass root interference at

each seedllng to compare allocation of weight seven harvest dates (days O, 41, 68, 99,
between species ............................. 122, 153, 173). Each value is the mean of

of total dry weight among organs at each level five seedlings.
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o.e.

once, average weight for northern red oak was

greater than that for yellow-poplar at the first o,
(day 0), second (day 41), third (day 68), and

seventh harvest (day 173), while weights were o°

similar between species at other harvests (days

99, 122, 153). In the presence of interference, _°_

average weight for northern red oak was greater _o+
than that for yellow-poplar at the first four
harvests (days O, 41, 68, 99), while weights _ _.._

were similar between species at the final three _°_j
harvests (days 122, 153, 173). By the final 0.2

harvest (day 173), seedlings of northern red oak _/_.,'+"

averaged 2.2 new stem flushes in the absence of o, L_..-"+'''"
interference, and 1.2 new stem flushes in the

presence of interference. Total dry mass o c

relative growth rate for yellow-poplar was 54Z 0.8
greater than that for northern red oak in the °.7.

absence of grass root interference (152 mg/gl
week versus 99 mg/g/week), and 193Z greater in ....

the presence of interference (117 mg/g/week o

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 °.2 _ ....................................

red oak had greater root weight ratio and lower o,
stem weight ratio than yellow-poplar at the first o..

three harvests (days O, 41, 68) and the last
harvest (day 173), while differences were small o.-

at the other three harvests. Leaf weight ratio
did not differ substantially between species at °'°

any harvest in the absence of interference. In o
the presence of interference (Fig. 3), northern _ ....

red oak had greater root weight ratio, lower stem _o+, ...
weight ratio, and lower leaf weight ratio than

yellow-poplar at most harvests. The more consis- _o2
tent differences in growth allocation between

species in the presence of interference can be o.2
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.

o.o
- :_ ._ oo oo ,_o ,_o ,4o ,oo ,io

i PLANTtNO
The shoot-root allometric coefficient for ......._o ....... Yp

northern red oak in the absence of grass root
interference was 0.97, indicating balanced

allocation of growth between shoot and root Figure 2.-- Leaf weight ratio, stem weight
(Table 1). The shoot-root coefficient decreased ratio, and root weight ratio for northern

in the presence of interference (statlstically red oak (NRO) and yellow-poplar (YP)
seedlings planted in the absence of grass
root interference at seven harvest dates

Table 1.--Allometric coefficients (b) of the (days O, 41, 68, 99, 122, 153, 173). Each

equation log (Y)=a + b log (X) for northern value is the mean of five seedllngs.
red oak seedlings planted with and without

grass root interference. Coefficients in
the same column followed by the same letter significant at p<0.09), suggesting a change in

are not significantly different at p<0.05, growth allocation. The effect of interference on
growth allocation between shoot and root was the

X=root X=total ' result of significant changes in allocation to

weight , weight all organs. Interference reduced growth
y allocation to leaves and stems, and increased

* Leaf allocation to roots.
Environment Shoot Leaf area Stem Root
......

Shoot-root allometric coefficients for

No grass 0+97 a 1.22 a 1.04a 0.93 a 0.93a yellow-poplar (Table 2) were identical at both

levels of grass root interference (0.86), indi-
0 a aGrass .66 0.90 0.64 b 0.68 b I.I0b caring similar growth allocation. Interference,, ,
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Table 2.--Allometric coefficients (b) of the

o, equation log (Y)=a + b log (X) for yellow-
poplar seedlings planted with and without

o. grass root interference. Coefficients in

• _ the same column followed by the same letter

.... are not significantly different at p<0.05.

°" Xffiroot X=total

,-'",, welght weight

-'""" "...... Leaf
o. 2 /" ""'"-

." _ "......... Environment Shoot Leaf area Stem Root

/__...,,"'""" No grass 0.86 a 1.16 a 1.04 a 0,80 a

o.1

1.07 a

o.<

.... Grass 0.86 a 1,49a 1.36 a 0.76 a 1.04 a

0.7

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

_o, ""'"'".,,,,,, red oak, This is 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

o.a "',,,, growth allocation to roots at the expense of
,,'"'"" leaves and stems in response to interference,

_o." ""..............." while yellow-poplar did not change growth

Y 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

o.o developed more stem flushes (2.2) than those in
grass plots (1.2). Of these differences inDAYS @<N@E D_A_TIN@

_+ ..o ........, growth allocation, none adequately explain

Figure 3.--Leaf weight ratio, stem weight ratio, yellow-poplar's greater competitive ability in
and root weight ratio for northern red oak the presence of grass root interference, since

(NRO) and yellow-poplar (YP) seedlings water, and possibly soil nutrients were the only
planted in the presence of grass root limiting resources. Grass foliage never shaded

interference at seven harvest dates (days leaves of trees, and a prelimlnary study (Kolb
0, 41, 68, 99, 122, 153, 173). Each value 1988) indicated no detrimental a11elopathic

is the mean of five seedllngs, effects of Kentucky bluegrass follage or roots
on the growth of either species,

had no significant effect on growth allocation If all other factors were equal, northern

to individual organs (Table 2). red oak's greater root weight proportion and
greater plasticity in growth allocation to roots

DISCUSSION should have increased its competitive ability
against grass roots over that for yello_-poplar.

Seedling total dry weights in the presence That this was not the case suggests that yellow-

of grass root interference did not differ poplar's root system is more efficient on a per
between northern red oak and yellow-poplar over weight basis in capturing resources than
the last three harvests of the growing season, northern red oak's, perhaps due to differences

This was despite a three-fold advantage in in root structure or rates of water and nutrient

weight for northern red oak seedlings when absorption. Differences in dry weight a11ocatlon

planted. Yellow-poplar seedlings overcame the among roots, stems, and leaves between northern
initial disadvantage in size due to a greater red oak and yellow-poplar may reflect adaptation

.......................................................................................................................... _T-__---;-L_TT............. T ....... T '2' ££;j ............
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Table 2.--Allometrlc coefficients (b) of the

• o, 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<0.05E

oo. X=root X=total

" _ .... "-. _ __._____w_ht

f// ...... Y
o 2 ..." "........ Leaf

," -- ".......... Environment Shoot Leaf area Stem Root
/

• °" No grass 0.86 a 1.16 a 1.04 a 0.80 a 1,07 a
o.°

°" grass 0.86 a 1.49 a 1.36 a 0.76 a 1.04 a

j, °,7

relative growth rate compared to northern redO.6

+_ o oak. Thus, the competitive ability of yellow-

_o.,. poplar seedlings under conditions of grass root
._ • interference was greater than that for northern

....".............. red oak. This is consistent with previous
, _ ......... reports of the performance of planted seedlings

i ] o= "........... of these species in field tests (Bowersox and
_ """,.,,. McCormick 1987, Farmer 1981, Torbert et el. 1985)

'"........... ...o..=.........._.-'°

! _ 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

o,+ "'".. growth allocation to roots at the expense of
"""................ .. leaves and stems in response to interference,

_ _ o. 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

o, response to interference. Root growth of oaks

o, typically slows during stem elongation (Reich st

LL el. 1980), and seedlings in non-grass plots
o.o developed more stem flushes (2.2) than those in

! o _o ,_ - _ o_ ,6o ,io" ,_o ,_o ,_o grass plots (1.2). Of these differences inDAYO OIN@[ m;ANTSNO

.+ .......,o .......,, growth allocation, none adequately explain

Figure 3.--Leaf weight ratio, stem weight ratio, ysllow-poplar's greater competitive ability in
and root weight ratio for northern red oak the presence of grass root interference, since

_ (NRO) and yellow-poplar (YP) seedlings water, and possibly soll nutrients were the only
planted in the presence of grass root llmltlng resources. Grass foliage never shaded

_. interference at seven harvest dates (days leaves of trees, and a preliminary study (Kolb

:. O, 41, 68, 99, 122, 153, 173). Each value 1988) indicated no detrimental allelopathic

? is the mean of five seedlings, effects of Kentucky bluegrass foliage or roots

on the growth of either species.

had no significant effect on growth allocation If all other factors were equal, northern
to indlvidual organs (Table 2). red oak's greater root weight proportion and

greater plasticity in growth allocation to roots

DISCUSSION should have increased its competitive ability

:'_ against grass roots over that for yellow-poplar.
• Seedling total dry weights in the presence That this was not the case suggests that yellow-

of grass root interference did not differ poplar's root system is more efficient on a per
between northern red oak and yellow-poplar over weight basis in capturing resources than

the last three harvests of the growing season, northern red oak's, perhaps due to differences

This was despite a three-fold advantage in in root structure or rates of water and nutrient
' weight for northern red oak seedlings when absorption. Differences in dry weight allocation

planted. Yellow-poplar seedlings overcame the among roots, stems, and leaves between northern

initial disadvantage in size due to a greater red oak and yellow-poplar may reflect adaptation



to different environments, since large allocation Grime, J. P. 1979. Plant strategies and
to root growth is a characteristic of plants vegetation processes. John Wiley and Sons.

found on nutrlent-poor or droughty sites (Chapln N.Y. 222 p.
1980, Grime 1979, Orian and Solbrlg 1977). It is

possible that northern red oak's growth charac- Hilt, D. E. 1977. Introduction of black walnut

teristics provide a longer-term ecological and northern red oak seedlings in an upland
advantage that could not be observed in our hardwood forest in southeastern Ohio. USDA

short-term study. For. Ser. Res. Note NE-241, 5 p.

CONCLUSIONS Holt, H. A., and B. C. Fisher (eds.)o 1979.
Regenerating oaks in upland hardwood
forests. Proc. John S. Wright Memorial

I) Competitive ability of yellow-poplar

seedlings planted under conditions of grass root Conf. (Purdue Univ.), 132 p.
interference was greater than that for northern

red oak over a 173-day growing season. Hunt, R. 1978. Plant growth analysis. Edward
Arnold Pub. London. 67 p.

2) The competitive advantage of yellow-poplar

seedlings under conditions of grass root inter- Hunt, R. 1982. Plant growth curves. University
ference was a product of high total dry mass Park Press. Baltimore, Maryland. 248 p.

relative growth rate sustained through continuous
investments in leaf mass, but not through large Kolb, T. E. 1988. Allelopathic effects of
investments in root mass or plastic allocation of Kentucky bluegrass on northern red oak and

mass in response to interference, yellow-poplar. J. Arbor. 14:281-283.

Ledlg, F. T., and T. O. Perry. 1966. Physl-

LITERATURE CITED ological genetics of the shoot-root ratio.
Pages 30-43 in Proc. Soc. Am. Foresters,

Baskerville, G. L. 1972. The use of logarithmic 1965.
regression in the estimation of plant bio-

mass. Can. J. For. Res. 2:49-53. Neter, J., and W. Wasserman. 1974. Applied
linear statistical models. Richard D.

Bowersox, T. W., and L. H. McCormick. 1987. Irwin, Inc. Homewood, Ill. 842 p.
Herbaceous communities reduce the juvenile

growth of northern red oak, white ash, Orlan, G. H., and O. T. Solbrlg. 1977. A cost-
yellow-poplar, but not white pine. Proc. income model of leaves and roots with

Central Hwd. Conf. 6:39-43. special reference to arid and semiarid
areas. Am. Nat. 111:677-690.

Chapin, F. S. 1980. The mineral nutrition of

wild plants. Ann. Rev. Ecol. Syst. Reich, P. B., R. O. Teskey, P. S. Johnson, and

11:233-260 T.M. Hinckley. 1980. Periodic root and

Crowe, T. R. 1988. Reproductive mode and shoot growth in oaks. For. Sci. 26:590-598.

mechanisms for self-replacement of northern
Roush, M. L., and S. R. Radosevich. 1985.

red oak (Quercus rubra) - a review. For.
Sci. 34:19-40. Relationship between growth and compet-

itiveness of four annual weeds• J. App.

Erdmann, G. G. 1967. Chemical weed control Ecol. 22:895-905.

increases survival and growth in deciduous

tree species. USDA For Set. Res. Note Russell, T.E. 1973. Survival and growth of
• bar-silt planted northern red oak studied

NC-34, 4 p. in Tennessee. Tree Planters' Notes 24:6-9.

Farmer, R. E., Jr. 1981. Early growth of black

cherry, oaks, and yellow-poplar in southern Torbert, J. L., Jr., J. A. Burger, J. N. Lien,
Appalachian plantings. Tree Planters' and S. H. Schoenholtz. 1985. Results of a

Notes 32:12-14. tree species trial on a recontoured surface
mine in southwestern Virginia. S. J. App.

Foster, A. A., and R. E. Farmer, Jr. 1970. For. 9:150-153.

Juvenile growth of planted northern red

oak: Effects of fertilization and size of Zar, J. H. 1968. Calculation and miscalculation

planting stock. Tree Planters' Notes of the allometric equation as a model in
21:4-6. biological data. Bioscience 18:1118-1120.



REGENERATION IN OAK STANDS FOLLOWING GYPSY MOTH DEFOLIATIONS 1

2
David Allen and Todd Bowersox

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 Pennsylvania.

ili Average abundance for all commercially important species were
similar for the two regions (about 28,500 stems/acre) and these

species accounted for about 90% 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

29% of the stems of commercially important species whereas in the

Allegheny Mountains region birch accounted for 4%; (c) red and
white oaks accounted for 16% of the stems of commercially important

species in the Ridge and Valley region and 4% in the Allegheny
Mountains region.

INTRODUCTION nature and characteristics of the post-mortality

ground (understory) vegetation.

Between 1969 and 1984, gypsy moth has
caused moderate to heavy defoliation to about Numerous authors have summarized the state

6.2 million acres of forestland in Pennsylvania of knowledge for regenerating non-gypsy moth

(Quimby 1984). A major moth outbreak in 1981 impacted stands in Pennsylvania (Penn State
and below average growing season rainfall 1983). Generalized silvicultural guidelines
amounts from 1980 through 1983 have resulted in have been developed for regenerating gypsy moth

substantial tree mortality. Inventories of impacted Appalachian hardwood stands (Gottschalk
post-1982 mortality in these defoliated areas 1988a and 1988b). Information on the composition
have been summarized by Quimby (1984). His and abundance of the ground vegetation in stands

study suggests that about 350,000 acres suffered which have experienced heavy mortality (and
approximately 30% volume loss and about 341,000 possible salvage) have been limited to field

acres had greater than 50% volume loss. Most observations. These field observations report
of the mortality was for oak and hickory the ground vegetation to range from "fern-grass

species. Although stands in the moderate savannahs" to "pokeberry-blackberry-blueberry
mortality class (15-30% mortality) are likely thickets" to an occasional "best red maple-birch

to regain a fully stocked stand characteristic regeneration I have ever seen". At this point,
and can continue to be managed as a unit, the we do not have quantitative information on

stands with heavy mortality (>50% mortality) enough stands to develop a point of reference

are likely to remain understocked until for future cultural activities. Needed is a
regenerated. Thus the future value of these database on the abundance, composition and
heavy mortality stands will depend on the structure of ground vegetation in these heavily

impacted stands so that forest resource managers

can formulate revised plans, if needed°
I

Paper presented at Seventh Central

Hardwoods Forest Conference, Carbondale, IIi, Heavy mortality has occurred over a wide
March 5-8, 1989. geographic area and for many edaphic-stand

conditions. We selected two physiographic

2 Graduate Research Assistant and Professor regions for the assessment of regeneration

of Silviculture; respectively, School of Forest status after gypsy moth related mortality in

Resources, Pennsylvania State University, Pennsylvania. The objective of the study was to
University Park, Pa. The research was supported determine the abundance and composition of the

by funds from USDA, Forest Service, Gypsy Moth ground vegetation present in gypsy moth created
Research and Development Program, Morgantown, understocked sawtimber sized stands growing in
W.Va.
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the Allegheny Mountains and Ridge and Valley management intensity. Slteproductlvlty classes

physiographic regions, were based on expected merchantable sawlog
lengths for oak (Class I m 48 ft, Class II - 32
to 48 ft and Class Ill m < 32 ft; Bureau of

PROCEDURES Forestry procedures). Study stands met the
designed number in each site productivity class

Oak dominated sawtimber sized stands that except for the Class I sites in the Allegheny

had understocked overstories from gypsy moth Mountains region where only 13 of the desired 20
defoliation (>30% mortality, volume basis) were stands could be located. Prior to gypsy moth
selected from Bureau of Forestry (Department of defoliations, the mixed oak stands were even-

Environmental Resources, Pennsylvania) lands aged and ranged from 80 to 120 years of age and

within a seven county area. Bureau of Forestry were fully stocked.
forestland managers provided guidance and
documented that the selected stands were under- At each randomly located potential ground

stocked due to gypsy moth related mortality. A vegetation sample point, a field estimate of

total of 90 stands were designed to be selected overstory stocking level was made to determine
with 45 located in the Allegheny Mountains if the surrounding stand was below the B level

physiographic region (Clearfleld, Clinton and for sample point acceptance. Residual llve tree

Centre Counties) and 45 located in the Ridge basal area for the ground vegetation inventory
and Valleyphyslographlc region (Huntingdon, points range_ from 0 to 60 ft. and averaged
Junlata, Mifflin and Perry Counties) (Figure about 40 ft. , mainly oak species (Table i).

I). Within each physiographic region, 20
stands were designed to be selected in Site Ground vegetation for six points in each

Productivity Class I, 15 stands in Site Produc- stand were inventoried according to the procedures
tlvity Class II and i0 stands in Site Produc- outlined by Marquis et al. (1984). Commercial

tivity Class III. This sampling bias favoring and non-commercial species present 6 to 7 years
the better sites was based on known site after heavy mortality were inventoried for two

dependent regeneration relatlonships (Bowersox height class. They were (a) 0.i-i.0 ft. and (b)
and Ward 1972, Gottschalk 1983) and forest >i.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 I0% 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
seedllngs with increasing seedling size for

determining the llkelihood 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-specles competition.

Statistical analysls was performed using

Statistical Analysis System package programs
(SAS 1985). The General Linear Models procedure

was used for analysls of variance. Number of
stems by species for the indlvldual 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

analysls of variance showed statistically
significant differences attributable to region
or site, means were separated by the Waller

Duncan procedure. The 0.05 level of probabillty

was accepted as significant.

RESULTS

Figure I. The central Pennsylvania study Total number of seedllng stems averaged
area and the counties located in the Allegheny about 28,500 per acre for the commercial species

Mountains and Ridge and Valley physiographic and 3,800 per acre for the non-commerclal

regions.
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species. There were no significant differences the Ridge and Valley region than in the Allegheny

between the two regions in the abundance of Mountains region. The differences were slgnifl-
commercial species and non-commerclal species cant for all size classes of white oak, the 0.I

for the 0.I to 1.0 ft. and total height classes - 1.0 ft. class of red oak and the >I.0 ft.
(Table 2). However, the Ridge and Valley class of birch (Table 2). The abundance value

region had significantly greater abundance for ash, black cherry, yellow-poplar and other
values in the >i.0 ft. class for both species commercial species were not analyzed because of

groups. The main reason for the regional the low abundance values and infrequent
difference in the large size class was the occurrence.
abundance values for birch and stripped maple

(Table 2). Abundance values of non-commercial species

were low in both regions, collectively accounting
Red maple dominated the commercial species for about 12% of the average total woody stems

abundance values in both regions with a total in each region (Table 2). Sassafras with 1,776
of 13,563 and 25,895 stems per acre in the stems per acre was the most abundant non-

Ridge and Valley and Allegheny Mountains regions, commercial species in the Allegheny Mountains

respectively. The abundance values for total region; and stripped maple with 1,964 stems per
stems (above), and the 0.I - 1.0 ft. stems acre was the most abundant species in the Ridge
(10,954 and 22,743 per acre for the Ridge and and Valley region. Although the abundance of

Valley and the Allegheny Mountains, respective- non-commercial stems was low in comparison to
ly) were significantly different (Table 2). the total woody stems, these non-commerclal

The regional difference in the >I.0 ft. red stems may have an impact on commercial species
maple stems between the 2,609 per acre in the diversity. Individually, two of the three

Ridge and Valley and the 3,152 per acre in the non-commercial species in the Allegheny Mountains

Allegheny Mountains was not significant. Red region had abundance values equal to or greater
maple was most dominant in the Allegheny than the abundance values for red oak, white
Mountains region, accounting for 90% of all oak and other commercial species. Collective-

commercial species stems. In the Ridge and ly, the non-commercial total abundance of 3,530

Valley region, red maple accounted for 49% of stems per acre was greater than all commercial
all commercial species stems, species less red maple (3,038 stems/acre). In

the Ridge and Valley region, the abundance

Species specific abundance values for value for stripped maple was greater than the

birch, red oak and white oak were greater in values for red oak and other commercial

Table i. Average overstory basal area in the sample stands for the two
physiographic regions, by site productivity classes and species
group.

Site Productivity Class 1
Physlographlc Weighted

Reglon/County I II III Average

( square feet per acre )

Allegheny Mountains

Red oak 20 15 II 16
White oak 5 14 19 12

Red maple 16 13 6 12
Others 4 2 3 2

Total _ 4-_ 3-_ 4"_

Ridge and Valley

Red oak 19 12 18 16
White oak I0 14 20 13

Red maple 5 3 2 4
Others 3 3 6 4

Total 3_ 3_ 4_

I
Site productivity classes were primarily based on expected

merchantable saw log lengths, for oak I - 48 ft, II m 32 to 42 ft. and III
- <32 ft.
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Table 2. The average I abundance of species groups in the two physiographic

region, by height class.

Species Height Allegheny Ridge and
Group Class Mountains Valley

(- stems/acre )

Red oak 0.i - 1.0 530 a 1,160 b
> 1.0 177 a 338 a

Total 707 a 1,498 b

White oak 0.I - 1.0 397 a 2,471 b
> 1.0 61 a 570 b

Total 458 a 3,041 b

Red maple 0.I - 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.i - 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.I - 1.0 39 a 794 b
> 1.0 103 a 1,170 b

Total 142 a 1,964 b

Witch-hazel 0. I - 1.0 466 a 429 a
> 1.0 199 a 375 a

Total 665 a 804 a

Sassafras 0.i - 1.0 1,192 a 603 b
> 1.0 584 a 238 a

Total 1,776 a 841 b

All 2 0.i - 1.0 25,239 a 18,091 a

commercial > 1.0 3,694 a 9,861 b
Total 28,933 a 27,952 a

3 2,010 aAll non- 0.i - 1.0 2,476 a

commercial > 1.0 1,064 a 2,066 b
Total 3,530 a 4,076 a

Total 0.I - 1.0 27,715 a 20,101 a
> 1.0 4,748 a 11,909 b

Total 32,463 a 32,000 a

I
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
Includes other non-commercial species not listed.

species. Collectively, the non-commercial region. Physiographic region specific site
species were more abundant than all commercial productivity dependent differences in average

species, except birch and red maple, abundance values (by size class) for individual
commercial and non-commercial species were

Although the abundance values for all substantial. Differences between the lowest
commercial, all non-commercial and all woody and highest average species specific abundance

species did not differ between the two regions, values among the site productivity classes were
the abundance values for individual species frequently greater than a factor of five.

were greatly different between the two regions. However, because of high variability in the
Therefore, the abundance values among the three database and non-constant error variance, site

site productivity classes were analyzed by productivity class was a significant factor in
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only five of the 25 analyses. The subjective classes of sassafras were most abundant in Site

methods for determining site productivity may II stands of the Allegheny Mountains region and
have also weakened the analyses. Our analyses in Site I stands of the Ridge and Valley

are continuing and at this time we can only region.
present the following general trends.

The combined dominance of the surface area

Abundance values of all size classes of by all herbaceous and woody ground vegetation

red oak, other commercial species, witch-hazel averaged 54% in the Allegheny Mountains region
..... and stripped maple were greater in Site I and 22% in the Ridge and Valley regions Over

stands than either Site II or III stands, all site productivity classes, ferns were the
regardless of region. White oak, red maple, dominant group in the Allegheny Mountains

birch and sassafras abundancevalues in response region (38% coverage) but not in the Ridge and

to site productivity class were dependent on Valley region (6% coverage). There was a
region. Number of stems for all size classes tendency for ferns to be more dominant of the
of white oak were most abundant in the Site II ground surface area in Site I stands than Site

stands in the Ridge and Valley region and in II or III stands (Table 3). Blueberry (and

Site III stands in the Allegheny Mountains huckleberry) was the most dominant group in the
region. Greater white oak numbers on the Site Ridge and Valley region (21% coverage, overall)

II to III productivity classes may be due to and second most dominant in the Allegheny
chestnut oak accounting for 80% of all white Mountains region (14% coverage, overall)°

oak stems. Red maple was most abundant in all Blueberry group was more dominant in Site II
size classes in Site I stands in the Ridge and and III stands than in Site I stands. Grasses,

Valley region; and in the Allegheny Mountains laurel, broadleaf weeds and others would

region, greatest abundance values for the occasionally dominate individual inventory plots
0.i-i.0 ft. size were measured on Site II but their overall coverage values were low (Table

stands and greatest values for >i.0 ft. size 3).
were measured in Site I stands. Number of

stems for all size classes of birch were most Over all site productivity classes, 72% of

abundant in Site I stands of the Allegheny the plots in the Allegheny Mountains region and
Mountains region and in Site II stands of the 83% of the plots in the Ridge and Valley region

Ridge and Valley region. Stems for all size 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 I II III Average

(- - - % of surface area occupied - - -_--
Allegheny Mountains

Ferns 48 32 35 38

Blueberry 8 ii 28 14
Grasses 4 13 4 8

Laurel i 4 9 4

Broadl_aves 0 I 0 0
Others 3 3 2 3

Overall Dominance 2 55 48 62 54

Ridge and Valley
Ferns 9 5 1 6

Blueberry 14 27 26 21
Grasses 2 I 0 I

Laurel 0 I 6 2

Broadl_aves 7 2 2 4
Others 3 2 2 2

Overall Domlnance 2 20 19 29 22

I Include mosses, partridgeberry, strawberry, teaberry and vines.

2
Overall Dominance - the relative amount of the stand surface area

dominated by non-tree species. An independent assessment and not a

summation of individual plant communities.



Seedling species compositions in the study
stands were different from the overstory

PlotStocked(%) compositions. The extent of the composition
shift caused by the gypsy moth could not beI

[] AlleghenyMountalns determined because pre-defoliation inventories
[] RidgeendValley 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

i physiographic region and reported that numberof woody stems per acre ranged from 2,667 to
s %,
,% 79,000 and averaged 26,071. In their database,

's% i
,, , 5,985 of the stems were of commercial species
',%, comprised of 13Z red oak, 33Z white oak, 43Z
,s % P%

% _ red maple, 2Z birch and 9_ other commercial

',% _! species Less intense Inventories in three

20_ ,%

,% Ridge and Valley physiographic region stands
',% _% that had received shelterwood treatments and

,,, _ then a clearcut found an average of 5,133 stems
0 Oak Red Birch Other Non All of commercial species with 6Z red oak, 3Z white

Map_ Comnt Corant Comnt oak, 74g red maple and 17Z other commercial
species (Bowersox and McCormick 1987). Ferns

and grasses dominated the ground vegetation in
Figure 2. Percentage of plots stocked in both the shelterwood and clearcut status of

the two physiographic regions by species group, these three stands. Comparatively, the gypsy
moth disturbed stands had greater numbers of

commercially important seedlings but with

On an individual species basis, red maple was similar species composition as stands not

stocked on 69Z of the plots in the Allegheny disturbed by gypsy moth.
Mountains region, far greater than any other

species group (Figure 2). Individual species Forest managers desiring to increase the
stocking in the Ridge and Valley region was oak component in the developing regeneration
highest for red maple (55Z) and birch (50Z). need to consider the community differences of

Plots stocked with oak (19Z), other commercial the two regions. In the Allegheny Mountains,
(llZ) and non-commercial (27Z) in the Ridge and oak abundance values were sparse and seedlings

Valley region were greater than the species were smaller in relation to the red maple and
specific values in the Allegheny Mountain region non-commercial seedlings. Except in the fern

(Figure 2). and blueberry dominated unstocked areas, new

oak seedling establishment and growth will
depend on their ability to compete with the

DISCUSSION establlshed red maple seedlings. In the Ridge

and Valley region where species composition was
Initial evaluations in sawtimber stands more diverse, red and white oak was more

with heavy gypsy moth related mortality indicate abundant and seedlings were larger than in the

that the stands were developing abundant and Allegheny Mountains region. Oaks in the Ridge

well distributed regeneration of commercial and Valley region accounted for 16Z of the
species. The regeneration was dominated by red commercial species seedlings and were stocked

maple in the Allegheny Mountains region and red on 19Z of the plots. New oak seedling establish-
maple and birch in the Ridge and Valley region, ment, and growth of the new and existing oak

Red and white oaks were very sparse in the seedlings in the Ridge and Valley region will
seedling component of the Allegheny Mountains depend on their ability to compete with birch,

region but accounted for about 16Z of the red maple and non-commercial seedlings.
commerclal species seedlings in the Ridge and Knowledge is lacking on the ability of oak to
Valley region. Competing ground vegetation become established and grow in competition with

(particularly ferns) can restrict seedling birch and red maple. Once this information is
establishment and growth (Bowersox and McCormick available, practices to increase the oak

1987, Kolb et el. 1989). In the oak stands of component can be recommended.
Pennsylvania, birch, red maple and stripped

maple are the most frequent woody stems "observed"
to tolerate fern dominated understorles. LITERATURE CITED
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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 0.l-acre plots

have been monitored in southwestern Pennsylvania
since 1985 in order to measure the impact(s) of

Gypsy moth (Lymantria d ispar (L.)) defoliation on
forest stands of the Appalachian Plateau. Plots
were located in both defoliated and undefoliated

stands. Average defoliation (in defoliated stands)

was 33% in 1985, 50% 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 24% 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 species, aspect, site index and
crown condition.

INTRODUCTION combination of a reduction in photosyn-

thetic capacity caused by leaf removal, a
In recent Years, the gypsy moth loss of root starch reserves during the

(Lymantria dispar (L.)) has extended its refoliation process, stress induced

range into the Appalachian Plateau region during frost and drought periods, and

of southwestern Pennsylvania. Gypsy secondary attack by the shoe-string root
moth defoliation often results in tree rot fungus (Armillaria mellea (Vahl.:
mortality. Mortality results from a Fr.)Kummer) and the two-lined chestnut

borer (Agrilus bilineatus (Weber))

(Parker 1981, Wargo 1972 1977). Growth
1 loss is a more subtle affect of defoli-

Paper presented at the Seventh ation that is often overshadowed by the

Central Hardwood Forest Conference, more noticeable nature of mortality. De-
Carbondale, IL, March 5-8, 1989. foliation also opens the forest canopy

2 during the growing season, drastically
The authors are Research Assistant altering the understory environment.

and Professor, Division of Forestry, West This opening of the canopy combined with

Virginia University, Morgantown, WV. selective tree mortality, reduction in
Published with the approval of the acorn production, and the decrease in

Director of the West Virginia Agricul- sprouting ability typical in defoliated

rural and Forestry Experiment Station as stands, alters stand regeneration species
Scientific Article 2142. This research composition.

was supported by funds provided by the
U.S.D.A. Forest Service, Northeastern Gypsy moth defoliation also substan-

Forest Experiment Station. tially affects decisions made by natural
The authors would llke to thank Dr. resource managers and controllers of

Harry Vo Wiant, Jr., Professor Anthony political purse strings. A 1984 damage
Tomkowski, Dr. Linda Butler, Brad Sample, survey conducted by the Pennsylvania
Dale Thurber and two anonymous reviewers Department of Environmental Resources of
for their review of earlier drafts of 691 000 acres demonstrates how severe

this manuscript, tree mortality can be (Quimby 1987).
Volume losses were 218 million cubic feet

of pulpwood and 951 million board feet of
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sawtimber. The combined value of dead made as to which forest areas Can be

wood based on stumpage values current at treated. The highest priority will be

the time of the study amounted to $104 high-value stands where the insect is a

million or approximately $151 per acre. pest to the citizenry, such as residential
Herrick and Gansner (1987) reported more areas, campgrounds and scenic vistas.

conservative loss estimates in separate This is likely to leave few resources for

studies in central Pennsylvania and the the protection of uninhabited forest
Pocono Region of Pennsylvania. Median land. Therefore, treatment should be

losses were approximately 6 percent considered only for those stands that
(about 1 cord/acre) and median value are both high-value and at a high risk

losses were $4.40 and $3.50 per acre of tree mortality. It is hoped that the

respectively. However, losses did reach information collected in this study can
20 cords per acre and $50.00 per acre in be useful in determining the relative

some plots. Forest managers are frequen- risk of different stands. Presented here

tly forced into salvaging stands to is a descriptive summary of defoliation
prevent losses of these magnitudes, and tree mortality in southwestern

Prevention of gypsy moth defoliation by Pennsylvania.

aerial application of insecticide is
also costly as evidenced by project

costs reported by several states at the PROCEDURES

1985 National Gypsy Moth Review in
Columbus, Ohio (Table I). Costs varied To assist resource managers in the

between $4.13 and $14.87 per acre. The Appalachian Plateau region in determining

average cost for the spray projects which stands are at a high risk, 237 0ol-

reported by Delaware, New Jersey, acre circular plots were established in
Pennsylvania, and West Virginia was $9.31 Cambria and Somerset counties in south-

per acre, The total project costs for western Pennsylvania (fig. i). Plots
these four states in 1985 was approxi- were located in both defoliated and un-

mately $3.4 million. As more acreage is defoliated stands. A stand was considerec
defoliated by the gypsy moth, financial "defoliated" when more than half of the

and human resources become limiting plots in the stand received greater than

factors for suppression programs. Then 50% defoliation. At the time of estab-
it becomes imperative that priorities be lishment (1985 & 1986), a variety of tree

characteristics, site conditions, and

Table 1. --Cost of the 1985 gypsy moth understory information were recorded for
aerial spray programs in four each plot (Table 2). Site index is an
selected eastern states. 1 average of site index values calculated

Area from four dominant or codominant oak

State Treated Cost/Acre Total Cost trees per plot whenever possible.

(Acres) ($)2 Separate equations were used for the
DE 67 000 + 7.47 502 000 white oak group and the red oak group

NJ 39 922 8.973 358 i00 using equations developed by Wiant and
PA 29 722 14.87 441 966 Lamson (1986). Volume equations were

70 882 11.73 830 742 PLOT LOOATIONS
102 217 10.09 1 031 369

WV 54 020 4.13 223 102 WVU APPALACHIAN PLATEAU GYPSY MOTH STUDY
Total 3 387 279

i

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 Figure l.--Location of gypsy moth researc

reported by New Jersey in the proceed- plots established by West Virginia

ings. University in 1985 and 1986.
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Table 2.--Data Collected - WVU Appalachlan Plateau Gypsy Moth Study.
_ree Characteristics Site Condltions
DBH Site Index

Total Height SCS Soll Type

Merchantable Height (8" top) Percent Slope
Species Slope Position

Crown Class Aspect
Crown Vigor UJlderstory Informatlon
Defoliation Species

Tree Grade Height Class

based on Wiant's (1985) formula for estl- a large proportion of the stands, but
mating form class 78 volume by Inter- are never abundant. As Braun noted,
national 1/4-1nch rule. Tree grades there is a large number of dominants in

were assigned using the dichotomous key this type, therefore composition and

published by Miller et.al. (1986). relatlve abundance vary greatly from
Since establishment, every plot has been place to place. There are few ex-

revisited prior to defoliation each ceptlons to Braunts description in the

spring (mid May) to assess tree condition southwestern Pennsylvania gypsy moth
and again during peak defollatlon each sample° Of course American chestnut

summer (late June through early July) to is restricted to the understory. Also
assess defoliatlon levels, basswood and sweet buckeye were essen-

tially missing from the sample. Red

maple and chestnut oak (Quercus prinus)
STUDY AREA AND STAND CONDITIONS were dominant species and black oak

(Quercus velutina) and scarlet oak

The study was conducted on separate (_uercus cocCinea) were locally abun-
parcels managed by the Pennsylvania Game dent.
Commission, WESTVACO, and an indlvldual

landowner near the eastern border of the Pre-defollat_on overstory com-
Appalachian Plateau in southwestern position in defollated and undefollated

Pennsylvania. The topography of the plots are compared in figure 2. Maple
plateau ranges from relatively flat to
very steep in a short distance and eleva-

tions vary from 1300 to 2550 feet above Species Composltlon of Stands
mean sea level. The highest point in on the Appalachian Plateau
Pennsylvania, Mt. Davis, is near the

Somerset county study areas. The dis- 30

sected topography on the plateau forms _ Not def01iatec

a dendritic drainage pattern. As a _ 25: [] Defoliated
result, aspect is important in determining

species composition. _ 20

Forests of the plateau represent a o 15
boundary between the Mixed-Mesophytlc _

forest described by E. Lucy Braun (1950) _ 10-
and a southern arm of the blrch-beech- c

maple type of the Northern Hardwood _ 5i
forest (SAF 1980). Braun described the

Mixed-Mesophytlc forest as being dominated 0

by American beech (Faqus grandifolia), RM CO SM R0 88 W0 OH 8/S0 SW
tuliptree (Liriodendron tulipifera), Species
basswood (Tilla heterophylla), sugar
maple (Acer saccharum), chestnut

(Castanea dentata), sweet buckeye Figure 2.--Pre-defollatlon overstory
(Aesculus octandra), northern red oak species composition of defoliated
(Quercus rubra) borealls), white oak and undefollated plots - WVU
(quercus alba), and eastern hemlock Appalachian Plateau gypsy moth

(Tsuga canadensls). Additional locally study.
abundant species listed were black birch

(Betula lenta), black cherry (Prunus
serotina), cucumber tree (Magnolia ,

acumlnata)_ whltz ash (Fraxlnus americana), RM=Red Maple, C0=Chestnut Oak,
and red maple (Acer rubrum). Sour gum SM=Sugar Maple, BB=Black Birch and

(Nyssa sylvatlca), black walnut (_ Yellow Birch combined, WO=Whlte Oak,
nlgra), and species of hickory (especlally OH=Other Hardwood and B/SO=Black/Scarlet
Ca__a ovata and _. Cordlformls) occur in Oak.

76



accounted for 36% of the trees in the Average Defdi_ionin 1986 by Species
sample in both cases. The defoliated inAppalachianR_eauStands
plots had a larger oak component (51% vs.
37%). Undefollated plots showed a
decrease in northern red oak and white oak

and an increase in sugar maple and black Yellow-poplar [] Low_eference
birch when compared to defoliated plots. SerMeeberryT_/_ [] Mod._ef_erme

BM_Mcu_Z_
Soltwoode_ _ ½_ _ef_ence

The sample includes the wide range Cher__

of forest conditions found in south- 8ugarmap__
western Pennsylvania. The most noticeable O_erh_dwoodR_maple_
difference between the defoliated and B_ _ _
the undefoliated stands is the larger oak Ba_oak -_ _ = _
component and lower stand density (basal _oak -_- _ .....
area/acre) in the defoliated stands _=teto_ ___Northernr_oak-_=__.-_\ =- -_ ..... _

(Table 3). Conditions were similar in a Whiteoak _ln_
study in central Pennsylvania reported 0 10 _ _ _ _ _
by Herrick and Gansner (1987). Perce_Defoli_ion

Table 3.--Pre-defoliation stand conditions Figure 3.--Average individual tree defoli-

of defoliated and undefoliated ation by species in 1986 - WVU

stands - WVU Appalachian Plateau Appalachian Plateau Gypsy Moth Study.
Gypsy Moth Study.

DEFOLIATED UNDEFOLIATED susceptibility (of species) in central

Variable Mean Range Mean Range Pennsylvania" published by Herrick and
Ave. dbh 7.7 3-45 8.3 3-36 Gansner (1987).

(in)
Trees/ac As expected, the oaks suffered the

(no.) 266 - 266 - brunt of the attack. The average oak
BA/ac defoliation was 62_ or approximately the

(sq. ft.) 118 40-259 140 82-199 defoliation level often stated as the
Stand age threshold for defoliation. Herrick and

(yr.) 78 49-140 74 46-111 Gansner (1987) reported less severe de-
Site idx foliation on white oak (34%), northern

(Oak) 53 32-91 60 40-81 red oak (41%), and scarlet oak (47%) in
BA in central Pennsylvania stands which were

Oak (%) 74 i0-i00 57 12-100 heavily defoliated in 1981. Though the
Vol/ac initial stand conditions of both studies

(bd ft:) 8195 294- 8905 1977- were similar, the central Pennsylvania
27518 21128 stands were less severely defoliated

Slope pct (avg. = 39%) in 1981 (Herrick and Gansner
(%) 23 0-58 21 0-46 1987) than the southwestern Pennsylvania

% Exposed plots were in 1986. Results from our
Rock 6 0-80 22 0-80 stands in southwestern Pennsylvania

indicate that the oaks are all equally

susceptible to defoliation (figure 3).
Generally, black birch was in the inter-

TREE DEFOLIATION mediate or overtopped crown position
underneath oak canopies. In 1986, black

Gypsy moth defoliation in south- birch suffered an average defoliation of

western Pennsylvania has been sporadic 32%. Defoliation was hardly noticeable
since 1980. An attempt was made to on the remaining species.

sample stands just prior to initial

defoliation based on egg mass counts,
aerial sketch maps, and aerial photog- STAND DEFOLIATION

raphy. Since 1985, defoliation estimates
have been made for every tree within 166 Defoliation intensity and duration

plots. Each estimate is the average of are key factors in assessing potential
" ocular estimates (20% classes) made by stand mortality. A stand was consideredt, t|

two independent observers. Figure 3 shows defoliated when more than half of the

the average defoliation of the major plots in the stand received greater than
species in 1986, the year of heaviest 50% defoliation. Mortality increased with

_ defoliation. These averages provide a increasing number of years of defoliation

relative susceptibility rating guide for (Table 4.). The mortality rate sharply

[ the Appalachian Plateau in southwestern increases when a stand receives its
Pennsylvania. This guide is similar to second defoliation. However, in some

the "general guide for gauging relative cases a single defoliation resulted in
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Table 4.--Tree mortality by defoliation history - WVU Appalachian
Plateau Gypsy Moth Study.

No. of Annual Mortality within _roportion of _roportion of

Defoliations Category (%) Sample (%) Total Mortalitz
0 ii 15 8
1 ii 27 13

2 28 39 50
3 34 18 28
4 36 <i 1

substantial mortality. Table 6.--Percent mortality in defoliated

and undefoliated stands - WVU Appa-

A simple average percent defoliation lachianPlateau Gypsy Moth Study.
for each stand is of limited value in DEFOL. UNDEFOL.
assessing defoliation intensity because Species
simple averages do not take into account All (% tree loss) 24 ii

differences in crown volume between trees. (% basal area loss) 23 8
Therefore, defoliation was weighted by dbh Oak (% tree loss) 39 16 4

squared as suggested by Herrick and (% basal area loss) 30 8
Gansner (1986). Table 5 shows the

severity of defoliation on the Appalachian

Plateau plots since 1985. The heaviest Table 7.--Percent tree loss in defoliated

defoliation was in 1985 and 1986. Even stands with different oak components/

a few plots in the "undefoliated" control - WVU Appalachian Plateau Gypsy Moth
group were moderately defoliated in both Study.

years. This is because the defoliation % Total

category was based on a stand average and % Oak % Mortality % Sample Mortality
not on individual plot averages. <i0 0 0.5 0

11-20 2.5 2.5 0.5
Table 5.--Welghted plot defoliation 31-40 11.O 5.0 2.5

averages 1985-1988 - WVU Appalachian 41-50 8.0 5.5 2.0
Plateau Gypsy Moth Study. 51-60 9.0 6.5 2.5

DEFOLIATED UNDEFOLIATED

Year N Mean Range N Mean Range 61-70 15.5 10.0 6.5

1985 99 32.99 0-99 21 7.36 0-36 71-80 21.0 16.5 14.0
1986 166 49.48 1-100 28 15.12 0-50 81-90 21.0 26.5 24.0

1987 166 19.40 0-74 28 6.86 0-33 91-100 43.0 27.0 48.0
1988 166 8.50 0-48 28 1.83 0-ii

Comparison of stem mortality fQr each

TREE MORTALITY oak species shows that scarlet, black, and
chestnut oaks were particularly vulnerable

As of July, 1988, twenty-four per- with 57%, 46%, and 44% mortality respece
cent of the trees (3.0 inches dbh and tively (Table 8). White oak and northern
larger) in the defoliated stands died red oak fared a little better with 35%
compared with 11% in undefollated areas and 31% stem loss. It should be noted

(Table 6). Defoliated stands lost an that scarlet and black oak represented a

average of 34 square feet of basal area small proportion of the total sample,
per acre. Overall basal area losses however even these small proportions
increased by 15% due to defoliation. The represent 84 black oaks and 259 scarlet

oaks suffered most, losing 30% of their oaks. Red maple and sugar maple were

collective basal area. included in the table in order to compare
the oak mortality with species which were

The defoliated stands were separated unaffected by the gypsy moth.
into categories based on the proportion

of oak relative to all other species Mortality rates (Table 9) were lowest
(Table 7). The mortality rate increased (15%) on the northeast and east aspects

sharply when oak made up more than 60% and on level sites where sugar maple,
of the stand's basal area. In fact, when northern red oak and red maple dominated

the oak component made up less than 60% (i.e. made up the majority of the trees
of the stand, average losses were no 3.0 inches dbh or larger). Where chest-
greater than in undefollated stands nut oak and red maple were the dominants

(Table 6 & Table 7). (south and southeastern aspects) mortality
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was the heaviest (30%) Mortallty rates oaks are considered particularly suscep-
were intermediate on the remaining aspects tible. Harrlck and Gansner (1987) found

(north, southwest, west and northwest) that white oak in central Pennsylvania

.... where red maple dominated with northern received only half of the defoliation
red oak or white oak. that chestnut oak and black oak did.

Based on the results of our study in the

Table 8.--Percent mortality for selected Appalachian Plateau (fig. 3), any of the

species in defoliated stands - WVU oaks (northern red, black, scarlet, white,
Appalachian Plateau Gypsy Moth and chestnut) should be considered equally

Study. • likely to be defoliated during a year of
.... %Specles %Total heavy defoliation such as 1986.

Species Mortality %Sample Mortality
Scarlet Oak 57 .... 6 14 Even though the average defoliation

...... Black Oak 46 2 4 of all the oak species was about 60%,

Chestnut Oak 44 18 31 scarlet, black and chestnut oak suffered
White Oak 35 i0 15 heavier mortality than did white and

N. Red Oak 31 17 22 northern red oak. This is not to say that

Sugar Maple 5 7 1 the mortality of these latter two species
Red Maple 4 25 6 was minimal by any means. Chestnut oak

mortality accounted for almost one-third
of the total mortality. This was a

Table 9.--Percent mortallty and species function of both the proportion of
mixture on different aspects - WVU chestnut oak in the sample and chestnut

Appalachian Plateau Gypsy Moth Study. oak's high mortality rate. When a
Species stand's oak component exceeded about 60%,

Aspect Mixture %Mortallty there was a substantial increase in tree
N 33% RM-26% RO 21 mortality.

NE 23Z SM-22% R0-19% RM 12
E 30% SM-21% R0-14% RM 14 Mortality appears to be heavier on

SE 28% CO-24% RM-16% RO 36 poor sites, steep slopes and some aspects
S 30% C0-24% RM-37% MO I 34 largely because these sites support a

SW 22% RM-22% WO-20% RO 22 large oak component. In the Appalachian
W 29% RM-16% R0-14% CO- Plateau of Pennsylvania, aspect seems to

14% WO 28 have such an influence on species compo-

NW 26% RM-24% RO-20% CO 25 sition that table i0 could be useful in

FLAT 30% SM-21_ RO-14% WO- establishing an initial hazard rating10% OH 13 based on topographic maps in the absence
of stand composition information. Though

there are probably sites which do not fit

I the pattern in this table, the consistency

MO=about 10% each of white oak, of the relationship is surprising. Then

northern red oak and scarlet oak. results from a stand exam could be used
2 in a final hazard rating.
OH-other hardwoods.

Tree mortality due to insect defoli-

Site index was grouped into three atlon is a complicated process involving

classes: 60, 60-70, and 70. Twenty- interactions between trees, defoliators,

six percent of the trees on poor sites secondary organisms and environmental

(SI < 60) died while only 16% died on factors. The most useful variables for
average sites (SI 60-70) and 14% died on predicting tree mortality following

good (SI >70) sites. Mortality was also gypsy moth defoliation are defoliation

greater on slopes steeper than 15% (28% duration, defoliation intensity and
loss) than on slopes which were less than species composition. This paper provided

15% (15% loss). As with aspect, species summaries of this type of information for

is probably the overriding factor in forest stands on the Appalachian Plateau
these slte/mortallty relationships as the of southwestern Pennsylvania. The next

oak component was higher on the steep step is to determine what other variables

slopes and poor sites, might be useful in separating mortality
differences within varying levels of
defoliation and oak composition.

MANAGEMENT IMPLICATIONS
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SusceptibilityOf SugarMaple And Oak To Eleven

Foliar-AppliedHerbicides

H.E. Garrett1, M.W. Thomas2 and S.G.Pallardy3

Abstract.--Eleven foliar-applied herbicides were
tested for their effectivenessin controllingsugar maple
and oak species. Picloramcombinedwith 2,4-D (Tordon101
M) appliedat a rate of 757 ml/gallonof water provedto be
the most effective. Three years after application,100
percent of all sugar maple and 75 percent of all oak
receivingthistreatmentweredead.

INTRODUCTION potential for serious decline in oak wood
supply,a futurenegativeeffecton the hardwood

A significantincreasein the densityof forestproducts industryof the affectedstates
sugar maple (Acer saccharumMarsh.) in Mis- is possible. Further,as more oak falls from a
souri's oak-hic_lT67y_has been reported position of dominance in the overstoryand is
(Nigh et al. 1985; Pallardy et al., 1988). replaced by sugar maple, the mast-producing
Similar--lnc'-reaseshave occurredl'not-t_erstates capacityof oak-hickoryforestswill be reduced.
(Schlesinger,1976; Cottam, 1949; Lorimer, Loss of this important food source could be
1984). detrimentalto wildlife populations, partic-

ularly those of deer, turkey and squirrel.
Sugar maple encroachment is considered

undesirablebecause it is associatedwith the This study was an initial step in de-
failure of oak to regenerateunder its sub- veloping herbicide recommendationsfor sugar
canopy. Oak regeneration in Missouri has maple in Missouri. It was designedto test the
steadilydeclinedsince loggingin oak-hlckory effectivenessof a number of chemicalsapplied
forests peaked between 1890 and 1920. Early to the foliage with a backpack mist blower.
oak regenerationfailure was largely inde- Several oak species were also treated to doc-
pendent of the more recent encroachmentof ument the effect of foliar-appliedherbicides
sugar maple, but has been exacerbatedby it. on oak.
Dense shade,causedfromthe overlappingcrowns
of sugar maple saplings, prevents adequate
light penetrationfor oak seedlinggrowth and MATERIALSAND METHODS
development. Seed germinationmay occur but
the young oak seedlingssoon die for lack of Thirty-six,0.02 ha (0.05 acre) circular
light. Without advanced oak regeneration, plots were establishedon east-facingslopesat
there are no saplingspresentto assumecanopy the Ashland Wildlife Area (Garrett and Cox,
positionsas mature oaks die or are harvested. 1973) in lateMay and early June of 1984. The
The problem is especially relevant to mesic study employed a randomized complete block

, sites which have the greatest potentialfor designwith three replicationsof 12 plots each.
growing high quality oak, as sugar maple ap-
pearanceand dominanceis most rapid on these Thirty trees (15 sugar maple and 15 oak)
sites (Pallardyet al., 1988). Becauseof the were selectedwithineachplot. Only trees that

were healthy and growing vigorouslywere se-
lectedfor treatment. There were 360 trees per

1Harold E. Garrett is Professor of replicationor a total of 1080 trees,with 540
individualseach of sugar maple (Acer saccharum

Forestry at the University of Missouri, Marsh.)and oak species. Withint--B_-oa-IE_
Columbia,MO. white (Quercus alba L.), chinquapin (Quercus

2Mark W. Thomas is Research Specialist muehlenbergiiEn_.), post (Quercusstellata
for EnvironmentalTrace Substance,University Wangenh.},horthern red (Quercus rubra L.),
of Missouri,Columbia,MO. black (Quercus velutina Lam.) and_ckjack

(Quercus_andfca Muenchh.) oaks were in-
3StephenG. Pallardyis Assoc. Professor c]bded. " " "

of Forestry at the University of Missouri,
Columbia,MO.
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The diameter of each tree was measured over three days, June 11, 13 and 17, 1984. •
with Mishoto dial calipers calibrated to 0.02 Defoliation data were recorded in September •
mm accuracy. Seedlings less than 1.4 m (4.5') 1984, 1985 and 1986, one, two and three growing
tall were measured approximately 15 cm (6") seasons after herbicide application, respec- i
above the root collar. Saplings above 1.4 m tively.
(4.5') but less than 2.54 cm (1") in diameter
were measured approximate]y 30 cm (12") above All trees were classified according to
the root collar. Saplings over 2.54 cm (1") in topkill and mortality. "Topkill" referred only
diameter were measured at a height of 1.37 m to those study plants in which 100 percent de-
(4.5'). foliation had occurred at the time of obser-

vation, with no sprouting along the upper stem
Sugar maple study trees ranged from 3.54 or in the crown. Topkill was used to quantify

to 117.24 mm (0.1-4.6") in diameter. The oak the first- and second-year observations. Study
which grew under the subcanopy of sugar maple trees sprouting at the base were recorded
ranged from 2.22 to 117.34 mm (0.1-4.6") but separately and expressed as a percentage of the
averaged only 14 mm (0.6") bdh (basal diameter total plants treated. The term "mortality" was
height) compared to 25 mm (I") dbh (diameter applied only to data collected in the third year
breast height) for the maple, after spraying, and was applied to those study

plants that were I00 percent defoliated (top-
All herbicides were applied at label- killed) and showed no basal sprouting.

recommended rates (Table 1); the highest rates •
were used when a range was provided. A Solo ANOVA was applied only to the third year
model 410 backpack mist blower mounted on an (1986) mortality data as the 1984 and 1985 data
aluminum frame was used to apply all herbicides were preliminary in nature. Treatment means
which were mixed the morning of application, were compared with least significant difference
Each of the 30 trees/plot was individually tests (LSD) at the 95% confidence level.
misted from at least two sides. Each tree Additionally, linear correlations between
was sprayed "to wet" but not to run-off, mortality and diameter of sugar maple were
Replicate I was treated on May 21 and 22, calculated.
replicate II on June 2 and 4 and replicate III

Table 1.--Active ingredient(s) JAIl and ap- RESULTS
plication rate of herbicides applied
to the foliage of sugar maple and Sugar Maple Control
oak.

Most herbicides proved ineffective in
controlling sugar maple when mist blown (Table

_roduct AI %AI Rate 2). In September of 1984, at the end of the
(Manufacturer) (ml/gal) first growing season in which herbicides were

applied, only two herbicides (Tordon 101 M and
Roundup Glyphosate 41 79 Garlon 3A) provided 100% topkill in 80% or more
(Monsanto) of the study plants. Tordon 101M gave the best
Banvel 720 Dicamba 13 374 control at 98%. Garlon 4 and Banvel 720 induced

(Velsicol) Related acids 3 complete topkill of sugar maple in 76 and 67% of
2,4-D 25 the study plants, respectively, while Roundup

Krenite Fosamine 42 76 gave 47% topkill. The 2,4-D/2,4DP ester herb-
(DuPont) ammonium icides proved to be among the least effective in
Tordon 101M Picloram 10 757 controlling sugar maple. The ester formulation
(Dow) 2,4-D 40 of 2,4-D (Weedone LV-4) yielded the highest
Garlon 3A Triclopyr 44 123 control of the group (44%), while the com-
(Dow) bination of 2,4-D and 2,4-DP ester (Weedone 170)
Garlon 4 Triclopyr 62 95 yielded only 13% control. The ester formulation
(Dow) of 2,4-DP (Weedone 2,4-DP) also exhibited poor
Weedone 2,4-DP 2,4-DP 60 38 results, with only 9% of the study plants
(Union Carbide) completely topkilled. The amine formulation
Weedone LV-4 2,4-D 61 158 of 2,4-D (Weedar 64) induced complete topkill in
(Union Carbide) ,only 7% of the sugar maple study plants.
Weedone 170 2,4-D 30 57 Krenite and Ethephon were also very ineffective.
(Union Carbide) 2,4-DP 31
Weedar 64 2,4-D 47 30
(Union Carbide)
Ethephon Ethylene 4 95
(Union Carbide)
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Controlof Oak SpeciesTable 2.--Percentageof plantsshowingtopkill
(1984and 1985)and whole-plantmortality
(1986)of sugarmaplemist blownwith Although the primary objective of this
elevenherbicidesin May/Juneof 1984. study was to evaluate the effectiveness of

herbicides in controlling sugar maple, oak

Topkill Mortality species were also includedfor testing. Most
Herbicide 1984 1985 1986 herbicides proved to be more effective in

their capacityto topkilloak than sugarmaple,
Percent..... but oak appeared to be the more prolific

Roundup 47 36 _I-- sprouter, although this was not tested sta-
Banvel720 67 27 38c tistically. One growingseasonafter herbicide
Krenite 7 24 29cd application,four treatments had resulted in
Tordon101M 98 100 100a topkillin more than 82% of the oak study plants
Garlon3A 80 42 40c (Table 3). Banvel 720 and Garlon 4 gave 89%
Garlon4 76 40 60b control,Krenite84% and Tordon 101M 82%. The
Weedone2,4-DP 9 11 16d ester formulations of 2,4-D/2,4-DP provided
WeedoneLV-4 44 20 22d intermediatecontrol, with Weedone 2,4-DP and
Weedone170 13 16 18d Weedone 170 inducing78% and Weedone LV-4 67%
Weedar64 7 7 7de complete defoliation. Garlon 3A and Roundup

Ethephon 2 4 9de provided 73 and 64% topkill, respectively.
Control 0 0 Oe Weedar 64 and Ethephon provided poor control.

Table 3.--Percentageof plantsshowingtopkill
1Meanswithcommonlettersare not signif- (1984and 1985)and whole-plantmortality
icantlydifferentat P<O.05. (1986)of oak (allspecies)mist blown

withelevenherbicidesin May/Juneof
1984.

The resistance of sugar maple to most

foliar-appliedherbicides became even more Topkill Mortality
evident in 1985 (Table2). Most plantsshowed Herbicide 1984 i985 1986
a reducedeffectfrom the herbicidetwo growing

seasonsafterapplication. Only one herbicide, Percent-..... I
Tordon 101 M, continuedto provide good con- Roundup 64 58 38bc
trol, inducingor maintainingtopkill in all Banvel720 89 47 58abc
sugar maple plants. Only two other herbicides Krenite 84 69 67ab
(Garlon3A and Garlon4) providedat least40% Tordon101M 82 62 71a
control. All other treatmentsprovedmuch less Garlon3A 73 47 53bc
effectiveby the secondyear after application. Garlon4 89 64 69ab

Weedone2,4-DP 78 40 45bc
Mortality percentages three growing WeedoneLV-4 67 44 60abc

, seasons after herbicideapplicationindicated Weedone170 78 42 60abc
that only Tordon 101 M provided 100% control Weedar64 36 20 22cd
(100% mortality) and was significantlymore Ethephon 11 4 11de

'. effective than all other herbicides tested. Control 0 0 Oe
Most other herbicidesyielded results similar

. to those reported in 1985,with the exception
of Banvel 720 and Garlon 4. Applicationof
both these herbicides resulted in improved 1Meanswithcommon lettersare not signif-
control, although it was inadequate for a icantlydifferentat PS 0.05.
silviculturalprescription. Garlon 4 yielded

the second highest level of control at 60% Datacollectedin 1985 revealeda reduction
mortality, in effectivenessin every oak treatment,indi-

Basal sprouting,for the most part, was cating that sprouting within the crowns was
not a problem in sugar maple. Most sprouts occurring. Only three treatments (Krenite
observed in 1985 (two growing seasons after [69%], Garlon 4 [64%] and Tordon 101 M [62%])
application)had died by 1986. The two form- provided over 60% total defoliationin 1985.
ulations of triclopyr (Garlon 3A [salt] and
Garlon4 [ester])allowedthe most sprouting-- As with sugar maple, changes in oak re-
31% in 1985 and 19% in 1986. Kreniteinduced sponsedata from 1984to 1985 were much greater
basal sproutingin 22% of the maple,while the than between1985 and 1986, indicatingthat the
remainingeightherbicidesyieldedsproutingof effects of the herbicideswere stablizingand
11% or less. suggesting that first-yeardata in herbicide

studies on woody vegetation may not be very
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meaningful. In 1986, only Tordon 101Mwas found 74% control after applying Garlon 4 to red •
to result in mortality in excess of 70% (Table maple. Lichy (1978) reported from 44 to 100%
3). However, Garlon 4 and Krenite yielded 69 control. In contrast to results for Garlon 4,
and 67%mortality, respectively, a significant reduction to only 40% mortality

was observed in our work with the salt formu-
Basal sprouting was more prominent in oak lation (Garlon 3A). However, between 65 and

than in sugar maple. In 1985, two treatments 90% defoliation and 100% mortality have been
(Banvel 720 and Weedone 2,4-DP) resulted in reported by Lichy (1978) when Garlon 3A was
basal sprouting in excess of 50%; two in over applied to red maple. Perala (1980) reported
40% (Weedone LV-4 and Weedone170); two in over only 20% topkill of sugar maple with one-half
30% (Garlon 3A and Weedar 64) and over 20% of of the trees sprouting at the base. In view
Garlon 4 and Krenite-treated plants sprouted, of the differences observed between our study
Basal sprouting in 1986 was reduced for every and Lichy's, sugar maple may be more resistant
herbicide except Roundup -- plants in four to the triclopyrsalt than red and some other
treatmentssprouted in excess of 30% (Banvel maple species.
720,Weedone2,4-DP,Roundupand Garlon3A) and
four induced between 20 and 30% plants with The phenoxy compoundscomposed of 2,4-D,
basalsprouts(Garlon4, Weedone170,Weedar64 and 2,4-DP alone and in combinationwere the
and WeedoneLV-4). least effective herbicides tested and hence

cannotbe recommendedfor herbicidalcontrolof

The effectivenessof all herbicides on sugar maple. Maple has also been shown to be
sugarmaple,with the exceptionof Tordon101M resistantto these compoundsin other studies.

(100% mortality),_as significantly related Stewart (1974) reported only 30% topkill of
to tree diameter(r = 0.13 to 0.59). Signif- vine maple one year after application of
leant regressionslope coefficientsindicated 2,4-D/2,4-DPin a water carrier and no mot-
that largerdiametertrees were more difficult tality after three years. When using diesel
to defoliateand, subsequently,harderto kill. fuel as a carrier, control was only slightly
Only three herbicide treatments, however, better. Lichy (1978) reported 50% topkillof
showed significant correlations_etween di- red maple after misting 2,4-D (ester)and only
ameter and defoliationin oak (r_ - 0.09 to 10% with the salt formulation. Between five
0.35). Defoliationwith Roundupand the two and 58% topkillwas reportedby Coble et al.
triclopyrherbicides(Garlon3A and Garlon 4) (1969)for red maple when the ester formu-T'atTon
was significantlydecreased as diameter in- of 2,4-Dwas applied.
creased.

Timing of herbicide application is ex-
tremely important. Most herbicidesshouldbe

DISCUSSIONAND CONCLUSIONS appliedwhen the plantsare activelygrowingto
be effective,and this criterionwas generally

The amine salt formulationsof plcloram met in our study. One herbicideused, however,
combinedwith 2,4-D (Tordon101M), appliedat was designed to be applied in late summer and
a rate of 757 ml/gallonwater by a backpack early fall. This compound, Krenite, is a
mist blower, proved to be the most effective contact herbicide and prevents bud and shoot
treatmentfor controllingsugarmaple. These development the following spring. The poor
results are consistentwith those reported in control of sugar maple with Krenite in this
the literature. Coble et al. (1969)found high study (29%)may have, in part,been a resultof
percentagesof red map_t-6"pkillwhen applying the early spring application. Inconsistent
picloram in a similar manner. Seventy four resultshave been reported,however,when using
percent topkillwas achievedat a 0.5 Ib aehg Kreniteto controlstriped and red maple, even
rate while 1.0 and 2.0 Ib aehg both produced with proper fall application (Sprague and
100% topkill with no sprouting two growing McCormack,1981).
seasons after application. Schwartzbeckand
Wiltse (1964) in theirwork with sugar and red Roundup and Banvel 720 both proved in-
maple, also reported 98-100% control when effective for controllingsugar maple. Et-
applyingpicloramalone and in combinationwith hephoh, included to determineits effect as a
four rates of 2,4-D. Nine percentof the maple defoliator,was also ineffective.
sprouted at the base at the highest rate of
application(0.7 Ib picloramplus 2.0 Ib 2,4-D Oak speciesemployedin thisstudy,for the
aehg), most part, existed beneath the dense shade of

the sugar maple understory,a conditionwhich
The two triclopyr-basedherbicidesproved may have influencedthe vigor and consequently

to be marginallyeffectivein controllingsugar the resultsof this study. The basal diameters
maple, with Garlon 4 being the second most (bdh) of the oak were quite small, averaging
effective chemical. Sixty percent mortality only 14 mm (0.6").
was realizedthree years after applicationof
the ester formulationof triclopyr in this Mortalityand basal sproutingamong treated
study. Haywood (1980)reported63% mortality oak trees were generallyhigher than for sugar
and McCormack et al. (1981) reported 64 to maple. Tordon 101 M, the most effectiveherb-
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_ icide on sugar maple,was also responsiblefor Pallardy, S.G., T.A. Nigh and H.E. Garrett.
_ ..... the greatestoak mortality. However,it was not 1988. Changes in forest composition in

significantlymore effective than Garlon 4, central Missouri:1968-1982. Amer. Mid].
Krenite,WeedoneLV-4,Weedone170 or Banvel720 Natur.(in press).
(Table3). Pera]a, D.A. 1980. A provisionalassessment

of triclopyr herbicide for use in Lake
.... While, in genera],a negativecorrelation States' forestry. USDA For. Ser. Res.
i! was found between diameter and herbicideef- PaperNC-180. 7p.

fectiveness,Tordon 101 M was found to be Schlesinger, R.C. 1976. Hard maples in-
equally effectiveon largeland small diameter creasing in upland hardwood stands, pp.
sugar maple plants. Trees up to 96 mm (3.8") 177-185in: J.S. Fralish,G.T. Weaver and
dbh were killedby foliarapplicationof Tordon. R.C. Schlesinger (eds.) Proc. First

..... Perala(1980)demonstratedsimilarresults. In Central Hardwood Conf. Southern Illinois
a study of Tordon 101 M applied at a rate of University,Carbonda]e,Illinois.
2.5 ]b ae/ac,73% topkil]of sugar maple up to Schwartzbeck,R.A. and M.G. Wiltse. 1964. A
3.8" dbh with only 4% basal sproutingwas new herbicide, 4-amino-3,5,6-trichlor-
reported, opicolinicacid, for brush control in the

northeastern United States. Northeast
In view of the increasingprominenceof States Weed Control Conference Proc.

sugarmaple in Missourioak-hickoryforestsand 18:414-421.
relatedfuturemanagementproblems,somemethod Sprague, E.B. and M.L. McCormack, Jr. 1981.
_tocontrolsugarmaple is desirable. Our study Fosamine, hexazinone and oxyflurofen
demonstratesthat of 11 chemicalstested,only effects on forest vegetation. Proc.
Tordon 101M,inducedsufficientmortalityto be NortheastWeed Science Society35:235-236.
recommendedfor foliarapplication. Further- Stewart, R.E. 1974. Foliage sprays for site
more, it is noted that in herbicidetrials_6f preparationand release from Six Coastal
this nature,a minimum of two, and preferably Species. USDA For. Serv. Res Paper PNW
three, years are desirableto secure reliable 172. 18 p.
data.
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DIRECT CONTROL OF INSECT DEFOLIATION IN OAK STANDS IS i
I

ECONOMICALLY FEASIBLE Ray INR.PREVENTINGHicks,jr.TIMBER VALUE LOSS !!Ii

2

Samuel M. Brock

Abstract.--We useddata from 106 defoliated

forest stands in West Virginia to establish the

quantity of timber (board feet) that was lost due
to mortality. Mortality was highest in stands
with a large component of 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 repeated on either a 5-

year or a 10-year cycle. We applied the benefit-
cost analysis to 5 hypothetical cases, ranging from

pure oak stands to stands with no oak component.
For each case, timber value was determined using

West Virginia (higher) and Maryland (lower) stumpage

figures. Only in a case which had no oak was the
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
of a forest manager, except where oak is absent
from the stands, spraying can generally be justified.

Paper presented at the Seventh INTRODUCTION

Central Hardwood Forest Conference,
Carbondale Iii. March 5-8, 1989. The commercial forests of the' southern Appalachians are facing the

1published with approval of the advancing front of gypsy moth L_mantria

Director of the West Virginia Agricultural dispa[ L.. To avoid excessive losses
and Forestry Experiment Station as due to defoliation, landowners must make

Scientific Article _ . This research some important decisions. Basically, the

was supported with funds appropriated landowner has three options: do nothing,
under USDA Forest Service Northeast harvest the timber, or implement a control
Forest Experiment Station Cooperative strategy to prevent or at least minimize

Agreement #23-248. loss.

2 With the "do nothing" strategy land-
Hicks and Brock are Professors,

Division of Forestry, West Virginia owners accept the risks in the hope that

University, Morgantown, WV and Riddle is their stands will not be defoliated or

Forestry Technician, Forest Pest. Mgt. that the defoliation is not severe enough

Morgantown, USDA Forest Service, State to cause widespread mortality. Where
and Private Forestry, Morgantown West timber is mature and there is an existingmarket, harvesting is an obvious solution.
Virginia.
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The final option is to implement some was not a limiting factor to growth.

! control strategy to prevent as much defo- The sites were relatively undisturbed.
liation and damage as possible. Several Resistant stands were usually well
different methods have been used over the stocked and contained a diversity of

years to attempt to control the gypsy moth. tree species. This species mixture may
These include male moth trapping, sterile even include some which are highly pre-
male release, the introduction of para- ferred by the gypsy moth. The trees on

sites and disease, silvicultural control, the resistant sites were relatively fast
and the application of chemical pesticides, growing and provided very few favorable

_i structual features. The leaf litter in

ii The aerial application of chemical resistant stands was usually deep, thusinsecticides, specifically Dimilin, has providing habitat for gypsy moth pre-
provided some of the best results in ators. The understory species which were

controlling the gypsy moth (Nichols 1982) found to be prevalent in resistant stands

and was used in the analysis for this include mapleleaf viburnum, woodland
project, ferns, and wild sarsaparilla. Houston

(1979), Houston and Valentine (1979),

This study uses mortality rates and Houston (1983) reported findings
observed following insect defoliation in similar to those of Bess et.al. (1947).
eastern West Virginia and western Mary-

land. Using economic analysis and given In contrast to susceptibility, vul-
the expected mortality, we determined nerability refers to whether or not trees

which stands we can afford to spray and will die as a result of defoliation.
retain profitability. Susceptibility and vulnerability are

somewhat independent of one another.
HOST SUSCEPTIBILITY AND VULNERABILITY Houston (1983) reported that stands which

were more susceptible were often less

The susceptibility of a forest stand vulnerable because they were constantly

can be described as the probability that stressed by the environment in which they
it will experience defoliation. It has grow and were acclimated to such condi-
been shown that a stand's susceptibility tions.

to defoliation depends largely on the

species composition and the site and The amount of mortality that occurs
stand conditions such as aspect, slope after defoliation is related to such

position, and soil condition (McManus factors as the intensity of defoliation,
1980). the number of defoliations, the trees'

condition before defoliation, the site

Moser (1915) found that susceptibil- and stand conditions such as aspect,

ity was also affected by the stage of slope percent, slope position, and
growth of the insect larvae. Some tree environmental factors such as drought

species were fed upon by all larval in- and late spring frosts before and after
stars while others were preferentially defoliation (Mason et. al. (1987).

eaten by certain instars.
Hicks and Fosbroke (1987), working

Bess et al (1947) reported that the in the Appalachian Plateau region of

most susceptible stands in the northeast Pennsylvania, found that trees which were

were those which grow on typically dry most vulnerable to mortality were oaks
sites such as rocky ridges or deep sands. (especially white oaks), growing on

These highly susceptible stands have steeper slopes, southwesterly aspects,
often been disturbed in some way. These and on sites with a higher site index.
disturbances include fire, ice, snow, or
wind. The trees on these sites are often In the Pocono Mountain Region of

poorly formed, slow growing oaks which Pennsylvania, Gansner and Herrick (1984)
have structural features favorable to found that oaks (especially white oaks),

ovaposition by the gypsy moth. Structual with poor crowns and low vigor, on poor
features include deep bark fissures, bark growing sites and on westerly aspects

flaps, and holes or wounds. Bess and were more likely to die.
coworkers also found susceptible stands

to be open in nature and hosting under- Working in Pike and Monroe counties

story plants such as blueberry, huckle- PA, Herrick et. al. (1979) found that
berry, bracken fern, sweetfern, grasses, stands that were more vulnerable to

and sedges. Leaf litter in susceptible mortality were those in which the trees
stands was shallow and exposed rocks and had poor crowns, were growing at higher

ledges were common. The forests in the elevations, had a greater distribution of
northeast which were least likely to be grees ii inches DBH or less, were composed
defoliated were those that grow on well of largely preferred species such as oaks,

drained, loamy soils where soil moisture and were located on lower slope positions.
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PHYSIOLOGICAL EFFECTS OF DEFOLIATION ON benefits of some control strategy has

TREES been presented by Gansner and Herrick
(1987). Measurements were taken on plots

Defoliation of a tree by insects in central Pennsylvania from 1978 to 1985.
causes the tree to be stressed. If the The percent loss in timber value and

defoliation stress is severe or if it is compound rate of change in value for all
coupled with other stresses the tree susceptible trees were calculated. The

becomes predisposed to attack by second- dollar values represented the standing

ary organisms. These secondary agents trees' net value in the production of 4/4
further stress the tree and often ulti- inch lumber and/or pulpwood, allowing for
mately cause death, the cost of conversion.

Wargo (1978) reported that the

degree to which a tree is affected by METHODS
defoliation depends on several factors:

the percentage of foliage eaten; how STUDY AREAS
many successive years the tree was

defoliated; what time of year the tree The data for this research were

was defoliated; the weather conditions collected from two different study areas,

after defoliation; if secondary agents Sleepy Creek Public Hunting and Fishing
attacked the tree; and vigor of the area in the eastern panhandle of West

tree before defoliation (Graham 1963, Virginia and Green Ridge State Forest in

Acciavatti 1982). western Maryland (fig. I).

The percentage of foliage which is Sleepy Creek Public Hunting and
eaten by any defoliator is very important Fishing area, which is maintained by the

in determining whether or not the tree West Virginia Division of Wildlife, is
can recover from defoliation. In any located on the Morgan-Berkeley county

case, we can assign a probability of line in West Virginia and is about 6

mortality to trees or stands and that miles southeast of Berkeley Springs and
probability is associated with the ll miles west of Martinsburg. It is
susceptibility, vulnerability and like- comprised of 23,000 acres of mountainous

lihood of epidemic-level insect popula- and rolling terrain consisting of mostly

tions, pine-oak and oak-hickory forest types.
Sleepy Creek contains two mountains;

ECONOMIC ANALYSIS Sleepy Creek Mountain and Third Hill,
which range in elevation from 880 to

With an insect such as gypsy moth 2,172 feet above sea level. The soils

which is invading the southern Appalachian are shallow, shaley to stony foams with
region, imminence of defoliation can be low moisture levels.

forecast using available survey and
detection. Therefore, an effective method From 1981 to 1983 various areas of

to determine if control is economically West Virginia's eastern panhandle received

feasible is important to the forest land- heavy defoliation. The looper complex
owner, which defoliated the areas in the eastern

panhandle consisted mainly of Phigalia
Canham (1986) presented a break- titea (Cramer). Other species which were

even benefit cost analysis used to make involved included P. strigateria (Minot),
sound forestry decisions. Future costs Erranis t iliaria (Harris), and Alsophilia
and revenues are discounted at a given pometaria (Harris) (Butler 1985). Loopers

interest rate to a present value. This have similar host preference and feeding
value represents the minimum benefit re- season as gypsy moth, therefore we felt

quired for a control project to at least the looper data were applicable to gypsy
break even. We utilized a procedure of moth.

this type in our study.
FIELD PROCEDURES

McCay and White (1973) conducted a
similar study in which they calculated Field data was collected from 141

immediate losses and estimated future one-tenth acre plots. The plots were

sawtimber losses from gypsy moth defoli- separated into those areas which according
ation on a per acre basis. The future to reports had received i, 2, or 3 years

losses were discounted back to present defoliation (106 plots) and control plots
values. The present value of the losses which received no defoliation (Crow 1985).
represents the amount of money the land- Tree data which were collected on each

owner could afford to pay for forest plot included: tree number, azimuth from

protection, north, distance from plot center, species,

dbh, crown vigor estimate, tree grade
Another method for estimating the (trees 9.6 inches DBH and greater),
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Figure l.--Location of study sites.

crown class, merchantable height (to a ratios are shown in Table 1,

4 inch top), and total height, Plot data
which were collected included: plot number, The average volume per acre for

date, number of years defoliated, aspect, each species was multiplied by the

slope percentage, slope position, and an mortality ratio for that species to
estimation of the percentage of exposed calculate a volume loss per acre for
rock (Crow 1985). the species. Stumpage values received

from the West Virginia Department of

Merchantable volume in board feet Agriculture and the Maryland Forest
was calculated for each tree with a Service for the areas in which the re-

diameter breast height (dbh) of at least search plots were located were then

10 inches and a tree grade of i, 2, or 3. applied to the volume losses for each
species to derive a per acre value loss

Because original heights were taken for each species. These loss values for
to a 4 inch top, Wiant and Yandle's (1984) each species were then summed to develop

taper system formula for predicting tree a total value loss per acre.
merchantable height, given an 8-inch
diameter limit, was used. This total loss per acre is con-

sidered to be a benefit assuming that

The tree's dbh and the calculated the landowner would spray and consequen-

merchantable height was then used in fly the mortality loss would not occur.

volume equations produced by Wiant (1986) Other losses such as growth loss,
to predict the board foot volume for each aesthetic value loss_ and recreational

tree. The equation for predicting Inter- losses which could be incorporated into
national 1/4 inch volume (form class 78) the benefit category if the gypsy moth

was used in this analysis, was controlled by spray were not accounted
for because of the difficulty in assessing

The volumes were then separated into an accurate value loss for each of these

live and dead categories for each species, variables. Conversely, value loss was
The total volume, live volume, and dead not adjusted for salvage value, presuming

volume for each species were accumulated mortality occurred. Also stand opera-

for each plot. bility for logging was not taken into
consideration.

ECONOMIC ANALYSIS PROCEDURES
Several assumptions were made to

Mortality ratios were developed by complete the economic analysis. The

dividing the total dead volume for each first assumption was that the stand age

species by the total volume (live and is 60 years which is a reasonable average
dead) for that species. For example, if for many stands in the region. The

red oak dead volume was 30 board feet second assumption was that the rotation
and total red oak volume was i00 board age is 80 years. The 80 year rotation

feet then the mortality ratio would be age was derived using Schnur's yield
30/100 X 100 or 30%. This was done for tables for upland oaks (Schnur 1937) to

each of the species or species group, calculate the rotation age at which mean

The per acre volumes and the mortality annual increment was maximum. The final
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Table l.--Dead and total volumes with mortality ratios for each

species for the 106 defoliated plots.
Total Total Dead Bdft Total Bdft Percent

Species Dead Bdft Bdft Per Acre Per Acre Mortalit_

Red Oak 6391 19588 6D3 1848 33%
Misc Oak 4197 40284 396 3800 10%

White Oak 1742 17671 164 1667 10%
Chestnut

Oak 18897 32460 178 3062 58%

Hickory 4455 6478 420 611 69%
Other 357 6599 34 623 5%
Total 36040 ]23081 3400 11611 29%

assumptions were that landowners will need and would derive lower benefits from

to spray every 5 years or every i0 years spraying. The average volume per
until harvest, acre of ii 6 MBF/acre from the 106

research plots was used and the three

After the value per acre loss or species groups were broken up to represent

benefit was calculated for a stand, the different proportions to the total volume.
cost of control was then calculated. Actual mortality ratios to predict the

Periodic spray costs which would occur in volume losses for each species were also
the future were discounted back to present taken from the values calculated for the

values using 6 percent as the rate of 106 research plots.

return. The species composition for each of

Benefits were then compared to costs; the hypothetical stands

if the benefits were greater than costs,

the implication is that the landowner Percent of Volume
could afford to spray. The benefit-cost ....Case Case Case Case C_se

analysis was calculated until a spray cost Spe=ies i 2 3 4 5
was found that made benefits and costs

essentially equal. The point at which Red Oak 70 33 0 0 0
the benefits and costs are equal can be Chestnut Oak 30 33 70 30 0
considered the break-even point. Other 0 33 30 70 i00

The benefit-cost analysis was con- Benefit-cost analyses were conducted

ducted on the actual losses by species for each of the hypothetical cases to find

groups that were experienced on the 106 the break-even spray cost. Each of the
defoliated research plots in West Virgin- cases was analyzed using West Virginia and

ia and Maryland. Stumpage values from Maryland stumpage values and five and ten

West Virginia and Maryland were used to year spray intervals. The future costs
see how s tumpage prices affect the break- were discounted to present values using a

even point. Maryland stumpage values were 6% interest rate. Stand age was assumed

considerably lower than West Virginia to be 60 years and rotation age was as-

stumpage values because of the lower sumed to be 80 years,
timber quality, lack of available markets,
and the amount of salvaged timber which

RESULTS
was being cut.

Five hypothetical cases were then Because losses were so great on the
constructed to see how stand composition 106 research plots, a landowner could

would affect the break,even point. Three afford to spray in any of the senarios

species groups were used for the hypothet- using actual losses from our stands
ical stand analysis. These were red oak, (Tables 2,3). Actual spray costs ranged
chestnut oak, and other, the later in- from $2 per acre using fixed wing air-

eludes yellow-poplar, red maple, sugar craft to spray tracts that are approxi-

maple, black cherry, black gum etc. Only mately 500 acres or larger in size to $50
three species groups were used in the per acre usiRg helicopters and spraying

hypothetical stands to limit the number less than iO0 acres. However stumpage
of different stand compositions and be- price does have a dramatic effect on the

cause these species would affect the break-even cost as can be seen by comparing
benefits the most. R_d oak and chestnut the present value (PV) of costs column in

Tables 2 & 3.
oak had high mortality ratesso benefits

would be high and the "other" species

group suffered only minor losses The total value loss per acre, andbreak-even spray costs for the hypothetical
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! cases are shown in Table 4. The highest The lowest loss values and subsequent
loss values and break-even spray costs break-even spray costs occur in hypothet-

_i occur in hypothetical cases i, 2, and ical cases 4 and 5. In these two cases

ii!!!3. In these cases the stand volume is the "other" species group makes up 70
made up mostly of one or both of the and i00 percent, respectively, of the

i oak species. The oak species not only total stand volume. This species group

suffer high rates of mortality, but consists of speceis which are less vul-

als0 have the highest stumpage values nerable to mortality and have generally

which adds up to extremely high value lower stumpage values.
losses.

Table 2..Economic Analysis for Actual Losses Using West Virginia

Stumpage Prices.
Value

Loss/Acre WV Stumpage Loss/Acre

Species (B!ft_ ' $/MBF S/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 i0 73

Spray 132 15 55

Present Value of Costs = $ 358

Break Even Cost Analysis - I0 Year Spray Interval

Activity Cost/Acre Year PV of Costs

Spray $ 230 0 $ 230
Spray 230 10 128

Present Value of Costs =$ 358
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ticides to control imminent gypsy moth Canham, H.O. 1986. Break even benefit

defoliation is feasible based on benefits cost model:A useful tool for

and costs, forestry decision making. Novem-
ber Journal of Applied Forestry

The highest benefit values and break- March 1986. p. 14-16o
even spray costs were experienced on those

_ stands which consisted mostly of vulner- Crow, J. 1985. Factors influencing

able, high value species such as red and tree mortality in mixed oak stands

chestnut oak. Stands which consist mainly following spring insect defoliation.
of less vulnerable and lower value species M.S. thesis, West Virginia Univer-

have lower benefit values and lower sity, Morgantowno 128 p_
break-even spray costs.

Gansner, D.A. and O.W. Herrick. 1984.
From this study, landowners might Guides of estimating forest stand

conclude that they could afford to spray losses to gypsy moth. Northern
to protect their forest stands in almost Journal of Applied Forestry i:

any situation. This is probably not p. 21-23.
true. Normal mortality was not consid-

ered when calculating losses in this Gansner, D.A. and O.W. Herrick° 1987o

study. Landowners may also need to con- Estimating the benefits of gypsy
sider the fact that they may not get I00 moth control on timberland.

percent protection from spraying insec- USDA Forest Service Research Note-

ticides. With decreasing effectiveness NE- . 9 p.
of spray, the benefit to cost relation-

ship will become lower and the land- Graham, K. 1963. Concepts of forest

owner can afford less to protect his or entomology. Reinhold Publishing
her forestland. Company. New York, NY.

On the other hand, mortality losses Herrick, W.W., D.A. Gansner, and P.S.
could be underestimated because of Debald. 1979. Predicting stand

factors such as aesthetic, wildlife, and losses from the gypsy moth: an

recreation losses which cannot be application of automatic inter-
measured in dollars and are not accounted action detection (AID). Journal

for in this analysis. Other factors of Forestry 77:91-94.
which will affect the break-even spray

cost are salvage values, growth increase Hicks, R.R., Jr., and D.E. Fosbroke.

of residual trees, and the cost of survey 1987. Stand vulnerability: Can

and detection of insect populations, gypsy moth damage be predicted?
In Proceedings of coping with the

Any landowner who is faced with gypsy moth in the new frontier.

defoliation by the gypsy moth should August 4-6, 1987. Morgantown, WV.
consider all of these factors along p. 73-80.
with their personal management objectives

and the risks involved when conducting a Houston, D.R. 1979o Classifying forest

beneflt-cost analysis to determine the susceptibility to gypsy moth
feasibility of spraying to control defoliation. USDA Agricultural

defoliation. Handbook 542. 23 p.

Houston, D.R., 1983. Characteristics of
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SITE FACTORS AND STAND CONDITIONS ASSOCIATED

WITH OAK DECLINE IN SOUTHERN

UPLAND HARDWOOD FORESTS _/

Dale A. Starkey and Steven W. Oak _/

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. Since the
association of site factors varies with

geographical area, it may be possible to tailor

risk rating systems to specific areas.

INTRODUCTION
l/ Paper presented at the Seventh Central

Hardwoods Forest Conference, Carbondale, Oaks comprise the most important group of
Illinois, March 5-8, 1989. upland hardwood trees in the eastern United

States. They are widely distributed, abundant

_/ Dale A. Starkey and Steven W. Oak are on a variety of sites, have relatively high
Plant Pathologists, USDA-Forest Service, timber values and contribute substantially to
Southern Region, Forest Pest Management, wildlife habitat quality and recreational
Pineville, Louisiana and Asheville, North opportunities. Oak decline is the most
Carolina, respectively, 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
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(Dunbar and Stephens 1975), Florida (Lewis dead trees show little evidence of prior

1981), Massachusetts (Fader et al, 1980), decline, most have declined for 2 to 5 years or
Minnesota (Chapman 1915, Welters and Munson more before succumbing. Because of differences

1980), Mississippi (Lewis 1981), New Jersey in the dynamics of internal water and stored
(Kegg 1971), New York (Long 1914). North food budgets (Kramer and Kozlowski 1960),
Carolina (Beal 1926, Tainter et al. 1984), physiologically mature trees may not be able to

Pennsylvania (Fergus and Ibberson 1956, Staley resume normal growth with the return of good
1965, Nichols 1968, Wargo 1977), Virginia (Beal growing conditions but continue to decline,
1926, Rauschenberger and Ciesla 1966, Skelly while other physiologically less mature trees

1974), West Virginia (Gillespie 1956, Staley recover and rebuild their crowns. Patterns of
1965) and Wisconsin (Haack and Benjamin 1982). decline and mortality may be easy or difficult

to discern in forest stands, depending on the

Oak decline is a complex disease resulting inciting stress factors, site conditions and _

from the interaction of predisposing stress species affected.
factors with disease or insect pests which are

secondary in action (i.e. not normally highly
aggressive or capable of individually causing In the early 1980's, we received many

severe damage or death). Predisposing stress reports which indicated that the southern U.S.

agents for the initiation of decline can be sustained a substantial increase in oak
defoliating insects (Tryon and True 1958, mortality and decline. Inquiries of federal
Nichols 1968, Kegg 1971, Dunbar and Stephens land managers and state foresters were made in

1975), drought (Belch 1927, Bassett et el. 1982, late 1984 concerning the current status of oak
Tryonand True 1958, Rhodes and Tainter 1980, decline in their areas of jurisdiction. Oak
Lewis 1981, MSstretta et el. 1981, Tainter et decline was reported across the south from
al. 1983, Tainter et el. 1984), or late spri-ng Virginia to Arkansas, with concentrations in the

f-_ost (Beal 1926, Belch 1927, Staley 1965, Appalachian and Ozark Mountains (Starkey 1985).
Nichols 1968). Secondary disease and insect Damaged stands reported to us provided a

pests acting in conjunction with stress agents population for evaluation. The main objective
are Armillaria root disease [Armillaria mellea], of this evaluation was to characterize oak
other root disease fungi such as Clitocybe decline sites with regard to species and size

tabescens, Corticium galactinum (Toole 1960, classes affected, the severity of decline and
Filer and McCracken 1969), Ganoderma lucidum mortality, and site and stand factors associated

(Lewis 1981) and Polyporus dryadeus (Fergus with damage. A preliminary report of this
1956), canker fungi such as Hypoxylon spp. evaluation has been published (Starkey and Brown
(Bassett et al. 1982, Lewis 1981) and the 1986).

2-1ined chestnut borer (Agrilus bilineatus;
Belch 1927, Dunbar and Stephens 1976, Cots and

Allen 1980, Lewis 1981). MATERIALS ANDMEfHODS

Thirty-eight sites were chosen for

Trees react to stress of defoliation or evaluation from the population of damaged stands

prolonged drought by converting starch (stored (Starkey 1985). Criteria for selection included
in the roots) to sugar to support continued the absence of recent site disturbances (e.g.,
metabolism. This conversion is recognized by fire, logging, road construction), species

Armillaria mellea (Wargo 1972). This fungus composition predominantly oak, and an area

commonly lives as a saprophyte on stumps and uniform enough to be considered a stand-sized
roots of dead trees in oak stands and can management unit (15-100+ acres). We attempted

successfully colonize living tree root systems to achieve a dispersion of stands across the
under stress. Other non-aggressive root disease region where decline was reported (figure I).

fungi may act similarly. The 2-1ined chestnut Surveyed stand location by state and number
borer preferentially attacks weakened trees were: Virginia (Ii), North Carolina (4), South

(Cots and Allen 1980, Haack and Benjamin 1982). Carolina (3), Georgia (2), Tennessee (5),
The adult oviposits in bark crevices; the larvae Alabama (2), Illinois (2), Missouri (2), and
then bore into the inner bark and create Arkansas (7).

meandering galleries that partially or
completely girdle the tree. Each stand was sampled with 12 BAF 10 prism

plots. Trees 5.5" and larger were tallied and

Root disease and stem girdling impair the classified according to crown position, and

internal water and food relations in the tree crown decline condition class (slight, <I/B

resulting in a progressive dieback of branches dieback; moderate, 1/5 - 2/5; severe, >2/3).
from the upper and outer crown, downward and Stand data recorded were elevation, slope,
inward. Other accompanying symptoms of these aspect, topographic position, soil depth and

injuries may include chlorotic, dwarfed or texture to 24 inches, and site index. The
sparse foliage; development of epicormic sprouts percentage of dominant and codominant trees in
on the main bole and larger branches; premature the various crown decline condition classes was
autumn coloration; marginal leaf scorch; foliage compared for individual species and species

wilt; foliage death; and sudden total tree groups and various site factors using analysis
mortality. Reduced shoot and diameter growth of variance_ Duncan's Multiple Range Test, and
occurs in severely affected trees. While some occasionally chi-square analysis. The sampling
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Table l.--Perc_t of stocking of dominant and codominant trees by species and crown
condition ="

Species .....

Crown All _i

Condition BL0 SC0 NR0 WHO CH0 H Other Species _ !

Healthy 9.5 8.0 8.5 31.4 13.5 23.4 63.5 20.4

Slight 40.5 39.4 52.5 38.6 60.6 47.6 22.9 42.8

Advanced(*) 16.5 2/ 29.7b 28.6b 18.5a 21.3ab 17.0a i0.0 20.2

Dead(**) 33.5a 22.9a 10.4b ll.Sb 4.6b 12.0b 3.6 16.6

TOTAL i00 I00 i00 i00 I00 I00 I00 I00

l/ Species with > I00 observations (> 5% of the stocking).

_/ 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.

42 _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.

Mortallty, however, decreased significantly with
increasing slope class (table 2).

Aspect

45 29 Associations of damage with aspect were
also examined only for plots with a slope

topographic posltion. While no statistically

significant differences existed, overall damage
(advanced decllne plus dead) was greatest in
west to north aspects, least on northeast and

east aspects, and intermediate in southeast to
southwest aspects (figure 2).

36 _ 34
Soll Texture

33

Two broad soll texture categories were

Figure 2.--Average percent of dominant and established because of the small number of
codominant trees in the advanced and dead observations in many individual classes. Stony
crown classes on various aspects, 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.
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i Soil Depth
Among oaks, black (BL0) and scarlet (SCO)

Soll depth classes were also combined into oaks sustained the highest mortality levels (34

two classes, shallow (< 18" deep) and deeper and 23%, respectively), followed by white oak
soils (>18" deep). Results were similar to (WHO), northern red oak (NR0), and chestnut oak

those for soil texture. Shallow soils had (CH0; table i). Among non-oak species,
higher mortality levels than deeper soils (25 hickories (H) were most severely affected (12%
vs. 8%) while converse was true for advanced mortality). Advanced decline was worst in

decline (27 vs. 14%; table 2). Both of these scarlet, northern red (Quercus rubra), and
relationships were highly significant (p = .01). chestnut oaks.

Site Index Age

All the factors previously discussed Evaluated stands were mainly
contribute to site index, the most commonly used sawtimber-slzed with ages ranging from 50 to II0
measure of site productivity. Most individual years. Most were in the 60- to 80-year-old age

factors associated with low site indices (i.e., class (31 of 38 stands). A few poletimber-sized
shallow, stony soils on ridges) had the highest stands of advanced age were encountered. Since
levels of correlation with mortality. This was our sampling did not include a wide range of

also the case when site index of plots was ages, no firm conclusion can be drawn regarding
analyzed (table 2). Mortality was 22% of age and decline. However, we limited our

stocking on low site indices (< 65 ft. at age sampling to known areas of decline and can infer
50) and only 15% on the highest site indices (> that damage is probably more common and severe
75 ft. at age 50). Advanced decline, however, in these older age and larger size classes, We

was higher on productive sites (28%) than on the received no reports of young poletimber-slzed
least productive (18%). Both of these stands being affected.

relationships were significant. Basal Area

Stand Factors
Basal area per acre (all crown classes) of

Species Composition evaluated stands averaged 87 square feet and
varied little among stands (range from about 70

Scarlet oak (Q___.cocclnea) accounted for to II0 square feet). Several statistical
over 20% of all trees on decline sites, followed analyses were performed on plot basal areas

by black oak (Q. velutina; 17%), white oak (Q. versus advanced decline and mortality but no
alba; 15%), and chestnut oak (Q. prinus; 12%). significant relationships were detected. A
Hickories accounted for 7% of the stocking and representative portion of these data is
the remainder was other species, presented in table 4.

Species in the red oak group (AR0) were
much more frequently damaged than those in the Table 4.--Average percent of trees in various
white oak group (AWO; table 3). The percentage crown condition classes and basal area
of healthy red oaks was one-thlrd that of white categories

oaks, while the percentage of dead red oaks was
three times that of white oaks. These Basal Area

differences were highly significant (p = .01). (Sq. Ft. Advanced Dead
Advanced decline differed between the oak groups per Acre)

(similar to mortality) but the difference was
not significant. <70 17l/ 17

70-80 17 17
90-100 13 21

Table _.--Percent of dominant and codominant red 110-120 12 18

and white oak trees in various crown >120 18 19
condition classes

l/ Values in columns are not significantly
Crown Condition Red Oaks White Oaks different.

Healthy 7a_/ 24b Risk Classification
Slight 44a 48a
Advanced 24a 19a The assoclationof site and stand factors

Dead 24a 9b with decline severity can be used to construct a

rudimentary classlfcation for mortality (figure
5). We made no attempt to weight each of the

l/ Significance applies within crown individual site and stand factorsaccording to

condition class. Values followed by different the strength of the association with mortality.
letters are significantly different at the p = However, ofthe factors studied, aspect was not

•05 level according to analysis of variance, 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 !/

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 sa_cimber stand showing signs of
decline, on the kiinonaDistrict of the Mark Twain National
Forest in Missouri. Annual evaluation of 74 overstory trees

and reproduction on 30 1/735 acre plots in the stand shows
that the percentage of dead trees in the overstory has
increased from 36% in 1984 to 62% in 1987 and that tree

species composition in the understory is shifting towards
post oak (_uercus stellataHangenh.) and white oak (uer_
alba L.) with red maple (Acer rubrum L.) and shortleaf pine
(Pinus echlnata Mill.) appearing even though good seed
sources are not readily apparent. No significant increases

in grasses, forbs, or undesirable woody vegetation has
occurred.

KeyNords: forest decline, Mark Twain National Forest, forest
ecology, Quercus coccinea Muenchh., Quercus velutinB Lam.,
quercus stellata Hangenh.,-_ercus alba L., Acer rubrum L.--_- _ ,

Pinus echlnat@Mill.

INTRODUCTION
the loss of resource in the three Ranger District

As early as 1978, large numbers of trees In area, should the decline continue, could be
some scarlet oak stands on the Mark Twain significant to management (Law and Got, 1987).
National Forest began dying (Law and Gott 1987).
A severe drought in 1980 (Decker 1986) Annual precipitation returned to near normal

significantly increased the number of oak during 1981 and 1982 in the area of the decline.
sa_clmber stands exhibiting signs of decline However, a drought of less duration (<4 months)
(Robbins et al. 1980). The area of the Forest occurred in 1983 from June through September, with
reporting the largest number of declining stands two months classified as extreme (Decker 1986).
was a three Ranger District unit with 321,000 Based on aerial reconnaissance in September and
acres of National Forest land located in Carter, the interpretation of color-infrared photography

Oregon, Ripley, and Shannon counties In south flown in August of 1983 that showed increasingareas of stressed oak, a decision was made to
central Missouri. continue a timber salvage sale program started In

A field survey of oak sawtlmber stands there 1981.
in 1982, found that stands where scarlet oak
predominated or occurred in mixtures with black A question remained: If no harvesting were
oak over the age of 60 years_ located on broad done in the declining stands, how many trees with
flat ridges had the highest percentage of dead decline symptoms might recover? Our purpose was
and declining trees (Auerbach 1982). Nlth 70,000 to study the change in health of individual trees
acres of forest type 57 Scarlet Oak and an in the overstory of a declining stand and the
estimated volume of 28 mllllon board feet in development of trees in the understory.
scarlet oak over the age of 60 (USDA-FS 1979),

P_TERIALS AND METHODS

11 Paper presented at the Seventh Central
_ Hardv_od Forest Conference, Carbondale, IL, March Selection of Study Site

5-6, 1989. In the spring of 1984_ a 2g-acre segment of
2/ Silviculturist and Timber Staff Officer,

Mark T_ain National Forest, USDA Forest Service, an 84-acre, 64-year old stand of scarlet oak
Rolla, MID. sawtimber was left uncut. The larger area had
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I

been under consideration for a Research Natural classified as dead _ere trees that had passed
Area designation under a cooperative study from a state of decline to one _here no live )
between the Forest Service's North Central Forest foliage Nas present in mid or late gro_ing season.
Experiment Station and the National Forest's
Eastern Region. The area _s seen as The plots Nere visited in the spring and fall
representative of the Society of American to record the appearance of each tree at the start
Foresters former Forest Type 41 Scarlet Oak and end of the groNing season to see _hat changes
(1957). This type Nas dropped in the 1980 Forest in tree health Mere taking place, All measurements
Cover Types of the United States and Canada by and tree health classifications _ere done by the
the Society. The Scarlet oak type is currently senior author. Earlier observations sho_ed that

referenced as a variant of Type 44 Chestnut Oak some foliage Nould die shortly after reaching full
(SAF 1980). leaf or in the last months of the groNing season

(late August or early September), Visits in the
This study area was selected because 50% of spring and fall _ere made to determine the best

the overstory trees were scarlet oak over the age time of the year to evaluate the full impacts of
of 60 years and the site had not been recently decline.
disturbed by fire or logging. The stand Nas

typical of other declining stands as it already Changes in the number of seedlings and
had 36% of the overstory in dead trees, saplings less than 1.5 inches DBH were recorded

using four circular 1/735 acre plots located
The rapidly deteriorating health of this tNelve feet in cardinal directions from the

saNtimber stand and others nearby, resulted in centers of the 10 factor B.A. plots. A total of
most of the oaks in the area being cut in salvage 30 small plots Nere located. Considerable care
operations by 1984 with the exception of the Nas taken not to step inside the plot radius _hen
reserved undisturbed 29-acre study stand. The recording information. These plots Nere also
study area Nas bordered on three sides by re- measured in spring and fall.
generating stands of oak and oak-pine seedlings/
saplings and on the North side by a forest access
road Nhich separated the study stand from a young RESULTS
pole/sawtlmber stand of mixed oak and shortleaf
pine. Species Composition

The overstory at first measurement in 1984
had 172 trees that Here larger than 1.5 inches

PLOT ESTABLISHMENT DBH. The major species Nas scarlet oak Mith 74
trees representing 43%of the trees in the stand,

Eight 10 factor variable radius plots, two The next species Hith the highest number of trees
chains apart, Nere located in the center of the Nas sassafras Sassafras albidum (Nutt.) Nees. Nith
stand on the flatter section of the ridge so that 50 trees accounting for 29%. Blackgum Nyssa
influences from logging adjacent areas and sylvatica Marsh. Nas represented by 26 trees or
topographic variations could be minimized. The 15% of the total number in the stand. Both
center of each plot was marked and azimuths and sassafras and blackgum trees Nere intermediate or
distances to trees on the plot were recorded. No suppressed. Black oak Quercus veluntina Lam. and
attempt was made to replicate the study or the Nhite oak Quercus alba L. each represented 5% of
plots as the major reason for the study Nas to the overstory. Other dominants included four post
observe and record change in the condition of the oaks Quercus stella NanRenh. and one hickory Car__
individual trees, qlabra (Mill.) SNeet.

All trees 1.5 inches DBH and larger Nere re- The total stand stocking averaged 90 square
corded starting in the summer of 1984. Trees Nere feet of basal area per acre. The overstory Nas
tallied by species Ntth DBH being measured to the predomtnately scarlet and black oak saNtlmber
nearest 1/10 of an inch. Based on the condition sized trees. The calculated number of trees per
of the foliage and branches in the crown, each acre over 1.5 inch DBHNas 172, based on the 74
tree Nee assigned a decline status. A tree _as trees recorded on the 8 plots.
listed as shoNlng "s_ptoms of decline" if there
Nas flagging (brown or red follage)_ leaves Nere There Nere 1594 trees per acre less than 1.5
unusually small and yellowing, foliage Nas inches DBH in the initial measurement of the 30
sparse_ or the tree had one or more bare limbs 1/730 acre plots (see table 1). All of the
above green branches, species present in the overstory Nere represented

in the initial inventory of seedlings. Red maple
The classification of "healthy" Nas given to Acer rubrum k., Nhlch had not been recorded in the

trees Mlth no symptoms of decline, those sho_tng overstory plots, had 49 seedlings per acre. The
signs of recovery by refoliation and improved stems of small blackgum and sassafras were
color in leaves, and wtth no dead branches tn the believed to be too numerous to count. (See table
upper crown above the first green branch. Those 1.)
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62% in 1988. The number of trees classified as By comparing the species composition of the
healthy has remained relatively unchanged, from overstory trees in 1984 Nith the seedling
11% in 1984 to 8% in 1988. In 1986, it appeared inventory of 1988 (Figure 2), it is apparent that
that a recovery might be beginning, but by the the species change is from a scarlet/black oak
fall of 1987, the trees that were apparently type to a future stand _ith a greater mix of
recovering were once again shoNing neN signs of species and one Nith more trees of the Nhite oak
decline. In the spring of 1988, measurements group. Seedlings of post oak, red maple and
shoNed that the conditions had Horsened _ith only shortleaf pine are becoming established even
one tree sho_ing signs of improved health, while though the seed source is sparse or almost non-
eight others showed increasing signs of decline, existent in the immediate area.

As of June 1988, only 24 of the 74 scarlet At this time, almost all of the seedlings are
oaks were alive and all 9 of the black oaks were less than two feet in height Nith only blackgum,
dead. The one hickory and all 50 of the hickory and sassafras having a feH taller
sassafras present in 1984 had also died. Only individuals. Based on an evaluation system for
38% of the original overstory trees were alive at determining the adequacy of oak reproduction to
this spring remeasurement. All of the Nhite and replace the existing stand (Sanders et al 1984), a
post oaks and blackgums were still considered stocking value (SV) for the current regeneration
healthy_ shoNing no symptoms of decline. 0nly one was determined to be 5. To be able to reasonably
of the surviving scarlet oak was considered to be insure that the oaks Nould survive and suc-
in a healthy groNing condition, while the other cessfully compete Nith the many established
23 had symptoms of decline, blackgum and sassafras seedlings, should the

overstory be completely removed_ the size of the
oak seedling would have to increase to where the

DISCUSSION stocking value was at least thirty, SV = 30. Due
to the age and size of the overstory oaks and the

It had been recognized that the trees in the fact that many of them are non dead or dying (and
stand were predisposed to decline by a not resprouting), the contribution from stump
combination of adverse weather events (drought sprouts to the regenerating stand, if the over-
and sno_less severe Ninters) and defoliations story trees were cut at this time_ would be very
(late spring frosts and insect attacks such as small.
the looper complex) and that it Nas the organisms
of secondary action (OSA) such as Armillariella
mella. Vahl., the black shoestring root rot and SI_RY
A__rilus bilineatus i_eber,the two-lined chestnut
borer that attacked the stressed trees and caused The observations made concerning the decline
their death (Sinclair and Hudler 19885 Nargo and subsequent mortality of scarlet and black oak
1977). i_e observed that these two agents were saNtimber trees in a declining stand in this area
very active in the area of the declining stands of the Mark Twain National Forest are very
(LaN and Gott 1987_ Robbins et el 1980). limited. It is recognized that the reliability of

any findings concerning changes in species
composition could be improved through the re-

p plication of the study and the inclusion of a
{ greater variety of forest conditions and
_ locations.

N

T¢ _¢_0 The objective has been met of establishing a
o mm_ continuing record of changes in tree health for an
F _u uncut declining stand representative of common

II situations Nhere all declining trees were beingT_ - harvested. Recovery of older scarlet and blackR !!

{ - oaks non seems very doubtful Nhere they are

)N declining stands on the broad flat ridges of this
P three District area of the Forest.

. This one situation does show that most treesAco B -- that appear to be healthy and vigorous at the on-
R SO SASS B0 BO W0 PO H¢ RM SLP set of a decline may remain in that condition for
E at least a five-year period If no other dis-

TREESPECIES turbance takes place. This study did not com-
pare Nhat happens to apparently healthy trees left
after some harvesting had taken place in a de-

Figure 2.--Changes in species composition in clining stand Nith one where no man-caused
declining Scarlet Oak stand.
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disturbances occur. A study of this nature would Hill, Leslie G. 1949. History of the Missouv
be helpful in making management decisions about Lumber and Mining Company, 1880-190_
future activities in declining stands. University of Missouri_ Columbia, MO. 289

Ph.D. dissertation.
The shift in species composition as shown in

..... the development of tree seedlings in the Law, Jay R. and Jerry D. Gott 1987. Oak Mortalit
understory is not totally surprising. The study in the Missouri Ozarks. Central Hardwoc

area is located in Oak-Pine Breaks (Sandstone) Forest Conference VI-Proceedings_ Knoxvill_
landtype association based on the ecological TN. p. 427-436.
classification system developed on the Mark Twain

(Miller 1981). The stand is on an ecological Liming, Franklin G. 1946. The Range and Distrib_
landtype (ELT) 15 which is characterized by a tion of Shortleaf Pine in Missouri

.... flat landform on a neutral aspect with soils of Technical Paper No. 106, USDA Fore_
sandstone origin such as captina and where the Service, Central States Experiment Statio_
naturally occurring vegetation community is Dry 4.p.
chert forest.

Little, Elbert L., Jr. 1971. Atlas of Unite
In the Dry chert forest community on this States Trees= Volume 1. Conifers an

ELT, the potential natural vegetation would have Important Hardwoods, kCashington,D.C. USD
white oak, shortleaf pine, black and scarlet oak Forest Service, Misc. Pub. No. 1146. p
flowering dogwood_ Cornus florida L_ and Townbush 5-200.
blueberry Vaccinium vacillans Tort. as dominant

plants (Miller 1981). The historic presence of Miller, Mark R. 1981. Ecological Land Classifica
shortleaf pine on the lands in this area has been tion Terrestrial Sub-system - Mark T_ai
well documented in the history of the lumber National Forest, Rolla, MO. USDA Fores
industry in the early days of settlement in Service, Eastern Region. 56 p.
Leslie Hills 1949 dissertation, History of the

Missouri Lumber and Mining Company 1880-1909. Robbins, K., C.F. Croghan, P.A. Rush, and S.A
Thls area has been mapped by Liming as being Munson. 1980. An aerial survey and evalua
where the cover of the shortleaf pine was tion of oak decline in the Mark Twal

_ continuous In his The RanRe of Shortleaf Pine in National Forest, Missouri, 1980. US_
Missouri (1946) and supported by in the U.S.D.A. Forest Serv. Rep., St. Paul, MN 9 p.
- Forest Service publication Atlas of United

States Trees_ Volume 1 (1971). Sinclair, N.A. and G.N. Hudler. 1988. Treq
Declines= From Concepts of Casuality. Jour

Fletcher and McDermott (1957) were able to of Arboriculture 14:29-35.
correlate the occurrence of shortleaf pine with
soils of sandstone origin (Roubidoux Formation), Society of American Foresters. 1967. Fores_

and the fact that it was the soil moisture regime Cover Types of North America. Society oi
that was the most important single factor to American Foresters, klashlngton,D.C. p. 19
influence the relative abundance of pine over
large areas. Steyermark (1940 and 1959) re- Society of American Foresters. 1980. Foresl
cognized oak-plne association as an edaphic Cover Types of the United States and Canada

climax type in the Ozarks. Society of American Foresters, 14ashington_
D.C.p. 41.

The movement of the more drought-hearty

shortleaf pine and white oak back to these upland Steyermark, Julian A. 1940. Studies of th(

Dry chert forests in south central Missouri may Vegetation of Missouri: Natural plan_
actually be a visual sign that the natural forces associations and succession in the Ozarks of

of the ecology of the Ozarks are again at work. Missouri. Publication 485, Vol. IX(5),
Chicago, IL: Field Museum of Natural
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The objectives of our study were to determine method, phosphorus by the vanadomolybdophosphoric
_...... to what extent an observed growth decline in wal- yellow method, and potassium by flame emission.

_ nut trees with a tall rescue understory could be Composite soil samples were collected each fall

reversed, what types of vegetation management from each plot from three randomly located posi-
practices are most effective, and what factors tions at four depths (0-20, 20-40, 40-60, and

are involved in the interference process. 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
MATERIALS AND METHODS emission, and for organic matter content by loss-

on-ignition.

Our study began in 1981 in a walnut planting
.... on a wide floodplain adjacent to Indian Creek in The study was expanded in 1985 and 1986 to

Jackson County, Illinois. The planting was determine what factors wereassoclated with

established in the spring of 1965 with I-0 seed- differences in tree growth. In the spring of

lings at a spacing of 5.7 m by 6.1 m. Annual 1985, point dendrometers were placed on three
mowing between 1973 and 1981 resulted in the trees randomly located within each plot and read

development of a dense, tall fescue (Festuca semi-weekly during the 1985 and 1986 growing
arundinacea Schreb.) sod. During this same seasons. In late June, number of leaves per

/ period, walnut height growth slowed and some of elongating shoot, le_? rachis length, and number
the trees began to show top dieback and epicormic and area of leaflets per leaf were also deter-

_ sprouting along the main bole. In addition, mined on the same material used for the foliar
_ total mortality had increased from less than 2 nutrient analyses. In May, July, and October,

i percent in 1972 to 8 percent in 1981 when the standing biomass from six 0.3- by 0.3-m subplots
ground cover study began, within each plot was harvested at the ground line

and separated into legumes, other forbs, grasses,

The soils are a mixture of Sharon silt loam and detritus to determine oven dry weights. Per-

(a coarse-silty, mixed, acidic, mesic, Typic cent crown defoliation for all trees was visually
Udifluvent) and Bonnie silt loam (a fine-silty, estimated to within 5 percent weekly from August

mixed, acidic, mesic, Typic Fluvaquent). These through September. Two observers independently
_ soils are classified as suitable to questionable estimated the defoliation and then these figures

for growing walnut because of their poor internal were averaged.
drainage (Losche et al. 1980). Some mottling is
present within the 1.5 m deep silty loam topsoil In the spring of 1986, three soil moisture

that overlies a fine gravelly or silty sand tensiometers were placed randomly within each

layer, plot to determine soll moisture deficits at a
depth of 60 cm. Daily readings of soil moisture

Twelve plots of 9 to 15 trees each were iden- deficit below -I0 centibars (field capacity) were
tilled in the summer of 1981. Each plot was summed for each plot to determine cumulative

.... separated by a 3.7-m- or 6.l-m-wide tall rescue stress days from April i0 to October 7. Daily
isolation strip. The plots were stratified rainfall was determined with a recording rain

(blocked) into small, average, and large dbh-slze gauge.
classes. The following four treatments were

assigned randomly within each stratum: (1) Analysis of variance was used to interpret
retain tall fescue sod (check), (2) cultivate results; differences were considered significant

• semi-annually (May and August), (3) cultivate and at the 5 percent level. Because strata were the

seed to a perennial legume, and (4) cultivate replications in this study, the interactions
annually and reseed to an annual legume. Because between strata and ground cover treatments could
the crownvetch (Coronilla varia L.) seeded in not be determined. A split-plot design using

i_i 1981 failed to become established, treatment 3 year as a subplot was used to examine for inter-
was reseeded with sericea lespedeza (Lespedeza actions between year and ground cover treat-

_' cuneata (Dumont) G. Don.) in the spring of 1983. ments. Multiple comparisons were made with
Treatment 4 has been cultivated annually in Duncan's New Multiple Range Test. Average radial

August and reseeded with hairy vetch (Vicia growth increments through the growing season were
vellosa Roth). Because the planting was on a fitted to a polynomial equation to determine
wide floodplain, we did not use a complete Julian dates for I0 and 90 percent of growth
chemical control treatment with pre- and post- completion for each plot (Bocoum 1987). A

emergent herbicides. The plantation was thinned similar procedure was used to determine Julian

_ in 1981 before beginning treatments to avoid dates for 50, 75, and 95 percent defoliation.
possible confounding with intraspecific competl-
tion.

RESULTS AND DISCUSSION

Annual measurements since 1982 include dbh,

total llve tree height and lateral shoot elon- Tree Growth Characteristics

gation. Composite foliage samples were collected
in late June_from each plot by removing leaflets RetalninE the tall rescue sod resulted in

of one mld-shoot leaf from a mld-crown branch on continued tree decline as previously reported by
the south side of each tree. Foliar samples were Schlesinger and Van Sambeek (1986) and subsequent

analyzed for total nitrogen by the KJehldahl mortality as reported here (fig. I). Conversely,
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Figure 1.--Walnut survival in a 17-year-old, Figure 2.--Average height of study trees before
slow-growth planting by ground cover and after ground cover treatments. Treat-
treatment, ments began in the fall of 1981 (year O).

most trees in the semi-annually cultivated and in response to the fall 1981 cultivation when

hairy vetch plots ceased crown dieback and seeded to crownvetch and the spring 1983 cultiva-
developed normal crowns. Trees in the plots tion when seeded to sericea lespedeza.

seeded with a perennial legume showed a mixed
response where tall rescue remained the dominant Walnut dbh growth showed a slightly different

vegetation until 1986 when sericea lespedeza pattern from that of height growth because
became the dominant vegetation, declining trees do not show marked reductions in

stem diameter (fig. 3). Annual dbh growth for

After beginning ground cover treatments, the the check trees averaged only 0.07 cm, which was
check treatment showed net negative height growth less than the 0.12 cm of annual dbh growth that

because each year one or two trees had crown die- occurred for the 5 years preceding the start of

back that was not offset by the small increment ground cover treatments. Annual dbh growth in
of height growth on the other live trees (fig. the semi-annually cultivated, hairy vetch, and

2). Before beginning ground cover treatments, sericea lespedeza plots averaged 0.39, 0.35, and
height growth for all the walnut trees still 0.17 cm, respectively. None of the treatments
alive in 1982 had averaged only 0.07 meters restored annual dbh growth to 0.66 cm, the level

annually for the three preceding years. If all that occurred for the first 10 years following

live trees during this period had been included, plantation establishment (Schlesinger and Van
overall annual height growth would have been Sambeek 1986).

negative and similar to the growth observed in
the check plots after ground cover treatments and Differences in radial growth, determined with

begun, point dendrometers, were found for time of growth
initiation and completion among the dbh strata

Annual height growth improved first in the but not among ground cover treatments (table I).

plots seeded to hairy vetch and next in those Trees in the semi-annually cultivated and hairy
that were cultivated semi-annually (fig. 2). Net vetch plots grew approximately 10 days longer

negative height growth continued for 3 years in than trees with a fescue or serlcea lespedeza
the sericea lespedeza plots where a few trees understory. This difference was not statis-
continued to decline while the majority eventu- ticially different because the error term

ally began to recover. The initial recovery when contains a large stratum x treatment inter-

underplanted with sericea lespedeza was probably action. For the semi-annually cultivated plots,
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tall rescue understory (table 2). Holt and

Voeller (1972) found similar increases during the

....'.... 14- Tollfescue firStfromtallYearfescueafterwalnUtSunderstories.Werechemically released

- Iti
13 ......Cu vote Walnut leaf rachis length for trees in the- semi-annually cultivated and the hairy vetch

- •.....S. lespedez0 was 19 and 17 percent greater, respec-tively, than for trees in the rescue sod plot

12- (table 2). Increased walnut leaf length also was

etch ".-. Haiy "'"o .....r v reported by yon Althen (1985) for trees chem-

= 11 / ically released from a quackgrass sod. In addi-tion to increased leaf length, trees in the
//

c_ _ _/ . semi-annually cultivated and hairy vetch plots

10- ......." averaged 15.7 leaflets per leaf compared to 14.3for trees with a tall rescue or sericea lespedeza

- _.WW .............. - understory. Increased leaf length was accom-

_.__°" .' ......_"_ panied by a 42- to 57-percent increase in total
9 - .__ leaflet area per leaf. The increase in leaflet

.r__ area, along with a greater number of leaves, gave
-- the trees in the treated plots a Bl- to 68-

i ! i I i I i | i I
percent increase in potential photosynthetic area

-3 -I I _ 5 7 on each limb over trees in the check plots. New
growth on trees in the large dbh stratum also had

YEARS AFTER TREATMENTS BEGAN more and longer leaves than trees in the small
dbh stratum (table 2).

Figure 3.--Average stem diameter before and after

ground cover treatments. Treatments began in Seml-annual cultivation and annual reseeding
the fall of 1981 (year 0). 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 rescue or serlcea lespedeza understory. In

annual growth of the trees in the small dbh addition, the foliage for these same treatments
stratum was more than twice (0.30 cm) that of the remained on the trees 6 to 13 days longer than

trees in the average dbh stratum (0.13 cm). for trees with a tall rescue or sericea lespedezaunderstory (table 3)- A similar pattern was

Lateral shoot or limb growth for walnut in observed among dbh strata. The large dbh trees

the seml-annually cultivated and hairy vetch retained their greener foliage for 13 to 15 days
plots was nearly two times that of trees with a longer than the small dbh trees.

Table 1.--Mean dates for initiation and comple- Table 2.--Effect of ground cover treatment and
• tion of walnut radial growth in 1985 and 1986 dbh strata on walnut lateral shoot and leaf

, by ground cover treatments and dbh strata, growth.

_ Date for Date for Lateral Leaves Leaf Leaflet

10% of 90% of Growth shoot per new rachis area per

- Variable growth growth duration Variable length shoot length leaf ,
-days- -cm- -no. - -cm- -cm -

•

" GROUND COVER: GROUND COVER:

Cultivated May 6 a1 July 15 a 70 a Cultivated 11.7 a1 11.2 a 51.2 a 210 ab

Hairy vetch May 3 a July 14 a 72 a Hairy vetch 11,0 a 10.3 ab 30.7 ab 252 a
S. lespedeza May 5 a July 5 a 61 a S. lespedeza 8.0 b 10.2 ab 27.8 b 183 bc
Tall fescue May 5 a July 6 a 62 a Tall rescue 6.6 b 9.6 b 26.2 c 148 c

DBH STRATA: DBH STRATA:
Large May 8 a July 19 a 71 a Large 9.9 a 11.3 a 30.9 a 226 a
Average May 4 b July 12 a 69 a Average 9.2 a 9.9 b 29.1 ab 200 a
Small May 2 b June 28 b 58 b Small 8.8 a 9.8 b 26.9 b 154 b

• 1 Means followed by the same letter within
1 Dates and means followed by the same

letter within groups are not different at the groups are not different at the P > 0.05 level.
' P > 0.05 level.
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Table 3.--Dates for 50, 75, and 95 percent walnut Table 4.--Average oven-dry biomass for grasses,
defoliation by ground cover treatment and dbh legumes, other forbs, and detritus during the ]

1985 and 1986 growing season by ground cover
strata, treatment and season of harvest.

Date for Date for Date for Othe_
5o _ 75 % 95 %

defolla- defolia- defolia- Variable Grasses Le___mes forbs Detritus

Variable tion tion tlon _ _ g/m 2 _ _ _

GROUND COVER:

Cultivated Sept. 7 aI Sept. 18 ab Oct. 1 b GROUND COVER: bl 45 c
Hairy vetch Sept. 9 a Sept. 21 a Oct. 5 a Cultivated 77 26 b 10 a
S. lespedeza Sept. 1 ab Sept. 11 bc Sept. 25 c Hairy vetch 97 b 34 b 4 a 124 b
Tall rescue Aug. 25 b Sept. 8 c Sept. 25 c S. lespedeza 177 a 122 a 40 a 231 a

Tall fescue 224 a 5 b 18 a 193 a

DBH STRATA:

Large Sept. 12 a Sept. 24 a Oct. 7 a SEASON:
Average Aug. 29 b Sept. Ii b Sept. 27 b Spring 164 a 45 ab 15 a 189 a
Small Aug. 28 b Sept. 9 b Sept. 23 c Summer 103 b 54 b 16 a 146 b

Autumn 165 a 61 a 22 a ii0 b

1 Dates followed by the same letter within 1 Means followed by the same letter within
groups are not different at the P > 0.05 level.

groups are not different at the P > 0.05 level.

Site Factors Affecting Tree Growth 2_0 -

Unde=  o= se. - u.11, " T011fescue
cultivated and hairy vetch plots was approxi-

mately half that in the tall fescue plots (table 24_ -

4). Although grasses were the predominant llve - ".....CU[tiv0ted //.[

ground cover in all treatments, tall rescue made ,'."

40 and 51 percent of the grasses in the o_ - S %sneHez0 ':
UPsemi_annuallyonlycultivated and the hairy vetch <>" - ...... • , _ _ .i.-/"

i -

plots, respectively. Witkin the check and the c_ 1600- Hoi_ etch 'sericea lespedeza plots, tall rescue made up 82 09 ..... V /-:

and 78 percent of the grasses, respectively. ,,,°_ . '' "'] ;,-. ,,,-'"

Legume biomass increased rapidly between the 1985 - ;; ,":
/." /and the 1986 growing seasons in t_e sericea

lespedeza plots, averaging 35 g/m du_ing the - v -

second year after seeding and 208 g/m during 8_ - /.:/"
the third year after seeding. The principal

legumes in the cultivated plots were annual hop - I"
--/

clover and invading hairy vetch. Other forbs 4_ - /'-"t"JY
made up a minor component in this planting and .I/_//'_"
showed no differences among treatments or dbh .,_

strata. The average amount of dead and decaying 0

vegetation was highest in the sericea lespedeza ,-.
and the tall rescue plots and lowest in the

semi-annually cultivated plots. "-_ _ -
2z

Differences in cumulative soll moisture o

deficits among ground cover treatments were not _ _ -<
well correlated with the amount of understory b- -

biomass. The cumulative soil moisture deficit _ _[i

for the 18G-day growing season was greatest in _ 20 -

the hairy vetch plot and least in the tall rescue ouJ

plots (fig. 4). Soil moisture was below field n-

capacity for 136, 150, 165, and 143 days in the ft. 0 -

tall rescue, sericea lespedeza, hairy vetch, and MAY JULY $£PT,
semi-annually cultivated plots, respectively. It
rained frequently throughout the growing season

except for one 22-day period during which we
recorded soll moisture tensions of -70 centlbars Figure 4.--Cumulatlve stress days (centibars per
in a dense stand of serlcea lespedeza. The high day) by ground cover treatments and daily

average soll moisture deficits in the hairy vetch precipitation from April 10 to October 7.
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suggest that grass sods must be removed to walnut plantation through weed control and
revitalize slow-growth w _ut plantings, fertilization. Forestry Chronicle 61:71-74.
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THE EFFECT OF ROOT PRUNING TREATMENTS ON

I
RED OAK SEEDLING ROOT GROWTH CAPACITY

Charles J. Barden and Todd W. Bowersox 2

Abstract. -- The study evaluated the influence of

pre-sowlng radicle clipping and lateral root pruning in the
nursery on shoot morphology, root morphology, and root

growth capacity (RGC) of I-0 northern red oak seedlings.
The radicle clipping treatment produced multiple taproots.

No root treatments adversely affected seedling shoot size
when compared to the control treatment. There was a highly
significant interaction (p < .001) between the radicle

clipping and lateral pruning treatments, resulting in a
doubling of RGC (number of new roots) in comparison to

control seedlings. However, either treatment alone resulted

in no significant increases in RGC. The results suggest
that the treatments may be useful in improving northern red
oak seedling field performance.

INTRODUCTION nursery lifting usually severs all roots at a
depth of about 20 cm. The drastic loss of root

The difficulty of regenerating oak stands area from lifting may have a long-term negative

after cutting is not a new problem facing influence on shoot growth.
foresters (Carpenter and Guard 1954). Studies

have documented the need for adequate advance Carpenter and Guard (1954) proposed pre-
oak regeneration to be present before harvest germinating acorns and interrupting the radicle
in order to ensure that oak is a major compo- at the time of sowing to induce a more branched

nent of the next stand (Clark and Watt 1971, root system. More recently, Bonner (1982)

Johnson 1979, Ward 1966). Artificial regenera- reported that spring sowing of pre-germinated

tion via planting of nursery stock has been cherrybark oak (_. falcata vat.
proposed as a solution to the lack of adequate Ell.) and Shumard oak _. shumardli Buck1.)
advance regeneration. However, with a few acorns with damaged radicles resulted in a

notable exceptions (Foster and Farmer 1970, multiple, branched taproot. These seedlings
Wendel 1980), survlval and partlcularly growth were slightly, but not signlficantly smaller
of planted oaks has been poor (Farmer 1981, than seedlings grown from undisturbed spring-
Loftis 1979, McGee and Loftis 1986). sown acorns.

The slow growth and poor survival of We hypothesized that a multiple taproot

planted oaks may in part be due to the root system might result in more root area in the

system attributes of the seedling. The taproot upper soil levels, which would be retained by

of a one year old northern red oak (Quercus the seedling during lifting. Farmer (1975)
rubra L.) seedling may penetrate forest soils observed that most new roots in transplanted

to a depth of 45 cm (Lyford 1980), whereas oaks arise from near the cut surface of the

taproot; thus a seedling with multiple taproots
would have more potential sites for root regen-I

Paper presented at the Seventh Central eration.
Hardwoods Forest Conference, Carbondale, Iii.,

March 5-8, 1989. Root growth capacity (RGC) is the ability
of a seedling to rapidly grow new roots when

2
Graduate Research Assistant, and placed in a controlled environment (Stone 1955).

Professor of Silviculture, respectively, School RGC is measured by pruning the root system to a
of Forest Resources, The Pennsylvania State specified length, removing all new white roots

University, University Park, Pa. 16802. from a seedling, and planting the seedling in a

controlled environment for a set period, usually
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Table i. -- Morphological responses of northern red oak seedlings to root
pruning treatments.

- - - Radicle not ...... Radicle - - -

clipped clipped

Morphological Unpruned Pruned Unpruned Pruned
Measure laterals laterals laterals laterals

(control)

Stem diameter 5.47 b I 5.53 b 5.86 ab 6.12 a

(mm)

Stem height 23.6 a 23.8 a 23.0 a 24.2 a
(cm)

Number of 1.0 b I.I b 4.5 a 4.2 a

taproots

Number of 3.1 ab 3.5 a 2.2 b 2.5 b
coarse laterals

I
Means within a row followed by the same letter do not differ

significantly at the .05 level based on Duncans New Multiple Range Test.

effect of the two treatments on RGC was highly sistent between treatments. For unclipped seed-

significant (p < .001) based on analysis of lings the only other variable significantly
variance, correlated with RGC was the number of coarse

lateral roots.

The correlation coefficients between RGC

and morphology are presented in Table 3 by For seedlings subjected to the radicle treat-
radicle treatment. Among the measured respons- ment, every morphological measure except height
es, leaf area was most strongly correlated with was significantly correlated with either the number

RGC in both radicle clipped and unclipped seed- or length of new roots. Also, stem diameter was

lings. The magnitude of the r-values for the strongly correlated with new root length, whereas
other morphological variables were very incon- the number of taproots was the most strongly corre-

lated variable with new root number.

Table 2.--Flve-week greenhouse growth responses of northern red oak
seedlings, by treatment.

Radicle not ...... Radicle

clipped clipped

Growth Unpruned Pruned Unpruned Pruned
Measure laterals laterals laterals laterals

(control)

Number of new 18.9 bI 23.1 b 24.8 b 39.8 a
roots

Length of new 70.4 b 65.1 b 86.0 b 130.4 a
roots (cm)

Terminal 9.2 b 9.8 b 14.3 a 13.9 a

elongation (cm)

_ Leaf area (cm 2) 307.2 b 317.1 b 374.0 b 447.7 a

I
Means within a row followed by the same letter do not differ significantly

at the .05 level based on Duncans New Multiple Range Test.
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Table 3. Correlation coefficients (r) relating number or length of new

roots (root growth capacity) to selected morphological and growth
measures by radicle treatment (n = 120).

- - - Radicle not Radicle

clipped clipped

Number of Length of Number of Length of
Measure new roots new roots new roots new roots

r

Stem diameter NS I NS .24 **2 .38 ***

Stem height NS NS NS NS

Number of NS NS .27 ** .26 **

taproots

Number of .32 *** .32 *** .21 * NS
coarse laterals

Terminal NS NS NS .20 *

elongation

Leaf area .52 *** .50 *** .58 *** .60 ***

i
NS denotes no significant correlation at the .05 level.

2
Asterisks denote a significant correlation at the .05

level (*), at the .01 level (**), and at the .001 level (***).

DISCUSSION In conclusion, these root pruning treat-
ments hold promise for improving RGC, and

The root pruning treatments resulted in a possibly outplanting performance of bare root

strong interactive effect of radicle clipping northern red oak nursery stock. Currently, we
and lateral root pruning on increasing RGC. have studies in progress to document the outplant-

However, neither root treatment alone had a ing performance of seedlings so treated. Also,
significant effect on RGC. The increase in further nursery trials are being conducted to
height growth and leaf area observed in the investigate the effect of several other root

greenhouse further suggests the possibility of pruning combinations on various seedling attri-
improved seedling field performance by butes.

employing the two root treatments. This study
indicates that large vigorous I-0 northern red

oak nursery stock can be established by spring LITERATURE CITED
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SOIL NITROGEN MINERALIZATION UNDER BLACK WALNUT

INTERPLANTED

WITH AUTUMN-OLIVE OR BLACK ALDER I

Mark W. Paschke, Jeffrey O. Dawson,

and Mark B.David 2

Abstract.-- Seasonal changes in soil nitrogen

(N) mineralization rates were estimated in situ at
two locations in plots of black walnut

interplanted with N2-fixing autumn-olive or black
alder. Soil N mineralization rates were highest

in most plots at both sites in late summer. N
mineralization rates in plots containing

actinorhizal autumn-olive or black alder were

higher throughout the growing season than in pure

walnut plots. It was estimated that plots

containing actinorh_zal__nterplantings produced as
much as 236 kg ha yr of net mineral N in the

upper 20 cm of soil, which is higher than values

previously reported for hardwood forest soils in
North America. Plots containing actinorhizal

ioterplantings produced 118 to 236 kg of net

mineral N per ha per yr in the uppe_120 _ of
soil, compared to only 65 to 90 kg ha yr in

the pure walnut plots. Plots which had high N
mineralization also had the largest walnut trees.

Soils at both sites were acidic (pH 4.1 andl6.5)
and low in extractable P (1.4 and 0.7 mg kg dry

mass). Mineralization of N proceeded through the
nitrification process in all plots at both

plantations throughout the growing season despite

low pH and low extractable P concentrations, which
are generally believed to inhibit nitrification.

INTRODUCTION managers. Fertilization, particularly
with N, is one way of achieving increased

walnut growth (Phares 1973). However, N

Black walnut (_ans nitre L.) is fertilization can be expensive and
one of the more valuable timber species stimulate weed growth. One alternative
of the central hardwood forest region of is to ioterplaot walnut with N2-fixing

North America. Management practices that plants that add N to the soil and help
increase the merchantable yield and control weed competition through shading

quality of black walnut make it am even at the same time.
more attractive tree species for forest

Woody nurse crops which are

associated with Np-fixing actinomycetes

Ipaper presented at the Seventh of the genus Fran_ia have been used to
Central Hardwood Forest Conference, improve the growth of several hardwood

Carbondale, IL, March 6-8, 1989 species (Dawson 1986). Apart from
improving N fertility, additional

2The authors are: Graduate Research benefits of woody nurse crops include:

Asslstant_ Associate Professor, and wind protection; weed control; promotion
Assistant Professor, respectively - of self-pruning, straighter boles, and

Department of Forestry, University of faster height growth in crop trees; and
lllioois at Urbane-Champaign, Urbane, IL an additional source of wood fiber (Burke
61801. and Williams 1973, Melillo and Aber 1979,

Schlesinger and Williams 1984, Van
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Table l.--Location, edaphic characteristics and
precipitation of the two plantation sites.

Site

Ambeer Creek(AC) Hogthief Creek(HC)

County Alexander Hardin

Location Lat.37°14'N,Long.89°19'W Lat.37°30'N,Long.88 ° 17'W

Soil Haymond silt loam, Belknap silt loam,

Typic Udifluvent Aeric Fluvaquent

Soil drainage well drained somewhat poorly drained

Walnut
1

suitability suitable questionable

Mean annual

precipitation 2 I159mm i165mm

Study period 3
precipitation 995mm l146mm

Losche et. al. 1980.
NOAA 1983

NOAA personal communication.

ammonification (net change in NH4+-N) and apparent net loss of NHa-N+
during

nitrification (net change in NO3--N) for incubation of soil cores. +Net loss of
each soil sample during the incubation NH -N is possible when NH, -N pools are4
period, in_tially large at the beginning of an

incubation and nitrification proceeds

Three additional samples were faster than ammonification (Nad_lhoffer

collected in each of the six plots at et al. 1984) or where NH 4 -N is
both sites at the 0-I0 cm and 10-20 cm i'mmmob-_ized in incubated cores. Net NO 3-
depths in the late summer to be analyzed -N yields were generally high throughout
for soil pH, total nitrogen (Bremoer and the growing season in all plots.
Mulvaney 1982), extractable P (01sen and

Sommers 1982, Robarge and Fernandez General seasonal patterns in N
1986), total orgaol¢ carbon (Nelson and mineralization were similar for the sites

Sommers 1982), and bulk density. Soll pH and ioterplantings studied. However, the

was measured using the 0.01 M CaCI 2 total annual amounts of mineral N
method described by Robarge and Fernandez produced at the two sites and in the

(1986)o Walnut survival, diameter at various ioterplantings differed
1.07 m, and total height were determined considerably (table 2). Soils beneath

after the 18th growing season during autumn-olive intecplantings showed the

which N mineralization was measured, highest production of mineral N (138 to

236 kg ha- j|r-_ ) _ollowed by alder (118
to 185 kg _a _r -lj then controls (65 to
90 kg ha -_ yr-_). Values obtained for

RESULTS the total annual production of mineral N
in the controls were consistent with

those reported in similar studies by

Nitrogen mineralization Pastor et al. (1984) and Nadelhoffer e t
al. (1985) for hardwood stands in
Wisconsin. Soils beneath autumn-olive

Seasonal variation in N and alder interplantings, particularly at

mineralization occurred at both sites AC, showed annual N mineralization levels

with most of the peak values in net N that are higher than or at the high end

mineralization occurring in August (fig. of other reported values for forests and

I), NO3--N was the most abundant form of tree plantations in North America (Pastor _
mineral N found in the incubated soil et al. 1984, Nadelhoffer eta]. 1985).

cores. In some cas_s NO 3 -N yield
exceeded net N mineralization due to an
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AMBEER CREEK HOGTHIEF CREEK
2
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T'r ALDER ALDER
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2

_Net N Mineralization o-lo_mI

Net Nitrate-N Yield 0-10cm I
Net N Mineralization 10-20cm I

01 _ _ _;d:_ _ "'_z _' m_'" < _ _ _ _J-'----_NetNitrate-N Yield 10.20cmJ
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-1 T 1 r 1 , .....
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1987 1988 1987 1988

DATE

Figure I. Seasonal patterns of soil NH_-N and NO 3-N
production in the 0-10cm and 10-20cm soil layers in
black walnut plots interplanted with autumn-olive,
black alder, and pure walnut plots at the Ambeer Creek
(AC) and Hogthief Creek (HC) plantations (kg N ha -!
day-l+ 1 SE of the mean)

Table 2.--Total annual production oflmin_ra] N
during the study period (kg ha yr- ) and

percentage of the soil total N pool
mineralized during the 1 year experiment.

Total net %N

NH4+_N -Site loterplanting Depth(cm) NO 3 -N mineralized N Mineralized

AC alder 0-10 -9.25 146.04 136.09 9.8

AC aut.-olive 0-I0 -0.67 178.28 177.62 13.5
AC control 0-I0 -9.41 61.00 51.59 3.3

AC alder 10-20 -2.55 51.21 48.66 4.5

AC aut.-olive 10-20 -10.94 69.45 58.51 5.8
AC control 10-20 -8.63 46.98 38.35 2.7

HC alder 0-I0 -11.05 97.60 86.55 4.7

HC aut.-olive 0-I0 -40.12 139.28 99.17 5.7
HC control 0-I0 -17.13 73.76 56.63 2.9

HC alder 10-20 -13.57 45.22 31.65 2.6

I_ HC aut.-olive 10-20 -9.28 48.61 39.33 3.8L

HC control 10-20 -3.67 12.07 8.40 0.8
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The percentage of the soil total N

pool mineralized during the year in each Soil Phosphorus
plot ranged from 2.9 to 13.5% in the

upper I0 cm and from 0.8 to 5.8% in the

lower I0 cm (Table 2), with the highest Soil extractable _ levels ranged

percentages occurring In autumn-olive from 0.4 to 0.8 mg kg- d_y mass at HC
interplantings (7.2%), followed by alder and from 0.6 to 2.3 mg kg- dry mass at
(5.4%), then controls (2.4%). AC (table 4). Due to the unusually low

values of P found in all p]ots, these
soils would have to be regarded as being

Walnut Growth deficient in available P (Stevenson

1986). Leve]s of P were highest in the

0-I0 cm depth and showed little variation
Black walnut growth in both 18-year- between interplantings, except in the

old plantations was greatest in the autumn-olive interp]aotings at AC where P

autumn-olive interplantings (table 3). levels in the upper i0 cm of soil were

Walnut growth was greater in the alder considerably higher than in the upper i0
interplantiog than in the pure walnut cm of soil in the alder interplantings or
controls at Ambeer Creek (AC), but not at controls.

Hogthief Creek (HC). The differences

between locations in the growth of walnut
ioterplaoted with alder is probably due Organic Carbon and Total Nitrogen

to death of alders at HC as described by
Rietveld et al. (1983). Is general, the

black walnut growth differences that we Soll total organic C leve_s varied
measured at 18 years of age fol]ow the from 13,841 to 21,836 kg ha in t_
same patterns that Schleslnger and upper I0 cm, and from 996 to 1403 kg ha

Williams (1984) reported at age 13 years in the lower I0 cm (table 4). Soil tota_
in these same interplantings. N values ranged from 1317 to 1928 kg ha-

in thel upper I0 cm and from 996 to 1403
kg ha In the 10-20 cm depth. Total N

Soll pH and organic C in the upper I0 cm were

both higher at HC and were lowest in
autumn-olive Interplaotings at both

Soil pH values indicate very sites. Values for total N and organic C

slightly acid to strongly acid soils at in the 10-20 cm depth were more uniform
HC, and very strongly acid soils at AC. for interplantings and sites. C:N ratios

Soils under autumn-olive interplantings were all low, ranging from I0:i to 14:1
were more acidic tha, udder alder or in the upper I0 cm and from 8:1 to II:I

controls at both sites (table 4). in the 10-20 cm layer. C:N ratios were
always higher in the upper I0 cm and

Table 3.--Dimeu_ious 9rid estimated biomass o4
18-year-old black walnut trees i_terplaoted
with alder and autumn-olive at two sites

(plot means, n-2).

Tota] estimated

walnut abov$-grouod
Site Interplantlng dbh(cm) Height(m) Mortality(%) dry biomass" (kg plot -I )

AC alder 14.2 I0.I 9 1219
AC autumn-olive 18.9 11.9 2 2554

AC control 11.7 7.6 73 78

HC alder 13.6 7.3 18 759
HC autumn-olive 19.4 12.8 7 2538
HC control 12.4 7.0 11 742

lbtomass = 5.40056 + 0.02307d2h where d = dbh(cm) and h = height(m). From
Rietveld et al. 1983.
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Table 4. Measured soil properties at the two study
sites. Mean values and (standard errors).

soil extractable total Organic

Inter- depth P -i) N -i C -ISite planting (cm) n pH (mg kg (kg ha ) (kg ha ) C:N

AC AJnus 0-I0 6 4.16(0.021 1.0(0.21 1388(124) 19715(3744) 14

AC Elaeagnus 0-I0 6 3.85(0.101 2.3(.0.5) 1317([23) 13841(10541 Ii
AC none 0-I0 6 4.37(0.05) 1.0(0. I) 1558(207) 16114(11841 I0

AC Alnus 10-20 6 4.19(0.051 0.8(0.11 1074 (65) 9134 (422) 9

AC Elaeagnus 10-20 6 4.19(0.081 1.2(0.11 1005 (45) 9492 (603) 9
AC none 10-20 6 4.47(0.04) 0.6(0.11 1403(170) 11135 (364) 8

HC Alnus 0-I0 6 6.97(0.111 0.8(0.11 1855(181) 20523(1582) 11

HC _ 0-I0 6 5.59(0.43) 0.6(0.11 1727(2881 18268(2606) II
HC none 0-I0 6 6.85(0.171 0.8(0.11 1928(103) 21836(1051) II

HC Alnus 10-20 6 6.69(0.13) 0.5(0.0) 1226 (66) 11307 (420) 9

HC Elaeagnus 10-20 6 5.29(0.29) 0.4(0.1) 1039(119) 9832 (771) 9
HC none 10-20 6 6.21(0.24) 0.4(0.1) 996 (78) 10834 (473) II

showed little variation between sites and to segregate from the effects of improved
treatments (table 4). These soil C:N N fertility (Friedrich add Dawson 1984).

ratios are at the lower end of values

reported in the literature and are in a The id_4_ that forest trees primarilyrange where N mineralization would be take up NH -N, particularly in acidic
favored, soils, has been widely promoted (Keeney

1980) However, it is now known that some
tree species preferentially take up NO -
N. Studies by Kraj ina et a] . (197_),

DISCUSSION Bigg and Daniel (1978), and Van den
Driesche (19781 have shown that some tree

species attain better growth on sites

N mineralization was found to have where a particular form of mineral N

seasonal pulses, indicating that sampling predominates. Our results indicate NO.--N
must be done throughout the year in order is the major form of mineral N avail_ble

to quantify annual mineralization. Other to black walnut interplanted with
researchers using the buried bag actinorhizal N.-fixers and supports the

technique have found similar seasonal emerging view t_at nitrification may be a
variation (Nadelboffer et __al" 1984, more important process in temperate
Pastor et al. 19841. -- Because N forest soils than was previously thought.

mineraliz-_ioo is a microbial reaction,

temperature and moisture are important A review of the literature by
controlling factors. Estimated total Keeney (19801 indicates that many

anDual production of mineral N in soils authorities assumed that the acidity of
beneath these actinorhiza] interplantings most forest soils inhibits autotrophic

was high when compared to similar studies nitrification. Alexander (19771 reported
in hardwood forest stands in the tbat nitrification typically decreased

temperate region of North America (Pastor below pH 6.0 and is negligible below pH
et al. 1984, Nadelhoffer et a]. 1985). 5.0, except where acid adapted strains of

The greater production of mineral N heterotrophic nitrifiers were present.
occurred in plots with the best walnut Our observation of high nitrification

growth, whereas lower production of rates at pH values as low as 3.85
mineral N occurred in plots with poor indicates the presence of acid-tolerant

walnut growth. This indicates a stronger nitrifiers in these plantations.
relationship between walnut growth and N

input into soils than has been previously In addition to pH, P supply is

reported (Friedrich and Dawson 19841. believed to regulate nitrification.
Purchase (19741 and Pastor et a]. (19841

These results indicate that N.-fixation -- --

is probably important in _ncreasing have suggested that P deficiency can

_ walnut growth in these mixed plantings, restrict nitrification in forest

although other benefits to walnut growth plantations. The low soil P
from interplanting such as weed concentrations in late summer at both HC

suppression and sheltering are difficult and AC did not seem to restrict
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nitrification_ The seasonal availability

of P was not determined, therefore, the The component of black walnut growth

relationship between available P and improvement due to increased availability
nitrification could not be determined, of mineral N in the autumn-olive

interplantings will probably decline in

At the AC plantation, Ponder (1980) the future although the benefits of N_

found soil total N levels in autumn-olive fixation and interplanting are likely

interplantings to be higher than in pure extend well beyond the life of the

bla_k walnut plots (3890 vs. 2491 kg autumn-olive. Alder trees not killed by
ha- ) at the 0-20 cm depth. Our study black walnut's allelochemical juglone
found soil total N levels in late summer have growth rates comparable to black

at the 0-20 cm depth at AC to be lowest walnut on these sites and should continue
in tumn-olive interplantings (2322 kg to provide N to the walnut trees°

ha-_ and highest in pure walnut plots However, the benefits of improved N
(2961 kg ha- ). These discrepancies in fertility afforded by alder trees are
soil total N in autumn-olive probably offset to some extent by their

interplantings at AC could be due to competition with walnut for light, water

analytical errors, methodological and nutrients.
differences, or actual changes in the

soil total N pool. Given the percentage In summary, we have shown annual N
of the soil total N pool estimated by us mineralization rates to be high in mixed
to be mineralized in the autumn-olive plantings of black walnut with

interplanting during the year of our actinorhizal plants. Net _3 -N

study, it seems that the latter is true. production far exceeded the yie of
Of the soil total N pool, 7.2% was NH 4 -N, even though soil pH and soil
mineralized in one year in the upper 20cm available P were low. Mineralization

of the autumn-olive interplantings as rates varied seasonally and annual rates

compared to 5.4% in one year for alder were highest in the autumn-olive
and 2.4% for pure walnut in our study, interplantings where the largest walnut

Thus the soil total N pool in the trees also occurred. These results
actinorhizal interplantings may be confirm the importance of N input from

declining faster t_an the soil total N N2_fixing actinorhizal plants in

pool in the control plots - suggesting promoting black walnut growth. They also
that the input of N-rich litter flrom illustrate the complexity of
actinorhizal plants may have a priming relationships of actinorhizal plant

effect on N mineralization. Although development and mortality with soil N
these N mineralization percentages are mineralization.

high, we feel that they are not
unreasonable given the low C:N ratios.
It should also be noted that the N
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1
THE IMPORTANCE OF BELOW GROUND INTERACTIONS FOR HARDWOOD GROWTH

2
Felix Ponder, Jr.

Abstract--Interfering plants can seriously impede

regeneration efforts under some site and forest conditions.
Nutrient release, nutrient accumulation, and microbial

activity may, however, be enhanced depending on the plants,
their associated underground activity, and the

microorganisms involved. Most of the mechanisms by which
the microbiota affects higher plants are yet to be
established.

INTRODUCTION within the tree-root influence but are not
limited to the rhizosphere.

Studies of competition between trees and

unwanted vegetation and among trees themselves
usually involve above ground factors such as Nutrient Availability

light, space, and carbon dioxide and below
ground factors such as water, nutrient elements, The growth benefits afforded non-nitrogen-

and oxygen. Interactions between micro- fixing plants when grown in mixture with
organisms, their substrate, mineral sources, and nitrogen-fixing plants are well documented

plant-produced chemicals are rarely considered. (Ashby and Baker 1968, Funk et al. 1979, Haines
and DeBell 1979). Growth enhancement is attri-

Soil character, including "available" soil buted to reduced grassy competition and cooler

fertility, results from interactions between temperatures (Dawson and Funk 1981, Funk et al.

plant constituents and soil microbiota. The 1979), but mostly to biologically fixed nitrogen
nature and results of these interactions are and the increase of nitrate nitrogen (NO3-N) in

influenced primarily by the availability of the soil (Ike and Stone 1958, Finn 1953, DeBell
nutrient elements to plants and of energy to and Radwan 1979). In a 10-year-old mixed plant-

microorganisms. The supply of these resources, lug of black walnut (JuElan ni_ L.) and autumn

in turn, influences plant productivity, olive (Elaeagnus umbellata Thumb.), only NO3-Nof all measured soil nutrient elements increased

Most of the important below ground activity (Ponder e_._ta_!l.1980).
.... takes place on and around the root system

(rhizosphere activity). The rhizosphere is not Nitrogen nutrition explains only part of
a uniform, well-defined region but a zone with a the better growth of walnut planted in mixtures.

microbial gradient extending from the root In a study of plots that included European alder
surface to soil a centimeter or two surrounding (Alnus glutinosa (L.) Gaertn.) mixed with walnut

the root. Many compounds are both taken up and i_it-_on to plots of autumn olive/walnut and
F released in this region, walnut alone, soil samples were analyzed for

available potassium (K), calcium (Ca), magnesium

The purpose of this paper is to review (ME) , copper (Cu), zinc (Zn), and sodium (Na).

information on competition associated with The amount of Cu and Na did not differ between
nutrient element availability and allelopathy, treatments, but the mean K and Ca concentrations

in soils beneath hardwoods and to suggest areas did. Potassium was highest in soils from autumn
where more research is needed. Data and olive/walnut plots and lowest in walnut alone
discussion in this review center on soil activity plots. At the 60 cm soil depth 0.9 m from the

walnut trees, autumn olive/walnut plots con-

tained nearly twice as much K as European
alder/walnut plots. Calcium was highest in

I Paper presented at the Seventh Central autumn olive/walnut plots; it did not differ
Hardwood Forest Conference. [Southern Illinois between European alder/walnut and walnut alone

University, Carbondale, March 5-8, 1989] plots. Both Mg and Zn were highest in European
alder/walnut plots. The mean concentration of

2 Felix Ponder, Jr., is a Research Soil Mg in autumn olive/walnut plots was intermediate

Scientist, North Central Forest Experiment between plots of European alder�walnut and
Station Columbia, Missouri. walnut alone. Zinc concentrations were similar

' in autumn olive/walnut and walnut alone plots.
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Changes in nutrient concentrations within juglone concentrations as a background, the

the soil of the various treatments cannot be most-probable-number technique was used to deter-

readily explained but are believed to be associ- mine nitrifying bacteria counts. Counts were
ated with microorganisms in the rhizosphere and highest in European alder/walnut plots, followed

on the roots themselves. Particularly important by autumn olive/walnut, and walnut alone plots.
are the mycorrhizae. For example, where ammonium Nitrate nitrogen was found to be highest in+
nitrogen (NH4-N) is the primary source of N, the European alder/walnut plots, followed by autumn
mycorrhizae increase the competitive uptake by olive/walnut, and walnut alone plots. Because

higher plants for NH_-N (Raven et al. 1978). NO3-N levels, which are never static and may not
Mycorrhizae do this by converting _-N to represent mineralization of nitrogen, and juglone
glutamine, which moves from the mycorrhizal fungi concentration were both highest in European alder

to the plant for uptake. The hydrogen ion (H+) plots juglone was not inhibiting nitrification.

produced by the asslmllatlon of the NH4-N is But why the higher counts of nitrifying bacteria
• _ ° '

excreted by the fungus to obtaln more NH4-N in in both types of mixed plots?
competition with other microorganisms. The

excreted H+ may produce pH changes that may The dominant vegetation in walnut plots
further affect nutrient availability, without alder or autumn olive was broomsedge

(Andropogon virginicus L.). European alder/walnut
Thus it may be concluded that part of the plots were undergoing vegetational change due to

explanation for the modified growth of black the decline and death of European alder; autumn

walnut or other trees in mixtures compared with olive/walnut plots were developing a forest-like
pure stands is to be found in the interactions understory. Lodhi (1978) reported that the
between roots, other organic substrates, inverte- number of Nitrosomonas and Nitrobacter showed a

brates, and microorganisms in the soil and litter, direct relationship with amounts of nitrate

This in no way diminishes the importance of nitrogen. Nitrosomonas and Nitrobacter increased
symbiotically fixed nitrogen in mixed culture, by 18 and 34 times, respectively, after a forest

clearcut in Connecticut (Smith et al. 1968). It

The roots of some plants have adaptive appears that the differences in the amount of

mechanisms for taking up nutrients in short available substrate that can be utilized by the
supply (Atwill 1986). Mulette et al. (1974) bacteria account for the differences in the number

showed that eucalyptus (Eucalyptus gummifera of bacteria between treatments. The vegetational
(Gaertn.), Hochr.) seedlings, regardless of change is probably responsible for the overall

their mycorrhizal condition, could get phosphorus higher nitrifying bacteria counts in European
from highly insoluble iron and aluminum phos- alder/walnut plots.
phateso Gardner et al. (1983) showed that roots

of a lupin secrete acid citrate, which solubi- Specific inhibition of nitrification in the

lizes iron phosphate. Yet to be defined are the field is not always observed. For example,
mechanisms by which some trees can extract and Chandler (1985) found no inhibition of nitrifi-

accumulate large amounts of specific nutrient cation by phenolic or by leaf litter extracts in
elements such as calcium in the oaks (Weaver and Malaysian forest soils. Robertson and Vitousek
Jones 1987). (1981) found no evidence in favor of the

hypothesis that increasing levels of allelo-

Nitrifying Bacteria chemicals inhibit nitrification during either a
primary or a secondary succession in the North

Many hardwoods produce phytotoxins (Kuiters Central and Northeastern United States.

and Sarink 1986). Most notorious among allelo-
pathic chemicals is juglone, which is produced The use of nitrification inhibitors that

by black walnut and members of the walnut family, block the nitrification pathway is a way of
Juglone and most of the other phytotoxins of affecting nitrifying bacteria. The chemical

concern in regeneration are phenolic compounds, inhibitor suppresses the activity of the

In cases where phytotoxins occur, nitrification nitrifying bacteria, preventin_ the conversion
may be inhibited (Atwill 1986). Rice (1964, of NH_-N to NO_-N. Because NH_-N is slowly
1965) found that many of the plants in old-field leached and relatively immobile in the soil com-

succession contained phenolic substances that pared to NO_-N, preventing the conversion should
were very inhibitory to nitrogen-fixing and increase the overall nitrogen utilization. How-

nitrifying bacteria. Therefore, such substances ever, because proportionately more NH_-N than
may reduce nitrifying bacteria populations in NO3-N may be available for uptake, plant growth

walnut plantings, response will likely depend on the plant's
nitrogen preference.

Two kinds of bacteria of concern are

Nitrosomonas and Nitrobacter. Soil samples were The survival and growth of white ash

collected from the 0-8 cm soil layer 0.9 m from (Fraxinus americana L.), white oak (____cus alba
walnut trees. Data showed mean mid-November L.), and black walnut seedlings were investi-

juglone level in a mixed planting to be highest gated using the nitrification inhibitor, N-serve,
in European alder/walnut and walnut alone plots (2-chloro-6[trichloromethyl]pyridine) in an old

and lowest in autumn olive/walnut plots (Ponder field planting. Before planting, a rescue
and Tadros 1985). With this information on (Festuca arundinaceae Schreb.) sod had been _
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rototilled the previous fall and again in the nutrient elements by the plant. Horsley (1986)

spring. Plots were designated to receive or not was able to significantly increase the growth of
to receive N-serve. N-serve was applied at a black cherry (Prunus serotina Ehrh.) seedlings

rate of 1.5 Kg/ha and raked into the upper 4-cm in an orchard soil previously dominated by

soil layer before 1-year-old seedlings were grasses and forbs only when NO3-N, P, and Ca
planted. N-serve was reapplied the following were applied repeatedly. From this he concluded

spring and mixed into the upper soil layer with that an inhibitory molecule may compete with a
a garden tiller. Weeds were controlled by hoeing soil colloid to render nutrient elements una-

the first year and by a combination of hoeing and vailable for uptake.
one application of Roundup the second year.

Kolesnichenko and Aleikena (1976) reported
Seedlings treated with N-serve survived much that absorption of minerals from soil was lower

better than untreated seedlings for all three in oak roots (Quercus robur L°) growing close to
species, with improvements of 28, 15, and I0 ash (Fraxinus excelsior L.) than in oak roots

percent, respectively, for ash, oak, and walnut, growing near other oak roots. In the labora-

After 3 years of growth, however, only the white tory, the uptake of minerals by oak roots was
oak had greater height and diameter growth in N- inhibited by chemical compounds from ash.
serve treated plots. Nitrate nitrogen levels

were lower in N-serve plots than in control The inhibitory constituents of plant

plots, indicating that the inhibitor did affect materials might be bound by the soil and used as
the conversion of NH_-N to NO_-N. Both ash and carbon sources by soil microorganisms. We know

walnut grew better without N-serve. Although in the case of some herbaceous weeds that removing
the preliminary results suggest that young oaks the weeds significantly reduces the inhibitory
may grow better with NH_-N rather than NO_-N effect. In a 10-year-old plantation in southern

(Auchmoody 1982), further research is needed Illinois, elimination of a fescue sod understory
before making conclusions on N preference for by annual cultivation for 5 years produced trees
oak. that were 69 percent larger in diameter at age 15

than those in untreated areas. In a 17-year-old
planting, Schlesinger and Van Sambeek (1986) found

Allelopathy that eliminating fescue sod or establishing hairy
vetch (Vicia villosa Roth.) among the walnut trees

Competition due to allelopathy has been resulted in a 250-percent increase in diameter 3

demonstrated in several greenhouse studies years later. The response to cultivation seems

(Gilmore 1980, Larson and Schwarz 1980, Patrick to be more than just a response to nutrient ele-
1971). Allelopathy in forest stands has been ment availability and organic matter added to the

much harder to prove because of the fewer controls soil by incorporating fescue and broomsedge
over environmental conditions such as moisture, because such a response would not continue for 5

temperature, and competition (Rietveld at al. years. At least part of the response to elimi-
1983, Rink and Van Sambeek 1985). The allelo- nating the fescue sod seems to be a function of

pathic effects of plants can sometimes be detected eliminating allelopathic plants.
_ by their influence on the mineral uptake of their

associates (Balke 1985). This was demonstrated In some instances allelochemicals appear to
in a study investigating the effects of three accumulate in the soil over a period of years so

weeds commonly found in walnut plantings (Ponder that even when the inhibitory plants are removed,
1986). Foliage litter of tall fescue, broom- seedlings on the site continued to grow poorly
sedge, or blackberry (Rubus allegheniensis T. (Gabriel 1965). This is believed to be the con-
Porter) was either incorporated or not in plots dition in some orchard stands in the Northeastern

with seeded black walnut. Of the three weed United States (Horsley 1986). In well-aerated

species tested, unincorporated and incorporated soils organic chemical residues are normally

broomsedge litter significantly reduced total metabolized by indigenous soil microorganisms.
dry weight below that of the control seedlings. Conditions such as imperfect soil drainage, high
The total dry weight of seedlings with incor- soil acidity, low soil organic matter content,
porated fescue was greatly reduced considerably and residual plant parts in the soil increase

whereas phosphorus content was not. the time needed for the inhibitory effects to
disappear (Rietveld et alo 1983).

The mean absorption of N but not P by

seedlings in soil with incorporated broomsedge Much less is known about possible allelo-

litter was reduced considerably. Nitrogen, pathic interference from herbaceous vegetation

phosphorus, and potassium were also reduced in on the development of mycorrhizal fungi that
seedlings grown with incorporated fescue. In colonize the roots of forest trees (Rice 1979).

another experiment using the extracts of these The number of mycorrhizal-infected root segments
weeds, both N and P absorption were reduced in of black walnut seedlings grown in mixture with

seedlings grown with fescue extract, but only N unincorporated litters of fescue, blackberry, or
was reduced in seedlings grown with broomsedge broomsedge was more than twice the number of

extract. We can, therefore, assume that these infected root segments of seedlings grown with
plant materials act in some way in the soil to incorporated litter. Poor mycorrhizal coloniza-

reduce either the availability or the uptake of tion was reported for Populus spp_ cuttings
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planted on an old-field site in lowa (Walker et Atwill; P. M. 1986. Interactions between carbon

Ial. 1982). The effects of plants within tree and nutrients in the forest ecosystem, l_nn
stands on mycorrhizal development have not been Coupling of carbon, water, and nutrients
studied, interaction in woody plant soil systems.

Luxmoore, R. J., J. J. Landsberg, and M. R.

Kaufman, eds. Tree Physiology 2:389-399.

Root Competition
Auchmoody, L. R. 1982. Response of young black

The extent of a tree's roots determines the cherry stands to fertilization. Canadian

region in which it may influence the roots of its Journal of Forest Research 12:319-325.

neighbors. A root system may be restricted by
such factors as shallow soils, fragipans, and Balke, N. E. 1985. Effects of allelochemicals

moisture, in addition to competition from its on mineral uptake and associated physio-

neighbors. Very little has been done to sub- logical processes, l__nChemistry of
stantiate and explain competition in forest stands allelopathy. Thompson, A. C., ed. American
in the soil root interface. Much of what we know Chemical Society Symposium Series, Vol. 268,

has been adapted from various grasses and legumes p. 161-178.
either separate or in mixtures (Vallis 1978, Wit
et al. 1965, Werner 1979). Berendse, F. 1982. Competition between plant
---- populations with different rooting depths.

Root restriction often causes more intensive llI. Field experiments. Oecologia 53:50-55.

permeation of the soil by the roots and conse-
quently more complete utilization of the available Chandler, G. 1985. Mineralization and nitrifi-
soil. Tree species that are genetically capable cation in three Malaysian forest sites.

of producing more root tips or more fibrous roots Soil Biology Biochemistry 17:347-353
than other species have a site adaptative advan-

tage, especially on shallow soils, over species Dawson, J. O. and D. T. Funk. 1981. Seasonal
that lack these characteristics. On deep soils, change in foliar nitrogen concentration of

both shallow- and deep-rooting species may coexist Alnus glutinosa. Forest Science 27:239-243.

whereby the deep-rooted species would be forced
to use nutrients from deeper soil layers; this DeBell, D. S. and M. A. Radwan. 1979. Growth
would not be the case in monoculture (Berendse and nitrogen relations of coppiced black

1982). Two species may have different competitive cottonwood and red alder in pure and mixed
abilities in different parts of the soil, which plantations. Botanical Gazette 140

may mean exposure to different microhabitats, (Suppl.):S97-S101.
nitrogen compounds, and element concentrations.
Much more needs to be learned about the season- Finn, R. F. 1953. Foliar nitrogen and growth

ality of root growth, competition-induced changes in certain mixed and pure forest plantings.
of the shoot-to-root ratio, and phenotypic Journal of Forestry 51:31-33.

responses of root activity.
Funk, D. T., R. C. Schlesinger, and F. Ponder, Jr.

1979. Autumn-olive as a nurse plant for

CONCLUSION black walnut. Botanical Gazette 140

(Suppl.):Sll0-Sll4.

To improve tree growth, we need to better
understand the mechanisms that enable roots of Gabriel, W. J. 1965. Allelopathic effects of

some plants to compete better than others for black walnut on white birches. Journal of

growth substances. This information will provide Forestry 73:234-237.
a scientific basis for predicting changes in

composition, growth, position of dominance, and Gardner, W. K., D. A. Barber, and D. B. Parbery.
response to silvicultural practice as trees 1983. The acquisition of phosphorus by
mature. To obtain such information far more Lupinus albus L. III. The probable mechanism

attention must be devoted to the biological, by which phosphorus movement in the soil/root

chemical, and physical processes that go on below interface is enhanced. Plant and Soil

ground, especially in the rooting zone. 70:107-124.

Gilmore, A. 1980. Phytotoxic effects of giant
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SEASONAL CHANGES IN NITROGEN FIXATION ACTIVITY OF

EUROPEAN BLACK ALDER AND RUSSIAN OLIVE 1

Stephen F. Zitzer, Jeffrey O. Dawson
and George Z. Gertner2

Abstract.--Maximum rates of midday nitrogenase activity

(acetylene-reduction) of 15 to 20 umoles C2H 4 per g dry
nodule per h were maintained for approximately 150 days for

black alder. The seasonal length of maximum activity was
similar for Russian olive, although specific nitrogenase
rates were 25% lower. Nitrogenase activity increased
exponentially between 10°C and 20 to 25oc for black alder

and Russian olive with r 2 values of 27 to 73. No net hydrogen

evolution by nodules was detected at any time during the assay
period indicating efficient hydrogenase systems operating in
nodules of alder and Russian olive under the conditions of

this field assay. Alder trees were nodulated and had similar

specific rates of nitrogen fixation in both upland and bottom-
land soils, though growth rate of alders was better on the

bottomland site. In contrast, Russian olive grew best on the
upland site, but nodulated roots were found only on the
bottomland site.

INTRODUCTION (Roelofson and Akkermans 1979), especially in
hydrogenase efficiency which is defined as the

Actinorhizal plants form symbiotic root relative amount of the total electron flow

nodules with filamentous soil bacteria of the through the nitrogenase complex that is not lost

genus Frankia (Callabam et al. 1978). These via reduction of protons to H2 (Winter and Burrls
procaryotic microsymbionts are capable of fixing 1976). Most Frankia species examined have uptake

atmospheric nitrogen by reducing dinitrogen from hydrogenases capable of oxidizing H 2 so that the
air to two ammonia molecules which can be energy is available for dinitrogen reduction and

assimilated by bacteria and plants. The reaction is not lost to proton reduction, measured as H2
is catalyzed in nitrogen-fixing bacteria by the evolution. Actinorbizal nodules which evolve no

nitrogenase enzyme complex and can be quantified hydrogen during nitrogen fixation and are 100%

using acetylene reduction assays. Root nodules efficient at recycling hydrogen. Some recent
may provide up to 70% of the total nitrogen research has shown that there are seasonal

assimilated by actinorhizal plants (Tripp et al. differences in patterns of nitrogenase activity
1979), and this nitrogen becomes available to and hydrogenase activity, suggesting that these
other plants through the decomposition in soil of _ctivitles are not controlled by the same

plant litter, roots and exudates from nitrogen- regulatory system (Hafeez et al. 1984, Sellstedt
fixing plants, et al. 1986).

.Seasonal changes in nitrogenase activity Because of their ability to increase
frequently occur in temperate regions (Pizelle available nitrogen in soils (Pascbke et al. in
1984); thus, the amount of nitrogen fixed will

press), actinorhizal trees and shrubs are

depend on these seasonal patterns. There may interplanted with other tree crops, such as black

also be seasonal changes in the hydrogenase walnut, to increase their growth and yield
activities of the nitrogenase enzyme complex (Dawson 1986).

Ipaper presented at the Seventh Central The primary objectives of our research were

Hardwood Forest Conference, Carbondale, lllinois, to determine if seasonal patterns of nitrogenase

March _-8, 1989. and hydrogenase activity occur in alder and
The authors are Graduate Research Russian olive root nodules, and to determine if

Assistant and Associate Professors, respectively, their activities are related to soil moisture and
Department of Forestry, University of Illinois, temperature changes. A secondary objective was

Urbana. to describe nodulation of actinorhizal plants in
this planting ....



in
is in the fine silty mixed mesic Typic Hapludalf

METHODS AND SITE DESCRIPTION family (Champaign County Soil Survey 1982). It
formed in about 120 cm of wind deposited loess

Two experimental interplantings of black over alkaline loamy glacial till. The site sloped
walnut (Juglans nigra) with actinorhiza] black 2 to 4% towards the northeast_ The A horizon was
alder (Alnus glutinosa) and Russian olive about 30 cm thick with a silt loam texture° The

(E]aeagnus angustifolia) were established in 1978 B horizon had a pedogenic accumulation of clay

by the U.So Forest Service North Central Forest which resulted i_ a silty clay loam texture to a

Experiment Station in cooperation with the Macon depth of ].2 m. The mean pH and total nitrogen
County Conservation District (Van Sambeek et el. concentration (Kjeldahl) of the top 15 cm were
1985). Plantings were located on bottom]and and 5.41 +0.24 and 0o124 +0.014% N respectively°
upland sites in east centre] Illinois (89° 01' -- --

west, 39° 50' north). Their establishment, The Birkbeck soil series is moderately well

survival, growth and impact on interplanted black drained having a slowly permeable layer within
walnut through 1984 have been previously the lower B horizon_ i.e., at a depth of about 95

described (Van Sambeek et el. 1985). The cm. The A, B and C horizons were all slowly

experimental design was a randomized complete permeable, though decreasing from 2.0 to 0.6
block. There were four replicate blocks of five inches of water per hour from the A to the C

plots each on each site. Pure black walnut plots horizon. Available water was very high in the A
were planted as controls with 42 plants per plot. horizon, 0.22 to 0o24 inches of water per inch of
Each plot was 18 x 21 m with 3 m between rows and soil. The B and C horizons had slightly less

trees within rows. In two plots of each block, available water, 0.22 to 0.14, because of their

the nitrogen-fixing plants were alternated with higher clay contents and greater bulk densities
the black walnut to give 21 nitrogen fixing compared to the A horizon_ Mottling occurred at
plants and 21 black walnut per plot. a depth of 65 cm, about in the middle of the B

horizon.
In the initial planting during the spring

of 1978, the black alder seedlings planted were Crown volumes of actinorhizal trees and

! one-year-old rooted cuttings from three slow- shrubs were estimated using geometric

growing clones. Significant mortality occurred approximations of crown shape for each species in
by the end of the first year Subsequent

• order to assess relative growth success.
replacement plantings up to the spring of 1981 Nitrogenase activity and net H_ evolution of

! were ade with I-0 nursery-grown seedlings from actinorhizal plants were measured at two to three
the Indiana State Tree Nursery. Russian olive week intervals starting before bud break on March

plantings and replantings up to 1981 were also 24, and ending 246 days later on November 23
made with i-0 nursery-grown seedlings from a after severe frost had killed all remaining

North Dakota and a Tennessee tree nursery. Thus, leaves.
_! by the spring of 1985 when we started sampling,

plant ages, including walnut ages on both sites
_ , Each sampling day tbree actinorhizal trees

varied from four to seven years, of one species at one location were randomly

i chosen, and five randomly-selected samples of
The bottomland site had been in nodules plus control pieces of non-nodulated

..... agricultural use prior to 1978, and no additional_ roots were assayed for each tree. Sampling was
site preparation was done before planting the without replacement_ so no trees were sampled

_i trees. It was a level site on the floodplain of more than once during the course of the study°
the Sangamon river. The soil was in the Lawson Nodules were collected from the surficial 15 cm

series, a fine silty mixed mesic Cumulic of the soil. The number of infection sites

Hapludoll (Carroll County Soil Survey 1975). The (nodules) per assay varied from one to 16 and

A horizon had a silt loam texture and was 1.4 m averaged about four. Nodule dry weights per

thick directly overlying the massive alkaline assay varied from 0.1 to 2.0 g and averaged about
silt loam C horizon. We determined that the mean 0.75 go The nodules, attached to 3 cm of root,
pH and total nitrogen concentration (Kjeldah]) of were excised and were placed in 50-ml syringes,

the top 15 cm were 6.80 +O.12 and 0.136% +0.004% sealed, and buried in the soil at a depth of IO-
No 20 Cmo The incubation period was between 1200 h

_ and 1300 h on any given sample day. Soil,
+ The Lawson series is somewhat poorly incubation vessel, and air temperatures were

drained i.e., being wet for significant periods recorded Initially, the nodules and 3-cm

i_ but not all the time. Available water was very control root samples in were incubated in air
high, 0.20 to 0.24 inches of water per inch of inside the buried syringes, and after an hour 10-

soil. Permeability of this soil is typically ml gas samples were collected and stored in 12
slow, 0.6 to 2.0 inches per hour, but on this ml-vacutainer tubes. These samples were later

site mottling, which indicates poor drainage, did analyzed on _ an Aerograph Master AI00 gas

i_ not occur above a depth of 1.1 m. chromatograph for net H2 production° The lower

_ limit for H2 detection on this machine was 0.01
The upland site had been a red clover-brome umol per ml sample injection volume.

grass pasture prior to 1978. It is located
approximately 3 km southeast of the bottom]and
site. The soil was in the Birkbeck series, which

18S



Immediately after sample collection for H2 Midday acetylene-reduction rates of 15 to

analysis, 5 m/ air and 5 ml C2H 2 were added to 20 umoles C2H per g dry nodule per h were4
the syringes, and they were reburled and maintained for approximately 150 days for black
incubated for another hour to determine alder (Figures 2 and 3). The length of maximum

nltrogenase activity. In some cases, assays were activity was similar for Russian olive nodules,
allowed to run an additional hour to determine though specific rates were less than 75% those of

the length of lluearity of the ultrogenase black alder (Figure I). Nitrogenase activity of
activity. After collection and storage of 10-m/ black alder nodules was detected two to three

acetylene-incubation samples in 12-ml vacutainer weeks after the March 19 bud break when soil

tubes, C H production was determined with a temperatures exceeded 7°C. Initial detection of

Packard 4_ gas chromatograph. The lower limit nitrogenase activity in Russian olive nodules

for C2H 4 detection was 0.04 nmol per m] sample coincided with an April 6 budbreak at sol]
injection volume, temperatures exceeding 12°C. Nitrogenase

activity for both species declined sharply in
The nodules were washed, oven dried at 70° late September, but low levels of activity

for 24 hours, and weighed. Sol1 from the upper continued into November. Nitrogenase activity

15 cm was also collected, and soll moisture increased exponentially between lO°C and 20 t_
determined from three replicate 1 kg samples. 25°C for black alder and Russian olive with r

Soll pH was determined with a glass electrode in values of 27 to 73 (Figures 4, 5 and 6).
I:i soll to water ratio totaling i00 g with soil

subsampled from that used to determine moisture Lower seasonal rates of acetylene reduction

content, by Russian olive nodules were probably due to the
greater percentage of necrotic nodule tissue of

Analysis of variance and ]east significant Russian olive plants. A higher percentage of

differences for seasonal measurements of necrotic tissue was consistently found in Russian
nitrogeuase activity (umol CoH/ per g dry nodule olive nodules compared with alder nodules. For
per hr) were calculated _o{ both sites and correlation measurements we adjusted specific

species. Nitrogenase activity was plotted and rates of acetylene-reduction activity so that
fit to regression curves as a function of soil only functional nodule tissue was included in the
temperature and soll moisture percentage, nodule dry weight determination. The necrosis of

nodule tissue from the bottom]and site and

RESULTS AND DISCUSSION apparent lack of nodulation of plants in upland
soils suggest that Russian olive may be able to

_lack alder crown volumes averaged about reduce its own nodulatiou with increased plant
140 m for black alder on the bottomland site, size, because the larger, more mature plants on

which was about 140 and 190 percent greater than the upland site lacked nodules even though the
the crown volumes for Russian olive and pure up]and soll was capable of nodulatiug Russian

walnut, respectively. Russian olive on the olive seedlings in a pot study. Alternatively,

upland site _ad the largest mean crown volume of it is possible that the symbiotic relationship is
about II0 m . Upland alder and walnut crown not optima] between Russian olive and Frankia in

volumes were much smaller than the upland Russian this locale, or that annual turnover of nodular

olive as well as their counterparts on the tissue occurs to a greater extent in Russian
bottomland site. Crown competition was not yet olive than in black alder. This last idea is

occurlug among interplanted trees and shrubs in consistent with the increase in specific

the study plots, ultrogen-fixatlou activity during the course of
the growing season that occurred for Russian

All plants were abundantly nodu]ated except olive (Figure i).
for the Russian olive plants in the upland

Hapludalf soil. Extensive excavation indicated Nitrogenase activity declined linearly with
that nodulatlou was extremely sparse on roots of values of soil water percentage between 10 and

upland Russian olive, precluding measurements of 30% (Figures 7, 8 and29) , though the correlation
nodular activity, was not as strong (r values of 6 to 17), and

moister soil periods in spring and early fall

There is a major difference between the two also corresponded with lower soil temperatures.
soils in surficial pH, with the upland soil being Neither the amount of nitrogen fixed by this
more acidic than the bottomlaod soil. The pH symbiotic system, nor the amount that becomes

of the top 15 cm of the upland A horizon was available to other plants in soil can be reliably
significantly more acidic than the bottomlaod estimated using the enzyme assays employed in

surface soll in agreement with soll descriptions, this study. Methods described by Paschke and
In contrast, the Lawson series is near neutral coworkers (in press) and by Van Sambeek and
throughout the solum and C horizon. F rankia others (19851 can be applied to estimate

isolates are generally more infective at neutral increases in available nitrogen in soil and

pH values (Koowltou and Dawson 1983). This may tissue nitrogen attributable to iuterplanted
account for differences in nodulatlou, but pot actinorhizal plants.
studies that we have performed show little

difference in the infective capacity of upland
add bottomland soils for Russian olive.
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: No net hydrogen evolution by nodules was

,uss_,,_vE detected at any time during the assay period, and
_ Ac 30 _ net hydrogen uptake was measured once by

E R2 incubating black alder nodules in 10% H
T 25 = 17% (unpublished data) This indicates thal

,, Y �•

L efficient bydrogenase systems are operating in
E 2O

N + D�¹�"�cof alder and Russian olive under the• E 15 conditions of this field assay.

R
E 10 Our results indicate that symbiotic

D nitrogen fixation occurs in nodules ofu 5'
¢ actlnorhizal plants interplanted at this site
T
I O ..... with black walnut trees, and that the process is
o o 1o 20 30 40 blocbemically efficient. Nodular nitrogen
N

SOILW_ER(_) fixation can occur during a 220-day period in
actlnorblzal plants in central l]linols, although
the highest rates occur when soil temperatures

Figure 7. Relationship between soil water approach 25°C during a 150-day period of peak

percentage and nitrogenase activity (umo]es activity during the growing season. Our finding
CgH& per g dry wt. per h) in root nodules that Russian olive plants lacked nodules on one

o_ Russian olive growing on a bottomland site illustrates the importance of a systematic
site i_ central Illinois. examination of the nodulation and nitrogen-

flxation status of actinorhizal plants employed
to improve N fertility in silvicultural systems.
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• INOCULATION OF NORTHERN RED OAK SEEDLINGS WITH THE FUNGAL

SYMBIONT SUILLUS LUTEUS IN A MICHIGAN NURSERY I

Robert K. Dixon 2

Abstract.--The ectomycorrhizal fungus Suillus luteus (I,.ex

Fr.) Peck, a symbiont adapted to prevailing environmental

conditions in the northern U.S., is a promising candidate
for routine nursery inoculation of seedlings. The purpose

of this study was to introduce S. luteus into a Michigan
nursery and evaluate the effect of inoculation on northern

red oak (_. rubra L.) seedling growth and ectomycorrhizal
development. Suillus luteus inoculum was incorporated into

fumigated nursery soil using two methods: banding or mixing.
Placement of the inoculum influenced the number of

seedlings colonized with S. luteus. Moreover, the spread of
S. luteus mycelia was limited following banding of inoculum.

Subsequent examination of seedling root systems revealed

significantly different patterns of ectomycorrhizal
colonization in the first year. After two years in the

nursery seedling growth was significartly improved by
inoculation with S. luteus.

INTRODUCTION

Members of the genus Quercus form

The survival and early growth of container- ectomycorrhizal relationships with a number of

and nursery-grown oak (Quercus) seedlings following fungal symbionts (Dixon et al, 1984).
outplanting on reforestation sties in the northern Ectomycorrhizal fungi in the genus Suillus are

U.S. is generally unacceptable (Anderson, 1982). compatible with several oak species and stimulate

Early growth is characterized by periodic shoot early increases in seedling growth (Palm and
dieback due to inadequate root-shoot ratios of Stewart, 1984; Dixon et al, 1984). Some species
seedlings (Johnson, 1984; Arend and Scholz, 1969). in the genus Suillus are not able to withstand the

Frequently, nursery-grown oak planting stock lack mechanical manipulation required during inoculum

mycorrhizal associations common to naturally preparation (Dixon et al, 1984). However, ease of
occurring seedlings (Dixon et al, 1981a; isolation, rapid growth in culture and the host
Imshemetshii, 1967). The root-shoot balance and specific tendency of some Suillus species may

subsequent field growth of seedlings after increase the utility of these fungi in nursery

outplanting can be improved following inoculation inoculation programs (Trappe, 1977).
of the root system with compatible ectomycorrhizal

fungi (Beckjord and McIntosh, 1984; Dixon et al, The objectives of this study were to: i)
1981b; Dixon et al, 1980). test feasibility of introducing Suiilus luteus (L.

ex Fr.) Peck into fumigated soil of a northern

Vegetative inocula of ectomycorrhizal fungi Michigan nursery, and 2) evaluate the effect of
have been successfully introduced into conifer inoculumplacement on the spread of fungal

nurseries worldwide (Marx et al, 1984). However, mycelia, ectomycorrhizal development and growth of

previous reports reveal fungal symbionts and tree northern red oak (_. rubra L.) seedlings.
hosts often have specific ecological requirements

(Perry et al, 1987). Thus, cultural practices in
nurseries must be adjusted or developed to promote MATERIALS AND METHODS

ectomycorrhizal symbiosis. The identification and
evaluation of fungal slnnbionts comparable with red A single provenance of acorns was collected from
or white oaks have not been fully considered, the Huron-Manistee National Forest in west

central Michigan. Acorns were sorted by

flotation, graded to a standard weight and

IPaper prepared for Seventh Central Hardwood stratified (Dixon et al, 1984). Before planting
Forest Conference, Carbondale, IL, March 5-8, 1989. acorns were surface sterilized with 10% sodium

2Associate Professor, School of Forestry, hypochlorite for I0 minutes. Suillus luteus was

Auburn University, Auburn, AL 36849. grown in a vermiculite-peat moss-nutrient mixture
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for three months to obtain vegetative inoculum granular fertilizer was applied at a rate of 9.2

using modified procedures described by kg/ha as a top dressing. The beds were irrigated

Dixon et al (1984) and Marx and Bryan (1975). with tap water as needed. Seedlings in all
treatments were horizontally root pruned to a

The seedlings were grown at the USDA Forest depth of approximately 23 cm in early August of
Service J.W. Toumey Nursery, Watersmeet, Michigan. each growing season.

Nursery beds were tilled and fumigated under
polyethylene with 400 kg/ha of methyl bromide (MC- A subsample of 25 randomly selected

33) before acorn sowing. Soil chemical properties seedlings from each subplot replication was
of nursery soils were similar in all beds, pH 5.5 harvested in late June and September of the first

and 272 and 540 ppm of available P205 and K20, growing season. Seedling root morphology,
respectively. Dolomitic limestone was added to ectomycorrhizal development and the presence of

the beds to raise the exchangeable calcium and fungal fruiting bodies in nursery beds were
magnesium levels to approximately 1.0 evaluated. In September of year two all nursery
milliequivalent per i00 g soil. The soil texture plots were undercut with a root pruning bar at a

was a sandy loam, and organic matter was depth of 36 cm and seedlings lifted by hand.

approximately 2% in all plots (Marx et al, 1984). Fifty seedlings from each nursery sub-plot
replication were randomly chosen for measurement

The study was implemented in a split-plot of dry weight of roots and shoots (80°C, 48h),

experimental design with 4 replications, 2 whole number of primary laterals, and number of S.
plots and 4 subplots. One whole plot was infested luteus ectomycorrhizal laterals. Criteria for

with vegetative inoculum of S. luteus, and the identifying ectomycorrhizal colonization are
remaining whole plot was maintained as an described by Dixon et al (1984). Reisolation of

uninoculated control. In the inoculated sub- test fungi was attempted after seedling harvest
plots, the vegetative inoculumwas incorporated using techniques described by Dixon et al (1984).
into the nursery soil using two methods: mixing Data was subjected to analysis of variance to

or banding. Banded inoculum was manually placed determine effects of inoculumplacement and

approximately I0 centimeters under the acorns rows inoculation on seedling growth and ectomycorrhizal
within the nursery bed. The mixed inoculum was development.
broadcast over the nursery bed and tilled to a

depth of approximately 20 centimeters. Inoculum
density in both subplots was approximately 3 RESULTS

liters per m= of soil surface. The control plots

received equal amounts of autoclaved inoculum Suillus luteus was successfully introduced
using the same methods. Acorns were planted to into plots of northern red oak seedlings in the

obtain a density of I00 seedlings per m= in all J.W. Toumey nursery (Table i). Evaluation of
plots, seedlings on June 30 in the first growing season

revealed the number of colonized plants and the
The nursery beds were fertilized with three percentage of ectomycorrhizal lateral roots

annual applications of ammonium sulfate colonized was greater in plots receiving mixed
((NH4)2SO4) (21-0-0 plus 24% sulphur). The inoculum. Fruiting bodies of ectomycorrhizal

Table i. Ectomycorrhizal development of northern red oak seedlings
inoculated by two methods with Suillus luteus during the

first growing season in J. W. Toumey nursery, Watersmeet,
Michigan.

inoculation treatment
mixed banded

Sampling date and seedling variable inoculum inoculum noninoculated

June 30

Seedlings colonized (%) 47a _ 20b 13b
Suillus laterals per seedling (%) 36a 19b 0c

Total ectomycorrhizal laterals per seedling (%) 21a 24a 10b

September 30

Seedlings colonized (%) 93a 80a 73a
Suillus laterals per seedling (%) 89a 92a 66a

Total ectomyccorrhizal laterals per seedling (%) 74a 68a 39b

_Means within a row sharing a common letter are not significantly different (P_0.05).
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fungi were not evident in late June. early development of ectomycorrhizae on northern
red oak seedlings° Following soil fumigation,

Evaluation of northern red oak seedlings at thorough mixing of inoculum into the seedling root

the end of the first growing season (SePtember 30) zone will result in significant ectomycorrhizal

revealed significant ectomycorrhizal development colonization of primary lateral roots. Banding of
by S. luteus in the inoculated plots. The the inoculum in the nursery bed is a useful

percentage of seedlings successfully inoculated operational technique for seedling inoculation.
and the percentage of ectomycorrhizal lateral However, ectomycorrhizal colonization of seedlings

roots was greater than eighty percent. Seedlings of year one was less in treatments receiving
in the control plots were partially colonized by banded inoculum. Inoculum mixing apparently

indigenous fungi at the end of the first growing increases the opportunity for lateral root contact

season. Fruiting bodies of Laccaria, _, with the vegetative mycelium.

Hebeloma, and Thelephora species were identified
in the control plots. Soil fumigation reduced ectomycorrhizal

colonization of northern red oak seedlings in the

At the end of two growing seasons in the control plots. Although indigenous
Toumey nursery seedlings inoculated with S. luteus ectomycorrhizal fungi eventually invaded the

exhibited abundant ectomycorrhizal colonization control plots significant quantities of
(Table 2). Suillus luteus was reisolated from ectomycorrhizae were not observed on seedlings

seedlings in each inoculated subplot. Seedling until the end of the first growing season.

dry weight was significantly greater in plots Reduced ectomycorrhizal colonization resulted in
inoculated with S. luteus. Within the control significantly smaller seedling dry weights.

plots, ectomycorrhizal development by _. Previous reports reveai a delay or lack of

_, L. laccata and _T- terrestris was ectomycorrhizal colonization of oak will lead to
evident, but seedlings were 25% smaller than nutritionally deficient and stunted seedlings

inoculated plants. (Mitchell et al, 1984; Dixon et al, 1981a).

Table 2. Total seedling dry weight and ectomycorrhizal development of
2-0 northern red oak seedlings iL_oculated by two methods with

Suillus luteus after lifting (October) from J.W. Toumey nursery,
Watersmeet, Michigan.

Inoculation treatment

Seedling variable mixed inoculum banded inoculum noninoculated

Total seedling dry weight (g) 16.9a I 16.0a ll.7b

Seedlings colonized (%) 82a 54b 37c
.... Suillus laterals per seedling (%) 78a 77a 5b

• Total ectomycorrhizal laterals

per seedling (%) 85a 89a 46b

iMeans sharing a common letter are not significantly different (P_0.05).

DISCUSSION Early seedling development of
ectomycorrhizae by S. luteus resulted in

_ Ectomycorrhizal inoculation of northern red significant increases in seedling total dry
oak seedlings with Suillus luteus in a northern weight. Dixon et al (1984) observed a similar

Michigan nursery is feasible. The ii0 day growing growth increase of container-grown white and black
season, cool soil temperatures and cultural oak seedlings following inoculation with this

practices employed in the Toumey nursery did not isolate of S. luteus. In contrast, Dixon et al

impede ectomycorrhizal colonization of inoculated (1984) and Marx (1979) reported that isolates of S.
oak seedlings (Marx et al, 1984). Previously, cothurnatus Singer, S. _ Snell and Dick,
inoculation of conifers with vegetative inoculum S. hirtellus (Pk.) Kuntze and S. _ranulatus

.... of Pisolithus tinctorius (Pers.) Coker and Couch (L.:Fr.) Ku-----_tzfailed to form significant

_ in the Toumey nursery was relatively unsuccessful ectomycorrhizae with various oak hosts under a
(Marx et al, 1984). These observations suggest range of environmental conditions. These
the need for further testing of fungal isolates observations suggest oak seedling response to

i which survive prevailing environmental conditions inoculation may be dependent on the Suillus
in the northern U.S. isolate tested, inoculation techniques employed

...... and the host x Suillus genotype combination (Palm
This study reveals vegetative inoculum of S. and Stewart, 1984).

luteus can be a suitable form of inoculum for
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Growth and survival of oak seedlings following Dixon, R. K., G. M. Wright, H. E. Garrett, G. S.
outplanting is the ultimate test of the benefits Cox, P. S. Johnson and I. L. Sander.

of ectomycorrhizal inoculation in the nursery 1981b. Container-and nursery-grown
(Parker et al, 1986). However, it is obvious from black oak seedlings inoculated with

this study that early ectomycorrhizal development Pisolithus tinctorius: growth and

was associated with improvements in seedling size ectomycorrhizal development during
in the To_mey nursery. Inferences from previous seedling production period. Can. Jo
reports suggest the large ectomycorrhizal oak For. Res. 11:487-491.
seedlings with adequate rook-shoot ratios will

survive and compete with indigenous vegetation on Dixon, R. K., H. E. Garrett, G. S. Cox, D. H.

routineand adverse reforestation sites (Dixon et Marx, and I. L. Sander. 1984.

al, 1981b). Oak seedlings with abundant S. luteus Inoculation of three Quercus species
ectomycorrhizae from the Toumey nursery have been with eleven fungal isolates of

established in outplanting trials to ascertain ectomycorrhizal fungi I. Inoculation
benefits in the field, success and seedling growth

relationships. For. Sci. 30:563-574.
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IMPROVED MICROPROPAGATION OF
1

WHITE ASH (FRAXINUS AMERICANA L.)

Nadia E. Navarrete 2 J. W Van Sambeek3•

John E. Preece 4, and Gerald R. Gaffney 2

Abstract.--Cut, nonstratified seeds of white ash

(Fraxinus americana L.) were surface-sterilized and germin-
ated on four cytokinin-contalnlng media. The best germin-

ation, explant growth, and axillary shoot proliferation

occurred on Murashige and Skoog medium (MS) and on broad-
leaved tree medium (BTM). Cultures on woody plant medium
(WPM) and Driver - Kuniyuki walnut medium (DKW) grew

slowly. Because less callus formed from explants on MS
medium, it was chosen over BTM for subsequent experiments.

The best in vitro germination• explant stem growth, and

axillary shoot proliferation were on MS medium supplemented
with 3 _M thidiazuron (TDZ), I j/Mbenzyladenlne (BA), and 1

pM indole-3-butyric acid (IBA). Isopentenyladenine (2iP)
was ineffective for initiating axillary shoot prolifer-

ation. Best rooting of axillary microshoots occurred using
an 8 day dark pulse on MS supplemented with naphthalene

acetic acid (NAA) and IBA both at 5_M. Rooted microshoots
were successfully acclimatized under mist in the greenhouse.

White ash (Fraxinus american L.) occurs widely on dormant buds; however• long term growth and
throughout the central hardwood forests and is an axillary shoot proliferation were not achieved.

important species for timber• landscaping, and Recently• Preece et al. (1987) were successful in

wildlife (Fowells 1965). It is generally propa- micropropagating white ash from seedling shoot

gated from seeds (Bonnet 1974); however• seedling tips. After 5 months on woody plan_ medium (WPM)
variabililty is problem within this species supplemented with 5 or I0 mE liter- benzyl-

because of natural heterozygosity and multiple adenine (BA), axillary shoot proliferation

ploidy levels (Clausen et al. 1981). White ash averaged 3.5 shoot per culture. Axillary shoots
can be propagated vegetatively by means of could be rooted in WPM supplemented with indole-

cuttings• chip or T-budding• and whip and tongue 3-butyric acid (IBA) or in sterilized vermiculite

grafting (Dirt 1977; MacDonald 1986). Compared to without plant growth regulators. Subsequently•
budding and grafting, micropropagation techniques white ash was also micropropagated via somatic

could reduce costs and greatly increase the number embryogenesis (Preece et al. 1989).
of plants produced from selected clones.

The choice of media and ratio of cytokinin to
Initial attempts to micropropagate white ash auxin can markedly affect axillary shoot prolif-

by Browne and Hicks (1985) resulted in some growth eration and rooting. For black walnut, axillary
shoot proliferation and elongation are much

greater on Driver-Kuniyuki walnut (DKW) medium
IA paper presented at the Seventh Central than on woody plant medium (WPM) (Hiele- Sudholt

Hardwood Forest Conference, Southern Illinois et al. 1986). Preece et al. (1989) found no
University• Carbondale, IL on March 5-8, 1989. differences in growth of white ash callus on four

media supplemented with 2,4-D; however• similar
2Graduate Assistant and Assistant Professor, studies have not been done to determine effects of

Department of Forestry• Southern Illinois media and cytokinins on axillary shoot prolifer-
University• Carbondale, IL 62901. ation. Although initial results by Preece et al.

(1987) indicated white ash microshoots are easily
3Research Plant Physiologist, USDA Forest rooted, the roots were often thickened and brittle

Service, North Central Forest Experiment Station, suggesting additional refinements were needed.
Carbondale, IL 62901.

The objectives of our experiments were to

4Associate Professor, Department of Plant develop improved in vitro procedures for rapid
and Soll Science• Southern Illinois University• production and rooting of white ash microshoots.
Carbondale, IL 62901.
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MATERIALS AND METHODS Table 1.--Effects of media and BA after 12 weeks
in vitro on explant germination, epicotyl

Mature fruits were collected in 1987 from 10 length, axillary shoot number, and callus

widely-spaced trees throughout Jackson County A volume.
Illinois and stored dry in cloth bags at 4d2 vC
in darkness until used as explants. Samaras were Germina- Epicotyl Axillary Callus

detached and the apical one-fourth of each seed Treatment ation length shoots volume

was removed. Cut seeds were sterilized in 1.05% (%) (mm) (no.) (mm B)
sodium hypochlorlte (NaC10 or 20% Clorox) with

0.01% Tween-20 (polyoxyethylene sorbitan MEDIA
monolaurate) for 30 minutes. Seeds were rinsed MS I00 a 33.3a 1.0 a 78 a
three times in sterilized water and the apical end BTM 94 30.0 1.9 161

recur to reduce seeds to two-thirds the original WPM 65 26.6 0.4 215

size before placing on culture medium. DEW 83 17.2 0.4 27

Stock solutions for woody plant medium (WPM) 5% LSD= 6.1 0.7 80
(Lloyd and McCown 1981), broad-leaved tree medium

(BTM) (Chalupa 1984), Driver-Kuniyuki walnut BA (_M)
medium (DKW) (Driver and Kuniyuki 1984), and 0.0 79 25.0 0.2 0

Murashige and Skoog medium (MS) (Murashige and 1.0 78 25.2 0.7 35

Skoog 1962) were prepared and stored at 4+1 °C:1 5.0 94 26.1 0.8 127
All nutrient media was made up with 20 g liter 10.0 94 31.3 1.4 261

sucrose and 1 pM indole-3-butyric acid (IBA). The

cytokinins, thidiazuron (TDZ), benzyladenine (BA), 5% LSD= 6.1 0.7 81
and isopentenyladenine (2iP), were dissolved in a
small amount of 1N KOH. The auxins, IBA and

naphthalene acetic acid (NAA), were dissolved in a a/Each value represents the mean of 30 - 40
small amount of ethanol before adding to nutrient cultures.

media. The pH of each medium was adjusted to 5.8

with 1IN K0H or 1N HCL before addition of 7 g
liter- Difco Bacto agar (when used). Media and BTM than when grown on MS or DKW medium.
were distributed in 20 ml aliquots into 25 x 150 Older parts of the callus mass frequently became

mm borosilicate glass culture tubes or in 30 ml brown which stained the culture medium and

aliquots to 120 ml glass jars (baby food) capped appeared to reduce shoot growth in these cultures.
with clear autoclavable lids. Vessels and media MS medium was used in all further experimemts

were autoclaved for 20 minutes at 121 °C. because explants on MS showed good epicotyl
elongation and shoot proliferation with minimal

Explants were placed on aEar-solldlfled medium production of callus. Although not quantified,

and transferred monthly to new agar-solldlfled axillary shoots on MS medium usually had larger,
medium. Two weeks following each transfer, I0 ml greener leaves than on the other media. To reduce

of the same medium without agar was added aseptic- callus browning, 1 _M IBA was added to the medium.
ally to each culture. After one month in culture,

the radicles were removed from germinated seed Explant eplcotyl length and axillary shoot
explants. The cotyledonary nodes were removed production after 12 weeks in vitro were greater on
after two months in vitro. Cultures were incu- medium supplemented with IO_M BA than on medium

o
.... bated at 26+2 C NithAa 16 hour photoperiod and supplemented with either 0.0, 1.0, or 5.0 MM BA

a PPF of 40-_q m -= s-i provided by cool white (Table 1). Earlier work by Preece et al. (1987)
fluorescent lamps, using seedling shoot tips showed that consistent

axillary shoot production on.WPM was induced by 22

Explant epicotyl length, axillarygshoot number and 45 pM BA (5 and I0 mg I-I, respectively).
'_ and length, and callus volume (2/3 _r_h) were These BA levels, however, resulted in extensive
' determined at 2 week intervals. Number and length callus formation on explants, especially if 4.9 _M
_ of roots were recorded at four day intervals in IBA was added to the medium (Christ 1984). Preece

rooting studies. All experiments were arranged in et al (1989) showed that nonstratified seeds
a completely random design with a factorial required transverse cutting to remove the apical

" combination of treatments. Data were subjected to end of each cotyledon before seeds would

_ analysis of variance, germinate. In our studies there was a trend for
increasing amounts of BA to improve germination

from cut unstratified seeds.
RESULTS ANDDISCUSSION

In experiments to test the effects of three

_ Axillary shoot proliferation studies cytokinins on axillary shoot proliferation, we
found an interaction between TDZ, BA, and 2iP and

Explant germination percentage, stem length, their concentrations on axillary shoot production
number of axfllary shoots after 12 weeks in after 12 weeks in vitro (Figure 1). At 0.01 and

culture were greater on BTM and MS medium than on 0.1 &_4, TDZ, BA, or 2iP did not induce high
WPM or DEW medium (Table 1). In addition, callus axillary shoot proliferation rates. At 1 and I0

volume was greater on explants when grown on WPM _M, TDZ was more effective than either BA or 2iP.

147



cultures, explants and subdivided axillary shoots
16 - need to be transferred monthly to new medium with

- TDZ i the addition of liquid medium two weeks later.

-- "...... 8A / Rooting studies

- Pulsing white ash microshoots for 8 days with
21 5 _M IBA in half-strength MS medium increased both

12 -- the percentage of shoots rooting and the number of

roots compared to pulsing without IBA (Table 2).
" The first adventitious roots were visible i0 to I_

m - days after initiating the auxin pulse. Shoots

pulsed with i0 pM IBA showed more synchronous
- rooting than shoots pulsed without IBA. The later

microshoots showed gradually increasing rooting8 - percentages throughout a _2 day period. Whether
m the shoots were pulsed in the light or dark for 8

- days with IBA had no effect on rooting; however,
_ subsequent experiments showed that darkened

pulses were slightly more effective than lighted
- pulses. The initiation of one or more roots

4 - / •y,_ • inhibited the subsequent initiation of additional
roots from the main stem. Overall rooting
percentages in our experiments were lower than

r:nC_.._ ...........," those reported by Preece et al. (1987); however,- it was not necessary to add activated charcoal to
the medium to prevent development of thickened,

- brittle roots observed with longer IBA pulses by
Preece et al (1987).

0 ( ' i I i ' / .... _'_' I '
Factorial combinations of NAA and IBA at O, 1,

0.01 0.1 1.0 10.0 and 5 pM as an 8 day darkened pulse were then
Cytokinin concentration (_) tested. This was to determine what combination of

auxins would stimulate rapid synchronous root

Figure 1.--Effect of cytokinins after 12 weeks on inltation on a high percentage of the shoots
axillary shoot proliferation from cut seeds without producing thickened, brittle roots. There
germinated in vitro, was an interaction between IBA and NAA for both

the number of roots per mlcroshoot and average
root length 32 days after initiating treatments
(Table 3). More microshoots were rooted when

The 15 axillary shoots per explant produced after exposed to high auxin concentrations compared to
12 weeks in vitro with 10 _ TDZ is nearly 5 times low auxins concentrations after both 16 and 32

the best rate previously reported for white ash days. The combination of 5 _M NAA and 5_M IBA
(Preece et al 1987). Enhanced axillary shoot
proliferation by TDZ has also been reported for

apple and silver maple (Nieuwkerk et al. 1985;
Ashby et al, 1987).

In other experiments to examine the type of Table 2.--Rooting response of axillary microshoots
explants to use for subculturlnE, we tested 2-node in half-strength MS supplemented with IBA.
stem segments with and without leaves on factorial

combination of 1, 3, and 10 pM of TDZ and BA. We Rooted shoots Roots per Average
found no differences in the number or length of Day Day shoot on root

axillary shoots between 3 and 10 _M TDZ; however, IBA 20 32 day 32 length

a_illary shoots produced with 10_MTDZ were (_M) (%) (%) (no.) (mm)
abnormally thickened. The best axillary shoot

proliferation with good elongation rates occurred 0 3 a 21 a 0.8 a 24 b

when 1 _M BA and 3 _M TDZ were incorporated into 1 27 41 1.0 27
MS medium. This experiment also showed that when 5 27 64 1.1 28

leaves were retained on the 2-node stem segments, 10 17 31 0.9 24

it increased the length of new axillary shoots.
5% LSD= 0.2 ii

Results from the above experiments suggest
that our best axillary shoot proliferation and
elongatlonwith minimal callus formation was a/Each value represents the mean of 27 to 33

achieved by placing cut nonstratified seeds on mlcroshoots.

agar-solidlfied MS medium supplemented with 3 _M
TDZ, i _M BA, and i _M IBA. To maintain vigorous b/For rooted micr0shoots on day 32 only.
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Table 3.--Effects of NAA and IBA on rooting of LITERATURE CITED

mlcroshoots in full-strength MS medium.
Ashby, W. C.; Preece, J. E.; Huetteman, C° A.;

Auxin level Rooted shoots Roots per Average Bresnan, D. F.; and Roth, P. L. 1987. Silver
Day Day shoot on root maple tree improvement for biomass

NAA IBA 16 32 day 32 length production. IN: Proceedings of the Fifth
North Central Tree Improv. Conf. pp. 6-23.

(_M) (pM) (%) (%) (no.) (ram) Bonner, F.T. 1974. Fraxinus--ash. IN: Seeds of

0 0 22 a 78 a 1.2 a 23 b Woody Plants in the United States.
0 1 30 54 0.9 16 (Schopmeyer, C. S., editor). USDA Forest

0 5 10 50 0.8 12 Serv. Agric. Handbook No. 450. pp. 411-416.
1 0 i0 30 0.4 I0 Browne, R. and Hicks, G. 1983. Development in
1 1 20 40 1.0 ii vitro of white ash buds. Annuals of Botany

1 5 38 i00 2.1 37 52:101-104.

5 0 60 80 1.7 28 Clausen, K. E.; Kung, F. G.; Bey, C. F.; and
5 i 50 90 2.1 39 Daniels, R. A. 1981. Variation in white ash.

5 5 80 90 3.5 36 Silvae Genetica 30:93-97.
Chalupa, V. 1984. In vitro propagation of oak

5% LSD= 0.9 15 (Quercus robur L.) and linden (Tilia cordata
Mill). Commun. Inst. Forest. 26(5):374-377.

Christ, P. J. H. 1984. Micropropagation of

a/Each value is the mean of 9 to 12 microshoots. Fraxinus pennsylvanica Marsh. and Frsxinus
americana L. utilizing shoot tip explants.

b/For rooted microshoots on day 32 only. Master's Thesis. Southern Illinois
University. 66 p.

Dirt, M. 1977. Manual of woody plants: their
identification, ornamental characteristics,

propagation and uses. Champaign, IL:Stipes
resulted in the greatest number of roots per shoot Publishing Co. Pp. 194-95.
without formation of thickened, brittle roots. Driver, J. and Kuniyuki, A. 1984. In vitro
Rooting occurred more quickly on full-strength MS propagation of Paradox walnut rootstock.

_ medium than on half-strength MS medium (data not HortScience 19(4):507-509.

presented) although the response to the auxin Fowells, H. A. 1965. White ash (Fraxinus
pulse was similar, americana L.). IN: Silvics of Forest Trees

of the United States. USDA Forest Service

Rooted shoots were easily acclimatized to a Agriculture Handbook No. 271. pp. 191-196.
greenhouse environment by transplanting to a Heile-Sudholt, C.; Huetteman, C. A._ Preece, J.

sterilized commercial potting mixture and setting E.; Van Sambeek, J. W.; and Gaffney, G. R.
on a mist bench for approximately 4 weeks before 1986. In vitro embryonic axis and seedling

moving to benches without mist. Initial growth shoot tip culture of Ju__u_Elansni_ L. Plant
consisted of simple leaves with a gradual Cell, Tissue and Organ Culture 6:189-197.

transition to compound leaves by the third to Lloyd, G. and McCown, B. H. 1981. Commercially
fifth pair of new leaves, feasible micropropagation of mountain laurel

(Kalmia latifolia) by use of shoot tip

culture. Comb. Proc. Int. Plant Prop. Soc.
30:421-427.

MacDonald, B. 1986. Practical woody plant

propagation for nursery growers. Oregon:
CONCLUSIONS Timber Press.

Murashige, T. and Skoog, F. 1962. A revised

Best in vitro clonal propagation of white ash medium for rapid growth and bioassays with

occurred on MS medium supplemented with 3 _MTDZ, tobacco tissue cultures. Physiol. Plant.

_ 1 _M BA, and 1;mY IBA. To keep producing healthy 15:473-497.
axillary shoots, it is necessary to transfer them Nieuwkerk, J. P.; Zimmerman, R. H.; and Fordham,

to new medium monthly. Our rooting studies I. 1985. Response of apple cultlvars in
indicate that rapid rooting of axillary shoots can vitro to thidiazuron. HortScience 20:523.

be achieved in full-strength MS medium with 5 _M Preece, J. E.; Christ, P. H.; Ensenberger, L.; and
NAA and 5_M IBA. This auxin combination induced Zhao. J. 1987. Micropropagatlon of ash

rapid, synchronous rooting of normal appearing (Fraxlnus). Comb. Proc. Int. Plant Prop. Soc.
roots after I0 to 14 days. Rooted plantlets were 37:366-372.

easily acclimatized in the greenhouse by placing Preece, J. E.; Zhao, J.; and Kung, F.H. 1989.
on mist benches for 4 weeks before transferring to Callus production and somatic embryogenesls
benches without mist. from white ash (Fraxinus americana L.).

HortScience (in press).
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SURVIVAL Ab_ DEVELOPMENT OF D_DERP_

NORTHERN RH) OAK S_)LINGS: 6-YI_R RE_]LTS 1

R. K. Myers, B. C. Fischer, and G. M. Wright 2

ABSTRACTo--A test was made of the performance of six

types of northern red oak (Quercus rubra L.) nursery stock
planted in the understory of a mature stand of upland
hardwoods in southern Indiana. Manipulation of portions of

the stand by thinning from below and chemical control of
understory vegetation prior to underplanting resulted in
four classes of stand condition in which seedling survival

and growth were monitored. After 6 growing seasons,
overall survival for all combinations of stand condition and

seedling type was 50 percent and average seedling height was

60 centimeters (cm). Seedlings planted in areas receiving

some type of cultural treatment achieved greater total
heights, but survival was improved significantly only by the

understory control treatment. Understory control alone had
a greater positive effect on development of planted

seedlings than did thinning alone. The combination of
thinning from below to 60 percent stocking and understory

control gave the best results in terms of seedling
development, for all seedling types, as 56 percent of

seedlings survived after 6 years with an average height of
78 cm. Nursery stock types differed little in their

capacity to survive and develop. Mycorrhizae-inoculated
seedlings displayed no increased survival or growth for
either containerized or bare-root stock. Bare-root 1-0

stock grown in sub-irrigated nursery beds had higher
survival and made comparable growth to larger 2-0 stock

produced under identical nursery conditions. Containerized
seedlings grew somewhat more rapidly than bare-root

seedlings during the first 2 growing seasons following

outplanting, but growth rates over the last 4 years were
nearly the same for all six stock types, averaging about 5

cm per year. The greater costs and effort in producing,
transporting, and planting oak seedlings grown in large
containers are probably not justified by the small,

short-term height growth advantage of containerization.

Browsing by white-tailed deer throughout the 6-year study

period has had a substantial impact. In the first growing
season, 28 percent of all seedlings were browsed, with

highest concentrations of deer activity in the brushy,
unthinned/no understory control areas. As undergrowth has

increased in the 6 years since treatment, so has browse

incidence on planted oaks. Browse activity is now
concentrated on the more vigorous seedlings growing in both
thinned and understory control plots.

ipaper presented at the Seventh Central 2Extension Forester, Professor and former
Hardwood Forest Conference, Southern Illinois Extension Forester, Department of Forestry and

University, Carbondale, Ill., March 6-8, 1989. Natural Resources, Purdue University, West
Lafayette, Ind.
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!_ II_ION In summer of 1982, one-half of the

_; eight-acre study stand was thinned during the
_!_ Throughout the eastern hardwood region, the test of a mechanical system designed to harvest

amount of naturally occurring advance oak small, low quality trees that would normally be
reproduction in mature upland hardwood stands deadened as a part of timber stand improvement
chronically fails to meet adequacy standards, operations (Gibson et al 1983). Overall,

particularly on good sites (Sander 1979, Mills thinned areas were reduced to an average 60

et al 1987). As a part of the continuing effort percent stocking level (Gingrich 1967). In
to discover workable silvicultural techniques early September, 1982, plots assigned the
for reproducing oak stands, a study was understory control treatment were mist-blown

initiated in 1982 in southern Indiana to assess with a broadcast application of glyphosate (1.5
the performance of various types of northern red ib AE/acre) plus triclopyr (1.5 ib AE/acre) in

oak nursery stock planted in an array of 25 gallons water per acre. Follow-up tree
culturally manipulated understory conditions, injection with triclopyrl i:i was used to

control understory vegetation greater than 3

The rationale for enrichment plantings of meters (m) tall. One year following treatment,
desirable species in the understories of mature average control of understory vegetation was

stands prior to harvest has been explored in rated as 80 percent (Wright et al 1985).
some detail (Arend and Scholz 1969, Johnson
1980, Johnson 1984, Johnson et al 1986). A

number of factors have been identified which Study Design

contribute to difficulties in attaining
satisfactory growth and survival of underplanted Four two-acre plots were randomly assigned

i seedlings, most of which relate to root-shoot to two treatments (thinned, unthinned), with
ratio imbalances in outplanted seedlings as well each of these whole unit plots repeated twice.

as unacceptably high levels of competition for Within each thinning treatment whole unit, four
light, nutrients, and water from adjacent half-acre subunits were assigned randomly to two

vegetation (Johnson 1979, Wright et al 1985). secondary cultural treatments (no understory
This study was designed to test a variety of control, understory control), each repeated

combinations of cultural stand treatments and twice, giving four half-acre understory control

nursery stock types in an attempt to identify plots per thinning plot, a total of 16 subunits
the most successful techniques for artificially - 4 per whole unit. Sixteen seedlings of each
enhancing oak reproduction, of six types of nursery stock (total = 96) were

planted in each of the half-acre treatment

plots. Individuals from all stock type
METHODS treatments were assigned totally at random

within in the first subunit, with the 96-tree

Study Area planting pattern repeated in the other 15
subunits. For analysis purposes, these

_ The investigation was conducted at the assignments were treated as if they had been
Southern Indiana Purdue Agricultural Center re-randomized in each subunit.

located in Dubois County, Indiana which is in
the unglaciated Crawford Uplands Section of the

Shawnee Hills Natural Region in south-central Planting Stock
Indiana (H(mpya et al 1985). Soils in the study

area are predominantly of the Gilpin series Six types of northern red oak nursery stock
(Ultic Hapludalfs) which have silt-loam were planted on a 3 m x 3 m spacing in the

textures, are well-drained and moderately center portion of each half-acre treatment plot.

permeable, contain abundant rock fragments, and Sixteen seedlings of each stock type were
are typically 42 inches in depth to siltstone planted for a total of 96 seedlings per

bedrock. Slopes in the study area range in treatment plot and 1536 seedlings in total for
steepness from 6 to 20 percent and have a the entire area. Stock types included: i)

southern aspect, containerized 1-0 seedlings inoculated with the
mycorrhizae-former, Pisolithus tinctorius (Pt),

Oaks comprised 75 percent of the sawtimber 2) containerized 1-0 non-inoculated stock, 3)
basal area of the stand prior to thinning, bare-root 1-0 stock inoculated with Pt, 4)
White oak (Quercus alba L.) was the most common bare-root 1-0 non-inoculated stock, 5)

species, followed by northern red oak (Q__t-rubra bare-root 1-0 stock grown in sub-irrigated
L.), black oak (Q. velutina L.) and scarlet oak nursery beds, and 6) bare-root 2-0 stock grown
(Q. coccinea L.). Hickories (Carya spp.), white in sub-irrigated nursery beds. In-depth

ash (Fraxinus americana L.), and sugar maple descriptions of nursery procedures used in
(Acer saccharum Marsh. ) made up the r_maining production of these six seedling types have been
one-fourth of sawtimber stocking. White oak outlined by Wright et al (1985).

site index was determined to be 70 feet (Carmean
1971). Seedlings were planted in Fall of 1982.

Bare-root stock were planted using planting bars

and spades, while containerized stock were
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planted using standard-type post-hole diggers. Table l.--Six-year survival and total height,
Seedlings were graded by height during the and 5th and 6th year height increment by

planting process, with a cull-limit set at stand condition for underplanted northern
approximately 25 cm total seedling height to red oak seedlings in southern Indiana.
lend uniformity within stock types to the ..........

experiment. The 1-0 sub-irrigated stock ran Combined 5th °
smaller in height than other types, and

cull-limit for these seedlings was set at 15 cm. Stand Six-year & 6th yearCondition Survival height increment

% .......... cm

Measurements Unth inned,

Seedling survival, height, and condition no understory 48 34 3

(browse, die-back, vigor) were checked after control
each of the first two growing seasons (1983 and

1984), and after the fourth (1986) and sixth Unthinned,

(1988) growing seasons. Numbered metal tags on understory 64 64 12
wire stakes at each seedling location were control
invaluable in allowing accurate seedling

identification during the periodic measurements. Thinned,no understory 33 61 12
control

Analys is Thinned,

Six-year total height, combined 5th and 6th understory 56 78 18
season height increment, and percent survival control

data were subjected to analysis of variance.

Significant treatment mean differences were
further separated with Duncan's New Multiple

Range Test at P = 0.05. which would account for the conspicuously lowrates of survival in thinned plots with no weed
control. These areas, after six years, are

note-worthy for their dense stands of
R_K_STS A_K) DISCUSSION undesirable competitors such as blackberry

(Rubus spp.), poison-ivy (Toxicodendron
Survival radicans), greenbriar (Smilax spp.), and

After six years, overall survival for all sassafras (Sassafras albid%m_).

seedlings in all four stand condition classes
was 50 percent. Survival differed substantially Survival was extremely uniform among

by stand condition, but to only a small extent nursery stock types, with the exception of the
with seedling type. Highest rates of survival bare-root 2-0 stock which had significantly
were consistently associated with the understory lower (p < .01) survival than the other five

control treatment, averaging 60 percent (64% - types (table 2). Otherwise, there were no

unthinned, 56% - thinned) with understory differences in survival attributable to seedling
control and only 40 percent (48% - unthinned, production methods or to interactions of
33% - thinned) without understory control seedling type with any of the combinations of

(significant at p < .01) (table i). For the cultural treatment. Bare-root stock survived as
four combinations of stand condition, survival well as containerized stock, and non-inoculated

ranged from a high of 64 percent for all stock survived as well as seedlings with nursery
seedling types planted in unthinned-understory additions of Pt mycorrhizae. Confounding

control plots to a low of 33 percent in thinned factors may be involved in stock-type

plots with no understory weed control (table i). performance comparisons and differences, aboveand beyond nursery production practices alone.

Regardless of stock type, it is clear that These factors include differenes in planting
red oak seedlings did not survive well when techniques, variation in cull limits by seedling

under heavy competition from woody and type, seed source variations, and the variable
herbaceous understory weeds. Thinning from levels of naturally occurring mycorrhizae on
below without controlling the understory by non-inoculated seedlings.

mist-blowing resulted in the highest rate of

seedling mortality, probably because of the Tne bare-root 2-0 seedlings had lowest
favorable conditions for rapid growth by both survival rates, averaging only 36 percent, while

newly germinated and established undesirable the five other types survived about equally and
species. Overall, seedlings in thinned plots averaged just over 50 percent for all
had 44 percent survival compared to 56 percent combinations of stand condition. The lowered
survival in unthinned plots. Soil disturbance survival of the 2-0 stock is probablyattributable to the difficulty of planting

seedlings with extremely large and
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well-developed lateral root systems, Highly significant differences (p < .01) were
particularly in shallow, rocky soils, detected for all of these main effects

Conventional planting bars were not adequate to variables. However, no significant interactions

make suitable-sized holes to allow for proper existed for any of the combinations of
placement of roots in the soil. A severe summer treatments.
drought in 1983 may also have induced

disproportionate mortality in the 2-0 stock, as Northern red oak seedlings averaged 70 an

second year survival for these seedlings was total height in thinned plots compared to just
significantly lower than for the other five 49 an in unthinned plots. Similarly, seedlings

stock types (Wright et al 1985). in plots receiving the understory control
treatment had a mean total height of 71 an

Survival was highest for bare-root 1-0 versus (vs) only 48 cm for seedlings in plots
stock grown in sub-irrigated nursery beds and with no understory control. Although fewer
planted in unthinned plots with understory seedlings have survived in thinned - no

control (75 percent), and was lowest for understory control plots, those that remain have

bare-root 2-0 stock planted in thinned plots grown as well as seedlings in plots receiving
with no understory control (17 percent). High the no thin - understory control treatment.

rates of survival (> 60 percent) were associated Seedlings in unthinned areas with no understory
with all seedling types when competing control have achieved virtually no height growth
understory vegetation was eliminated (table 2). in six years. These seedlings averaged just 34

cm total height, or less than half the size of

seedlings in thinned, understory control plots

Total Height which averaged 78 om in height after six growing
seasons (table i).

The total height of surviving seedlings

after six years was strongly influenced by Nursery stock type had a significant effect

thinning, understory control, and seedling type. (p < .01) on six-year total height. However,
the variable of total height in 1988 was found

to be strongly correlated with original (1982)
Table 2.--Six-year survival and total height, seedling height. Total height of each seedling

and 5th and 6th year height increment by at time of planting was not measured, thus

seedling type for six nursery stock types analysis of covariance with original seedling
of northern red oak underplanted in height as the covariate was not possible. Since

southern Indiana. nursery production practices inherently
influence size of seedlings, it was decided that
height attairmlent comparisons between stock

Combined 5th types are valid for the purposes of this study,
Seedling Six-year & 6th year keeping in mind that some differences between

type Survival height increment types may be relics of the original differences
in size of planting stock.

%........... am

Table 3 shows original mean seedling
Containerized, heights and six-year total heights (1988) for
Pt-inoculated 51 aI 68 a 12 a the six types of red oak planting stock.

Duncan's mean separation procedure indicated no

Containerized, significant differences (p < .05) in six-year
not inoculated 52 a 64 ab 9 a height between inoculated vs non-inoculated

types or between containerized vs bare-root
Bare-root, stock. Differences did exist between

Pt-inoculated 56 a 59 ab 8 a containerized-inoculated seedlings and the two
types of sub-irrigated stock. Also, the 1-0

Bare-root, bare-root sub-irrigated stock were significantly
not inoculated 50 a 61 ab 9 a smaller after six years than the four types of

seedlings produced without sub-irrigation, a

Bare-root, difference very probably linked to original
1-0, sub- 55 a 48 c 10 a seedling size. Examination of mean six-year
irrigated beds height increment by seedling type indicates that

growth rate potential of the initially smaller
Bare-root, seedlings is not necessarily inferior to that of

20,;sub- 36 b 56 bc 19 a other types. Height development is important
irrigated beds not only for chances for survival in the

understory but for higher probabilities of

successfully competing in the next stand.

iColuan values followed by the same letter Therefore, planting large seedlings, up to a
are not significantly different (p <.05), based
on Duncan's New Multiple Range Test.
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practical limit, should result in larger size of as compared with 18 om height growth for oaks in .....
artificial oak advance reproduction at the time thinned-understory control stand conditions

of overstory removal. (table I). Without question, surviving
seedlings continue to make acceptable growth

only in areas that originally received some

5th - 6th Year Height Increment combination of thinning and/or understory ....._ ....
control treatment. No significant differences

Two-year periodic height increment (5th and between seedling types were detected by this

6th growing seasons combined) was determined for analysis of recent growth rate trends (table 2).
each seedling surviving in 1988 by computing the
difference between 1988 and 1986 total height on

a seedling by seedling basis. Comparisons using Deer Browse
this rate make clear how well surviving

seedlings are presently growing, and indicate to At each measurement, incidence of browsing
some extent whether or not treatment effects are in the current year on the dominant shoot was

still being expressed five to six years tallied for each seedling. However, no

following study initiation, quantitative measure of the effect of browsing
on seedling height or survival was made.

Over the last two years, seedlings in Therefore, only a qualitative discussion on the

thinned plots have grown at more than twice the effects of browsing activity of white-tailed

rate (15 cm vs 7 cm) of seedlings in unthinned deer on seedling development is possible. Also,
conditions. The same relationship and magnitude relative differences in browse activity and

of difference holds for seedlings growing in impact between treatments and measurement
areas with understory control vs no control, periods were compiled, and are presented here.

Seedlings in unthinned areas with no understory
control grew 3 om during this two-year interval, Browsing of oak seedlings was heaviest

during the first year (1983) following planting.
Of the 1,536 seedlings planted, 433 (28 percent)

Table 3.--Mean original seedling height, six- were browsed, with nearly half of this activity

year height, and six-year height increment (47 percent) occurring in unthinned plots with
by seedling type for six northern red oak no understory control. Not surprisingly, deer

nursery stock types underplanted in apparently spent more time in these thicker,
southern Indiana. brushy sections of the study area, and browse

incidence on planted oaks showed this effect.
Conversely, in this same year, seedlings planted

Mean Mean six- Mean six- in more open stand conditions (thinned with

Seedling height at year total year height understory control) were browsed at the rate of

type planting height increment only 14 percent.

cm After six years, the situation is quite
different. Browse activity by deer is now

Containerized, concentrated on the more vigorous, palatable .........
Pt-inoculated 37 68 aI 31 seedlings in areas that originally received

understory control treatment. Also, browse

Containerized, incidence on surviving red oak seedlings in 1988
not inoculated 34 64 ab 30 was only 12 percent (92/770). Increased amounts

and diversity of desirable browse species, as

Bare-root, well as greatly lowered numbers (density) of
Pt-inoculated 41 59 ab 18 study seedlings, has lessened the pressure and

effect of feeding deer on surviving underplanted

Bare-root, red oaks.
not inoculated 40 61 ab 21

The effects of browsing activity on the

Bare-root, survival and development of planted seedlings
1-0, sub- 20 48 c 28 are important to this discussion. In addition

irrigated beds to improving growth and survival by reducing
competition for light, water, and nutrients to

Bare-root, underplanted oaks, the cultural treatments -- in
2-0, sub- 32 56 bc 24 particular, understory control -- also reduced

irrigated beds incidence of deer browsing during the critical
first year. It appears that had deer not been a

........ factor in this study, there may not have been

IColulrm values followed by the same letter such dramatic differences in development between

are not significantly different (p < .05), based seedlings in treated and untreated areas.

on Duncan's New Multiple Range Test.
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/%_K)_SIONS Carmean, W.H. 1971. Site index curves for
black, white, scarlet, and chestnut oaks in

Underplanted northern red oak seedlings the Central States. USDA Forest Service
survived and developed best in conditions Research Paper NC-62. 8 p.

created by controlling competing understory

vegetation. Growth was increased but survival Gibson, H.G., P.E. Pope, D.L. Cassensr B°C°
was decreased by the addition of a Fischer and G. M. Wright. 1983. Thinning
thin-from-below treatment. Thinning or partial the upland hardwood forest: A mechanized

cutting to create shelterwood conditions causes system. Proceedings Second Southern
soil disturbance and increased light levels at Silvicultural Research Conference_ Atlanta,

the forest floor, which in turn result in Ga. USDA Forest Service General Technical

increased growth of competing vegetation. Report SE-24, pp. 230-239.
Without follow-up understory weed control,

underplanted seedlings will perform relatively Gingrich, S.F. 1967. Measuring and evaluating

poorly under such conditions, stocking and stand density in upland
hardwood forests in the Central States°

Seedling type in this experiment did not Forest Science 13: 39-53°

prove to be the key to success or failure.
Survival was not linked to methods of nursery Homoya, M.A., D.B. Abrell, J.R° Aldrich_ and

stock production, although plantability was T.W. Post. 1985o The natural regions of
shown to be important as survival was low for 2 Indiana. Proceedings Indiana Academy

year old seedlings with excessively large root Science 94: 245-268.

systems, especially when planted under adverse
conditions of shallow, rocky soils. Johnson, P.S. 1980. Oak planting in mid-South

Containerized seedlings had the highest initial upland hardwoods: Problems and prospects+

growth rates, but survived no better and were Proceedings Mid-South Upland Hardwood
not significantly larger after six years than Symposium for the Practicing Forester and
bare-root seedlings. The small advantages of Land Manager, Harrison, Ark. pp. 74-87.
containerization do not warrant the extra

production, transportation, and planting costs Johnson, P.S. 1984. Responses of planted
involved. Mycorrhizae-inoculated seedlings northern red oak to three overstory

showed no superiority over non-inoculated treatments. Canadian Journal Forest

seedlings. Of the six stock types used in this Research 14: 536-542.

study, large 1-0 bare-root seedlings are the
most desirable type of planting stock for use in Johnson, P.S., C.D. Dale, K.R. Davidson and J°R°

oak underplanting when practical considerations Law. 1986. Planting northern red oak in
the Missouri Ozarks. Northern Journal

are taken into account. Applied Forestry 3: 66-68.

Potential impacts of deer browsing on the
successful establishment of planted oaks should Johnson, R.L. 1979. Adequate oak regeneration:

not be overlooked, even in areas with only a problem without a solution? Proceedings

moderately heavy deer densities (30-40/square Seventh Annual Hardwood Symposium, Hardwood
mile). Browse impact on planted seedlings was Research Council, Cashiers r N.C. pp.
reduced in this study by practices whieh 59-65.
controlled understory vegetation. Thick,

brushy, stand conditions tended to attract deer, Mills, W.L., B.C. Fischer and T.W. Reisinger.
thus concentrating feeding activity on seedlings 1987. Upland hardwood silviculture: A

planted in these areas. Seedlings in the more review of the literature. Purdue

open areas with understory control were much University Agricultural Experiment Station
less affected by browsing activity. It i_ Bulletin No. 527, 29 p.
reco_ended that in areas with high deer

populations, sctne consideration be given to Sander, I.L. 1979. Regenerating oaks with the

protecting desirable regeneration from damage by shelterwood system. Proceedings 1979 John
browsing, particularly since establishment costs S. Wright Forestry Conference, Purdue
of artificial advance reproduction are high. University, West Lafayette, Ind. pp.

54-60.

[.ITERA_RE CITED Wright, G.M., P.E. Pope, B.C. Fischer, H+A.
Holt, and W.R. Byrnes. 1985. Chemical

Arend, J.L. and H.F. Scholz. 1969. Oak forests weed control to establish natural and
of the Lake States and their management, artificial regeneration in a mechanically

USDA Forest Service Research Paper NC-31. thinned upland hardwood stand. Proceedings
Third Biennial Southern Silvicultural

36 p. Research Conference, Atlanta, Ga + USDA
Forest Service General Technical Report
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EFFECTS OF SHADE AND HERBACEOUS VEGETATION ON FIRST-YEAR

GERMINATION AND GROWTH OF DIRECT-SEEDED NORTHERN RED OAK, WHITE

ASH, WHITE PINE, AND YELLOW-POPLAR I

T. E. Kolb, T. W. Bowersox, L. H. McCormick, and K. C. Steiner 2

Abstract. Flrst-year seed germination and seedling growth of northern red
oak, white ash, white pine, and yellow-poplar were evaluated In 12 environments

consisting of four levels of herbaceous interference (fern, fern-free, grass,

grass-free) crossed wlth three levels of light intensity (100%, 45%, 20% full sun)
at three clearcuts In central Pennsylvania. Germination differed among species,

ranging from 84% for northern red oak to 2% for yellow-poplar. Germination
differed significantly among sites or levels of herbaceous interference for all

species except yellow-poplar. Grass and fern interference significantly reduced
height or stem dlameCer of all species. Decreased light intensity reduced fern

biomass at one site, and grass blomass at two sites. Decreased light intensity
in the absence of fern and grass interference significantly reduced height and

stem diameter of all species except white pine, while light had no significant
effect on growth of any species In the presence of fern and grass interference.
Tolerance to both fern and grass interference and shading was greatest for white

pine, intermediate for northern red oak, and lowest for yellow-poplar and white
ash.

Additional keywords: Fraxlnus americana L., treatments, effects of other environmental
Llrlodendron tullplfera L., Quercus rubra L., factors on Interference-lnduced stresses are

Plnus strobus L., competitive ablilty,_ade poorly understood. Slte dominance by Inherently
tolerance, weed-lnduced stress, slow-growlng forest trees may depend on at least

moderate levels of environmental stress that

enhance their competitive ability by reducing the

INTRODUCTION growth of inherently faster-growlng plants, such

as many herbaceous species (Grime 1979). For

Interference from herbaceous plants Is example, northern red oak (_uercus rubra L.) in

widely recognized as being detrimental to the Ohlo Valley and Allegheny Plateau often
establlshment of forest trees in old-fleld occurs more frequently on xeric, south-faclng

plantlngs. Herbaceous interference also can be slopes In contrast to meslc, north-faclng slopes
a problem In natural regeneration by clearcut or (Carve11 and Tryon 1959, Carve11 and Tryon 1961,
shelterwood methods. Thls Is especlally true in Hicks and Frank 1984, McCarthy et al. 1984,

Pennsylvanla, where many clearcut sites are Whitney 1982). Thls pattern of occurrence

rapidly invaded by persistent herbaceous suggests that some degree of environmental stress
vegetation. Whlle the effects of competing favors Its ecological success.

vegetation can be reduced by herbicide
Thls study compares the effects of

herbaceous interference on flrst-year seed

Ipaper presented at the Seventh Central germination and growth of northern red oak, white
Hardwood Conference, Southern I111nols ash (Fraxlnus americana L.), white plne (Plnus

University, Carbondale, March 5-8, 1989. strobus L.), and yellow-poplar (Llrlodendron

tullplfera L.) under different levels of llght
2Research Assistant, Professor of intensity. Herbaceous interference can reduce

Silviculture, Associate Professor of Forest seedling growth of all these species (Farmer
Resources, and Professor of Forest Genetics, 1981, Bowersox and McCormick 1987, Yon Althen

respectlvely, School of Forest Resources, 1972), but white plne and northern red oak are

Pennsylvania State University, University Park, typically more tolerant to interference than
PA. white ash and yellow-poplar (Bowersox and
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McCormick 1987). They also differ in tolerance Grass and fern environments consisted of

to shading. Seedlings of white ash are typically indigenous levels of herbaceous vegetation in
considered to be shade tolerant, northern red oak each community. Woody stems were removed from
and white pine are intermediate in tolerance, and all environments prior to the study.

yellow-poplar is shade intolerant (Daniel et al.

1979, Fowells 1965). The primary hypothesis is At each level of herbaceous interference,
that given the presence of herbaceous interfer- treatments were applied using a spilt-plot design.

ence, stresses induced by shading will increase Main plot levels of light intensity were randomly
the growth of these species compared to that in assigned to areas of im x 5m. Light levels of

full sun. Also, we expect that more shade toler- 45% and 20% full sun consisted of a canopy of
ant species, such as northern red oak or white black shade cloth which extended from the soil

ash_ will respond to shading in the presence of surface to a height of 1.2m. All sites were
herbaceous interference more favorably than a shaded from the first week of June to the end of
less shade tolerant species, such as yellow- October. Subplot levels of species were randomly

poplar, assigned to planting spots at each light level.
Seeds of all species were planted at Sandknob

between Aprll 15-16, Laurel Run between April
METHODS AND MATERIALS 21-23, and Harry's Valley between May 1-5. Seed

viability was evaluated by laboratory tests of
Seeds of northern red oak, white ash, germination over a 100-day period on samples of

white pine, and yellow-poplar were planted in 300 seeds for each species.

spring 1987 into 12 environments consisting of
four levels of herbaceous interference (grass, Each species subplot consisted of a Im2

grass-free, fern_ fern-free) crossed with three area containing six plantlng spots for white ash,
levels of llght intensity (i00%, 45%, 20% full white pine, and yellow-poplar, and nine planting

sun). Each environment was replicated four spots for northern red oak. Each planting spot
times at each of three sites (four-hectares contained one pre-stratlfled seed for northern

each) in the Ridge and Valley Province of red oak, six seeds for white ash, five seeds for
central Pennsylvania (Harry's Valley, Laurel white pine, and 30 seeds for yellow-poplar,
Run, Sandknob). All three sites were within planted to a depth of 2cm. A total of 1296 seeds

12km of each other on lower slopes in the same of northern red oak, 5184 seeds of white ash,

ridge system. All sites had similar topographic 4320 seeds of white pine, and 25,920 seeds of
conditions except for aspect. Harry's Valley yellow-poplar were planted over all sites. At
and Sandknob had a southeastern aspect and each plantlng spot, seeds were protected from

Laurel Run had a northwestern aspect. The sites animal predation by a 10cm length of PVC tubing
received shelterwood cuts between 1970 and 1980 (2.5cm diameter for northern red oak and

and were clearcut in 1984. Previous stands on yellow-poplar, 1.3cm diameter for white ash and

all sites were dominated by oak species and the white pine) inserted into the soll to a depth of
site index for northern red oak was about 70. 5cm. The top opening of each seed protector was

All sites had unacceptably low numbers of covered by a metal rod to prevent small mammals
advance regeneration of desirable tree species from removing seeds. In grass and fern environ-
after harvest andwere rapidly invaded by grass ments, seed protectors were in direct contact

and fern communities. Numbers and composition with herbaceous vegetation. All planting spots
of advanced regeneration and soil chemical were watered one week after planting to insure

properties for each site were described by initial adequate soll moisture.
Bowersox and McCormick (1987). Each site was

enclosed by a flve-strand electric fence to After the last week of June, all planting
minimize deer browsing on seedlings, spots with multiple germlnants were thinned to

two seedlings to minimize competition between

In all environments, naturally occurring trees. Seedllngs grew in the presence of seed
grass and fern communities covered from 80-100% protectors over the entire season with no
of the soll surface at the onset of the study, apparent detrimental effects. In mid-August,

Grass communities were primarily dominated by herbaceous growth was measured at each llght

poverty oat grass (Danthonla spicata (L.) level in grass and fern environments, At each
Beauv.), but also contained lesser proportions level of light, all herbaceous blomass in a

of Rubus L., goldenrod (Solida_o L.), fireweed randomly selected 0.25m 2 area was cllpped, dried
(Erechtldes hieracitolla (L.) Rad.), whorled at 80"C for 24 hours, and weighed. Seedling

loosestrife__quadrlfolla (L.) Eli.) height and stem diameter (Icm above the soll
hayscented fern (Dennstaedtiapu-_ilobula L.)_ surface) were measured on the largest seedling
and sheep sorrel1 (Rumex acetosella L.). Fern in each planting spot in mld-October.
communities were dominated by hayscented fern.
Grass-free and fern-free environments were Cumulative ger_fnatlon percent, seedling

created by treating a 20m 2 portion of each height, stem diameter, and herbaceous blomass
community with glyphosphate (1.7 kg/ha) in were analyzed by analysis of variance. Analyses

late-Aprll and mid-June 1987. Grass-free and of height, diameter, and germination were
fern-free environments were both free of all performed separately by species due to unequal

herbaceous vegetation and differed only in error variances among species. All treatment

herbaceous composition prior to the study, effects were tested at the p<O.05 level. Mean
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separations were performed using Fisher_s intensity had no significant effect on germination

protected least significant difference, of any species.

RESULTS __rowth

End-of-season seedling heights over all

Germination sites and environments averaged 18cm for northern

Germination percentages in laboratory tests red oak, 13cm for white ash, 8cm for yellow-

were 70% for northern red oak, 85% for white poplar, and 7cm for white pine. Heights differed

pine, 6% for white ash_ and 3% for yellow-poplar, significantly among sites for all species, but
In the field, end-of-season germination percent- differences were no more than 3cm for any species.

ages averaged over all sites and environments At all sites, fern and grass interference at all
were 84% for northern red oak_ 48% for white pine, levels of light intensity significantly reduced

20% for white ash, and 2% for yellow-poplar, heights compared to interference-free environments

Germination differed significantly among sites for all species except white pine (Fig. i).

for all species except yellow-poplar. Average Effects of fern and grass interference were

germination percentage for northern red oak and similar among sites for all species except
white ash was significantly greater at Laurel Run yellow-poplar, where the average reduction in
(90%, 31%, respectively) compared to Sandknob height at Sandknob (-54%) was greater than at

(82%, 13%, respectively) and Harry's Valley (81%, Laurel Run (- 29%) or Harry's Valley (-26%).
15%, respectively)_ Average germination Averaged over all sites and light levels,

percentage for white pine was significantly herbaceous interference reduced the height of
greater at Sandknob (58%) and Laurel Run (52%) white ash by 65%, yellow-poplar by 60%, and
compared to HarryWs Valley (32%)° Germination northern red oak by 29% compared to interference-
differed significantly between levels of herba- free environments. Northern red oak averaged 2.0
ceous interference at one site or more for stem flushes in interference-free environments
northern red oak and white pine, but not white versus 1.2 flushes in grass and fern environ

ash and yellow-poplar (Table I). For northern ments. Heights of all species did not diffe_
red oak, germination percentages at all sites significantly between fern and grass environments,

were significantly greater in the presence of or between grass-free and fern-free environments. •...........

grass and fern interference (mean of 88%)
compared to interference-free environments (mean The effect of both fern and grass interfer-

ence on northern red oak height was significantly

of 81%). greater in 100% sun than in shaded environments
at both Harry's Valley and Sandknob, while

Table l.--First-year percent germination I for effects of interference did not differ signifi-
northern red oak, white ash, white pine, and cantly among light levels at Laurel Run.

yellow-poplar with (Yes) and without (No) Averaged over all sites, herbaceous interference
herbaceous interference at three sites, reduced the height of northern red oak by 38% in

averaged over herbaceous communities and 100% sun, 28% in 45% sun, and 20% in 20% sun.

light levels° For each species, means in Effects of fern and grass interference did not ......
the same row followed by the same letter are differ significantly among light levels for other

not significantly different p<0_05, species.

Northern White White Yellow- Heights differed significantly among light

red oak ash _ine poplar__ levels in interference-free environments for all
Site Yes N---------_Ye----sN---_Yes No Yes No species except white pine, while light had no

significant effect in grass and fern environments

Laurel Run 91 a 88b 32a 31a 53a 51a 2a 2a on any species (Fig. i). In interference-free
environments, average heights for northern red

Sandknob 86 a 79b 14a Iia 59a 57 a 2a 2a oak, white ash, and yellow-poplar were signifi-
cantly greater in 100% sun compared to 45% and

Harry's 88a 75b 13a 16a 46 a 19b 2a 2a 20% sun. Decreasing light intensity from 100% to
20% sun in interference-free environments reduced

Valle__ the height of yellow-poplar by 40%, white ash by

IEach value is the average of 216 seeds of 31%, and northern red oak by 28%. Northern red

northern red oak, 864 seeds of white ash, 720 oak in interference-free environments averaged

seeds of white pine, and 4320 seeds of yellow- 2.2 stem flushes in 100% sun, and 1.9 stem

poplar, flushes in both 45% and 20% sun.

For white pine, germination percentage at Harry's Diameter_

Valley was significantly greater in the presence
of grass and fern interference (mean of 46%) End-of-season stem diameter differed signi-

ficantly among sites for all species except white
pine. Average differences among sites were no

cant effect at Laurel Run or Sandknob. Light more than 0.7mm for all species. At all sites,
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Figure 1.--First-year height of northern red oak, white pine_ white ash_
and yellow-poplar seedlings at four levels of herbaceous interference
(grass, grass-free, fern, fern-free) and three levels of light inten-

sity (100%, 45%_ 20% sun). Each value is an average over three sites.

fern and grass interference at all light levels compared to Interference-free environments.
reduced stem diameter compared to interference- Effects of fern and grass interference did not

free environments for all species (Fig. 2). differ significantly among light levels for other
species.

For yellow-poplar, fern and grass interfer-
ence reduced diameter more at Sandknob (mean of Diameter differed significantly among light

-64%) than at Harry's Valley (mean of -55%) or levels for all species except white pine in
Laurel Run (mean of -54%). The effect of fern Interference-free environments, while light had

and grass interference did not differ slgnlfl- no significant effect on any species in grass
cantly among sites for other species. Averaged and fern environments (Fig. 2). In inter-

over all sites and light levels, herbaceous ference-free environments, average diameters for
interference reduced the diameter of white ash northern red oak and yellow-poplar were slgnlfl-

by 62%, yellow-poplar by 58%, northern red oak cantly greater in 100% and 45% sun compared to
by 28%, and white pine by 23% compared to 20% sun, while average diameter for white ash

interference-free environments. Diameter did was significantly greater in 100% sun compared

not differ significantly between grass and fern to 20% sun. Decreasing light from 100% to 20%
environments, or between grass-free and fern- sun in Interference-free environments reduced the
free environments for any species except diameter of yellow-poplar by 35%, white ash by

northern red oak, where average diameter in 25%, and northern red oak by 20%.

grass environments over all sites (3.1mm) was
significantly greater than that in fern

environments (2.8mm). Herbaceous _rowth

For northern red oak, the effect of fern Oven dry herbaceous biomass in grass

and grass interference on diameter was slgnlfi- environments at Sandknob was significantly

cantly greater in 100% sun compared to shaded greater in 100% sun (230 g/m 2) compared to 45%
environments at Harry's Valley, while the effect (144 g/m 2) and 20% sun (125 g/m2). Herbaceous
of interference did not differ significantly blomass in grass environments at Harry's Valley

among light levels at Laurel Run or Sandknob. was significantly greater in 100% (212 g/m 2) and

Averaged over all sites, herbaceous interference 45% sun (198 g/m 2) comparedto 20% sun (99 g/m2).
reduced the diameter of northern red oak by 32% Light level had no significant effect on grass

! in 100% sun, 28% in 45% sun, and 24% in 20% sun blomass at Laurel Run° Herbaceous blomass in
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Figure 2.--First-year stem diameter (1 cmabove ground level) of
northern red oak, white pine, white ash, and yellow-poplar seed-
lings at four levels of herbaceous interference (grass, grass-free,
fern, fern-free) and three levels of light intensity (IOOZ, 45Z,
20X sun). Each value is an average over three sites.

fern environments at Sandknob was significantly Northern red oak's consistently greater

greater in 100X (270 g/m 2) and 45Z sun (230 germination in grass and fern environments
g/m 2) compared to 20Z sun (140 g/m2), while compared to interference-free environments can be
light intensity had no significant effect on attributed to either a beneficial influence
fern hlomass at Harry's Valley or Laurel Run. of herbaceous cover, or a detrimental effect of

the glyphosphate herbicide used to control
herbaceous growth. Glyphosphate has been

DISCUSSION reported to have no effect on northern red oak

germination in forest soils (Shipman and Prunty
Germination percentages in the field for 1988), suggesting that herbaceous cover aided

northern red oak, white pine, and yellow-poplar germination, perhaps by moderating sol1 moisture.
were similar to or greater than those in

laboratory tests, while field germination for Differences in flrst-year height growth

white pine was considerably lower than that in among these species were directly related to
the laboratory ............ that the seed initial seed size. Average height of northern
protectors, planting methods, or environmental red oak, the largest seeded species, was more
conditions at the study sites may have reduced than twice that of white pine and yellow-poplar,

germlnatlon of white pine, but not the other the two smallest seeded species. Species

species. Average field germination after one ranking in increasing susceptlbillty of first-

year at any site was at best 90Z for northern year growth to herbaceous interference was: white

red oak, 58Z for whlte pine, 31Z for white ash, pine, northern red oak, yellow-poplar, and white
and 2Z for yellow-poplar. Low first-year field ash. This ranking of susceptibility to herbac-
germination of white ash and yellow-poplar is eous interference is s_nilar to that reported by
common - seeds normally remainviable in the Bowersox and McCormick (1987) for two-year growth
soil and germinate over a period of years of barefoot seedlings of these species planted on
(Marquis 1975) .......................... the same three sites. Species ranking in
northern red oak and whiteash were higher on a increasing susceptibility of first-year growth to
northwestern aspect (Laurel Run)than on the two shading (white pine, northern red oak, white ash,

southeastern aspects (Sandknob and Harry's yellow-poplar) was similar to that for
Valley), while aspect had no consistent effect on susceptibility to herbaceous interference.
germination of white pine and yellow-poplar. Thus, first-year tolerance to both herbaceous
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RELATING BLACK WALNUT PLANTING STOCK QUALITY TO FIELD PER FORMANCEI

W. J. Rietveld and J. W. Van Sambeek2

Abstract.--Planting stock quality and field performance

of seedlings stored totally enclosed in poly-lined Kraft bags
or roots only enclosed with or without moist peat were

similar to those of spring-lifted seedlings. Seedlings
heeled-in overwinter or cold-stored without packaging were

of lesser quality. Correlations of 27 measured variables

of planting stock at planting time with i0 measured field

response variables revealed 13 variables strongly related to
initial survival and growth.

METHODS

INTRODUCTION

Black walnut (i-0) seedlings were grown at

"Transplant stress," i.e., retarded the Vallonia Forest Nursery, Ind.,(Lat. N38 °

initial growth following outplanting, is a 47', Long. W 86 ° 05'). Seedlings were

persistent problem with several hardwood randomly lifted by hand from beds of regular
species. Survival and subsequent shoot growth nursery stock on December 3, 1980, root pruned .....
of outplanted seedlings depend on the rapid to 20 cm, randomly assigned to packaging
establishment of a vigorous root system treatments, and immediately packaged for

(Rietveld 1989). Transplant stress has led to overwinter cold storage. The packaging methods
several investigations of planting stock tested were: i) roots packed in moist peat,

quality and its relation to initial root seedlings totally enclosed in poly-lined Kraft
development and subsequent seedling bags; 2) roots packed in moist peat, roots
establishment, enclosed in poly-lined Kraft bags tied just

above the root collar; 3) no peat around roots,

Packaging and overwinter storage can seedling roots enclosed in poly-lined Kraft

markedly affect physiological quality of bags tied just above the root collar; and 4) no

planting stock (Webb and von Althen 1980; yon packaging, seedlings stored bare-root. In
Althen and Webb 1981, 1982). Our research with addition, for comparative purposes: 5) one

packaging methods and overwinter storage of
black walnut (_ ni_ L.) planting stock group of seedlings was heeled-in overwinter atthe nursery by placing them vertically in a
reaffirms earlier work by Webb and yon Althen, trench and backfilling with soil; and 6) one

and identifies several potentially useful group of seedlings was lifted on March 3, 1981,
relationships between planting stock from the same nursery beds and temporarily

characteristics at time of planting and field packaged the same as treatment 1 to serve as a
performance, spring-lifted control. Cold storage

temperature was 1° C and relative humidity

................... was kept as high as possible by frequent

1paper presented at the seventh central wetting of the floor.

hardwood forest conference [Southern Illinois In April 1981, random samples of stock
University, Carbondale, March 5-8, 1989]. from each treatment were taken for the

following measurements: 1) 25 seedlings for

2Supervisory Plant Physiologists, Rocky measurement of shoot and root xylem water
Mountain Forest and Range Experiment Station, potential (XWP) t 2) 4 seedlings for estimation

Lincoln, Nebr., and North Central Experiment of root starch concentration, 3) 24 seedlings

Station, Carbondale, Ill., respectively. We for determination of root growth potential
wish to thank Dr. Jim Wichman, nurseryman at (RGP), and 4) 50 seedlings for a field test.
the Vallonia Forest Nursery, Brownstown, Ind.,

for his cooperation, Mr. David J. Polak, Xylem water potential (XWP) to a minimum

computer programmer, for data analysis; and the of -3500 kPa was determined on the terminal
Shawnee National Forest for the planting site. 12.5 cm (5 in) of the shoot and one large



lateral root of each seedling, using the RESULTS AND DISCUSSION

pressure chamber technique of Scholander et al.

(1965). Root starch concentration was Growth Responses in Root Growth Potential Test
estimated using the sectioning, staining, and

visual estimation technique of Wargo (1975). Seedlings from the various packaging and
overwintering treatments showed variable

Root growth potential (RGP) was measured flushing of terminal buds (table i). 0nly
using the method reported by Rietveld and eight seedlings in the cold-stored bare-root

Williams 1981. Eight seedlings were planted in treatment burst buds during the 52-day

20-1 plastic pots filled with washed river sand greenhouse test, and most died back to the root
and set in a greenhouse (temperature >18 ° C collar sand resprouted. Heeled-in and

<50° C) under an extended photoperiod of 16 spring-lifted seedlings that overwintered in
hours. Individual seedlings were ex6unined the nursery burst buds 4 to i0 days sooner than

twice weekly for bud burst. After 32 days the packaged and cold-stored seedlings. Seedlings
seedlings were removed from the pots by gently that overwintered outside had slightly more

washing the sand from the roots. Seedling shoot tip die-back than the packaged,
shoots were immediately measured for amount of cold-stored seedlings, but the differences were
die-back on the previous year's growth (shoot not signnificant.

tip die-back), number 8/%d total length of new
shoots, and number and total length of new Shoot growth responses of the three

leaves. Seedling root systems were measured packaged, cold-stored treatments and
for total number, area_ and length of all new spring-lifted seedlings were very similar.

roots more the9 1 cm long. Area was determined Responses of seedlings totally enclosed in
with a LI-COR-" area meter. The root system poly-lined Kraft bags were slightly better than
was separated into new roots, lateral those of seedlings packaged with roots only

roots, and taproot to determine dry weight of enclosed or spring-lifted. Packing roots in
each. Percent of taproot discoloration or moist peat moss had little effect. Heeled-in

decay was visually estimated by cutting the seedlings were generally retarded. The earlier
taproot into thirds and examining the apical flushing date of spring-lifted and heeled-in
end of each section, seedlings did not result in more growth during

the 32-day test period.

The field study, on the Shawnee National

.Forest in southern Illinois, was located on a We observed no significant effects of

deep, well-drained Ava silt loam suitable for packaging and overwintering treatments on RGP

good walnut growth. The test consisted of five responses because of the high variability of
randomized complete blocks containing I0 root growth responses among individual

seedlings per treatment per block. Seedlings seedlings and among pots. Dry weight of new
were hand planted with a planting bar at 1 m x roots ranged from 0 to 214.6 mg for the

1.5 m spacing on April 14, 1981. Competing packaged and cold-stored seedlings. None of
vegetation was effectively controlled with one the seedlings cold-stored with exposed roots

application of glyphosate (5.08 kg a.i./ha = had any new root growth, and only two-thirds of
2.75 ib/A) plus simazine (4.8 kg a.i./ha = 4 the heeled-in seedlings had any new root

Ib/A) at time of planting. Seedlings were growth. Although other authors (e.g., yon
examined twice weekly for bud burst. Total Althen and Webb 1978) have reported that early

height and stem diameter 3 cm above soil line shoot extension of hardwood planting stock is
was measured at planting and at the end of the strongly correlated with the plant's ability to

first and second growing seasons. Additional produce new roots, we found that root growth
fall measurements included length of the (dry weight) was only weakly_related to new

longest new shoot (terminal shoot growth) and shoot growth (dry weight) (rE = 0.2678, F =
total length of all lateral shoots (lateral 38.4; df = i,I05). This analysis excluded the

shoot growth), seedlings cold stored with exposed roots.

All data were analyzed for significant The numerical data in table i suggest that

differences by ANOVA and Duncan's new multiple totally enclosing seedlings in poly-lined Kraft

range test (a = 0.05) using treatment means for bags resulted in a slightly better RGP response
individual seedling data for XWP and starch than packaging roots only, with or without

concentration, pot means for RGP, and block moist peat moss, or spring-lifting.
means for the field study. Correlation Statistically, the four treatments are similar.
coefficients were based on six pairs of sample

means; absolute r-values of 0.754 and 0.874 at

P < 0.05 and 0.01, respectively, were required Seedling Characteristics at Planting Time
for significance.

Shoot and root dry weight and shoot:root

dry weight ratio of seedlings in the RGP study

iTrade names are included for the information differed significantly among the six packaging

of the reader and do not constitute endorsement and overwintering treatments after 32 days in

by the USDA Forest Service. the greenhouse (table 2). Most of the effect



Table 1.--Growth responses in root growth potential (RGP) tests of black walnut planting stock subjected to
different packaging and overwintering treatments. Data are means of 24 seedlings.

Packaging Treatment
Seedling Roots Roots

Spring enclosed in bag in bag Heeled Bare-

Growth response variableI lifted in bag with moss no moss in root

Seedlings bursting bud (%) lO0.0a 100.0a 100.0a 100.0a 79.0b 33.03
Time to bud burst (days) 11.162 15.4a 19.2a 15._a 9.1b 29.J

Terminal shoot dieback (cm) 1.7 0.i 0.0 0.0 1.6 29.4
Number of new shoots 1.8a 1.7a 1.5ab 1.4b 1.3b 0.4c

Total length new shoots (cm) 6.lab 6.8a 4.1bc 4.1bc 3.3c 0.9d
Number of new leaves 7.3a 8.1a 6.6a 7.0a 4.7b 0.6c
Total length new leaves (cm) 71.7abc 94.4a 60.6bc 82.0ab 42.5c 0.4d

Dry weight new shoots & leaves (g) 1.344a 1.416a 0.984a 1.370a 0.712a 0.017b
Number of new roots 35.3 36.0 24.6 23.1 17.7 0.0

Total length new roots (_m) 98.1 98.7 70.3 59.1 44.6 0.0
Total area new roots (cm) 5.21 4.99 3.71 3.68 2.40 0.0
Dry weight new roots (g) 0.037 0.037 0.029 0.023 0.011 0.000

Average new shoot length (cm) 3.5a 4.0a 3.lab 3.0ab 1.9b 0.7c
Average new leaf length (cm) 10.0a 11.8a 9.lab 11.8a 6.5b 0.2c
Average new root length (cm) 2.8 2.5 2.8 2.4 2.5 0.0
Average new root area (cm) 0.17 0.13 0.14 0.15 0.11 0.0
Decay in upper taproot (%) 5.0c 2.5c 0.8c 0.4c 27.1b 48.3a
Decay in mlddle taproot (%) 7.1c 3.3c 2.5c 2.9c 27.0b 76.2a

iDead excluded and assigned a value of zero for most varlables.seedlings were not were

Numbers in each row followed by the same letter are not sIEnlflcantly different at the 5% level.

Treatments not followed by a letter showed no siEnlficant differences. _
_0nly eight seedlings buret buds; the remaining seedlings were assigned a value of 32 days, the

lengt_ of the test.
Root data are for first order roots > 1.0 cm in length.

was due to differences among root dry weights, planting, and that some materials were
We did not weigh the seedlings before apparently translocated to the shoots during
potting, so we did not know if the differences the RGP tests. As expected, shoot xylem water
at planting time resulted from initial potential was lowest in seedlings cold-stored
differences in seedling weight, from overwinter with roots exposed (table 2). Root xylem water
depletion, or from depletion during the RGP potential was more difficult to measure and
tests. Because all seedlings were lifted at more variable. Xylem water potential was
the same time and randomly assigned to generally low in seedlings from all the
treatments (except spring-lifted seedlings), packaging and/or overwintering treatments.
and height and caliper at the time of potting 0nly the least favorable treatments
were similar (table 2), we assume their initial (cold-stored bare-root and heeled-in) were
weights were similar. The root starch statistically distinguishable from the other
concentration data from dormant seedlings treatments. There were no significant
(table 2) do not clearly support any of the differences among treatments that enclosed the

alternative causes for the differences, total seedling or root portion of the seedling
with or without peat moss.

In another study, black walnut seedlings
from the same population were carefully
excavated from the nursery beds to retain as
much of the root system as possible. 0ne-half ]
of the seedlings were root pruned similar to Field Growth Responses
the seedlings in this study. Shoot:root ratio

of the unpruned seedlings averaged 0.238 At planting, soil moisture was marginal;
compared to 0.303 for the pruned seedlings, precipitation during the previous 12 months was
These results would indicate that shoot-root 47 cm below the normal of 116 cm. Significant
ratios at the end of RGP tests (including new rainfall did not occur for another 4 days, then
root and shoot growth) approximate the was 27 cm above the normal 45 cm expected for
shoot:root ratio of stored seedlings at time of the remainder of the growing season.
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Table 2.--Physlcal and physiological characteristics of black walnut planting stock at time of planting for 6
packaglngand overwintering treatments. Dry weight data are means of 24 seedlings, xylem water potentlal

data are means of 25 seedlings, and starch concentration data are means of 4 seedlings.

Packaging Treatment
Seedling Roots Roots

Spring enclosed in bag in bag Heeled Bare-

Seedlin_ characteristic lifted in bag with moss no moss in root

Shoot length (cm) 36.9c 41.0b 34.4bc 46.6a 35.2c 49.2a
Shoot basal diameter (mm) 8.9a 9.3a 8.8a 9.2a 8.8a 8.2a

Height/diameter _atio (cm/mm) 4.18c 4.46bc 4.49bc 5.14b 4.06c 6.07a
Shoot dry weigh_ (g) 5.835c 7.536abc 6.134c 8.401a 5.932bc 6.439ab

Root dry weight*1 (g) I0.373d 17.374a 13.388bc 16.026ab ii.867cd i0.761cd
Total dry welght[ (g) 16.208b 24.910a 19.5225 24.427a 17.799b 17.200b
Shoot/root ratio _ 0.56c 0.43a 0.46ah 0.52bc 0.50abc 0.60c

Shoot xylem water potential (-kPa) 16.46b 14.30a 15.95b i0.93a 14.72b 31.40c
Root xylem water potential (-kPa) i0.83a 19.51bcd 13.86ab 15.61abc 21.94cd 25.78d
Root starch concentration (%) 18.8b 32.5a 31.2a 50.0a 17.5a 20.0b

IFrom RGP tests, includes new growth.

As in the RGP test, sprlng-lifted and treatments as in the RGP test. LThat _s,
heeled-in seedlings that overwintered outside seedlings packaged totally enclosed in

burst buds 3-8 days sooner than cold-stored poly-lined Kraft bags performed slightly better
seedlings, but the differences had no effect on numerically, but the difference was

net growth at the end of the growing season statistically indistinguishable from the
(table 3). Most of the unpackaged cold-stored seedlings with roots only enclosed and from the

seedlings that survived died back to the ground spring-lifted seedlings. The heeled-ln

and sprouted from the root collar, resulting in seedlings had lower survival and grew less the
first year, but performed almost as well as thea decrement in height and diameter growth at

the end of the season, other treatments during the second growing
season. The cold-stored bare-ro_t seedlings

Survival, height growth, and diameter had low survival and growth the first year.

growth data support the same ranking of Survival continued to decline the second year,
but seedlings that did survive grew well.

Table 3.--Field growth responses of black walnut planting stock subjected to different packaging and
overwintering treatments. Data are the means of 50 seedlings.

PackaGing Treatment
Seedling Roots Roots

Growing season Spring enclosed in bag in bag Heeled Bare-

after planting__Gr0wth response variable I lifted in bag with moss no moss in root

1 Time to bud burst (days) 17.9cd 2 21.0bc 22.8b 22.7b 16.4b 44.4a
1 Terminal shoot die-back (cm) 3.6b 2.1b 2.8b 2.2b 4.9b 20.6a

1 Survival (%) 98.0a 100.0a 100.0a 100.0a 86.0b 50.0c
2 Survival (%) 98.0a i00.0a I00.0a I00.0a 82.0b 26.0c

1 Terminal shoot growth (cm) 18.1ab 21.4a 16.1ab 19.6ab 18.0ab 13.0b
1 Lateral shoot growth (cm) 5.6ab 9.3a 8.0a 6.9ab 3.7bc 1.1c

1 Net height growth (cm) 14.6ab 20.Oa 14.1ab 18.0ab 12.5b -50.5c
1 Net diameter growth (cm) 7.0ab 7.9a 7.0ab 7.9a 6.1b - 2.3c

2 Net height growth (cm) 99.1a 100.aa I02.5a 104.5a 110.8a 76.5b
2 Net diameter growth (cm) 17.4a 17.8a 17.9a 18.7a 18.4a 12.1b

Means exclude all dead seedlings found at the end of each growing season,

Means followed by the same letter are not significantly different according to Duncan's new multiple

range test.



Relation Between Planting Stock Characteristics taproot at the end of the RGP tests were also

at Planting Time and Field Performance surprisingly well correlated with field

survival and growth. Heeled-in seedlings had

Because the packaging and overwintering 27 percent decay at both taproot
treatments produced planting stock of variable cross-sections; seedlings stored bare-root had
quality, this study allowed us to correlate 48 and 76 percent decay in upper and lower
numerous planting stock characteristics taproot cross sections, respectively (table

determined at planting time with several field i). The remaining treatments had 0.4 to 7.1

growth response variables. We therefore ran percent decay or discoloration. Time to bud

simple correlations of shoot and root growth burst and shoot tip die-back seem to be good
responses in RGP tests (table i) and seedling early indicators of planting stock quality,

characteristics (table 2) with field growth both in RGP tests and in the field.
responses (table 3). The resultant

correlations (table 4) indicate that the Shoot basal diameter (3 cm above root

seedling characteristics that are highly collar) was the only seedling morphological
correlated (P < 0.01) with field survival and characteristic of planting stock that was

growth are: shoot tip die-back, average new strongly correlated with field growth responses
shoot length, number of new leaves, total (survival and diameter growth, but not height

length of new leaves, average new leaf length, growth). This relationship is consistent with ,
dry weight of new shoots and leaves, number of our previous finding that basal diameter
new roots, average new root length, total area increment is strongly related to first-year

of new roots, average new root area, occurrence root growth in dry weight (van Sambeek and _,
of taproot discoloration and decay, shoot basal Rietveld 1983). Height:diameter ratio of

diameter, and shoot xylem water potential, planting stock was also a reasonably good _

The average lengths for new shoot, new leaf, indicator of field performance.
new root and average area of new roots in RGP

tests were surprisingly well correlated with Shoot xylem water potential was found to _,
field survival and growth. Discoloration and be highly correlated with field survival and is

decay in cross sections of the upper and middle much easier to measure than RGP. Webb and van

Table 4.--Simple correlations of ahoot and root growth responaes in root growth potentitl (RGP) tests and seedling charaeterlstisl at time of planting,

versus field growth responses. Correlation coefficients are baaed on el: pairs of sample means representing the paekaging/overwimtering

treatments. For significance at P i 0.05 and 0,01. r value: of 0.754 and 0.8A7. respectively, are require4.

Variable Y
Varlabie X Field _rowth response

Time to Terminal First- Second- Terminal Lateral Net 1st Mr Net 1st yr Net 2nd yr Net 2nd yr !i•
bud shOOt year year shoot shoot height diameter height diameter

burst dlebaek survlval survival growth growth growth growth growth growth

(days) (ca) (S) ($) (ca) (ca) (ca) (mm) (em) (m_ :)

A. $,hoot response In RGP test

Time to bud burst (days) .96 .°1 .80" -.73 --75" -.72 -.hO -,83" -.81 e -.8_ ee -.8_ e

Terminal shoot dlebaek (em) -95'' .99"* -.97"" -.98"" -.80" -.79" -.99"" -.99"* -.93"" -.98""

Number new shoots -.73 -.76e .80" .80" -75 .70 .77" .77" .50 .62

Total length new shoots (cm) -.72 -.78 e .81" .81" .83" -79" .80" .80" .52 .64

Average new shoot length (em) -.79e -.87"" .89"" .89 °" .89"e .87" .89"" .88"e .65 .76 e

_umber new leaves -,83" -.95 "+ .98"* -97"* .85" .90"* -95e" .96"" .73 .86"

Total length new leaves (cm) ".75 "-91 ee .93 ee -92"" .92 e. .91"" -91 ee .92 ee -67 .81 e

Average new leaf length (em) -,89"" --98 .e .96*" .96 "e ".92ee .84 e .99"" -99 e" .86" .95""

Dry weight new shoots-leaves (st -.78 _ --91 °. .94 *e .9 _." .88"* -85* .91 "e .93 ee .67 .82 e

B. Root response in RGF test,

_umber new roots +,80" -.87" .40"e .40 e" .82" .82e .88 Q" .88"" .62 .75

Total length new roots (cm) -.78" -.85" .89"" .88 e" .78" .82" .85" .85e ,_8 .71

Average new root length _cm) -.96"" --97 +" .96"" -97"" .72 -75 .97"" .97 "° .90"" -95"*

Totalarea new roots (em _ -.80" -.88"" .92"" .92 e" .80 ° .83" .88"" .89 e. .62 .76"
Average new root area (ca) -.89 .... 95"" .97"" -97"" .73 -7_ .9_'' .95 t" .80" .90**

Dry weight new roots (g) -.68 -.80" ,87 ° .86" .71 .85e .80" .81" .49 -65

Decay in upper taproot (%) .72 .92"" --97"" -.96"" -.73 -,92"" -.89"" -.92 °° -.66 -.82"

Decay in lower taproot (Z) .85" .98 *° -.999"* -.996"* ".79" -.89"* ",97'' -.98"" -.80 e ".91""

C. Seedlln_ charaeterlst[cs

Shoot length (ca) -75 ,61 --23 --37 -.60 --57 -.68 -.61 -.57 ".59

ShoOt basal dlame_er (ca) -.75 -.89 °" .97 °" .86" .91"" .91"" .73 ,8_ e .89"" .88 e"

Helght/dlameter ratio .9_ ** .81 ° -.60 -.51 -.82* -.79" -.am" -.80" -.75 "-77"

Shoot dry weight (g) .03 -.24 .26 .28 -.53 "_3 .25 .27 ,09 .23

Root dry weight (g) -.27 -.53 .Sa .52 .73 .77" .54 .55 .37 .a7

Total dry weight (g) -.19 -.47 .70 .7o ._8 .a9 .31 .a3 ,aS .46

Shoot/root dry wt. ratlo .59 .72 -.70 -.70 -.66 -.84" "-73 -,71 -.65 -.68

Shoot xylem water potential 89"" .96*e -.9a °" -.94"* -.77" -.73 -.96"* -.96e* -.9_*" -.94 °*
(-kPa)

Root xylem water potential .6h .72 -.78" -,77" -.74 -.66 "-73 -.7h -.42 --58
(-kPa)

Root starch concentratlon(X) -.40 -.61 .58 -57 .57 .76" .60 .60 .59 .62

1 • significant at 5Z level; "" " el|nlfieant at 1; level. _
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i_ Althen (1980) found that RGP was also strongly black walnut seedlings typically survive

correlated with shoot xylem water potential, tenaciously but grow poorly if planting stock
Because the respective measurements were quality or growing conditions are suboptimal°

i performed on separate seedling samples in our

i study, we ran simple correlations between shoot Several investigators (e°g., Stupendickxylem water potential and 15 RGP response and Shepherd 19799 Sutton 1983) have found that
variables. The correlation coefficient for excessive among-seedling variation in root

_: number of new roots, the variable used by Webb regeneration tests makes it very difficult to

and von Althen (1980), was not significant, but use root growth variables to evaluate planting
average new root length and area were strongly stock quality and predict field performance.

The variation may be related to the genetic

correlated (table 5). diversity of normal bed-run planting stock, and

The weak relationship between seedling variation due to such factors as edge effects,
root starch concentration and field performance speed of germination, bed density, and presence

is similar to our previous findings (Rietveld of diseases. Nambiar and Cotterill (1982)
and Williams 1982). It appears that stored compared RGP of eight open-pollinated families

starch is not a key variable affecting field of radiata pine (Pinus radiata D. Don) at three
!:i survival and growth, unless it is severely temperatures. They found that root

_ depleted or seedlings are transplanted into regeneration characters were highly heritable

unusually stressful environments, and interacted significantly with temperature°
We submit that other investigators interested

We also identified early field growth in measuring planting stock quality should

response variables that were indicative of consider the following: 1) utilize genetically
eventual establishment and growth. Days to bud uniform plant materials or larger (25-50

burst and terminal shoot tip die-back, which seedling) sample sizes, 2) exploit genetic

can be measured early in the first growing differences in root regeneration and root

_: season, were strongly correlated with the configuration to improve survival and initial
remaining growth response variables measured at growth; and 3) consider adopting other less
the end of the first and second growing seasons variable and more easily measured factors (such

in the field (table B). These highly as shoot basal diameter, xylem water potential,

significant correlations, presented in table 6, and shoot growth variables in RGP tests) that
should be interpreted with the understanding are strongly related to field performance.
that the relationships may be quite different Several such variables identified in this paper

if major weather changes occur during the should receive additional scrutiny.

planting year. The correlations are much
stronger with seedling growth than with As in many field studies reported in the

seedling survival. This is expected because literature, the expression of treatment effects

Table 5.--Simple correlations between root growth potential variables and shoot xylem water potential.
Correlation coefficients are based on 6 pairs of sample means representing the packaging/ovem_intering

treatments. For significance at P _ 0.05 and 0.01, r values of 0.754 and 0.874, respectively, are

required.

Shoot xylem
water potential

Response variable in RGP test (-k_Pa)

Time to bud burst (days) -i_..1Terminal shoot dieback (cm)

Number of new shoots -.59

Total length new shoots (cm) -.61

Average new shoot length (cm) -.73

_, Number of new leaves -.86*
_[ Total length new leaves (cm) -.82*

Average new leaf length (cm) -.95**

Dry weight new shoots + leaves (g) -.84*
Number of new roots > 1.0 cm -.72

Total length new roots > 1.0 cm -.69

Average new root length (cm) -.95"*

Total area new roots > i._ cm (cm2) -.75
Average new root area (cm) -.91"*

Dry weight new roots (g) -.64

I 1 . = significant at 5% level; ** = significant at 1% level.
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Table 6.--Simple correlations between initial field growth responses and responses measured at the end of the first and second growing

seasons. Correlation coefficients are based on six pairs of sample means representing the packagi_g/overwintering treatments. For

significance at P _ 0.05 and O.O1, r values of 0.754 and 0.874, respectively, are required.

First-year First-year First-year First-year Second-year Second-year

First-year Second-year terminal lateral net height net diameter net height net diameter

Initial growth survival survival shoot growth shoot growth growth growth growth growth

response variable (S) (S) (cm) (cm) (¢m) (cm) (cm) (mm)

Time to bud burst (days) -.76 .I -.61 -.94** -.92"* -.94** -.94"* -.87** -.89 *_

Shoot tip dle-back (ca) -.83" -,84" -.99** -.99"* -.90"* -.97"* -.99"* -.99**

1
* = significant at 5S level; ** = significant at lS level.
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EARLY HEIGHT GROWTH INCREASED IN BLACK WALNUT-SILVER MAPLE INTERMIXTURES 1

F.W. von Althen 2

Abstract.--Black walnut was planted in alternate rows with silver
maple, autumn olive, black locust or white pine in two plantations in

southwestern Ontario. Best competition control and growth of black walnut

occurred in silver maple-black walnut intermixtures at spacings of 2 m
between rows and 1.5 m within rows. This mixture provided 90% competition

control in the 4th year after planting and significantly increased 5-year
height increment of black walnut. Silver maple intermixtures, however, re-

duced levels of follar nitrogen in walnut in comparison with those in
autumn olive intermixtures.

Key words: black walnut, silver maple, autumn olive, white ash, black

locust, interplanting, competition control, height increment,
foliar nitrogen content.

INTRODUCTION each. The soil was a poorly drained Parkhill

loam (Richards and Morwick 1952) 70 to 80 cm deep
High timber value and acceptable growth on with a pH and organic matter content of the plow

former farmland have made black walnut (JugZun8 layer of 7.0 and 2.8%, respectively. The entire
nigra L.) a preferred species for afforestation in experimental area was plowed and disked in the

southwestern Ontario. However, the success of autumn of 1981 and seedlings were machine-planted
black walnut plantations has been variable because in April 1982 at a spacing of 3 m between rows

site requirements were not met, herbaceous compe- and 1.5 m within rows. In the first plot, 693
tition was not controlled or trees were not shel- I+0 black walnut were planted in II rows of 63

tered from wind damage during the early years seedlings each. In the other three plots, 315
after planting. To improve plantation success, I+0 black walnut were planted in five rows, each

black walnut has been planted in mixture with containing 63 seedlings. Each row of walnut was
other tree species. Interplanting with nitrogen surrounded on either side by rows of 63 seedlings

(N)-flxing species such as black locust (Rob4n4a (i.e., six rows in all) of one of the following
pseudoucc_ia L.), European alder (Ainu8 glu$inosa species: 2+0 silver maple, 2+0 black locust, or

L. [Gaertn.]) or autumn olive (E_aeaGnu8 _el_ata 3+0 white pine (one species per plot).
Thunb.) has increased walnut growth through in-

creased soil N, competition control and protection Shortly after planting, and in April of the
from wind (Schlesinger and Williams 1984). How- next two years, 6.0 kg/ha of active slmazlne were

ever, little research has been done with inter- broadcast over the entire plantation area. Forks
mixtures of non-nltrogen fixing hardwood species, and lower branches of the walnuts were pruned

Interplanting with white pine (Pinu8 8t_obu8 L.) during the third and fifth summers after
has had limited success (yon Althen and Nolan planting.

1988). To determine the potential of silver
maple (AdeP 8Gcehol_n_ L.) as a nurse species for Study 2 was lald out in a randomized block

black walnut, two studies were carried out in design with three replications of each of five

southwestern Ontario. This report presents the treatments. The soll was an imperfectly drained
5-year results. Perth loam (Richards and Morwlck 1952) 60 to 70

cm deep with a pH and organic matter content of

the plow layer of 6.8 and 2.6%, respectively.

METHOD After the harvest of corn (Z_a may8 L.), the
field was plowed in November 1982 and tree and

Two studies were established on former agrl- shrub seedlings were machine planted in April
cultural land near Parkhill, in Ontario's Middle- 1983.

sex County. Study 1 was a non-repllcated pilot

study that consisted of four plots of 0.33 ha Treatments consisted of: I) black walnut in
.......... nine rows at a 3-m spacing between rows; 2) seven

Ipaper presented at the 7th Central Hardwood rows of silver maple alternating with six rows of
Forest Conference [Carbondale, Illinois, March 5-8 walnut, with a 2-m spacing between rows; 3) five

1989] rows of silver maple alternating with four rows

2F.W. yon Althen, Research Scientist, Cana- of walnut, with a 3-m spacing between rows; 4) as
dlan Forestry Service, Great Lakes Forestry in treatment 3, but with white ash (FPGz_8
Centre, Sault Ste. Marie, Ontario _e_dana L.) instead of silver maple; and 5) as
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in treatment 3, but with autumn olive instead of RESULTS
silver maple.

In study i, broadcast applications of 6.0

The stock used in study 2 was i+0 walnut; kg/ha of active slmazlne shortly after planting

_ other species were 2+0 stock. Trees were planted and in April of the next two years provided 70-90%
1.5 m apart within each 25-tree row. competition control in all plots in the first

!i three years but greatly reduced the survival of

Competition control consisted of broadcast black locust and white plne and of black walnut
i application of 3 kg/ha of active slmazlne over the interplanted with black locust (Table i)o Compe-

entire plantation area shortly after planting and tltlon control in year flve ranged from 20% in the

ii 4 kg/ha in April of each of the next two years, black walnut-white pine mixture to 90% in the

ii Forks and lower branches of black walnut were black walnut-silver maple interplantlng. The most
pruned during the third and fifth summers after common weed species were tall rescue (F_8_a

planting. In July 1987, branches and secondary cn_zndinuceae Schreb.), quack grass (Agropyron
il stems of the silver maple planted between the repen8 [L.] Beaur.), goldenrod (So_ido_o spp°),

I black walnuts at a spacing of 2 m (treatment 2) common milkweed (Ascle_a8 8y_oca L.) spiny

_i were pruned in half of each plot to open a space annual sow-thlstle ($onch_ o_per [L.] Hill) and
of approximately 80 cm between the crowns of black Canada thistle (Cirsium ar,oense [L°] Scop).

walnut and silver maple. Height increment of black walnut in the pure plan-
tation and in the black walnut-sllver maple mix-

ture was similar, and was greater than in the
DATA COLLECTION AND ANALYSIS black walnut-black locust or black walnut-whlte

_ plne mixtures (Table i).

i In both studies composition of the herbaceous

vegetation was recorded each July and the inten- In study 2, broadcast applications of 3 kg/ha
!_ sity of competition was assessed by visual rating of active simazine shortly after planting and 4

i of the percentage of ground cover. Survival and kg/ha In April of the next two years provided 60%total height of all planted tree and shrub species competition control during the first three years,
were recorded at the end of the first, third, and and an additional i0 to 20% of natural control was

fifth growing seasons. The breast-helght diameter provided by shade from the interplanted silver

(DBH) of walnuts planted in study 2 was also re- maple (Table 2). Competition control in year 5
corded at the end of the fifth growing season, ranged from 40% in the pure black walnut and the

Five composite foliage samples (two walnut leaves walnut-ash mixture to 95% in the walnut-maple
from each of five trees) were collected in each mixture planted at a spacing of 2 x 1.5 m. The

plot of study 2 in late July of the fifth growing most common weed species were tall fescue, quack
season. All samples were analyzed for N content grass, goldenrod and Canada thistle.

by the semi-micro Kjeldahl method.
Five-year survival and DBH of black walnut

The fifth year competition, survival, height, differed little among treatments, but height in-
DBH and follar N data from walnut In study 2 were crement was significantly higher in the walnut-

subjected to analyses of variance and Tukey's test maple mixture planted at 2 x 1.5 m than in the
of significance, pure walnut planting or the walnut-ash or walnut-

Table l.--Competitlon control and five-year survival and height increment in a pure black
walnut plantation and in intermixtures of either silver maple, black locust or white

pine with black walnut (study I).

Competition control Survival Height increment
in year

Black Nurse Black Nurse

Plantation mixture 4 5 walnut species walnut species

(_) - - - (z) (cm)

Pure black walnut 50 50 99 - 314 -

..... Black walnut - silver maple 80 90 I00 i00 324 521

Black walnut - black locust 60 60 80 63 289 520

Black walnut - white plne 30 20 97 33 272 94

Note: Studies were not replicated, so no statistical analyses were done.
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Table 2.--Competition control, flve-year survival and height increment, DBH and foliar nitrogen concentra-

tions in a pure black walnut plantation and in intermixtures of either silver maple, white ash or
autumn olive with black walnut (study 2).

Competition

control Survival Height increment DBH Foliar

in year nitrogen
Plantation mixture Black Nurse Black Nurse Black

4 5 walnut species walnut species walnut Black walnut

- - (Z) ..... (%) ...... (cm) .... (cm)- (% dry weight)

Pure black walnut 40 40a 82a - 230a - 2.8a 1.87ab
3 x 1.5 m spacing

Black walnut - silver maple 90 95c 83a 96a 323b 473a 2.9a 1.78a
2 x 1.5 m spacing

Black walnut - silver maple 80 90c 83a 98a 267ab 484a 2.8a 1.74a
3 x 1.5 m spacing

Black walnut - white ash 40 40a 86a 91 237a 339 2.9a 1.95ab
3 x 1.5 m spacing

Black walnut - autumn olive 50 60b 82a 91 230a 231 2.8a 2.07b
3 x 1.5 m spacing

Note_ Means within columns followed by different letters differ significantly (p < 0.05).

olive mixtures (Table 2). Results of the foliar To improve natural competition control and to
analyses suggest a deficiency in N (as defined by provide greater protection against mechanical dam-
Finn [1966] and yon Althen [1985]) in all walnuts age, black walnut has been planted in mixture with

except those planted in mixture with autumn olive various nurse species. Interplanting black walnut
(Table 2). The N content of leaves of black wal- with N-fixing tree and shrub species such as black
nut planted in mixture with autumn olive was sig- locust, European alder or autumn olive has

nificantly higher than that of walnuts planted in increased walnut growth through improved soll N
mixture with silver maple, supply and better competition control (Clark and

Williams 1979, Ponder etal. 1980, Yriedrlch and
Dawson 1984).

DISCUSSION

In Ontario, over 200 mixed plantations of
Black walnut is very demanding in its site black walnut and white pine have been established

requirements (Carmean 1966, Losche 1973) and is according to a prescription by Johnston (1979).
highly susceptible to the herbaceous competition The objectives of this prescription are fourfold:
that flourishes on good walnut sites during the (I) to shade out the herbaceous vegetation, there-
early years after plantlng (Byrnes etal. 1973, by increasing the available sol1 moisture and

von Althen 1985). Competition control has there- nutrients; (2) to deprive meadow voles (M_ro_ue

fore become standard practice in walnut plantation penr,_y_v_o_ Ord.) of cover and food and prevent
establishment. However, annual weed control is voles from girdling young walnut trees (Radvanyi

expensive and becomes more dlfficult to apply as 1974, 1975); (3) to decrease damaging winds, shade
the trees grow larger. After the first two or out the lower branches of the walnuts, and force

three years, the established seedlings are ex- walnut height growth; and (4) to stimulate Juglone
pected to provide their own weed control through production as a built-in thinning mechanism 25 to
shading. However, black walnut has a relatively 30 years after plantlng.
thin follage and the shade cast is insufficient to

retard the invasion of weed species after the Some excellent plantations were established

artificial weed control treatments are discon- according to the Johnston (1979) prescription, but
tlnued, as shown by my data for the pure walnut walnut growth was lower than expected in the

plots, majority of plantatlons (yon Althen and Nolan
1988). Although many factors contributed to dis-

Young black walnuts are also hlghly suscep- appointing growth, competition control was identl-

tlble to mechanical damage by wind or rain. The fled as the most important. The main problem
long, tender shoots, with numerous, large compound appears to be inadequate shading because of slow

leaves, are easily broken off in early summer be- Juvenile height increment of white pine. In the
fore they are llgnifled (Schneider etal. 1968, year of planting, height increment of black walnut

Burke and Williams 1973). generally does not exceed a few centimetres, but



• beginning in year two, black walnut is capable of (treatment 2). Removal of branches and secondary
growing up to i m per year. In contrast, white stems of silver maple provided added growing space

pine has a much lower rate of juvenile height but it remains to be seen if walnut will be able
i increment and generally requires 4-5 years to to maintain its height in relation to that of
! obtain a height of 1.5 m (Horton and Bedell silver maple. If silver maple increases its
i 1960). If artificial competition control is dis- height advantage further, it may be necessary to

continued after three years, the white pine are lop the tops of the trees.
generally unable either to provide the competition

_ control required to prevent invasion of weed spe- Previous studies have shown that rapidly

ties or to protect the walnuts from wind damage, growing walnut trees have a follar N content of
i This was confirmed by the results of study I. over 3% (Finn 1966, Maeglln et al. 1977, Pope et

i al. 1982, yon Althen 1985). An N content of
! In the present paper, the potential of silver between 2.5 and 3% indicates adequate supply of

maple as a nurse species for black walnut was in- this nutrient, between 2 and 2.5% a possible N
i

_ vestigated because silver maple exhibits: (I) good deficiency, and below 2% a definite nitrogen
Ii growth on all walnut sites; (2) high juvenile deficiency and probably serious stress. The slg-

growth rate; (3) dense foliage that provides shade nlflcant difference between levels of follar N of

_ for excellent competition control; (4) relatively walnuts planted in mixture with autumn olive and
_ high tolerance of simazlne (yon Althen 1979); (5) silver maple suggests a soll N enrichment by aut-

ease of culture in the nursery; and (6) minimal umn olive and an impoverishment by silver maple.

_ tendency to spread. Its disadvantages are poor
stem form and faster Juvenile growth than black The N-flxlng abillty of autumn olive and its

_ walnut, beneficial effect on walnut growth are well docu-

':" mented (Funk et al. 1979; Ponder 1980, 1983;

_! In study I, high mortality of black locust Friedrlch and Dawson 1984). The spreading form of
and white pine was caused by slmazine poisoning autumn olive also provides soil shading and tom-
(Table I). Although beth species normally toler- petition control. In study 2, competition control

ate dosages of 6 kg/ha of active simazine (yon by autumn olive was inferior to that of silver
Althen 1979), a heavy rain one day after appllca- maple but better than that provided by either pure
tlon washed simazine into a slight depression of walnut or the walnut-ash mixture (Table 2).

the near-level field and thereby increased the Because total heights of black walnut and autumn
slmazlne concentrations in this area. This was olive were nearly equal, the olive provided ade-

made evident by the near absence of ground vegeta- quate protection against wind damage. The great-

tlon in the depression during the first summer and est disadvantage of planting autumn olive is its

the greater-than-normal growth of competition in spread to adjacent areas. Planting of autumn
the remainder of the plot. The low survival of olive is therefore prohibited in some regions.
black walnut interplanted with black locust has

not been explained. The superior height increment Interplantlng black walnut with white ash is
of black walnut planted in mixture with silver appealing because white ash is a valuable species

maple is belleved to be the result of excellent and an excellent substitute for walnuts that fall
weed control in combination with the forcing of to produce good-quallty stems. At the end of the

walnut height growth by strong competition for fifth growing season, white ash was I m taller

light from the interplanted maples. The slow than black walnut. Consequently, the walnuts were

growth of black walnut in mixture with white pine well protected from damage by wind but the char-
is believed to be the result of inadequate compe- acterlstically long, narrow crowns of the young

titlon control and the failure of the white pine white ash provided only llmited shade and, there-

to force walnut height growth (Table 1). fore, relatlvely poor competition control.

After discontinuation of the chemical compe-

tltlon control, the pure walnut, the walnut-ash SUMMARY AND CONCLUSIONS
and the walnut-ollve mixtures in study 2 were in-

vaded by broadleaved weeds and grasses during the Planting black walnut in alternate rows with

fourth year; in contrast, shade from the tall sil- silver maple provided excellent natural competl-
vet maples maintained or improved competition tlon control and protection from damage by wind.
control. Since black walnut grows poorly in the Interplantlng black walnut and silver maple at a

presence of herbaceous competition, the signifl- spacing of 2 m between rows and 1.5 m within rows

cant growth improvement of black walnut inter- significantly increased the 5-year height incre-

planted with silver maple is assumed to have been ment of black walnut and reduced the size of
largely the result of competition control. How- branches on the lower bole. However, because the
ever, walnut height increment was no doubt also walnuts were threatened with suppression, the
influenced by competition for light from the in- Interplanted silver maples had to be pruned

terplanted maples. This competition forced walnut severely in the fifth year after planting. Inter-
height growth, and reduced the size of branches on planting black walnut with autumn olive slgnlfl-
the lower bole of the walnuts, cantly increased foliar N content over that of

walnut interplanted with silver maple. A longer

After 5 years silver maple was 150 to 200 ca period of observation is required to determine the
taller than walnut and had started to shade the potential of silver maple as a nurse species for

walnut interplanted at the 2 x 1.5 m spacing black walnut.
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_: HORMONE FLUCTUATIONS DURING STRATIFICATION

!_ AND GERMINATION OF BLACK WALNUT SEED1

_ Peter W. Somers2, J.W. Van Sambeek3, and Gerald R. Gaffney 2
i:

!

Ii

Abstract.--Seeds collected from each of five black walnut trees were re-
moved from cold stratification at 30 day intervals and dissected into endoo
carp, cotyledon and embryonic axis. Methanol leachates from each tissue

'_ were partitioned against ethyl acetate at pH 2.5 and 8.0. GC (gas-_quid
chromatography) and GC-MS (gas-liquid chromatography-mass spectrome-

": try) were used to quantify compounds co-eluting with ABA, GA3, GA4/7,
t-zeatin and zeatin riboside.

_' The highest concentrations of GA's during the first 60 days of stratification
were found in the embryonic axis. Abscisic acid concentrations were high-
est in the embryonic axis, but only during later stages of stratification.
Cytokinins appeared to play a permissive role in germination only during
the later stages of stratification. Some variation in plant growth regulators
in seed from different trees were also observed.

INTRODUCTION The occurrence of compounds with the potential to regulate
seed dormancy has been investigated for many seeds including

Black walnut (Juglans nigra L.) is one of the most highly the Juglans species. Martha et al. (1969) found no GA's in the
prized native hardwoods found in the Central Hardwoods re- kernels of _ _ seed, but did identify an ABA-1Lke
g'ion. Black walnut wood exports represented 4 percent of the inhibitor that decreased during cold strar._cafion. Meier (19'79)
total U.S. hardwood volume exported in 1983, but 11 percent reported the presence of ABA in black walnut seed, but no
of the hardwood export value (McCurdy and Kung, 1985). quantitative measurements during stratification were recorded.
Thus, black walnut had the highest value of any hardwood
species exported averaging $2293.00 per thousand board feet. Seed dormancy mechanisms are apparently species specific.

The purpose of this research was to characterize, for the first
The diverse uses of this species and its high value to local time, the change in hormone concentrations in black walnut

and export markets have encouraged the frequent planting of seed tissues during the stratification process.
black walnut. Unpredictable seed germination can affect suc-
cess of direct seeded plantations or supplies of nursery stock.
There is a need to obtain a more complete description of factors MATERIALS AND METHODS
regulating black walnut seed dormancy to consistently improve
germinative capacity. Mature seed were collected from under 5 trees located

throughout Jackson County, Illinois. After mechanically re-
The seed of Juglans sp. are considered to have a dormant moving the pericarp (fleshy outer portion, or husk), seed from

embryo (Brinkman, 1974). Although walnut seeds are morpho- each half-sib family were placed in water to remove floaters.
logically mature, a stratification period (cold, moist storage) is Cleaned seed (200-500) from each family were stored in 4 rrfil
required during which time germination inhibitors decrease or plastic bags inside burlap bags. Seed were cold stratified at
stimulators increase. The suggested stratification period is 90 4°C + I°C for 180 days, then removed from storage _d ptaced
to 120 days with a 50 percent germinative capacity (Brinkman, at ambient temperatures for 30 additional days.
1974).

Tissue Extraction for Chemical Analysis

1paper presented at the Seventh Central Hardwood At 30 day intervals, 50 sound seed from each family were
Forest (,_onference. [Carbondale, IL, March 5-8, 1989]. removed from stratification and opened. If there was no evi-

ZResearcher and Assistant Professor, respectively, dence of tissue deteriorati _,the seed were considered viable.

Southe_ Illinois University, Carbondale, IL. The embryonic axis and some of the cotyledon and endocarpResearch Plant Physiologist, USDA Forest Service, (shell) tissues from 25 sound seed were removed and irranedi-
Carbondale, IL. ately placed into 80% methanol/water 0V/eOH:H20, v:v). A

This research was supported by a MeIntire-Stennis solvent and standards blank, prepared by adding 2 ml of 10
research grant and the USDA Forest Service. mM stock solution of GA3, GA4/7, c-ABA, IAA, and t-zeafin
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to 25 ml of 80% MeOH, were treated identically to the tissue Simi_larcalculations were done for tissue samples. A t-test was
_ples. The tLssueswere placed on a shaker in a cold (4°C) used to determine if the lq ratio of the standard and the tissue
_Lgc room. Afar 24 and 48 hours, the tissues were re-¢x- samples were significantly, different. For each hormone, where

with f_h, cold 80%MeOH (100 ml for endocarp and the ki ratio was significantly (_ = 0.05) greater than the s_nd-
cotyledon tissue, 25 ml for embryonic axis tissue). This proc- ards_unples ki, the results from the OV1 column were report-
©asleached fr_ plant grow_, regulators from the tissues ed (the result sfiggestod more contaminants were co-eluding
through threechang©s of 80% MeOH and avoided the usual with the hormone on the OV 17 column). Conversely, if the ki
problem of °'cleaningup" complex plant tissue samples which ratio was smaller, the results from the OV 17 column were reo
occur when a homogenLzationstep is included (Franldandand ported. Results from the OV1 column were reported for c-
Warehag, 1966; Martin et al., 1969; Mann and Jaworski, 1970). ABA and GA,_t7and from the OV17 column for GAq and

IAA. The me_ih'ofthe OV1 and OV17 columns werdused to
In our eXl_tin_n_, all glassware was acid washed with a report the values for t-zeatin and t-zea_u rlbosicle because there

solution of concentrated H2SO4 and No-Chromix (Godax was no significant difference in the ki ratio for these two plant
Laboratories Inc.) for 4-12_hours, rinsed six times with dis- hormones.
tilled, deionize_dwater, and then dried at 120°C. All containers
and vials were capped with aluminum or teflon lined caps.

Gas Chromatography-Mass Spectrometry
The r_umolic samples were evaporated in a Buchler rotary

evaporator at 35° :t:5° C under vacuum to remove the MeOH. Standards and plant tissue samples were prepared as out-
The remaining extract was frozen at -80°C and then immediate- lined above. Mass spectra for eluting compounds were record-
ly lypho_ The lypholLzedexwaets were stored at -4oc until ed on a Finnigan Model 3000 quadrapole MS equipped whh a
all samples w¢_ collected. Samples from all tissues, stratifica- Finnigan Model 9500 GC using a 150cm (2ram id) column
tion lengrt_, and families were randomized before hormone packed with 3% OV17 on 100/120 mesh Gas Chrom Q. Retch-
analyses we_ begun, lion times and spectral lines from tissue samples were com-

paredvisually to spectral lines obtained from smudard samples.

Hormone F..xtractionand Analysis
RESULTS AND DISCUSSION

The lyphol_zcd cotyle_n and endocarp samples were rehy-
dratod with 25 ml of deionized water (Milh'pore, Milli-Q sys- Hormone Quantitative Methods
tom), and the embryonic axis samples were rehydratod with 10
ml of deionized water. The rehydratod samples were then pard. Percent recoveries of hormones added to standard samples
tioned against an equal volume of HPLC grade ethyl acetate at ranged from 27 to 54 percent (Table 1). Recoveries were high-
pH 2.5, then pH 8.0 (Figure 1). Both.EtOAc fractions were est for ABA and the GA's. IAA was not recovered from 75%
dried under a stream of dry N2, solubilized in 100 ILlof pyri- of the samples because theamount was below the detection
dine, and then silyated with 200 gl of BSA (N,O-bis,(trimethyl- limit. The basic fraction had low percentrecoveries; however,
silyl)acetamide), chromatograms from tissue samples were less complex than

those from the acidic fraction so thatt-zeatin and t-zeatin ribo-
Quantitative hormone analysis was performed by injecting side could be detected in the tissue samples. The spectral pat-

1.0 or 3.0 pl of the silyated sample ohto a dual column gas tom from GC-MS for t-Zeatin from tissue samples matched that
chromatograph (Varian model 3700) equipped with flame ioni-
zation detectors. The columns, 180era x 2.0 mm (id), were Table 1.--Mean percent recovery of each plant growth regulator
packed with OV-1 (methyl silicone) or OV-17 (methyl, phenyl added to 28 standardsamples.
silicone) on 100/I20 mesh (3as Chrom Q. Colun_ temperature

0 0 0 :,.," 2 0

wasprogrammedf_m 150C to250 C at8 rain"or210 C to
2800Cat6°(2rain"Lforacidicand_asicsamplesrespectively, AmountAdded
using a N2 flow rateof 40 ml min'L Duplicate samples of to Standard % Recovery
each fraction were runon each column, Chromatographic Standard (_tg/gl) ± Std. Error
signals were recorded on a Shlmadzu (model CR1-B) integra-
tor/re,corder to determine area of peaks co-eluting with her- "......
mone standardswithin a retention time window of 5%. Acidic_Fraction

The internal standards (IS) added to all acidic EtOAc and IAA 350/300 28 :t: 6
basic EtOAc samples before drying with N2 were androsterone
(5-alpha-androstan-3 alpha-ol-17-one) and testosterone (17 c/t-ABA 530/300 44 :l: 41
beta-hydroxyandrost-4-en-3-one), respectively.

GA3 690/300 54 ± 5
The ratio (ki) of hormone concentrations from the standards

sample for the DV17 and OV1-columns was calculated as fol- GA4/7 660/300 51 =l:3lows:
Basic Fraction

ki = • t-Zeatin 440/300 27 :t: 4i

Bi .......

where:

1Calculated as sum of cis andtrans isomers. Apprord-
A_ fficoncentration of hormone i on column OV17 mat_ly 6% ofcis form was converted to trans form during
B"i = concentration of hormone i on column OVI _mple handling.
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Separatetissues from seeds of five families
after 0, 60, 120, 180 and 210 days

(vndocarp, cotyledon, embryonic axis)

i:' Standard ---> 3 X 80%MeOH in cold (4 C) <-- Solvent
, Blank I Blank

i/' Evaporate MeOHundervacuumat35°C
I

!/ Lypholiza for storage at -4°C
i I

i! Rehydrate with dcionizod water
I

AdjustlPHto2.5

i_ Partition 3x against EtOAc
_i / \
i Aqueous phase EtOAc phase

f / \
Adjust pH to 8.0 Reduce to < 4.0 ml

,::,, / undervacuum
Discard <-- Partition 3x against EtOAc at 35°C

,: _ueous I I
pnase Reduceto< 4.0rrd Add 1.0mlof1.7mM

under vacuum Androsterone
i :

_. at35°C I
I Evaporate to dryness

_ Add 1.0 ral of with dry N2
1.4 mM Testosterone I

.... I Solubiliz¢ in I00 gl
Evaporate to dryness pyridine

with dryN 2 I
I Add 200 I_1BSA

Solubiliz¢in100gl warm@ 60°C (Ihour)
pyridine storeovernight@ roomtcmp
I I

Add 200_tlBSA gaschromatography
I

gaschromatographyl I }
2x O%1 2xOV-i7 2xOV-I 2xOV-17

Figure1.--Flowchartidentifyinganalyticalproceduresforextraction,puri-
ficationandgaschromatographyof-blackwalnutseedhormones.

from the standard samples. Because of the numberof overlap-
ping chromatographic peaks in the acidic fractions, GC-MS in ased in the embryonic axes when seed were removed from

_ identification of ABA and GA's was not conclusive. The mass _t_r_
and allowod to begin the germination process (Day_"

spectra forbothinternalstandards(androsterone andtestostcr-
: one) from the tissue samples matched those from the standard

I sample. Black walnut seed dormancy and germination patterns con-form well with the model dcveIoped by Khan (1975). After
Percent recoveries reported hi the literature range from seed fall and before cold treatment, some seeds will germinate.

10% to 90% for indole-3-acetic acid (IAA) and 59% to 93% for Hormone balances resulting from maternal influence are most
abscisic acid (Brenner, 1979). When quantifying plant growth likely responsible for this phenomenon. However, when the
regulators extracted from natural sources, most of the loss seod arc subjected to cold temperatures, none of the seed will
occurs before introducing the sample into the analytical instru- germinate until the appropriateendogenous hormone balance

has been achieved. Some seeds may germinate after 60 days of
merit, stra.tification, when GA levels have increased in the embryonic

ares. During protracted stratification, on the other hand, ABA
concentration in the embryonic axis increases and this appar-

Seed Tissue Hormone Levels _.htly_uces f_er grow_ of the axi's. As predicted by
The embryonic axis responds to cold stratification during an s mooel, an increase in me cytokinin concentration in the

cotyledons could have a "permissxve"role and allow gel'mina-the first 60 days with an increase in compounds eluting at reten-
lion times the same as GA3 and GA4/7 (figs. 2A and 2B). tionand growthin the presence of elevated ABA levels should

:_' After 60 days of stratificauon, there C/as a significant decrease environmental factors become favorable.
in GA's in the embryonic axes. The concentration of GA' s again
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CONCLUSIONS
In the cotyledons, the GA3 concentration was below the

analytical detection limit until after 120 days of stratification Concentrations of hormones extracted from various seed
(fig. 2_). However, GA4/7 had a constant concentration of 6 tissues varied. Concentrations may range over a 1000 fold
_tg g-l fresh weight (FW)'throughout the stratification period between tissues of the testa and embryonic axis. For seeds with
(fig. 2B). The GA's act as promoters of food reserve hydrolysis a dormant embryo that is released after the stratification re-
in many seeds, this is consistent with ultrastructural studies on quirements are met, a promoter:inhibitor hormone relationship
black walnut seed which show a continual disappearance of has often been found to control dormancy and germination.
protein and lipid in cells throughout the stratification period
(authors unpublished data). Amen (1968) proposed a feedback model of seed dormancy

which described the embryonic axis as the site of hormone
ABA concentration increased in the embryonic axes, but not production which affected enzyme function mainly in the food

in the cotyledons (fig. 2C). An increase of ABA late in the storage tissues. Similarly, Kelly (1969) reviewed ABA and GA
dormancy period has been observed in Latuea (Bex, 1972), regulation of seed dormancy and germination and concluded
Sinapis (Schopfer et al., 1979), and Haplopaoous (Galli et al., that hormones act as the functional components for a cybernetic
1980), where ABA may act as an inhibitor of cell expansion in system which is regulated through the hormonal balance be-
the radicle tissue during late stages of dormancy. After 120 tween the embryonic axis and the food storage tissue. This
days of stratification, some black walnut seed will rupture the may also be true for dormant black walnut seed, but these
seed coat and begin radicle elongation in the cold; however, the models do not fully account for seed which germinate before
epicotyl usually remains dormant or quiescent until a more stratification or during stratification and then remain quiescent
favorable temperature is detected, until environmental conditions are more favorable.

The role of ABA in black walnut embryonic axes may Probably the most thoroughly tested seed dormancy model
be to inhibit the growth of the epicotyl during late stages of is that of Khan (1975). This model compared the possible
stratification, when temperatures may not be favorable for combinations of three classes of plant growth regulating com-
epicotyl elongation, pounds (GA's, ABA and cytokinins) and their potential effect

on seed dormancy. Khan's model assigns a secondary role to
The highest concentrations of IAA occurred before inhibitors (e.g. ABA) and is consistent with much of the data

stratification began and generally decreased during stratifica- reported for dormant and germinating seeds. In addition, this
tion (fig. 2D). The decreasing concentration suggests that IAA model accounts for germination in the presence of inhibitors
is probably not involved in the stratification and germination (e.g. ABA) by assigning a "permissive" role to eytokinins,
processes within the seed. which antagonize the effects of inhibitors (Khan, 1971). Khan

derived the model by observing that the presence or absence of
There was a rapid increase in t-zeatin and t-zeatin riboside a hormone or hormones was less important that the relationship

in the cotyledons near the end of stratification (figs. 2E and between hormones. Khan suggested that there eould be many
: 2F). The increase in cytoldnins in the cotyledons coincided intermediate physiological situations which could cause partial

Ills with the rapid increase in ABA in the embryonic axis. Both germination or maintain partial dormancy.
" zeatin and zeatin dboside can substitute for low temperatureafterripening in ash embryos (Tzou et al., 1973) and may be

acting as "permissive" agents to germination in stratified black LITERATURE CITED
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OAK REGENERATION BY CLEARCUTTING AFTER A

SERIES OF PARTIAL CUTS l

Jeffrey O. Dawson, Joseph McCarthy, 2
Joseph A. Roush and David M. Stenger

Abstract.--A gradual increase in the amount of crown

opening with successive cuttings over a 30-year period

il evidently allowed ample time for the establishment, growth
and survival of advance oak regeneration. One to five

years following a final clearcutting there was oak

_i regeneration on four poor to good sites surveyed. Oaks
regenerated best on poorer sites with decreased competition.

INTRODUCTION where forest managers switched from a single-tree
selection method to the shelterwood method in the

In theory, the ideal method for mid 1970's. Historical obsrvations on the forest
regenerating oak is the shelterwood method had established that the single tree selection

(Merritt 1980)_ Other currently recommended method and clearcutting not preceded by partial
methods of oak regeneration, such as clearcutting cuts were inadequate to secure oak regeneration

and group selection, often require advance on medium to good sites. Our objective was to
regeneration to be present for successful stand describe oak regeneration after a series of

establishment (Merritt 1980). For example, when cuttings including a final clearcut on four sites
adequate advance regeneration is not present in a of varying quality.

mature stand, Sander (1977) recommends reducing
overstory density to stimulate seed production METHODS

prior to clearcutting. When applying the
shelterwood method, several light cuttings rather Tbls study was conducted in northeastern

than one heavy cut are preferable to maintain a Illinois at Sinnlssippi Forest, a 2200-acre,
denser canopy (Sander and Clark 1971), thereby managed forest in Ogle County. The three major

suppressing the development of competing oak species in the forest are white oak (_
understory species. According to the criteria alba L.), northern red oak (_rcus rubra L.) and

..... for advance oak reproduction suggested by Sander black oak (Quercus velutina Lam.). The forest

(1977), there should be at least 435 oaks per had been heavily logged in the middle 1800's.
acre 4.5 feet tall or taller well distributed The forest was grazed until the middle 1930's

over the area to regenerate oak stands, when the forest owners entered into a cooperative
agreement for research and management with the

Use of the shelterwood method is rare in the Department of Forestry at the University of

central hardwood region, perhaps because optimal Illinois. During the 1940's and 1950's a series

_° cutting sequences and densities have not been of improvement cuttings were instituted.

determlned, compounded by the fact that oak Thinnings from both below and above eliminated
species are ootorlously poor seed producers defective trees and during the 1950's and 1960's

(Merritt 1980). In order to add to the sanitation cuttings, mostly in the poorer-quality
.... information on oak regeneration, we measured the black oak stands, were made removing oaks with

regeneration of oak and other tree species symptoms of oak wilt and all other trees within a
following the application of a series of partial 50-foot radius of the diseased trees,
cuts and a final c]earcut at Sinnlsslppi Forest,

Four sites of varylog productivity were
selected for this study. Sol]s in this forest

1 were developed in sands from Win--_in g]aela]

ipaper presented at the Seventh Central outwasb and in loessal materla] o_ sand and
Hardwood Forest Conference, Carbondale, IL, March glacial till. Productivity classes ranged from a

black oak stand Of poor quality wlth a black oak
5-8, 1989. site index of 50 to a stand wlth a red oak oak

2The authors are Associate Professor, site index of 70 (50-year basis).

Sinnissippi Forest Student Interns and Staff
Forester, respectively, Department of Forestry,

University of Illinois, Urbana, IL
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A site that originally bad 80% or more black RESULTS AND DISCUSSION
oak stems with a black oak site index of 50 was

classified as black oak poor (BOP). Chelsea Oak regeneration from 1 to 5 years after the

Loamy Sand is the only soil type present. Soil final cutting ranged from 5600 stems per acre on

classification in this paper is that of the USDA the black oak site to 1400 total stems per acre
Soil Conservation Service° Slopes over 84% of on the red oak site (Table I). Most oak stems

the site ranged from 7-15% and the remaining 16% observed were seedling and sapling sprouts. Oaks

of the slopes were less than 7%. An improvement were a major component of tree regeneration
cutting in which defective trees were removed was greater than 4 feet in height only on the poorer
made in 1955 reducing crow_ cover to 90%. sites (BOP and MOMI) (Table 2). Heights of oak

Additional seed cuttings reduced the crown cover reproduction were variable, but on the poor and
to 80% in 1965 and 60% in 1979_ The final cut medium sites, more oaks tended to overtop
was made in 1984_ competing vegetation than on the good site.

Observations of other stands at Sinnissippi

Two sites that originally had 50-79% mixed Forest reveal a contrasting pattern of oak
oak stems with oak site index values of 60 were regeneration in stands that have not had a series

classified as mixed oak medium (MOM). Mixed oak of partial cuts. Advance regeneration and

medium site i (MOMI) was the poorer of the two regeneration of oaks following hardwood
medium-quality sites. Soil types were 43% clearcutting on medium and better quality sites

Chelsea Loamy Sand on slopes ranging from 7-15%, in Sinnissippi Forest tend to be almost totally
24% Chelsea Loamy Sand on slopes ranging from I- absent in stands without a recent history of

7% and 33% Boone Sand on 15-35% slopes. An major canopy openings.

improvement cutting was made in 1952 leaving 90% Table I. Oak regenerationI-5 yearsafter final cuttingon
residual crown cover and was followed by sites of varyingquality. Mean values and relative
additional cuttings in 1960, leaving 70% crown frequenciesare for i0 plots. Standard deviationsare

cover, and 1977, leaving 60% residual crown in brackets. The number of yearssince clearcuttlng
cover° The final cut was made in 1982. are 3 for BOP, 5 for MOMI, 1 for MOM2 and 4 for ROG.

The better of the mixed oak medium sites Species Site and Mean No. of No. of Relative

(MOM2) bad 45% Lamoot Sandy Loam on 5-12% slopes, Site Index Stems/Plot Stems/Acre Frequency
28% Martinsville Silt Loam on 10-15% slopes and

27% Boone Sand on 15-45% slopes. An improvement Quercus BOP 50 3.3 (3.9) 3300 0.7
cutting was made in 1958, leaving 90% residual alba MOMI 60 0.9 (1.3) 900 0.4
crowd cover, followed by cuttings in 1972 and MOM2 60 2.6 (5.2) 2600 0.4

1982 that left 70% and 60% crown cover residual, ROG 70 0.7 (1.3) 700 0.3

respectively_ The final cutting was made in quercus BOP 50 0 0 0
1986o rubra MOMI 60 1.4 (1.7) 1400 0.6

MOM2 60 I.I (1.6) II00 0.5
ROG 70 0.7 (1.3) 700 0.3

A red oak good (ROG) site had 59%

Martinsville Silt Loam on 2-5% slopes and 41% _uercus BOP 50 2.3 (1.6) 2300 0.8
Eleva Sandy Loam on 2-7% slopes. The site velutina MOMI 60 0 0 0
originally had 80% or more red oak stems and a MOM2 60 0.I (0.3) I00 0.I

ROG 70 0 0 0
red oak site index of 70° A light improvement
cutting was made in 1958, leaving 90% residual

crown, followed by a cutting in 1974 leaving 70%
residual cro_n_ and a final cutting in 1983. Table2. Estimatednumbersof stemsper acre of oaks andother woody plant regenerationby height classes 1-5

years a_ter finalcutting on sitesof varying quality
The four sites averaged 7 and ranged from 3 at SinnlssipplForest. The numberof years since

tO II acres in area. At the final cutting all clearcuttlngare 3 for BOP, 5 for MOMI, 1 for MOM2 and
4 _or ROG.

large timber was removed, although some sma]l

trees up to 20 feet in height were not damaged by
]ogging and were left on the site. Most stems of Height Classes of Regeneration(feet)

the advance regeneration were severed by logging
site Regen. type 0-4 4-8 8-12 >12

equipment, resulting in a preponderance of

seedling and sapling sprouts. A small sample of

te_ square milacre plots were randomly located BOP oaks 4200 1200 I00 I00
in each stand during July of 1987. Sample size other trees 300 600 200 500

shrubs 2100 1800 300 -
was restricted owing to the limited time and

manpower available for the study. All woody MOMI oaks ii00 700 300 200
stems less than 4 inches diameter at breast other trees 400 700 200 500
height and small trees and shrubs less than shrubs 200 1500 - -

breast height (4.5 feet) in each plot were MOM2 oaks 2700 600 200 300
counted by species and visual estimates of the other trees 400 800 600 500
percentage cover by each woody plant species were shrubs 600 500 - -

made. Tree heights were measured and estimates ROG oaks 1300 I00 -
were also made of the percentage of each plot other trees I000 900 I00 400
covered by grasses, herbaceous plants, woody shrubs 1700 900 I00
vines and brambles.
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The regeneration results from the four in dense mixed stands (Oliver 1978). However, on

sites are not strictly comparable because the the red oak site our early regeneration survey
time since clearcutting varies from 1 to 5 years, results indicate the possibility that red oak and

The series of cuttings that preceeded the final white oak wl]] persist only as equal components

cuts also occurred at different times, under with other tree species in the developing mixed
° different climatic regimes and at different times hardwood stand rather than as the predominant

in relation to oak mast production cycles. An forest species.

examination of table 1 reveals not only that
there is more oak regeneration on the poorer Standard deviation values (Table I) suggest
quality sites_ but also that an additional that any randomly-located milacre plot is just as

increment in quantity of oak regeneration seems likely to have no oaks, or on average about twice
to occur in the more-recently cut stands. In the number of oaks, as the mean value for oak

spite of the differences in timing of the stems in a plot. The relative frequencies for
treatments and the interval of time between final oak species are given in Table 1 and indicate

cutting and sampling, site quality seems to have clearly that the relative frequncy of occurence,

bees a stronger determinant of oak regeneration or stocking, of oak regeneration in randomly
than timing of cuttings is relation to short-term distributed milacre plots declloes as site

climatic regimes and seed-productloo cycles, quality increases. Is addition, the species
composition of woody plant regeneration differed

The sum of cover percentages for all oak markedly according to site quality. Northern red
species on a site was 68% on the BOP site, 53% on oak regeoeratlon was found only on the good amd

the MOMI site, 28% on the MOM2 site, and 14% on medium quality sites and ranged from 700 stems
the ROG site (Table 3). Oak cover also per acre on a good site to 1400 stems per acre on

constituted a smaller portion of total tree and a medium site (Table I). Black oak regeneration

shrub cover and total plant cover on the better occurred only on one MOM site with I00 stems per
sites (Table 3). The amount of foliar cover by acre and the BOP site with 2300 stems per acre.

oaks in the regeneration followlog the final White oak regeneration was present on all sites,
cutting was inversely proportional to site but was more abundant on the poorer sites (Table

quality. These results are cooslstent with those I).
of Carvell and Tryoo (1959) who found that oaks

regenerated better on poorer sites with decreased Other trees and shrubs varied in occurence
competition from herbaceous vegetation and with site quality (Table 4). Bitterout hickory

shrubs. The sum of follar cover percentage (Carya cordiformis [Wangenh.] K. Koch) and

estimates for herbaceous plants, grasses, shagbark hickory (Carya ovata [Mill.] K. Koch)
brambles (raspberries, gooseberries and were most abundant on the better sites. Black
greenbriar) add vines is midsummer ranged from cherry (Pruous serotlna Ehrh.) occurred on all

128% on the BOP site to 240% on the ROG site sites while chokecherry (Prunus vlr_ioiana L.)

_ (Table 3), illustrating the greater amount of was prevalent on poorer sites. Hazelnut (_orylus
competition on the good site. americana Walt.) add several small species of the

genus Comus combined constituted the most common

It is possible that mldtolerant red oak shrub group oD all sites.

eventually will dominate initlally-faster-growlng
trees, and develop its characteristically long, Grape vines (Vitis spp.) were more abundant

i clear bole when growing for small canopy openings on the better-quality sites. The greatest amount
of low vegetative cover, proportionately, on all

i_ Table 3. Mean cover percentagesper plot for tree and shrub sites was for black raspberry (Rubus spp.),i species and other vegetation(grasses,herbs, brambles
and vloes) 1-5 years after floa] cuttiog on sites of Virginia creeper (Partheoocissus quioquefolia
varying quality at SiuoissipplForest. The number of [L. ] P]anch.), gooseberries (Ribes spp. ) and
years since clearcuttiogare 3 for BOP, 5 for MOMI, 1 poison ivy (Toxlcodeodron radicans [L. ] Kuntze.).
for MOM2 and 4 for ROG.

The amount of oak regeneration measured

Site and Site Index after clearcutting in this study is much less
than the advance regeneration present prior to

Species BOP 50 MOMI 60 MOM2 60 ROG 70 the final cutting in other Siooissippi Forest

stands of identical quality and similar cutting

_uercus a]ba 31 21 12 5 treatments (Ehlert et a]. 1987). This suggests
_. rubra 0 30 16 9 that there is considerable loss of oak
_. velutina 37 2 1 0 reproduction associated with harvesting and
_ ovata 3 1 5 i0 opening of the stands to full sunlight.
c. cordiformis 5 13 17 18
P--ruDusserotioa 31 15 23 25
p. virgioiaoa 7 3 0 4 Ehlert add coworkers (1987) measured
Ulmus spp. 2 36 32 3 regeneratloo in 1986 in the same stands sampled
co_]us americana i0 8 6 9 in 1987 for this study. Between 1986 and 1987

Corousspp. 15 3 7 15 the overall patterns of oak regeDeratlooOthers 16 19 27 I
described in the two studies remained the same.

Subtotal 157 151 146 99 The sample and plot sizes were the same in both
Other vegetation 128 159 171 240 studies, although different sets of plots were

%_ Total 285 310 317 339 randomly-located for each study. The similarity
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Table 4. Regeneration of woody species other than oaks 1-5

years after finaleuttlogon sitesof varying quallty, advance regeneration. The rather long time
_{eanvaluesand relative frequenciesare for i0 plots, period over which the cuts were made, and theStandarddeviationsare in brackets. The number of
years since clearcuttingare 3 for BOP, 5 for MOMI, [ gradual increase in the amount of crown opening
for MOM2 and 4 for HOG. Includedamong others are trees wltb successive cuttings may have contributed to
and shrubs, as in table 2, plus vines and branches, the successful survival and growth of oak

regeneration in these cases. These results

SFecies Site and Mean No. of No. of Relative provide a basis for comparison and further
Site Index Stems/Plot Stems/Acre Frequency testing of cutting sequences, densities and

intervals to obtain optimal systems for oak
regeneration in central hardwood forests.

sop 50 o o o
ovata MOMI60 0 0 0
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Cuttings in these stands were initially
1 ight and extended over a 30-year period,
evidently allowing ample time and shelter for

establishment, growth and survival of seedlings
from the ,generally-poor and beavtly-predated seed
crops of oaks. Small, scattered openings

resulting from oak-_rll t sanitation cuttlugs,
particularly on , the poorer sites, may have
fureber .aided in the survival and gro_b of
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IMPACT OF PRODUCT MIX AND MARKETS ON THE

ECONOMIC FEASIBILITY OF HARDWOOD THINNING 1

John E. Baumgras 2
Chris B. LeDoux

Abstract.--Results demonstrate how the economic feasibility of

commercial hardwood thinning is impacted by tree diameter, product

mix, and primary product markets. These results indicate that multi-

product harvesting can increase revenues by $0.01/ft 3 to $0.32/ft3;

and that small shifts in prlce levels or haul dlstance can postpone
commercial thinning approximately i0 years.

INTRODUCTION 1986), nonindustrlal private forest-land owners
are reluctant to make these investments. These

li I The economic scarcity of quality sawtimber is owners control 70 percent of the Nations' hard-

evidence by increasing real prices for ash, oak, wood growing stock (USDA Forest Service 1982).

and cherry (Kingsley and DeBald 1986). Even Ownership surveys in Ohio and West V_rglnla
species such as yellow-poplar or sugar maple that (Birch 1982, Birch and Kingsley 1978) indicate

show no real price gains exhibit significant price that timber production is seldom the primary rea-

_ differentials by log size and quality (Ohio Agr. son for owning timberland, yet owners of two-thirds

lil Stat. Serv. 1987). Hardwood sawmills also report of the nonindustrial private forest land plan to

added haul costs of as much as $100/mbf resulting harvest timber. These owners also rank timber

from the greater haul distances required to obtain prices and the need for money well above cultural

adequate supplies of grade i and 2 sawlogs treatments as reasons for harvesting timber,
(Kronrad 1986). Accordingly, commercial thinning may afford the

best opportunity for improved hardwood management,
To increase production of high-quality saw- Commercial thinning requires no investment, pro-

timber, periodic thinning and improvement cutting rides the required immediate cash flow, and pro-
is needed to maintain stocking at levels associated vides periodic cash flows to bolster economic
with maximum board-foot volume growth, and to returns and continued interest in forest

concentrate growth on the most desirable trees, management.
Results from thinning studies in upland oak stands

show improved sawtimber yields and reduced time Opportunities for commercial thinning are
to grow large-diameter trees (Gingrich 1971). constrained by harvest revenue that must exceed
Although definitive results are not available harvesting costs. Product mix and available

regarding impacts of thinning on tree quality, markets, factors that affect thinning revenues,
Herrick and Morse (1968) project a twofold-to- are the focus of this paper. Harvesting cost for
threefold increase in the proportion of grade i alternative logging technologies is the focus of

i_ butt logs resulting from intensive management of another paper in this same proceedings volume
Appalachian hardwood stands. (LeDoux and Baumgras 1989).

!_ Whereas viable opportunities exist for inves-

ting in hardwood management (Risbrudt and Pitcher PRODUCT MIX

Revenue from thinning is a function of product
ipaper presented at the 7th Central Hardwood mix and product markets. Product mix can be

_ Forest Conference, Carbondale, Illinois, defined as the volume of wood available in alterna-

! March 5-8, 1989. tlve primary products. These volumes are affected
by tree size, species, quality, and total volume

2john E. Baumgras is a Research Forest Products harvested. Species and quality require site-spec-I
_, ific assessments. However, evaluating product mix

L Technologist, and Chris B. LeDoux is an Industrial as a function of tree diameter can demonstrate very
Engineer and Project Leader, USDA Forest Service, important trends in thinning revenue.
Northeastern Forest Experiment Station, 180 Canfield

_,_, Street, P. O. Box 4360, Morgantown, WV 26505.
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The four types of primary products included sample thinning plots in overstocked poletimber and
in this analysis include only bolewood > 4.0 small-sawtimber stands of Appalachian hardwood.m

inches diameter outside bark (dob) from trees _ These even-aged 50- to 70-year-old stands included
5.0 inches diameter at breast height (dbh). upland oaks, cove hardwoods, and northern hard-

Product definitions and specifications include: woods growing on medium to good hardwood sites.

Large Sawlogs: USDA Forest Service factory These stands were thinned from below, removing
grade 3 or better, scaling diameter _ I0 dominant or codomlnant trees only if they were of
inches, poor quality, or to attain the desired spacing

(Baumgras 1984).
Small Sawlogs: USDA Forest Service factory

grade 3 or better, i0 inches _ scaling The most significant product mix trend is the

diameter _ 8 inches, increase in large-sawlog volume with increasing
tree dbh class; from zero at 8 inches to 35 cubic

Sawbolts: Sawable roundwood > 6.0 inches dob, feet at 16 inches dbh (fig. i). For trees in the

suitable for manufacturing wooden pallets or smaller dbh classes most likely to be removed in

other low-quality sawn products. Because of thinning, large sawlogs are not the major component.

size and/or quality, will not make a factory Small sawlogs and sawbolts represent 40 to 70 per-
grade 3 sawlog, cent of the merchantable volume in the 8- to 12-1nch

dbh classes. This roundwood is often marketed as

Pulpwood-fuelwood: Bolewood _ 4.0 inches dob pulpwood or fuelwood. If markets are available for
that will not make sawlogs or sawbolts due to small sawlogs and sawbolts, these products afford

crook, sweep, defect, or diameter constraints, an opportunity to upgrade the product mix and
increase thinning revenue throughout the diameter

Total merchantable volume and volume by pro- classes shown in figure I.
duct type shown in figure I represent results

from the analysis of 1,770 trees cut from 113 PRODUCT MARKETS AND MULTIPRODUCT HARVESTING

The array of products available and the need to

60 D LARGE SAW LOGS increase thinning revenue identifies a very impor-
tant role for multlproduct harvesting. Blinn and

D SMALL SAW LOGS others (1983) reported a 25 percent gain in deliv-
ered product prices from multlproduct harvesting

SAWBOLTS versus pulpwood-only harvests in Lake States
hardwoods. Upgrading roundwood values through multi-

50 product harvesting could prove essential to intensive

PULPWOOD -FUELWOOD hardwood management and the required commercial
thlnnlngs.

To demonstrate the impact of multiproduct har-

40 ::: vesting on thinning revenue, the APTHIN computer

•.. program (Baumgras and Yandle 1986) was used to obtain

_-_ ::: revenue estimates for three product marketing alterna-
•.. tlves. The APTHIN program utilizes product volume and

•"" weight equations (Baumgras 1984, 1988) to estimate
30 "'"

::: product yields and revenue for thlnnlngs in Appala-
•.- chian hardwoods. Inputs include the basal area

O _$

> ::: removed by tree dbh classes and product prices. To

::: show thinning revenue as a function of the mean diam-
w ::: eter of merchantable trees removed, the required
w 20 ... basal area removals were obtained by sorting the data

_ from 113 sample thinnlng-plots according to the aver-

•_ age dbh of trees _ 5.0 inches dbh removed from each
plot. These same plots were used to develop the

"--'._--_ results shown in figure 1 and to develop the yield

IO _ equations incorporated in APTHIN. For this applica-

I tlon, the sample plot data are used only to define

the relationship between average diameter of merchan-
table trees and basal area removed by tree dbh class.

......... The product prices included in this analysis
6 8 10 12 14 16 represent a range of prices surveyed from published

hardwood forest products price bulletins (Engalichev
TREE DSH CLASS (Inches) 1985, Ohio Agr. Stat. Serv. 1987, Univ. Wisc. 1986).

Figure l,--Average total merchantable volume and
product volume per tree by tree dbh class. Input prices by product classification and

r_!at!y@_prlce level are:

S;7
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Medium Low At the lower end of the diameter range asso-
ciated with early thinning, small sawlogs and

Large sawlogs $/Mbf_ / 175 150 120 sawbolts provide a potentially important source of

Small sawlogs $/Mbf 120 105 90 revenue to promote commercial thinning° However,

Sawbolts $/Mbf 115 i00 85 either higher prices for pulpwood, or lower prices
Pulpwood $/i00 ft 3 55 44 33 for small sawlogs and sawbolts_ would diminish

gains from sorting those two products° The
resulting revenue curve would approach that of

the pulpwood-large sawlog mix. Consequently,
_/International i/4-inch log scale, strong markets for material of the size and

quality of sawbolt and small sawlogs would signi+

The average unit revenue curves in figure 2 ficantly improve prospects for early commercial
contrast three product marketing alternatives; thinnings. These markets also can provide needed
(i) pulpwood only, (2) pulpwood - large sawlogs, outlets for small roundwood in the absence of

and (3) pulpwood-sawbo!ts- small sawlogs - pulpwood or fuelwood markets.
large sawlogs. To demonstrate maximum revenue

gains from multlproduct harvesting, high relative

prices are assumed for sawlogs and sawbolts, with ECONOMIC FEASIBILITY
low relative prices for pulpwood. The slope of

the two multiproduct curves reflects the product

price differentials and the product mix that Evaluating the economic feasibility of com-
changes with the average dbh of trees harvested, mercial thinnings requires estimates of both costs

The vertical distance between curves represents and revenues. The variability of unit costs and

revenue gains from product sorting. Gains from revenues and the resulting shifts in feasibility
large sawlogs exceed those from small sawlogs and are demonstrated in figure 3. The three stump-
sawbolts when cut trees average 8.5 inches dbh or to-mill cost curves were developed from the ECOST

larger. Large sawlog volume and revenue gains, computer program, and assume chainsaw felling

the distance between the sawlog-pulpwood curve and and skidding with a JD-540B rubber-tlred skidder
the pulpwood curve, continue to increase with dbh. (LeDoux 1988). ECOST estimates the stump-to-mill

Revenue gains from sorting large sawlogs range cost of cable or ground-based logging eastern
from $0.01/ft 3 at 7 inches, to $0.27/ft 3 at hardwoods. Detailed estimates are available for

12 inches. Gains from sawbolts and small sawlogs felling, bucking, yarding or skidding, loading,
remain relatively constant at $0.03/ft 3 to and hauling. The computer program summarizes
$0.06/ft 3 (fig. 2). results from selected time and motion studies that

.70 • _ , • , i - have been generalized using computer simulation
methods.

-- PRODUCTS" HARVESTED _ The slope of the cost curves show changes

L _ occurring with increasing tree diameter
and bar+

_ vested volume/acre. The vertical distance between

_--".60 _-/ COSt curves represents differences in one-way

W _//y ._ haul distance: 20 miles, 40 miles, and 60 miles+

Haul cost assumptions include a tractor-trailer
•_ comb±nation averaging 25 miles per hour IncludingZ /

W _/ _o-/ haul distance and cost enables market location

..YZb/W as well as price to enter the feasibility analysis.

" .5o o.,)/_.o+/" Fo+ .k.of+i.plioi y,

Z_ .+++_/_o'_ all primary products are hauled the same distance.
D O0 j _ The three revenue curves assume multiproduct

q_O'+/ _ harvesting when product price differentials increase
w _v / / average unit revenue. For simplicity, it is also

.40 assumed that all four products are priced at the
E same relative level: high, medium, or low+

w Although numerous combinations could exist for
product prices and market locations, the upper

++ PULPWOOD and lower cost _nd revenue curves essentially

bound these possibilities.

.30
With three levels each for cost and revenue,

+ J_ .+ t __ i .... t __ _+ s there are nine possible intersections. Each

7 8 9 10 11 12 intersection represents the lower limits of
feasibility with respect to the average dbh that

AYERAGE TREE DBH Ilnchesl can be commercially thinned under the stated

Figure 2.--Average unit revenue by average dbh of assumptions. Under the best case scenario, a
trees harvested and products harvested, short haul with high prices, thinning is feasible

at approximately 8.2 inches average dbh (fig. 3)°
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Figure 3.--Simulated cost and revenue per unit by the average
dbh of trees harvested, haul distances, and relative price
levels.

The minimum average dbh increases to approximately llnk prospects for improved hardwood management to

9.2 inches when prices are reduced to medium levels the economic feasibility of commercial thinning.
or haul distance is increased by 20 miles. On Accordingly, these results should help forest

the basis of diameter growth results reported for managers and planners recognize the product mix

upland oaks by Glngrlch (1971), this shift would available from hardwood thinning, and to understand

postpone thinning about 10 years. At 60 miles, the important roles of multiproduct harvesting,
both medium- and low-price levels prove infeasible product prices, and market locations. These vari-ables affect revenue required to initiate thinning ._
up to 12 inches average dbh, and the timing of commercial thtnnings. Also

The impact of price levels and haul distance affected are resultant growth and quality response. .j
demonstrates the trade-offs between these two These variables should therefore be included in

important variables. In this analysis, a shift the development of forest management plans,
between relative price levels is roughly equiva-
lent to a shift of 20 miles in haul distance. Many forest managers are acutely aware that
With smaller trucks or poorer roads, the impact of poor markets often limit opportunities for commer-
distance could be much greater. These results cial thinning. Although current markets may not
indicate that market location and resultant haul gavor commercial thinning, ongoing shifts in
distances are as important to commercial thinning hardwood utilization and projected hardwood demandlevels are encouraging. Important utilization
as product price levels. Alternative harvesting
technology may also reduce stump-to-truck costs trends include the increased production of com-
and thereby improve prospects for early thinning, posits wood products such as waferboard, orientedstrand board, and medium density fiberboard; pro-

ducts that provide markets for thinning material

DISCUSSION (Kalllo 1986). New processes for manufacturing /_
sawn products from small logs should likewise _....

The constraints imposed by forest land owner- improve hardwood markets (Reynolds and Ka111o 1986).

ship and landowner objectives seem to directly The growing demand for wooden pallets also can be
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satisfied with the large volume of small sawlogs Engallchev, N. 1985. New Hampshire forest market

and sawbolts available from thinning (Anderson report. Coop. Ext. Serv., Ext. Publ. II,

1987). New Hampshire Univ., Durham. 26 p.

Long-termprojections also show large Gingrich, S. F. 1971. Management of young and
increases in the Nation's total demand for hard- intermediate stands of upland hardwoods.

wood roundwood increasing from 3.0 billion cubic USDA For. Serv. Res. Pap. NE-195. 16 p.
feet in 1976, to 9.6 billion cubic feet in 2030

(USDA For. Serv. 1982). These projections include Herrick, O. W., and J. E. Morse. 1968. Investment
a threefold increase in pulpwood and fuelwood analysis of stand improvement and reforesta-

demand, with much of the pulpwood going to panel tion opportunities in Appalachian forests.
and board products. A 1.2-billlon-cubic-foot USDA For. Serv. Res. Pap. NE-II. 43 p.

increase is projected for hardwood sawlogs.
Appropriately 55 percent of sawlog volume will Kallio, E. 1986. Existing and future products

go into shipping products such as wooden pallets, from thinning. P. 108-113 in Proc. hard-

wood thinning opportunities in the Lake
To identify opportunities for commercial States. USDA For. Serv. Gen. Tech. Rep.

thinning, forest managers and forest industries NC-II3. 153 p.

_i I must periodically update their feasibility
analyses to reflect the ongoing developments in Kingsley, N. P., and P. S. DeBald. 1986. Hard-

harvesting technology and product markets, as well wood lumber and stumpage prices in two eastern
as tree growth and the resulting changes in timber hardwood markets: the real story. USDA

stand attributes. This process could be automated For. Serv. Res. Pap. NE-601. 17 p.
by using a computer to llnk forest inventory data

bases and growth models with harvesting cost and Kronrad, B.D. 1986. Check your hardwood markets.
revenue models such as ECOST (LeDoux 1985, 1988) For. Farmer. 45(7):19-20.

and APTHIN. The required cost and revenue analyses
could then be applied to each candidate stand in LeDoux, C. B. 1985. Stump-to-mill production

the forest inventory file. Resulting output could costs equations for cable logging eastern
list economically feasible thinning sites, acres of hardwoods. USDA For. Serv. Res. Pap. NE-566.

feasible thinning sites, or product volume avail- 6 p.

able from commercial thinning. Such results would
identify marketing and utilization opportunities LeDoux, C. B. 1988. ECOST - Version 2, Stump-

and help update forest management plans, to-mill production cost equations and computer
program. Unpubl. report on file at USDA For.
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CONTEMPORARY LOGGING TECHNOLOGY FOR HARVESTING YOUNG

CENTRAL HARDWOODS I

Chris B. LeDoux 2

John E. Baumgras

Abstract.--Thinning young central hardwood stands presents an opportunity for

increasing the growth and yield of quality sawtimber. Planners, loggers, and

managers need to know what types of logging technology are available for treating

young stands. In this paper, three types of logging technology applicable to

central hardwoods are presented.

INTRODUCTION CABLE SYSTEMS

Commercial harvesting of forest products is Cable logging systems are generally used to

a key linkage in managing young central hardwoods, harvest timber on steep, difficult, or environ-
If forest management is to be intensified, managers mentally sensitive sites. A wide range of cable

and planners must become familiar with the types machines from small, relatively inexpensive to

of logging technology available to them. The costs very large and expensive machines are available
of operating such technology also must be docu- (LeDoux 1985, LeDoux 1987). Cable systems gener-

mented and particular attention must be given to ally require more crew training as well as on the
how individual site and stand variables impact ground planning layout to maintain economical pro-

logging costs. Planners and managers also should duction levels. The two cable machines discussed
understand the impact of individual silvicultural a_e capable of operating under most young central

treatments on logging cost. The distance that wood hardwood site conditions and handling potential
must be transported to landings and then on to saw- volume removals. The Bitterroot is a small, rela-

mills or other processing centers also impacts log- tively inexpensive machine with a low production
ging costs and must be accounted for in planning rate designed to operate in stands with average

treatments for young stands (LeDoux 1988). tree d.b.h, of 7 to 9 inches (fig. I). The second
machine, the Clearwater Yarder, is a slightly larg-

A wide array of harvesting machinery is er machine with higher cost and higher production
available for conducting thinning operations in capable of operating in stands with an average tree

young central hardwoods. These include cable sys- d.b.h, of 9 to 12 inches. The costs,are projected

tems, ground-based systems, and portable bunching using ECOST version 2.0 (LeDoux 1988_). Although
winches. It is beyond the scope of this paper to the smaller Bitterroot could operate in larger d.b.h.
deal with all of the available logging systems, stands, it is not recommended to do so if production

In this paper, we present three logging technolo- levels, costs, and related stand damge are to remain

gies and specific machine types applicable to thin- at an acceptable level.
ning young central hardwoods. We also demonstrate

the impact of select stand attributes such as d.b.h. Stump-to-landing costs decrease with increasing
of trees removed, the total volume removed, and average cut-tree d.b.h, for each volume removal

stump-to-landing distance (slope yarding/skldding/ (fig. I). Total stump-to-landing costs increase
winching distance) on logging costs, with increasing volume removal because we simply

have more wood to remove. However, combinations of

Ipaper presented at the 7th Central Hardwood 3The use of trade, firm, or corporation names
Forest Conference, Carbondale, Illinois, in this paper is for the information and convenience

March 5-8, 1989. of the reader. Such use does not constitute an
official endorsement or approval by the U.S. Depart-
ment of Agriculture or the Forest Service of any

20hris B. LeDoux is an Industrial Engineer and product or service to the exclusion of others that
Project Leader, and John E. Baumgras is a Research may be suitable.
Forest Products Technologist, USDA Forest Service,
Northeastern Forest Experiment Station, 180 Canfield 4LeDoux, Chris B. 1988. ECOST - Version 2 -

Street, P. O. Box 4360, Morgantown, WV 26505. Stump-to-mill production cost equations and computer
program. Unpubl. report on file at U.S. Department

of Agriculture, Forest Service, Northeastern Forest _Y

Experiment Station, 180 Canfield St., Morgantown, WV.
26505.
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Figure 2.r-Simulaaed skiHding cost for the John Deere 540B skidder
by. volume _em_vedper atre and average cut-tree d.b.h.

generally cheaper to own and operate than conven- SLOPE YARDING DISTANCE
tlonal skidders or cable yarders. Many types of

winches are available to select from. In this

article, we highlight the Radio Horse 9 Winch Stump-to-landing distance will significantly• affect productivity and costs. Figure 4 shows the

(LeDoux et al. 1987). impact of distance on the costs of bunching, skid-

The impact of average cut-tree d.b.h, and ding, and yarding. Generally, for all logging
volume removal on bunching cost for the Radio systems, removal costs rise with increasing distance.
Horse 9 is shown in figure 3. The bunching costs Although comparisons among machines based on slope

range from a high of $0.313/ft 3 at d.b.h, of 4 yarding distance alone are difficult and could be
inches and volume removal of 500 ft3/acre to low misleading, we show the relative affect of slope

of $0.024/ft 3 at 12 inches d.b.h, and volume yarding distance on the systems mentioned previously.One would not expect cable systems in hardwood appli-
removal of 700 ft3/acre. The impact of average

cut-tree d.b.h, on bunching cost is shown in the cations to reach farther than about 900 feet,

following example. The bunching cost at 4 inches ground-based systems about 1/3 mile, and bunching
d.b.h, and 500 ft3 removal is $0.313/ft 3, and winches about 150 feet. Obviously, these systems
decreases to $0.036/ft 3 atl2 inches d.b.h., could reach farther on select appllcations resulting

which is an 88 percent decrease for the same in excesslvely high removal costs.
volume removal. Again, as for the previous

systems, operating in small d.b.h, stands with For example, the cost of using the Bitterroot
low volume removals makes harvesting marginal, yarder at a slope yarding distance of 350 feet is$0.159/ft 3 increasing to $0.228/ft 3 at a distance

of 750 feet, which is an increase of about 43

percent. Careful attention to logging unit layout,
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straints can help keep removal costs within about 55 percent less than the Bitterroot yarder

economical bounds (LeDoux 1984, Baumgras 1987). cost of $O.150/ft 3. The John Deere 540B cost a_
average cut-tree d.b.h, of 7 inches is $0.113/ft 3,
which is about 35 percent less than the Bitterroot

LOGGING SYSTEM COMPARISON yarder cost of $0.175/ft 3. These relative cost
differences can be used as estimates of environ-

The type of logging technology selected for mental protection cost. Clearly, to harvest tim-
removing young hardwood logs can undoubtedly affect ber on steep, difficult, environmentally sensitive

the production rate and cost of that effort, sites will cost more as more expensive logging
Figure 5 shows the relative cost difference of technology is used. Comparisons such as those

wood removal using the three harvesting techno- shown in Figure 5 allow the managers and planners

logics described in this paper. In all situations, to visualize the cost differences of using
removal costs decrease with increasing average alternative logging technologies.
cut-tree d.b.h. The Radio Horse 9 winch is com-
petitive with the John Deer 540B skldder in the

7 to 8 inch d.b.h, range. Otherwise, the Radio CONSIDERATIONS FOR MANAGERS

Horse 9 winch is the most economical to operate,

followed by the John Deere 540B skidder, and next Simulations presented here show the difference

the more expensive cable systems, the Bitterroot in cost of alternative logging technologies. Before
and Clearwater yarders, deciding to log an area, the managers and planners

must consider the interaction of logging equipment
For example, at an average cut-tree d.b.h, of and site and stand specific variables such as aver-

9 inches, the Radio Horse 9 cost is $0.067/ft 3 age cut d.b.h., volume removed, and slope yarding
which is about 26 percent less expensive than distances required. Also considered should be

Figure 5.--Simulated comparative yarding/skidding/winching costs for the Bitterroot and Clearwater yarders,
the John Deere 540B skidder, and the Radio Horse 9 bunching winch by average cut-tree d.b.h.

Conditions: slope yarding distance, 300 feet for the Bitterroot and Clearwater, I00 feet for the _
Radio Horse 9, 500 feet for the John Deere 540B; volume removed, 3,000 ft3/acre for the Bitterroot,
Clearwater and John Deere 540B, 700 ft3/acre for the Radio Horse 9.
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primary product markets and the product mix avail- Baumgras, John E. and Chris B° LeDoux. In press°

able from the trees to be harvested, the topic of The impact of product mix and product markets

a companion paper in this same proceedings (Baum- on the economic feasibility of hardwood
gras and LeDoux 1988). The logging manager also thinning. 7th Central Hardwood Forest

should be aware of other logging technologies Conference: March 5-8, 1989; Carbondale,
and their comparative costs. IL. 24 p.

The simulated results summarized in figures LeDoux, Chris B. 1984. Cable yarding residue

1 to 5 span the range of potential forest harvest after thinning young stands: a break-even
site conditions. Clearly, for many applications, simulation. For. Prod. J. 34(9):35-40.

particularly in thinning young stands some of the

combinations of average cut-tree diameter and LeDoux, Chris B. 1985. Stump-to-mill timber
volume removed shown in the above figures will not production cost equations for cable logging

exist. The results however, do show the relative eastern hardwoods° Res. Pap. NE-566o

shifts in logging costs due to such volume cut Broomall, PA: U.S. Department of Agriculture,
and average tree size diameter combinations. Forest Service, Northeastern Forest Experiment

Station. 6 p.
Simulations such as those presented here do

not provide all the answers on which equipment to LeDoux, Chris B. 1987. Estimating yarding costs
select or how to apply it. However, these methods for the Clearwater yarder. Res. Pap. NE-609.

illustrate the different types of harvesting tech- Broomall, PA: U.S. Department of Agriculture,
nology available to thin young central hardwoods Forest Service, Northeastern Forest Experiment

and help pinpoint the variables involved and their Station. 4 p.
interaction so that loggers, planners, and man-

agers can choose the best systems for treating LeDoux, Chris B. 1988. Impact of timber produc-
young hardwood stands or final harvest tion and transport costs on stand management.

operations. Res. Pap. NE-612. Broomall, PA: U.S. Depart-
ment of Agriculture, Forest Service, North-

eastern Forest Experiment Station. 5 po
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VERIFICATION OF TREE GRADING ALGORITHMS
WITH A HYPOTHETICAL HARDWOOD FORESTI

C. J. Liu, Jeffrey W. Stringer, and D. J. MeLaren2

Abstract.--Standing tree grades in a hypothetical hard-
wood forest were obtained from execution of a newly designed
tree grading algorithm, using computer simulated grading
characteristics. For a hypothetical population of 500 trees,
tree characteristics generated included diameter at breast
height, diameter inside bark at the top of the grading
section, Girard form quotient, number and lengths of clear
cuttings, and percent cull due to sweep, crook and rot.
These characteristics were inputs for a tree grading model
consisting of a forester as hardware and the tree grading
algorithm as software. Mental execution of the tree grading
algorithm by the forester produced tree grade as output from
the tree grading model. The purpose of this paper was to
establish the correctness and to evaluate the efficiency of

the tree grading algorithm that permits systematic classi-
fication of standing tree grade without using a computer in
woods.

INTRODUCTION
!

(Diameters, Clear Cutting, Cull Deductions)

Determining hardwood tree grades is not an $
amicable task for most beginning tree graders.

Hanks (1976) and Miller et al. (1986) have devised I i Software 1 [Hardware 1

methods to assist in learning the USDA Forest .............
Service hardwood tree grading system. More Tree Grading Forester
recently, two tree grading algorlthms-the general [___gorlthm _ ,. _,
tree grading algorithm (TGA) and the form class _

tree grading algorithm (FCTGA)-were developed (Liu G|rand McLaren 1987, Liu 1988) for determining hard- (Tree ade)
wood tree grades. This paper presents grading
characteristics of a hypothetical 500-tree popu- I-0Ut-P-Uts_
lation that was simulated for the verification of
these tree grading algorithms. Figure 1.--Schematic representation of a tree

grading model.

Tree Grading Algorithms The TGA (fig. 2) is a set of logically
arranged statements representing conditions

Application of TGA for tree grade determi- required by the USDA Forest Service hardwood tree
nation can be illustrated by visualizing a tree grade system. Tree characteristics such as stem

grading model (TGM) comprising a forester, acting diameter, number and lengths of clear-cuttings,
like a piece of hardward, and the TGA, the soft- and amount of cull deductions are used as input to
ware that prescribes activities constituting tree the model. The forester executes the TGA by
grading processes (fig. 1). evaluating a statement and determining if it is

true or false, based on the input data. The
forester branches to another statement according

ITo be read at the 7th Central Hardwood to the sequence of control built in the TGA. The

Forest Conference, Carbondale, Illinois, March 5- forester repeats this evaluation-branching
8, 1989. The investigation reported in this paper activity until the output, the tree grade, is
(88-8-63) is in connection with a project of the obtained. TGA systematizes tree grading by making
Kentucky Agricultural Experiment Station and is it a methodical procedure that can be carried out
published with the approval of the director, easily and quickly by a forester without computer-

2Associate Professor, Research Specialist, related training and experience. FCTGA (fig. 3)
and Extension Specialist, Department of Forestry, is very similar to TGA except that it is used with
University of Kentucky, Lexington, KY 40546-0073. a predetermined form class.

196 1



' General Tree Grading Algorithm (TGA)

Yes/No

I. DBH > i 5.6" (I 4.6" for basswood & ash) ............................ 4/2

2. DBH _ i 2.6" ............................................................... 7/3

3. DBH _ 9.6". ............................................................... i0/BG

4. DIT > 19.6" ............................................................... i i/5

5. DIT > i5.6" .. ............................................................. t2/6

6. DIT _ 12,6" (i 1.6" for basswood & ash) ............................ 13/7

7. DIT > li.6". .............................................................. i6/8

8. DIT > i 0.6". .............................................................. i 7/9

9. DIT > 9.6". ................................................................ id/i0

I 0. DIT > 7.6" .... ............................................................. i9/BG

ii. SCC > I0',2 11'8",413'4",sin I or 2 CC---eachCC > 3' .......20/14

12. SCC > i0",2II'8"1413"4",,inI or 2 CC--each CC > 5' .......20/I 4

t3. SCC > lO'Iz1I"8",413"4"ISin I or 2 CC-each CC > 7" ........20/14

14. SCC > 8"iz9'4"1410'8"15in i,2 or 3 CC-each CC > 3" ........iS/19

15, TCD < 9% or [9% < ROT _ 40% and (noSd_C nor SDF)]...........G2/23

16. SCC _ 8',29'4"1410'8"18in i,2 or 2 CC--eachCC > 3" ........22/19

17. SCC _ 8',z9'4",410'8",ein i or 2 CC-each CC > 3" ...........22/i9

18. SCC 2 10',zi1'8",413'4",6in I or'2 CC--eachCC > 7" ........22/19

19. SCC _ 6',27'i48',6--alICC > 2' .....................................23/BG

20. TCD < 9% ..................................................................Gi/21

21. S_C _ 15% and TCD _ 40% ............................................G2/23

22. TCD < 9% ..................................................................G2/23

23. TCD _ 50% ................................................................G3/BG

_Numericalsubscriptsrepresentlengths(ft)ofgradingsections.Symbols
used inthe tablestandfdr:DBH-diameter outsidebarkat breastheight;
DIT--Diameterinsidebarkat topofgradingsection;CC--clearcutting(s);
SCC--sum of the longesti, 2, or 3 clearcuttingsthatare equaltoor longer
thanthespeclfiedlengthof CC; TCD--totalcullBeductlon(s_eep,crook,
rot);S_C--culldeductiondue tosweep and/or crook;SDFL-sur_ace
defect(s)on gradingface;Gl---gradei; G2--grade2; G3--grade3; and

• BG--below grade.

Figure 2.--General Tree Grading Algorithm (TGA).
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Form Class (80)Tree Grading Algorithm._

Yes_ _o
12 13 14 15 16

1. DBH_ 22.69" 23. t1" 23.56" 24.02" 24.50" ............. 8/2
%2 t3 f4 15 16

2.DBH _ i8.06" t8.40 'l t8.75" 19.t2" t9.50" ............. 9/3
12 t3 14 15 16

3. DBH _ 15o60" ]5°60" 15.60" t5.60" 15.75" .............. 10/4

* DBH _ 13 43 ''12 -t3 _4 Is le. t3.68" 13.94" t4.22" t4.50" ............. t0/4
12 13 14 15 16

4. DBH> 13.43" t3.68" t3.94" t4.22" 14.50" ............. 13/5
12 13 14. 1S t6

5. DBH _ t2.60" t2.60" 12.74" t2:99" t3.25" ............. t4/6

12 13 60,,14 is 166. DBH ;_ t2.60" t2.60" t2. 12.60" t2.60" ............. t5/7
t2 13 14 1S 16

7. DBH _ 9.60" 9.60" 9.60" 9.60" 9.60" ............. 16/BG

8. SCC > 10'12 i I'8"14 13'4"1ein I or 2 CO-each CC > 3'..........17/I I

9. SCC > I0'12ii'8"1413'4"16in I or 2 CC-each CC > 5'..........17/I I

i0. SCC _ I0/12ii'8"1413'4"isin I or 2 CC-each CC > 7' .........17/I I

Ii. SCC > 8'12 9'4"14I0'8"16in I,2 or 3 CC-each CC > 3'.......12/16

12. TCD < 9% or [9% < ROT _ 40% and (noS_C nor SDF)] ...........G2/20

13. SCC _ 8'12 9'4"1410'8"lein I,2 or 3 CC-each CC > 3'.......19/16

14. SCC > 8'12 9'4"14i0'8"16in I or 2 CO-each CC > 3'..........19/16

15. SCC > 10'12i1'8"1413'4"16in I or 2 CC-each CC > 7'..........19/16

16. SCC > 6'12 7t14 8'16-alICC _ 2'.............................20/BG

i7. TCD < 9% ...................................................................GI/18

18. S&C < 15% and TCD < 40% .............................................G2/20

19. TCD < 9% ....................................................................G2/20

20. TCD < 50% .................................................................G3/BG

_Numerical superscriptsrepresentheightsatthetop ofgradingsections
whilenumericalsubscrlptsrepresentlengthsofgradingsections.Symbols
usedstandfor:DBH--diahneteroutsidebarkat breastheight; DIT--diameter
insidebark attop ofthegradingsection;CC--clearcuttings(s);SCC--sum
ofclearcuttings;TCD--totalculldeduction(sweep,crook,& rot);S&C--cull
deductiondue tosweep and/or crook;SDF--surfacedefect(s)on grading
face;G1--Erade i; O2--Erade2; O3--Erade3; BO--belowgrade.

*Forbasswood an4 ash only.

Figure3.--FormClass (80)Tree GradingAlgorithm.

198



Distributions of Tree Characteristics Distributions of grade characteristics are
shown in figure 4. All 500 trees in the popu-

To establish the correctness and to evaluate lation have dbh's from 10 to 34 inches (fig. 4-

the efficiency of the TGA, the procedure just a). Generated distributions of sweep (fig. 4-b),
described was repeated by grading 500 trees in a crook (fig. 4-c), and rot (fig. 4-d) are

hypothetical hardwood forest. Grading character- continuous ones with a maximum amount of 25%, 25%,
istics of the 500 trees were computer generated by and 50%, respectively. For presentation purposes,

hypothesizing their distributions. For example, these data are aggregated into either 4 or 5
dbh distribution was assumed to be inverse J- groups with division lines drawn to match

shaped and the distribution of Girard form limitations set forth by the grading rules. For
quotient was programmed to reproduce that of the any tree, the Girard form quotient falls between

sum of form-class averages of all species in table .746 and .835 (fig. 4-e). As can be seen in fig.
4 of the pamphlet "Tables For Estimating Board- 4-f, number of clear-cuttings progressively

Foot Volume of Timber" (Mesavage and Girard 1946). decreases as the length of clear-cuttings
Lacking any information about the number and increases.

lengths of clear-cuttings, the distribution of
clear-cuttings was purely imaginary.

(.) Distribution of DBH (_) Distribution of Sweep
200 500 ,

435

= 400

h.- 300

`6 1oo "_

__[_m 200

.1o

_ _ lOO
Z !__ ,,,_ 38 15 12

10 14 18 22 26 30 34 0-3 4-9 10-15 16-25

DBH (inch) Percent of Sweep in Tree

(c) Distribution of Crook (a) Distribution of Rot
500 500

436 417

"6 300 # 300
200 200

E
100 ' _ 100

_,4. z ,,....,o0 ...... 0 ......
0-3 4-9 10-15 16-25 0-9 10-20 21-30 31-40 41-50

Percent of Crook in Tree Percent of Rot in Tree

(e) Distribution of Form Class (f) Distribution of Clear Cuttings

20O 900

162 800 I 767

_" _ 500
`6 lOO 8,+ '_ 400

58 57

lfi|z _ S 200 !eh4o11_ = 1ooIBm_---,,_l,o2_.o +mm .... _.__o o JJ+_NJD_R I +I+EUH+mm_.mm.+JC__
75 76 77 78 79 80 81 82 83 84 1 3 5 7 9 11

Girard Form Class Length (feet)

Figure 4.--Distribution of tree characteristics in a computer simulated hypothetical hardwood

forest: (a) dbh, (b) sweep, (c) crook, (d) rot, (e) form class, and (f) clear cuttings.
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Tree Grades in the Hypothetic Population For each and every tree in the population,
the computer generated grade was verified by

Tree grades obtained from 500 simulation runs checking the grade obtained from the USDA Forest
of the TGM are presented in figure 5. There are, Service Hardwood Tree Grade for Factory Lumber

respectively, 18, 82, and 273 trees classified as (Hanks 1976) and was found to be correct. The
grade I, grade 2, and grade 3, while 127 trees average number of steps needed to obtain a tree

were below grade. Note that the distribution of grade using TGA is approximately 6.
tree grades in this hypothetical population

represents a combination of distributions of all
grade characteristics considered. DISCUSSION

Tree grading algorithms logically place grade

factors involved in a grading system in a set of
sequentially arranged branching statements; they

not only systematize tree grade procedures but

also promote understanding of grading rules.
Although these algorithms are devised for grading

hardwood trees for factory lumber, the algorithmic i
methodology used can be readily transferred into

other areas of forest management, especially
decision-making processes under field conditions.

Hardwood Tree Grades
(Hypothetical Population)

LITERATURE CITED

_a_m 2S.4% Hanks, L. F. 1976. Hardwood tree grades for

factory lumber. USDA For. Serv. Res. Pap.

NE-333. 91 p.

_a_m-s s4.e% _a_-I _.s_ Liu, C. J. 1988. Form class tree grading

algorithm. (In press, Canadian Journal of

_ade-2 16.4% Forest Research.)

Liu, C. J. and D. J. McLaren. 1988. A Model for
the Determination of Hardwood Tree Grade.

(In press, Journal of Forestry.)

Mesavage, C. and J. W. Girard. 1946. Tables for
estimating board-foot content of timber.

U.S. Forest Service, Government Printing

Office, Washington, D.C. 94 p.

Figure 5.--Grade distribution in a computer Miller, G. W., L. F. Hanks and H. V. Wiant, Jr.

simulated hypothetical hardwood forest. 1986. A key for the Forest Service hardwood
tree grades. North. J. of Appl. For. 3:19-

22.

2OO



CURRENT TRENDS IN REGIONAL HARDWOODLUMBER

PRODUCTION AND TIMBER USAGE 1

William G. Luppold and Gilbert P. Dempsey 2

Abstract.--Hardwood lumber is one of the most important

products obtained fromour eastern forests. Production of

hardwood lumber is increasing with important shifts in out-
put among producing regions. Comparative U.S. and alterna-

tive lumber production data are presented, regional shifts
noted, and their impact on long-term timber availability
discussed.

INTRODUCTION Such an increase is probably one-fifth the amount
of the additional hardwood lumber used by the

In recent years, the demand for many solid pallet industry, alone, during this period.

hardwood products has increased dramatically.
Between 1980 and 1986, exports increased by 40 The thesis that underreporting of the In-

percent, while the production of wood pallets, crease in hardwood lumber production occurred
furniture, and flooring increased by 44, 5, and between 1980 and 1986 is consistent with Cardel-

86 percent, respectively (U.S. Dep. Comm., Bur. lichlo and Binkley's (1984) finding that hardwood

Cens. 1981-87; U.S. Dep. Cans., International lumber consumption was significantly greater than
Trade Administration 1988; National Wooden Pallet reported production during this period. Because
and Container Association 1987; and National Oak of the differences in reported and apparent hard-

Flooring Manufacturers Association 1980-87). wood lumber production, Luppold and Dempsey (in

Increased demand caused inflation-adjusted hard- press) developed an alternative series of hardwood
i wood lumber prices to move higher by I0 percent lumber production statistics. This series is

between 1980 and 1986 (U.S. Dep. Labor, Bur. compared to the Current Industrial Reports (ClR)
Labor Stat. 1987). Such changes in demand and and Cardellichio and Binkley's findings in

price ultimately cause hardwood lumber production figure 1.

_ to increase and may stimulate changes in compara-
tive economic advantage among producing regions. This paper is divided into three parts. The

!_ first part recaps the procedure used to develop

Although it may be a foregone conclusion the Luppold-Dempsey hardwood lumber production

that hardwood lumber production has dramatically estimates. These statistics are then used to
increased, information released in the Current analyze absolute growth and regional shifts in

Industrial Reports (U.S. Dep. Comm., Bur. Cans. hardwood lumber production. The last section
1957-87) indicated only a 4 percent or 285 mil- presents reasons for the changes in hardwood lum-
lion board-foot increase between 1980 and 1986. 3 bar production and the potential impact of current

market trends on long-term timber availability.

iPaper presented at the Seventh Central

Hardwood Forest Conference, Carbondale, Iii., ALTERNATIVE PRODUCTION NUMBERS
March 5-8, 1989.

2William G. Luppold and Gilbert P. Dempsey An alternative hardwood lumber production

_ are Supervisory Economist and Economist, respec- series was developed through a comparative anal-

,_ tively, USDA Forest Service, Northeastern Forest ysis of state production data reported in the CIR
_ Experiment Station, Forestry Sciences Laboratory, and state production figures reported by alter-
_. Princeton, W. Va. native sources. The most complete source of

3Between 1980 and 1986, annual pallet pro- alternative production data was the timber prod-
! duction increased more than 114 million units• uct output studies compiled periodically by state

(National Wooden Pallet and Container Association forestry officials in cooperation with USDA For-

i 1987). If we use a conservative assumption that est Service forest resource survey units. These
the average pallet contained 12 board feet of studies report volume of sawlogs destined for

_ hardwood lumber, this expansion in pallet pro-
and/or received by sawmills. The time intervals

duction represented an increased annual consump- for these assessments ranged from annually in

i; tion of nearly 1.4 billion board feet of hardwood some states to every i0 years in other states.
lumber •
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Figure1.--Comparisonof CurrentIndustrialReportshardwood
lumberproductionvolumesto Cerdellichioend Binkleyusage
volumesand Luppoldand Dempseyproductionvolumes.

Timber product output data were supplemented with eastern and north-central regions increased by 26
information collected from state lumber production and 32 percent, respectively.
reports, state tax records, and the Tennessee

Valley Authority industry surveys. Although these absolute changes are interest-

ing, the changes in proportion of production are

Because comparative data for every state and indicators that are invariant to overall produc-
year were unavailable, it was necessary to develop tion. (These proportions are shown in parentheses
annual lumber production multipliers based on the in table i.) In 1965, 53 percent of eastern hard-

differences between the CIR and alternative-source wood lumber production originated from southern

data for each year. The multiplier developed for regions and 47 percent from the northern regions.
a particular year could be used to adjust CIR re- By 1986, these proportions were nearly reversed
ported production numbers for which there was no with 46 percent originating from the south and 54

comparable match. Details of this procedure are percent originating from the north. The greatest

presented in Appendix A, while results are re- changes were the almost 7-point drop in the pro-
ported in Appendix, table 2. duction originating from the south-central region

and the 3- and 4-point increase in the production
After the development of this data, a large originating from the northeast and north-central

regional shift in the volume of hardwood lumber regions. The southeast region showed virtually
produced from south to north was noted. Regional no change in its proportion of eastern production.
multipliers were then developed but not reported

because of the lack of observations for specific In addition to the changes in hardwood lumber

regions for some years. However, the regional production between north and south, there was a

multipliers indicated an even more pronounced smaller proportional shift from the central regions
shift in lumber production from the southern to to the eastern regions. This shift occurred be-

the northern regions, cause of the large decrease in south-central pro-
duction, which was counteracted by increases in

both the northeast and north-central regions.
REGIONAL SHIFTS IN HARDWOOD LUMBER PRODUCTION This decreased the proportion of production in

the central areas from 60 percent in 1965 to 57

Examination of table I indicates hardwood percent in 1986. Still, the two central regions
lumber production grew in the mid-1980's, but was dominated the two eastern regions in total and
fairly high in the mld-1960's. However, between proportional production.
the years 1965 and 1986 there was a major shift
in hardwood lumber production from southern to

northern regions. During this period, total U.S. FACTORS AFFECTING REGIONAL SHIFTS
hardwood lumber output increased by 8 percent,

while production for the southeast region in- There are several potential explanations for

creased less than 4 percent and output in the changes in regional hardwood lumber production.
south-central region decreased by 18 percent. By Among these are the impacts of increased inter-

contrast, hardwood lumber production in the north- national and domestic demand for quality lumber,
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Table l.--Estimated annual hardwood lumber production in the Eastern United States,

by region, 1965-86, (regional proportions in parentheses).

Total*
North- South-

Year Northeast Southeast Eastern
central central

U.S_

Million board feet

1986 2262 (22) 3171 (32) 2117 (21) 2474 (25) 10024

1982-85 2105 (24) 2714 (31) 1745 (20) 2176 (25) 8739

1978-81 2008 (24) 2428 (29) 1785 (21) 2230 (26) 8451
1974-77 1788 (23) 2274 (29) 1644 (21) 2178 (28) 7884

1970-73 1723 (21) 2271 (28) 1797 (22) 2276 (28) 8067
1966-69 1764 (20) 2306 (27) 1945 (22) 2636 (30) 8650

1965 1800 (19) 2409 (28) 2042 (21) 3028 (32) 9279

*Data may notadd due to rounding.

changes in the markets for lower value species or domestic furniture, cabinet, and millwork markets
grades, and market reactions to long-term timber tend to be the same select species in demand by

management decisions, international buyers. As Araman indicated, the
concentration of these species is in the northern

Since 1965, hardwood lumber exports have in- areas.
creased by more than 500 percent. Although not

all lumber being exported is of the highest qual- Even in areas where there are greater pro-

ity, the average price received was more than portions of hlgh-quality timber of the more
$637 per thousand board feet in 1986 (U.S. Dep. desirable species, high-grade lumber cannot be

Comm., Bur. Cens. 1981-87). The export price was profitably produced without an outlet for low-
above that for IC (or furniture grade) lumber of grade lumber. The largest user of low-grade lum-

nearly every species other thanwalnut. This ber is currently the pallet industry (Cardel-
indicates that a large proportion of the exports lichio and Binkley 1984, Luppold 1987). Four of

was comprised of higher grade lumber from the the top five pallet-producing states are located
more select species (Lemsky 1953-87, Setzer in the north (Luppold and Anderson 1986). Fur-

1987-88). thermore, pallet producers in southern areas
often have the opportunity to substitute less

A recent study by Araman (1987) indicates expensive southern pine for hardwood, whereas
that even though the south has 14 percent more pallet makers in northern areas do not normally

commercial hardwood sawtimber than the north, the have pine locally available. This decreases the

north has an 89 percent greater volume of what is market for the low-grade hardwood materials in
characterized as "select export species." AI- the south and puts an upward cost pressure on

• though one could argue with Araman's selection of lumber production.
select species, the stronger demand for northern

as compared to southern hardwood sawtimber is A third argument relating to the regional
also apparent in the marketplace, shift in hardwood production is the effect of the

strong emphasis on planting southern pine in the

The domestic market for higher grade material south during the past three or more decades

has also changed during the past 20 years. As (Squires 1969; U.S. Dep. Agr., Forest Service -
4 late as 1965, large quantities of lumber were in press). During the initial stages of this

used for localized uses such as building or fence effort, large amounts of hardwood stumpage

construction, dunnage, and bridges (Luppold and apparently came onto the market at relatively low

Dempsey - in press). Oak and poplar were among prices. Low stumpage prices could have, in them-

the major species used for these purposes, but selves, increased production above post-1889
nearly every species had some use. This situation historic levels. Also, the continual strong em-
allowed sawmillers outlets for nearly all the lum- phasis on the regeneration, management, and in-

ber produced from mixed-species stands of hard- dustrial use of pine may have left the south with
woods a significant portion of its hardwoods on poorer

growing sites and created a defacto de-emphasis

Changes in technology, building codes, soft- on the management and industrial use of hardwoods°
wood availability, and metal and plastic products

have caused many of the localized markets for
hardwood lumber to disappear. Today, in the ab- IMPLICATIONS

sence of nearby pallet plants, there is a limited
market for many of the less valuable species. Although southern pine management may have

The species that are in strong demand by the been a contributing factor to the shift in lumber



production from the south to the north, most of Luppold, W. G. 1987. The changing hardwood lumber
this shift can be related to domestic and inter- market, l__n_nProceedings, Central Hardwood
national demands for higher quality lumber of a Forest Conference Vl, Knoxville, Tenn.

few select species including red oak, cherry, and p. 401-407.
ash. The result of this growing demand is evident Luppold, W. G., and R. B. Anderson. 1986. Hardwood

in rising prices. For example, the current dollar use in the pallet industry. National Hardwood

prices of IC northern red oak and Appalachian Magazine 60 (7):43-44.
black cherry have increased by 199 and 206 percent, Luppold, W. G., and G. P. Dempsey. iin press].

respectively, between 1973 (the start of the ex- New estimates of U.S. hardwood lumber pro-
port boom) and 1988 (Lemsky 1953-87, Setzer 1987- duction. Northern Journal of Applied
88). The price of IC southern red oak--not as Forestry.

popular in the marketplace as northern red oak, National Oak Flooring Manufacturers Association.
but still a partial substitute--increased by 169 1980-87. Monthly report on shipments. Memphis,

percent during this period. Prices of the less Tenn.: National Oak Flooring Manufacturers

preferred species, such as Appalachian poplar and Association.
southern sap gum, have only increased by 28 and National Wooden Pallet and Container Association.

51 percent, respectively. 1987. 1986 pallet production report.
Washington, D.C.p.i.

The continued demand for a few select species Seizer, W. F. 1987-88. Hardwood market report:

and grades of hardwood lumber may result in a lumber newsletter. Memphis, Tenn.: Hardwood
contradiction of timber shortages in the midst of Market Report LP.

timber _abundance. As stands with higher propor- Squires, J. W., Chairman. 1969. The south's third
tions of the more desired species are sought out, forest: a report of the Southern Forest

stands with lower proportions of these species Resource Analysis Committee--1969. Washing-
will be left unharvested, ton, D.C.: USDA Forest Service.

U.S. Department of Agriculture, Forest Service.

A potential result of this type of market 1988. The south's fourth forest: alternatives
action could be growing timber inventories with for the future. Washington, D.C.: USDA For-

apparently escalating prices, while at the same est Service.
time having timber stands that do not sell at any U.S. Department of Commerce, Bureau of the Census.

price. Because of the current species mix between 1981-87. U.S. exports: schedule B commodity
the south and the north, southern inventories by country. Report FT-410. Washington, D.C.:

could be expected to grow faster than northern USDC Bureau of the Census.

inventories after adjusting for biological U.S. Department of Commerce, Bureau of the Census.
factors. 1957-87. Current industrial reports: lumber

production and mill stocks. Washington, D.C.:

Of course, the curr_nt hardwood lumber mar- USDC Bureau of the Census.
ket trends cannot continue indefinitely. Prices U.S. Department of Commerce, International Trade

of the select species will eventually increase Administration. 1988. 1988 U.S. industrial
to the point where substitution of the less de- outlook: household consumer durables.

sirable species will become an alternative, or Washington, D.C.: USDC International Trade
the demand for the flnal products such as wood Administration. p. 47-52.
furniture will level off or decline. The value U.S. Department of Labor, Bureau of Labor

of the dollar and consumer preference will affect Statistics. 1987. Supplement to producer

the timing and nature of these changes. Increas- price indexes. Washington, D.C.: USDL Bureau
ed utillzation of hardwood timber in pulp, paper, of Labor Statistics. p. 44-45 (August).

structural panels, and other uses may also make
stands with lower proportions of the desired

species more economical to harvest. Appendix A - Development of Multipliers

The first step in the development of adjust-

LITERATURE CITED ment multipliers was to match data from alterna-
tive sources with CIR data for particular states

Araman, P. A. 1987. Eastern United States hard, and years. The CIR data for which there were
wood sawtimber resources and export potential, matching alternative data sources were summed for

In Proceedings, The Blue and the Gray. Mid- individual years. The data from alternative
w-_st and Southern Forest Economists Meeting, sources also were summed for individual years.

Asheville, N. C. p. 127-133. An unadjusted multiplier (UMULT), for individual
Cardellichlo, P. A., and C. S. Binkley. 1984. years, was calculated using the following formula:

Hardwood lumber demand in the United States:

1950 to 1980. Forest Products Journal 34(2): UMULT = (SClR - SALT) / SCIR
15-22. where:

Lemsky, A. 1953-87. Hardwood market report: lum- UMULT ffiUnadjusted multiplier for a given
ber newsletter. Memphis, Tenn.: Hardwood year.

Market Report LP. SCIR = Summed CIR data for states with alter-
native data for that year.

SALT = Summed alternative data for that year.
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In any given year, the states for which al- for individual years by using a 3-year weighted
ternative data sources were available ranged from average. (The UMULT figure for 1986 was substi-

9 to 58 percent of the national total. This per- tuted for the AMULT figure because of changes in
centage (PROP) was calculated by dividing the the sample frame.) The rationale for choosing

summed CIR data by the total Eastern U.S. hard- this approach is that it isolates the variation
wood lumber production for individual years. The due to poor sampling techniques nationwide better

adjusted multiplier used to transform CIR data than the unadjusted multiplier. This multiplier,
into the results shown in table 2 was calculated AMULT, was calculated as follows:

((UMULTt_ I x PROPt_I) + (UMULT t x PROPt) + (UMULTt+ i x PROPt+I))
AMULT =

PROPt_ I + PROP t + PROPt+ I

Appendix Table 2.--Comparison of Eastern U.S. hardwood lumber production, by state,

i between Current Industrial Reports (CIR) and other sources (in million board
feet)

Percent 1984
State Year CIR Other

difference estimate

Maine 1984 108 2121 13 7121

New Hampshire 1982 18 152 189 672
Vermont 1982 42 174 76 667

Massachusetts 1984 50 155 i0 755

Connecticut/Rhode Island 1984 47 159 26 759

New York 1985 226 2524 132 6587

Pennsylvania 1980 NA 1650 NA s650

_ New Jersey 1984 i0 2 23 130 723
West Virginia 1984 384 2425 ii 7425

Delaware/Maryland 1984 86 3127 48 7127

!
Michigan 1984 220 3465 iii 7465

_, Wisconsin 1981 NA 1414 NA 5414

Minnesota 1985 95 3199 109 6214

Ohio 1983 249 1374 50 6362
<_ Indiana 1984 391 3390 0 7390

Illinois 1984 64 2144 125 7144

Kentucky 1984 246 2460 87 7460
Missouri 1983 150 3482 221 8450

Iowa 1984 27 NYA NYA 927

,7 Kansas/Nebraska 1984 25 z58 132 758
....

..... Virginia 1984 421 1709 68 7709

...... North Carolina 1983 366 1580 58 6607

_'r° South Carolina 1984 192 1279 46 7279

Georgia 1984 227 2348 53 6264

_r, Florida 1984 32 228 -13 728

Tennessee 1984 387 2613 58 7613

_ Alabama 1984 333 z445 34 7445

Mississippi 1984 338 _509 51 7509
4

Arkansas 1985 236 3502 113 6436

.... _ouisiana 1984 154 3262 70 7252
•.... Texas 1985 130 2175 35 s151

Oklahoma 1984 52 I 54 4 754

Total 1984 6061 9517
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NA - Comparable figure not published in CIR in 1980 or 1981.

NYA - Post 1980 report on lumber production or log use not yet available.

Data source footnotes:
ZDrain figures reported by USDA Forest Service staff covering the respective

state.

2Figures provided by state utilization foresters through drain and mill studies.
3Figures developed from state tax records.

4Figures provided by the Tennessee Valley Authority.
1984 estimate footnotes:

SUsed production figure from most recent period.

6Calculated 1984 figure using changes in CIR figure times figures from other
sources.

?Used 1984 other source estimate.

8Estimated by state utilization forester (lowest estimate).
9No data source available, so CIR figure assumed.
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ECONOMIC POTENTIAL OF INCREASED

TIMBER AVAILABILITY IN NORTHCENTRAL PENNSYLVANIA 1

Charles H. Strauss 2

ABSTRACT. Long term forecasts of timber availability

were developed for one of Pennsylvania's most valuable
hardwood regions. An eight county region in north-

central Pennsylvania was found to have a sawtimber
supply capability that could triple over the next 60

years. Under a best case economic development scenario,
a doubling of harvests could increase the value added

in manufacturing within the region by 28%, representing
an addition of $300 million per year to the regional

economy.

INTRODUCTION

TIMBER RESOURCES ARE GAINING increased attention percent was in sawtimber stands, representing
within northeastern United States. In part, 7 bcf of hardwood sawtimber (Powell and

this relates to the gradual transition of these Considine 1982). The size and stature of this

intermediate aged hardwood forests to a more resource are also reflected in lumber
marketable status. Allied with this change has production, with Pennsylvania ranked first
been a moderate increase in the output of forest among all states in hardwood lumber output

products and in the export of logs and lumber to during 1986 (National Forest Products

foreign markets. The renewed interest in timber Association 1987).
may also be attributed to a general search for
alternate means of revitalizing Northeastern The State's present forest developed with

• economies. Whether these forests can serve as a only a minimum degree of forest management.

_ catalyst to development will depend on the long Prior to 1880, timber harvesting was largely
term production capability of the forests and directed toward the more accessible pine and
the economic advantages available to resident hemlock stands. Further commercial clear-

industries, cutting followed during the period 1880 to

• 1900, in tandem with the development and use
In Pennsylvania, forests extend over 16.8 of railroads for logging and hauling. By

million acres, representing 58 percent of the 1920, the remaining virgin and partially cut
_ state. While Pennsylvania ranks only 33rd in softwood stands had been clearcut (Marquis

_.... land area among all states, it is 12th in total 1975). Much of this forest gradually regen-
commercial timberland (USDA Forest Service crated to hardwood types, with the primary

' definition). This includes 20 billion cubic management effort directed to fire protection.

feet (hcf) of hardwood growing stock; more Now, large portions of the forest are again

than any other state in the nation. About 50 reaching harvestable age.

The impending maturation of a large

Paper to be included in the Seventh proportion of the state's timberland has led
Central Hardwoods Forest Conference sponsored by to some speculation that the timber production

<° USDA Forest Service and Southern Illinois cycle experienced in Pennsylvania at the turn

University, Carbondale, Illinois. March 5-8, of the century could be repeated. However,
1989. Support provided by Mclntire-Stennis neither the short term nor the long term

funding as Project No. 2626. productive capability of the major timbersheds
have been quantified. The dynamics of forest

2 Charles H. Strauss, Associate Professor, management need to be explored in terms of

Forest Economics, School of Forest Resources, their impact on future timber yields and

The Pennsylvania State University, University economic benefits.
Park, PA 16802
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A series of studies was initiated by Penn Timberland within the region was actively ii_State's School of Forest Resources to evaluate managed by both the public and private sectors°

timber availability within the northcentral Forty-two percent of the timberland was underregion of Pennsylvania and to assess the current public management, including the UoS. Forest Istructure and future potential of the region's Service, the Pennsylvania Bureau of Forestry

forest products industry. This paper describes and the Pennsylvania Game Commission. Over
(I) the results of a timber forecasting model 17% of the timberland was managed by the
organized to determine future timber availability forest products industry and an additional 10%

within the region and (2) allied estimates of was owned by nonforest-based industries° The
the economic activity that could be generated by remaining 31% was owned by farmers and other

an expanded harvest and increased utilization of private non-lndustrial classes (Considine and

timber within the region. Powell 1980). Over 60% of the private timber-
land was situated on tracts exceeding 200
acres in size, with 45% in tracts over I000

DESCRIPTION OF THE STUDY REGION acres. An active forest management attitude

was prevalent within these properties, with
The Allegheny Region, an eight county area 72% of the private timberland controlled by

located along the northern tier of Pennsylvania owners who had harvested in the past (Birch
(Figure I), was selected for study because it and Dennis 1980). Owners who had not harvest- •

comprises one of the State's more valuable ed in the past most often cited immature
tlmbersheds. At the time of the 1978 state-wlde timber as their primary constraint.

inventory, the region was 84% forested and •
contained the largest per acre and total growing A sizeable forest products industry was

stock volumes of any of the eight forest survey identified within the Allegheny Region (Westman
units in the state (Powell and Considlne 1982). et al. 1985). In 1981, there were 480 forest
It also included over 20% of the state's timber- product establishments within the region,

land, about 3 million acres. The more valuable comprised of 356 logging contractors, 89
northern hardwood types dominated, representing sawmills and 35 secondary manufacturers (Table
69% of the timberland. Upland oak types were I). Sawtlmber consumption within the region

found along the southern portion of the region was estimated at nearly 150 million board feet
and comprised 21% of the timberland area. (mmbf), Doyle scale, per year. However, over

Nearly 55% of the acreage was classified as 85% of the lumber output was exported, with
sawtimber stands, with 37Z in poletimber and 7% the economic benefits of secondary manufacture

in seedling/sapling (Considine and Powell 1980). captured elsewhere.

Overall, the forest products industry was
of moderate importance to the region's

economy. Eighteen percent of the value added
from manufacturing within the region was

derived from the forest products industry,
amounting to $196 million in 1981. Nearly

4000 full-time workers were employed by this
industry group, representing 15% of the total

employment and wages/salarles developed by the
region's manufacturing industries. Over one
half of the financial contributions from the

forest product industry were organized from

the pulp and paper sector, underscoring the
relative importance of this particular sector.

An initial study of sawtlmber availability

in the Allegheny Region by Strauss and
McWilllams (1987) provided a starting point
for timber assessments. The TRAS stand

projection model (Larson and Goforth 1974) was

wA_e_ _ porr_ _c_,, used to estimate sawtimber availability over a
three decade period, 1980 to 2010. Model
forecasts indicated an increase in sawtimber

sutuv_ availability, to an average annual level of
425 mmbf (International I/4") in the 1990's.

However, in the third decade, the potential

output fell to an average annual level of 318
mmbf. The restricted planning horizon avail-
able to the TRAS-based model, in combination

Figure I. The Allegheny Region of Pennsylvania. with the forecast of a potential decline in

the region's production capability, were
sufficient causes for developing an expanded
timber projection model.
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I Table i. Economic characteristics of the forest products industry in the

I Allegheny Region, 1981

L Value of Value

No. of Employment Income Shipments Added

Sector Firms (full time equiv) ($ million) ($ million) ($ million)

Logging 356 861 14.4 49.9 34.6

Sawmills 89 1153 13.3 65.9 36.8

Wood mfg. 29 735 9.7 33.6 15.8

(pallet/dimen/
furniture)

Pulp/paper 6 1184 27.4 216.5 109.3

Totals 480 3933 64.8 365.9 196.5

PROCEDURES northern hardwoods and typically has higher
percentages of black cherry, ash and yellow

Timber Pro_ections - An improved timber poplar.
projection system was developed for the region
using the USDA Forest Service FORPLAN model Stand age classes were derived from stand

(Strauss and Lord 1988). Access to FORPLAN size class information. Stand age classes were
version II was made available by the USDA 1-30 years, 31-50 years, 51-70 years, 71-90
Forest Service through the Allegheny National years, and 91 years or older and corresponded to

Forest headquarters at Warren, Pennsylvania. respective stand size classes of seedling/-
sapling, poletimber, small sawtimber, large

The general FORPLAN model is organized sawtlmber, and large sawtlmber exceeding a 90
from several basic components: an objective year rotation age (Strauss and McWilliams 1987).

function, a planning horizon, analysis areas, Forest type and age class distributions for the

prescriptions, yields, activity variables, and ownership groups were developed from inventory
constraints (Johnson et al. 1986). The information maintained by the public agencies

objective function for the regional model was and, in the case of private ownership, from the
directed to maximizing the non-dlscounted USDA Forest Service plot data acquired during
harvest of sawtlmber over a 100-year planning the 1978 forest survey of Pennsylvania.

horizon (Lord 1985). The planning horizon was
divided into I0 decades beginning in 1980 and Silvicultural prescriptions were represent-

ending in 2079. A sawtimber measure was used ed in the regional FORPLAN model as a sequence

in the objective function, rather than a of harvesting activities. Timing options for
combined sawtlmber and pulpwood measure, to each prescription described the range of ages or

reflect the primary objective of most hardwood periods in which the treatments could be imple-
management strategies, mented, e.g. rotation or thinning ages. The

selection of alternative silvicultural prescrip-

The region's timberland was stratified tions for the regional model was based on a

among 75 potential analysis areas based on previous survey of ownership groups in the
five ownership groups, three broad forest Allegheny Region (Strauss and McWilliams 1987).

types, and five age classes. Conceptually, an
analysis area represents a distinct homogenous Four prescriptions were defined, represent-
resource unit available to management by its ed by three combinations of intermediate and

owners. Ownership groups included the USDA final harvests for even-aged management and a

Forest Service, the Pennsylvania Bureau of selection management system for uneven-aged

Forestry, the Pennsylvania Game Commission, management. The even-aged silvicultural prescrlp-

private ownerships with properties over 200 tions generally followed a rotation length of 85
acres in size, and private ownerships with to 115 years. During the rotation, the stands

properties under this size. The latter sub- received from zero to two thinnings. Rotationsdivision of private timberland accounted for of up to 155 years were allowed on the public

I_ larger property ownerships having a better ownerships to facilitate their general manage-potential for long term management and a greater ment strategies. Following final harvest, the
i likelihood of more intensive management. The model assumed that all analysis areas would be

three forest strata were the oak types, the regenerated to their original type.
northern hardwood types, and the allegheny

i hardwood type. The latter is a variant of the
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On the Allegheny National Forest, the pulp and paper sector. To reflect the added

proposed management plan recommended certain harvest of roundwood required by pulp manufact-
production ceilings and a nondeclining even flow uring, the logging sector's output was increas-

management policy for the forest (USDA Forest ed an additional 30%.
Service 1985). For the state ownerships, annual
harvests were constrained to 1% of their even- Changes in employment, income and value

aged forests, consistent with their area control added, brought about by the alternate levels •
policy. From I0 to 25% of their properties were of production, were based upon the industry
also managed on an uneven-aged basis, structure identified in 1981 (Table i). In

the case of the logging sector, the percentage

The only management strategy on private change in output was applied directly to

lands was even-aged. On large tracts, the employment, income and value added. Thus, a
financial objectives resulted in rotation ages doubling of output also doubled the latter

of 85 to 115 years. In order to model the three measures. For the remaining three
more intensive management of larger tracts, sectors, the percentage change in output was

two-thirds of the large tracts received two also applied to value added, but a more moderate
commercial thinnings, with the remaining increase was made to employment and income. For

acreage subject to one thinning. On small the sawmill sector, only 90% of the output gain

private tracts, stands were harvested at any was applied to employment and income. Thus, a '
time between 85 and 105 years. Intermediate 50% increase in output resulted in a 45% increase

thinnings were not scheduled on small owner- to employment (and income). This reduction
ships to represent their less intense manage- assumed a future technical ability of expanding

ment effort, output with a less than proportional increase in
labor. In the wood manufacturing sector,

The timber yield coefficients for the labor increases were held to 85% of the output

study were based on growth and yield tables gain and, for the pulp/paper sector, the
originally developed by the USDA Forestry advantage was placed at 75% of the output
Sciences Laboratory for the Allegheny National gain.

Forest FORPLAN model. Although the 0.5
million acre national forest is in the western Finally, an estimate was included of the

portion of the Allegheny Region, the yield secondary, or indirect, effects that an

tables were considered acceptable for the expanded forest products industry would have
entire region, upon other manufacturing industries in the

region. Economic evaluations of West

Economic Impact - In addressing the potential Virginia's forest products industry (Zinn and
economic impact of future sawtimber harvest Jones 1987) and Vermont's sawtimber-based

within the Allegheny Regicn, certain assump- industry (Michaels et al. 1986) provided
tions were made regarding the magnitude and estimates of these indirect, or multiplier,
direction of this commercial enterprise. The effects. Employment and income multipliers

logic of these assumptions will be addressed for the sawmill, wood manufacturing and

in a subsequent section of this paper. First, pulp/paper sectors were in the range of 1.55 -
it was assumed that the regional sawtlmber 1.60, with the value added multipliers placed

harvest would double over a 20 year period, at 1.55 - 1.70. Since neither study identified
This level of production, in the vacinity of logging as a separate sector, no multiplier

50 mmcf per year, would be within the bounds effect was projected.
of the available supplies predicted by the

turn of the century. It should be noted that the multiplier
values used for the Allegheny Region could be

Three general scenarios were established to slightly higher than warranted due to their

identify certain assumed levels of manufacture being organized from state-wide economic
imposed on the region's forest products studies. Technically, an entire state has a

" al"industry. In the minim case all of the more integrated economy than an area the size

increased sawtimber would be harvested by of the Allegheny Region, thereby providing a

resident logging companies but only one half higher multiplier effect between industrial
would be processed by resident sawmills. This groups. However, this study also took a

would double the production level in the conservative stance by not including the
logging sector and increase production by 50% tertiary, or induced, effects generated by the
in the sawmill sector, with the remaining logs expenditure of employee incomes within the

exported from the region. A 50% expansion in region. In the previously cited studies, the

output was also depicted among wood manufact- composite effect of indirect and induced
urers (pallet, dimension and furniture). In demands provided multipliers ranging

the moderate case, a doubling of output was from 2.2 - 2.6 for the forest products
assumed for both the sawmill and the secondary industry. Although the indirect multiplier

wood manufacturing sectors. The third scenario, values used within the Allegheny Region may be
a "best" case situation, assumed a doubling of somewhat overstated, they are probably within

production in all four sectors, including the bounds of the composite multiplier.
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RESULTS Sawtlmber by ownership groups was in
direct proportion to the amount of land

Timber Projections - A major increase in avail- controlled by each group (Table 2). The
able sawtlmber was forecast for the Allegheny private to public ratio increased slightly

Region over the lO0-year period (Table 2). over the study period, ranging from 62:38 for

Starting from a level of 280 million cubic feet the first three decades to 58:42 for the last

(mmcf) in decade I, the model projected general three decades. This shift reflected the
increases in sawtimber availability throughout effect of the even flow management strategies

the next six decades, reaching a peak volume of on public lands, coupled with a gradual
more than 950 mmcf in both decades 6 and 7. A decline in timber availability from private

modest decline was registered in the eighth lands.

decade, followed by an additional drop of 27% in
the final two decades. Estimated peak production Over the 100-year period, 85% of the

was more than triple the level forecast in the available sawtlmber was provided from final
first decade, harvests, with the remainder coming from

Table 2. Projected sawtlmber harvests from the Allegheny Region by decade
and ownership group, 1980-2079.

Allegheny Pa. Pa. Private Private
Ownership: National Bureau of Game Small Large

Decade Forest Forestry Commission Tract Tract Total

Size: 433.6 489.4 215.0 1,068.5 683.1 2,889.6
m acres

Volume in mmcf

I 46.8 62.8 17.1 52.5 101.2 280.4

2 89.4 58.9 24.0 77.6 202.6 452.5

3 99.4 79.0 52.6 225.8 184.5 641.3

4 98.4 115.5 57.6 141.2 166.6 579.3

5 105,7 111.8 53.3 261.9 226.8 759.5

6 118.4 118.4 46.2 188.0 492.8 963.8

7 126.3 153.8 80.5 176.5 414.6 951.7

8 129.2 123.4 49.2 29.7 548.6 880.1

9 112.8 152.8 74.1 163.5 132.3 635.5

10 109.2 129.3 42.2 36.4 341.7 658.8

Total Sawtimber 1035.6 1105.7 496.8 1353.1 2811.7 6802.9

Swtbr. from

thin./sel ...... 223.7 191.7 0.0 472.8 985.3

_ Total Pulpwd. 544.8 982.6 418.6 1110.8 2178.5 5235.3

I- Pulp from
thln./sel. 146.6 503.6 256.6 0.0 1088.9 1995.7
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RESULTS Sawtlmber by ownership groups was in
direct proportion to the amount of land

Timber Projections - A major increase in avail- controlled by each group (Table 2). The
able sawtlmber was forecast for the Allegheny private to public ratio increased slightly

Region over the 100-year period (Table 2). over the study periods ranging from 62:38 for

Starting from a level of 280 million cubic feet the first three decades to 58:42 for the last
(mmcf) in decade I, the model projected general three decades. This shift reflected the

increases in sawtimber availability throughout effect of the even flow management strategies
the next six decades, reaching a peak volume of on public lands, coupled with a gradual
more than 950 mmcf in both decades 6 and 7. A decline in timber availability from private

modest decline was registered in the eighth lands.
decade, followed by an additional drop of 27% in
the final two decades. Estimated peak production Over the 100-year period, 85% of the

was more than triple the level forecast in the available sawtimber was provided from final
first decade, harvests, with the remainder coming from

Table 2. Projected sawtlmber harvests from the Allegheny Region by decade
and ownership group, 1980-2079.
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Ownership: National Bureau of Game Small Large

Decade Forest Forestry Commission Tract Tract Total

Size: 433.6 489.4 215.0 1,068.5 683.1 2,889.6

m acres

Volume in mmcf

1 46.8 62.8 17.1 52.5 101.2 280.4

2 89.4 58.9 24.0 77.6 202.6 452.5

3 99.4 79.0 52.6 225.8 184.5 641.3

4 98.4 115.5 57.6 141.2 166.6 579.3

5 105.7 111.8 53.3 261.9 226.8 759.5

6 118.4 118.4 46.2 188.0 492.8 963.8

7 126.3 153.8 80.5 176.5 414.6 951.7

8 129.2 123.4 49.2 29.7 548.6 880.1

9 112.8 152.8 74.1 163.5 132.3 635.5

I0 109.2 129.3 42.2 36.4 341.7 658.8
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Total Sawtimber 1035.6 1105.7 496.8 1353.1 2811.7 6802.9
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thin./sel. 97.1 223.7 191.7 0.0 472.8 985.3
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Total Pulpwd. 544.8 982.6 418.6 1110.8 2178.5 5235.3

Pulp from
thin./sel. 146.6 503.6 256.6 0.0 1088.9 1995.7
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proportion of sawtlmber coming from final sawtimber output over a 20 year period could
harvests increased over the study period, with result in varying economic impacts, depending

70% organized in the first three decades and 89% on the extent of accelerated manufacture by
in the final seven decades, resident industries. In the "minimal" case,

the doubling of output by resident loggers and

A total of 5.2 billion cubic feet of a 50% increase in sawmill and secondary wood

pulpwood was available for harvest during the manufacturing resulted in over 2000 new jobs
100-year period (Table 2). The distribution of and a $29 million increase to wage and salaries

the pulpwood output by ownership groups was also for regional manufacturing (Table 3). This

in proportion to the size of the ownerships, expansion also created an additional $79 million
About 38% of the pulpwood originated from in the regional value added from manufacturing,
intermediate thinnings and selection harvests, representing a 7% gain over the 1981 level.

A moderate decline in pulpwood availability was Forty four percent of this gain was organized

registered due to the gradual advance in the from the logging sector, with 33% credited to
forest's age structure and associated reduction the combined sawmill and wood manufacturing

sectors and the remaining 23% to the indirect

in commercial thinnings, demand placed on other manufacturers.

Within the private ownerships, a cyclical By doubling the output from the sawmill
pattern of available timber was evident. This and wood manufacturing sectors, as identified
was attributed to the initial imbalance in age
classes within these ownerships, in combination in the "moderate" case, the region would

with the assumed management strategy of releasing realize a further increase in employment of
all timber to the market at rotation age. A 1,295 persons, with an additional $17 million

gradual increase in private sawtimber harvests placed in salaries and wages. Value added by
was evident over the first six decades in tandem manufacture would increase by another $43

with the substantial acreages of large sawtimber million, for a total gain of 11% beyond the

(Table 2). Following, a considerable drop was 1981 level.

forecast, as removals exceeded stand replace- The third expansion, this time in the

ment. pulp and paper sector, provided 1700 new Jobs,

On public lands, the sustained production $34 million more in wages and salaries and$182 million more in value added. Total value
strategies resulted in a uniform increase of
sawtimber throughout the study period. Within added was $304 million, representing a cumula-

state properties, an increased output was tire increase of 28% above the 1981 level.
evident, with the area control strategy also

resulting in a backlog of old growth stands (>

110 years). Fluctuations in output levels were DISCUSSION

largely attributed to variations in commercial
thinning operations. On the National Forest, Future Markets - Some assessment of the
the nondeclining even flow constraint held total regi_'s overall ability to market an increased

output to a range of 130-158 mmcf per decade, supply of sawtimber can be made from recent
By the fourth decade, the forest was capable of evaluations of hardwood markets. The national
maintaining its upper limit of production forecast for hardwoods calls for a tripling of

through rotation harvests, thereby eliminating product demand over the period 1980-2030 and a
the need for thinning operations. Longer doubling of sawtlmber supply, leading to an

rotation lengths were evident on public owner- increase in the real prices for certain
ships during the latter decades, with the products (USDA Forest Service 1982). Real
average stand age of harvested material exceeding price increases have now been confirmed forvarious species indigeneous to the Allegheny
140 years. Region over the period 1964-86 (Kingsley and

The cumulative effect of the forestWs DeBald 1987). In part, the increased produc-

growth and proposed harvest was a better balance tion in hardwoods has been bolstered by an
of age classes within the aggregate forest, increased demand for logs and lumber from

_nitially, nearly 95% of the timberland was in foreign markets (Araman 1987, Gregory 1987).
poletimber and sawtimber size class material. Overall, the national and international
By the midpoint of the study, approximately 45% demands for hardwood products complement the
of the timberland was harvested and reestablished region's timber production capability and

to seedling/sapling and poletimber sized stands, should stimulate the marketing of available

The primary imbalance by the midpoint was in the supplies.
51-70 year class stands (small sawtimber) that

developed from the initial shortages of Previous forest surveys of Pennsylvania
seedling/sapling class stands in the first have shown a gradual increase in sawtimber
decade. By the conclusion of the study the harvests from the Allegheny Region during the
distribution among the stand classes was 32% in past three decades (Ferguson 1958, Ferguson

seedling/sapling, 27% in poletimber, and 41% in
sawtimber stands. This general balance was

found on both public and private forests.
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Table 3. Potential economic impacts resulting from an expansion of forest

products manufacturing in the Allegheny Region.

A Employ A Income A Value Added

($ mil) ($mil)
Minimal Case:

Logging - 100% 860 14 35
Sawmills - 50% 510 6 18

Wood Mfg. - 50% 310 4 8

Pulp/paper - 0%

Total Direct 1680 24 61

Total Indirect 450 5 18

Total 2130 29 79

Moderate Case:

Logging - 100% 860 14 35
Sawmills - 100% 1035 12 36

Wood Mfg. - 100% 620 9 16

Pulp/paper - 0%

Total Direct 2515 35 87

Total Indirect 910 Ii 35

Total 3425 46 122

Maximum Case:

Logging - 130% 1120 18 45
Sawmills - 100% 1035 12 36

Wood Mfg. - 100% 620 9 16

: Pulp/paper - 100% 885 20 ii0

Total Direct 3660 59 207

Total Indirect 1430 21 97

Total 5090 80 304

1968, Bones and Sherwood 1979). A 20% increase Forest Service series). Between the 1960's and
in harvests occurred between the 1950's and the 1970's, pulpwood harvests doubled, increasing

1970's, with the average annual consumption in from 76 mmcf per decade to 152 mmcf. Further-
sawtimber of 21 mmcf increasing to 25 mmcf by more, the initial six years removal rate in

the 1970's (Figure 2). The 1981 study of the the 1980's was 56% higher than for the same

region's forest products industry also supported period in the 1970's.
this general trend, showing an annual sawtlmber
consumption of 24 mmcf, excluding log shipments Availability of Timber Supplies - The TRAS

_ to outside regions (Westman et al. 1985). model of the region's forest system (Strauss
and McWilllams 1987) showed a potential

A positive trend in pulpwood removals has doubling of sawtlmber output when comparing
also been evident in the Allegheny Region (USDA the 1970's harvest rate to the 1980's avail-
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ability level. However, nearly 45% of this of 28%. The explanation for this variation is

increase was obtained from intermediate harvests, fairly simple; as more timber is processed by
The second decade's available supply was near resident industries, the greater the value

constant, followed by a 24% decline in the third added to the economy.
decade (Figure 2). Over the 30 year period, the

TRAS-based model provided 25% more sawtlmber The forest products industry organized
than the FORPLAN model. Thls was largely within this region consists of two major

attributed to the alternate structure of the two divisions: a sawmill/wood manufacturing

models and, to a lesser extent, their alternate complex dependent on sawtimber and a pulp/paper
sources of growth and yield information, complex based upon roundwood. These divisions

are largely separate in their timber demands,
Basically the TRAS model was less flexible however, their combined raw material needs

In Its identification of available sawtimber, support the Intergrated harvesting design of
with potential supplies organized from the most forest plans. A similar compliment would

various management plans at their earliest also be created by the roundwood needs of a
release date. In contrast, the timber maxlmiz- partlcleboard or flakeboard industry. Within

ing design of the FORPLAN model took advantage the Allegeheny Region, one of the key limits
of the forest's growth function over the 100-year to the further development of either pulp and

study period and deferred some proposed harvests paper or partlcleboard manufacturing is the
to later periods in time. In general, both shortage of softwoods. However, certain

studies supported the doubling of sawtlmber advances In the manufacture of disposal paper
availability over a 20-30 year period. In the product and variable density boards hold

TRAS-based model, the galn was more immediate, sufficient promise for the increased use of
wlth a major portion organized from lower valued hardwoods by these industries (USDA Forest
intermediate harvests. The FORPLAN model showed Service 1982).
a stronger, long term timber supply capability,

largely supported by final harvests. Also, the implied joint expansion of the
region's sawmill and wood manufacturing

Economic Potentials - The proposed doubling of sectors, as presented by this paper, should
sawtlmber harvests over the next 20 years could not be interpreted as a formal technical
provide a variety of economic gains to the linkage. During 1981, less than 15% of the

region, ranging from a moderate increase of 7% resident sawmill production was marketed

in the value added by manufacture to a maximum within the region. As such, a sufficient
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I THE ECOLOGY OF FOREST RECREATION-

A FRAMEWORK FOR RESEARCH IN CENTRAL HARDWOOD FORESTS 1/

Herbert W. Schroeder 2/

i

Abstract.--This paper discusses ecological concepts that may
help us to understand recreation behavior in central

i hardwood forest environments. Treating recreation and
biological processes as interrelated components of the total
ecosystem may make it easier to integrate recreation with
timber and other resources in the management of central
hardwood ecosystems.

The Eastern Region of the USDA Forest Service has The application of ecological concepts to humans is
developed an interdisciplinary approach to not new. Most ecology texts contain sections on
implementing Forest Plans, which it calls human population growth, pollution, and resource
"Integrated Resource Management" (IRM). This depletion (e.g. Kormondy 1984, McNaughton and Wolf
approach requires specialists in different resource 1973). Human ecology is a well-established
disciplines to work as a team to "coordinate and field, and has developed useful analyses of how
integrate planning actions consistent with the human cultures and settlements function and
principles of the Multiple Use Sustained Yield Act" interact with their physical and biological
(Forest Service 1985). To accomplish their purpose, surroundings (e.g. Boyden et al. 1981). In the
the interdisciplinary team needs to know how the field of recreation research, there is growing
management of any one forest resource will affect recognition that human recreation behavior must be
other resources. For this reason, research needs to understood In relation to the environment in which

examine interactions between different resources it takes place, and that the concepts and theories
and uses in forest ecosystems. In other words, of ecology may contribute to that understanding
Integrated Resource Management requires that (Machlls et al. 1981, Field et al. 1985, Hammltt
research also be integrated across disciplinary 1983).
lines, and not compartmentalized Into Isolated
disciplines. Casting models of recreation in conceptual terms

similar to models of wildlife and other ecosystem
Differences In technical language and concepts components may give us new insight into the nature
often hinder the integration of research across of recreation behavior and Its relation to the
disciplinary lines, even when processes under study environment in which tt occurs. At the same time tt
In different disciplines have features in common, w111 be easier for recreation scientists to
In particular, there appear to be many slmllarltles communlcate wlth biologists and resource managers,
between the processes studied by ecologists and and to ltnk their research wtth models and data
those studied by recreation researchers in for_t about biological aspects of natural resource
environments. Recreattontsts have specific recreation settings. Thts paper outltnes a
"habitat" requirements. They move through conceptual framework for the study of recreation
ecosystems and landscapes in much the same way as behavior, using concepts from the field of ecology,
wildlife species, interacting with each other and with some examples and suggestions for forest
with their biological and physical surroundings, recreation research In the central hardwood region.
Therefore, it may be useful to examlne recreatlon
behavior tn the light of ecological concepts,
models, and theories. ACT'IVITIES

Recreation behavior occurs In repeatable and
Identlflable patterns, called "actlvities."

1/ Paper presented at the Seventh Central Ideally, a recreattontst can be classified
Hardwood Forest Conference. (Carbondale, Illinois, according to the activity she or he Is engaged in,
March 5-8, _L989). and may be regarded as a member of a distinct

population of Individuals engaged in that activity.
Z/ Herbert W. Schroeder is a research social Although this ts not always true, tt is a useful

scientist wtth the USDA Forest Service, North assumption from which to start. The unit of
Central Forest Experiment Station, Chicago, analysts ts not the Individual per se, but the
Illinois. Indlvldual engaged in a specific activity. If an
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individual switches from one activity to another, central hardwoods has a major impact on the _i_
he or she thereby becomes a member of a different appearance of the landscape, research on usersI
population, perceptions of managed timber stands should be a

high priority in this region. A knowledge of the
In the central hardwoods region several important visual outcomes of alternative management i_
activities are easy to identify, such as hunting, practices, particularly even-age versus uneven-age
fishing, hiking, camping, river floating, management, would be valuable input to the forest
picnicking, and motorized trail use. Other planning process.
activities are less easily observed and identified
(for example mushroom gathering), but are Niches must also be defined in terms of time.
nevertheless important forest uses for some people. Certain activities take place only during certain
A first step in an integrated recreation research seasons of the year, and most people find weekends
program for central hardwoods would be to identify to be the most suitable time of the week for
which activities are most important, and which recreational excursions into the forest. Monitoring
should be the subject of management efforts to use levels in important recreation habitats, such
enhance recreation opportunities, as the Ozark National Scenic Riverways, to detect

patterns in use over time of day, day of the week,
and season of the year can provide useful

ADAPTATIONAND NICHES information for managing hlgh-use recreation
environments (Chilman et al. 1986, Marnell et al.

Recreation activities are adapted to their settings 1978).
in much the same way that biological organisms and
their behaviors are adapted to their environments.
Individuals will engage in a recreation activity POPULATION DYNAMICS
only as long as they obtain sufficient satisfaction
from the activity. The "fitness" of an activity in Growth and interaction of populations is a topic of
a particular setting is a measure of how enjoyable major concern in ecology. The growth rates of
that activity is under the conditions of the wildlife populations are governed by biological
setting. If the activity is unsuited to the setting processes of reproduction and mortality. For
(e.g. downhill skiing on flat terrain) satisfaction populations of people engaging in recreation
will be absent, and the activity will not take activities, the main processes governing population
place. Thus a process akin to natural selection dynamics are not biological but psychological, i.e.
operates on recreation behavior; and activities the number of people engaging in an activity at a
either become adapted to the specific settings in particular place and time is the outcome of
which they take place, or they cease to occur, individual preferences and choices. Nevertheless,

the population dynamics of recreation may have
The fitness of an activity in relation to its features in common with the dynamics of biological
environment leads to the ecological concept of populations.
"niche" (Hutchinson 1957). Perhaps the simplest
definition of a recreation niche would be "the set Recreation research has produced models for
of environmental conditions under which a predicting how people wlll choose among recreation

particular activity is able to occur." Some sites having various attributes. The models are
activities have developed different specialized usually static, that is, they describe the
forms that are adapted to different niches, probability of choice at a single point in time,
Downhill and cross-country skiing are good examples assuming that the attributes of the sites are given
of this. In the central hardwoods region some and fixed. Ecological population models, on the
activities have specialized niches; for example, other hand, are dynamic (May 1974). They describe a
canoeing and tubing require river corridors with population's rate of change, based on the
sufficient water depth and flow, and hiking attributes of the environmentand other
requires trails of sufficient length. Hunting and populations, and trace the growth and decline of
fishing are obviously tied to the presence of game interacting populations. Recreation choice models
and fish species. Other activities have much could also be extended to represent dynamic
broader niches. For example, the new al1-terraln interactions among populations of recreationists
vehicles (ATV's) can travel on roads and trails, engaging In different activities.
overland, and even in stream beds.

Research can help establish which physical, PERCEPTIONS OF DYNAMIC ENVIRONMENTS
biological, and social factors are important in
creating suitable niches for various recreation The dynamic, or tlme-related, factor also enters
activities, and how these factors are influenced by into visual quality issues. Most existing research

management activities and recreational use. Some on forest landscape esthetics has looked at the
environmental factors have impacts on certain scenic quality of individual scenes at a single
specific activities, while other factors may point in time. To truly understand the visual
contribute to the quality of habitat for a wide outcomes of timber management, however, this
variety of activities. For example, visual quality research must incorporate the full time span of the
is an important environmental attribute that can timber management cycle. For example, everyone
enhance the enjoyment of virtually any activity knows that clearcuts are unattractive immediately
done in a forest. Because timber harvesting in after harvest, but how does the scenic quality of
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the cut change as the forest regenerates? How does behavior. For example, landscape ecology concepts
the public perceive these gradual changes in the may be useful in determining the size and shape of
forest? To answer these questions, research should habitat necessary to maintain certain recreation
examine ways of linking models of scenic perception activities, and in understanding the effect of
to growth and yield models for forest stands, landscape heterogeneity on the diversity and

spatial distribution of activities in an area.

COMPETITION AND CONFLICT One aspect of central hardwood landscapes is the
ownership pattern within the forest. National

Ecologists classify interactions among populations Forests in this region are a patchwork of private
according to how the presence of one population and public land. This restricts opportunities for
affects another. Some common types of interaction activities, such as wilderness backpacking, that
include predation, competition, parasitism, and require unrestrained movement through large areas
mutualism. It is possible to think of recreational isolated from human influence. Many of the
analogues for all of these, but competition is landscape principles being developed for managing
probably the most significant form of interaction wildlife species may also apply to recreation
among populations of recreationists. Competition activities, such as using corridors to link patches
may be direct, as when the behavior of people of habitat and provide a greater continuous range
engaged in one activity is antagonistic or for movement.
offensive to people in other activities, or it may
be indirect, as when two otherwise compatible Larger scale landscape issues are also important
activities must compete for the same space and for visual management in central hardwoods. Over a
other resources, period of years, even-age management creates a

patchwork landscape of different age stands. How is
When the niches of two activities overlap, meaning this landscape perceived by people traveling
that some combinations of environmental factors through it? In comparing the esthetic impacts of
provide suitable habitats for both the activities, alternative timber management approaches (e.g.
competition or conflict may arise. An example of even- and uneven-age systems), it will be important
this In the central hardwoods region is motorized to consider not only perceptions of individual
versus nonmotorized trav_el.As previously stands, but also perceptions of the larger scale
mentioned, use of ATVWs is increasing in a variety landscapes that are composed of those stands.
of settings, creating conflict with other
activities once dominant in these settings.
Competition from motorized use may force activities
such as hiking out of areas that have become CONCLUSION
popular for ATV users. This may be viewed as part
of a process of succession, leading towards a high- In this paper I have suggested some ways that
density "climax" recreational community that recreation research could use concepts of ecology
includes only activities that are tolerant of noise to address problems in the recreational use of
and high use levels. Management can intervene to central hardwood forest ecosystems. Ecology may
halt this successional process and maintain some provide a theoretical framework for tying together
environments for noise= and crowd-intolerant disparate areas of recreation research. Developing
activities by imposing regulations, limiting use, an ecological viewpoint towards human users in the
and closing roads. One question for research in forest environment may also help to bridge the
this area is to determine the "limits of acceptable disciplinary gap between biologists and recreation
change," that Is, what signs of human use can be researchers and facilitate integrated research and
tolerated in primitive areas before these areas management of central hardwood forests.
become unsuitable for wilderness-oriented

activities (Stankey et alo 1985).
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IMPLEMENTING GROUP SELECTION IN APPALACHIAN HARDWOODS

USING ECONOMIC GUIDELI NES1

Britt A. Boucher and Otis F. Hall 2

Abstract.--A method is described for designing plans

for group selection harvests in Appalachian hardwoods.
Product market values, tree quality, tree growth potential,

and local logging costs are used to develop the most pro-

fitable operation. In this way, forest stands may be
located where this regeneration prescription can be practi-

cally applied. A field computer is demonstrated as a means

• of generating marking guides and tallying cut and leave
data.

INTRODUCTION which most or all the trees will be harvested,
will better achieve the plan's visual and wild-

For the past decade there has been contention life management goals, while being large enough

between the public and the administration of the to regenerate and grow the more commercially
national forests in the Appalachians over the desirable, light-demanding species.

• systems of silviculture and harvest cutting to be
used. Primarily the contention has stemmed from Although group selection has been a method

the public objections on aesthetic grounds to of regeneration recognized in forestry litera-
clearcutting of large areas. The Forest Service ture for many years, its application in regular

has supported this practice on the silvicultural commercial forest operations is practically
basis that it leads to regeneration of the more absent. Its implementation and regulation raise
shade-intolerant species which are of higher many questions such as:

value. How can the inventories be conducted to properly

More recently, the contention has been regulate the volume for sustained yield?
brought into sharp focus by the requirements of How will the groups be initlally located and
the National Forest Management Act that each marked for harvest or treatment?

4 national forest must prepare every ten to fifteen What impact will this type of harvest have on

years a management plan, and that this planning stumpage values, logging costs, and on costs
• process must include a formal process of public of timber sale administration to the Forest

review, which can include the appeal to higher Service?
administrative levels. This entire process on

the Jefferson National Forest (JNF) has led to This is a report of a joint study by the
the provision in the finally approved management Jefferson National Forest and Virginia Tech

plan that about 24,000 acres will receive School of Forestry and Wildlife Resources to
uneven-aged management (Alcock 1985). On this develop and test techniques of inventory and
area, "group selection" will be the regeneration management decisions that can be used to imple-
method used. This decision was made to see if ment group selection. It is recognized that

• the small groups, 2 acres or less in area, on techniques developed during the study, even
though very usable in facilitating the initia-
tion of the first marking and harvesting acti-

vity, will be insufficient to judge how success-

1 Paper presented at 7th Central Hardwood ful this method will be in regenerating desir-
Forest Conference, March 5-8, 1989, Carbondale, able intolerant species. It will take much

longer term studies to determine that.

llli_ois.
The authors are Graduate Research Assistant

and Professor in the School of Forestry and Wild- The approach of this project is to recognize

life Resources, Blacksburg, VA 24061, respec- first that all areas of the Forest are notequally suitable to such management, and in some
tively, areas its implementation at this time is not



silviculturally and economically feasible. There- enable the forester to implement the objectives

fore, the need exists for a method of locating of the landowner. It is the problem of develop-
groups in such a way as to make any proposed sale ing a method that this paper confronts. Lan-

area most favorable to the subsequent growth and downer objectives vary, as do the opinions of

regeneration of the more valuable species_ while foresters, on what the forest should look like
at the same time yielding an adequate profit to a after a harvest operation. What diameter dis-

logging contractor. Aesthetic appeal, wildlife tribution should it have? What should be the
encouragement, and hydrologic protection must be maximum tree size and the residual basal area?

considered simultaneously. If analysis shows The initial step in solving the "group selection
that the sale cannot be made profitably, it can problem" might seem be to answering these ques-

be dropped or modified. In this way, the uneven- tions, but this is a formidable task in itself.
aged management program will get the most realis-
tic test, and the public will have assurance of This project proposes a method to implement

continued implementation_ perhaps with appropri- group selection, or modifications of it, that
ate modifications, will assist the forester in assembling the

information to perform the marking for harvest

Although the viewpoint in this project is so that the objectives of the landowner, what-
primarily that of the Forest Service managing ever they may be, will be satisfied (restricted
national forest lands, it is believed that the of course by the ecology of the forest). This

methods developed would be equally applicable on information and its manipulation is the decision
other public or private hardwood lands in the support system that will aid the forester in

same region, making the "basic decision" by providing infor-
mation on a single tree, a group of trees, and

In the course of the project, we have moni- the area surrounding the trees, in the field
toted areas on the Jefferson National Forest where the decision must be made. Therefore,

where group selection timber sales are proposed identifying the variables that would enable the
or being carried out. The Taylor Branch Timber marker to make decisions on a range of landowner

Sale on the New Castle Ranger District was the objectives was the first step of this project.
first group selection operation sold. It was Following is a discussion of the traditional

very carefully designed by the Forest Service decision variables and the additional ones pro-
staff without using the method described here. posed.
We have visited the site a number of times after

it was marked and while logging was going on. Traditional Views on Tree Grouping and Selection

Based on several interviews held with the logging
contractor, a reasonable profit was realized from "Group selection is a regeneration method in

the operation, and no unusual operational prob- the uneven-aged silvicultural system.., but you
lems were encountered, define a group" (D.W. Smith, personal communica-

tion). Deriving from a dictionary definition, a
"group" in this context is a number of trees to

DISCUSSION be removed together because of certain similari-
ties, such as species or size. Traditional

Although group selection appears in forestry decision variables used in selecting between cut

texts as far back as the "First Book of Forestry" and leave trees under uneven-aged management, as
by Filbert Roth in 1902, recent discussion among described in a priority order by Arbogast

the professionals suggests there are still many (1957), are risk, cull, crown form and branching
differences of opinion regarding its definition, habit, value, crown position, and size.

biological effects, regulation, and economic

feasibility. Regarding the above questions, no One widely accepted method of regulation for
absolute assessments are offered here to fuel the uneven-aged forests has been the reversed

debate, only comments as the topics apply to this J-shaped curve of diameter distribution
project, addressed by many authors, with stand density

and maximum tree size as other controlling fac-

The most basic decision in any uneven-aged tors (Leak 1985, Smith and Lamson 1982, Marquis
system is "Should we cut this tree or not?" In 1978, Roach 1974). Economic factors (Cayen and

group selection, the emphasis must be on the pre- Hall 1987) and financial maturity (Trimble et.
dominate characteristics of the entire group of al. 1974), have also been introduced. Therefore,

trees (Marquis 1978). A system is needed which tree grade, tree diameter, stand density, and

locates and selects the _ of trees for financial maturity are used as decision vari-
the regeneration harvest. Landowner objectives, ables.

both immediate and future, along with the answers
from the above questions will dictate which trees Bringing in Economic Factors and Landowner
are best for removal. To make the basic decision Objectives

for group selection, the character of these "best

groups" must first be defined. Tree value as it reflects quality, and value
growth percent, the tree's rate of value
increase, are also variables to be used whenOnce it is established which kinds of groups

are the ones to leave or cut, a method for locat- selecting trees to cut and leave. Because stum-

ing these groups in the field must be designed to page value is a residual representing the dif-
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ference between the selling price of the final Method: Summary

product and the total operating costs and profits
in harvesting the timber and converting it into The traditional method of marking for a

the final product (Kingsley 1986, Zaremba, 1963), regeneration harvest is to first review any
it serves as a measure of tree value, office records of the stand's history. Then,

the forester goes to the field to collect cur-

Tree value growth percent (VG_) allows trees rent information. After returning to the office

to be compared to one another as capital invest- to analyze the information gathered and plan the

ments. There is a limited amount of growing space marking operation, he/she returns to the field
for each "investment" and prudent investors would with marking rules in hand to mark the trees for

do well to have their portfolio stocked with the harvest. When enough volume is marked or the
investments returning the higher rates. Exact entire area coveredD the forester returns to the

value growth percents are difficult to determined office and prepares the sale prospectus. After
but relative ones are all that is required to testing many departures from this traditional
make decisions between trees, sequence, we chose it as the one to follow.

Not only timber value, but all of the land Although the basic method is similar, the

owner's objectives, however diver-se, must be con- information provided for decision making in the
sidered in the decision process. It must be field is a step up from traditional. The data
remembered that in many cases group selection is gathered from point samples. The first pass,

" will be practiced because there are several the reconnaissance cruise, is for the purposes

objectives. Generally, we want dec--_sionsto bring of: obtaining tree data, collecting area infor-
about the maximum net benefits received from the marion on site quality, regeneration, and wild-

forest (of course, limited by the allowable area life, and location of skid roads. The recon-
to harvest)° In addition to immediate profit, naissance cruise is laid out on a wide spaced

other objectives might include: grid of sample points (6X6 chain).

Positive financial benefit for dollars The information gathered is summarized in

invested the office and a determination made as to
Increase in the forest's rate of return whether or not a harvest is possible based on

Increased forest access current volume and market prices. Given a posi-

Enhancement of wildlife habitat tire decision, the forester returns to the field

Minimum impact on the environment for the a marking/cruise. Again, the forester

Minimum visual impact takes point samples using a closer spacing (3X3
chain grid) to collect information for decision

The combination of all the biological, eco- making. Cruise data is tallied on the field

nomic and regulatory objectives must be included computer, and information is provided as a deci-
in that most basic decision, "Should we cut this sion aid to determine whether or not this
tree or not?" "point" should be considered for harvest. Once

the required marked volume is obtained, or the

Combining the list of current objectives with end of the tract reached, the forester returns

the traditional ideas for making cut/leave deci- to the office to prepare the sale prospectus and

_ sions for a single tree, and then a group of store the inventory information for future man-
trees, requires a vast amount of information to agement.

be related by the deciding forester. Thus, to
Clarification of terms is required here_ A

implement group selection, it is necessary to
build this knowledge into a sort of decision sup- point sample is used to samam_ an area that is

port system, incorporated into several computer being considered for harvest. A 3X3 chain grid
programs to be held in a field computer, for the marking/cruise is chosen because it

approximates a point in every acre (this is not

The Suggested Method for Group Selection a fixed requirement). The trees selected by the

Management Introduction prism, around the center of the acre, r__resent
this acre as a group in the decision of whether

_ The method proposed demands no new techniques this should be a group to harvest or to leave°

regarding tree mensuration and only requires If the point is selected for harvest, the trees
simple observations of the area surrounding the included in the sample, and suitable trees sur-

place (point) where the forester is standing in rounding the point are marked for removal or
the field. The way the information is stored, treatment. Therefore, in this discussion

processed, and utilized, however, is unique. "group" is defined as two or more trees marked

First a brief snmmary of the method is described for removal or treatment in a contiguous area,
which includes a clarification of several terms, with a maximum of as many trees as can be found

Following that is a more detailed presentation of on that one acre (or the area represented by the
the proposed method, selected grid size). The point then, initially

i represents a group, although the final marked
A flow chart, figure 1, helps to link the group can include part of, a11, or more trees

stages of implementation. Notice that the left than the "point W. Also, several points could be
side of the chart references office work, the combined to form any shape, and any practical

right side field work. size groups or harvested area. The size and
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shape is restricted by the silvicultural judgment Method: Detailed

of the forester and the objectives of the More detail of the cruise and decision

landowner, method is now provided. First, an examination

This is not to say that the group will be is made of the maps and other records on the

easily identifiable or its boundaries distinct, tract for information on the stand's history and
Trees in the group, yet not ideal for removal current condition, site index, soils, wildlife,land use class, existing roads, etc.. If the
based on their potential to become valuable crop
valuable crop trees may have to be marked for group selection regeneration method still seems
harvest. This is because they will most likely suitable for this stand a reconnaissance is

be damaged or destroyed in logging and/or leaving planned. A field map is made of the area with
them will result in an insufficient opening for sampling points located on a 6x6 chain square

regeneration. The alternative would be to move grid.

the group boundary to exclude them. Additionally in the office are noted factors
for the entire area affecting logging cost, such
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This is not to say that the group will be is made of the maps and other records on the

_ easily identifiable or its boundaries distinct, tract for information on the stand's history and
Trees in the Stoup, yet not ideal for removal current condition, site index, soils, wildlife,land use class, existin8 roads, etc.. If the
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valuable crop trees may have to be marked for Stoup selection reseneration method still seams
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reseneration. The alternative would be to move 8rid.
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for the entire area affectins loggln8 cost, such
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as estimated average skidding distance, existing Overall Stand Assessment and Selection Criteria.
or future landing locations, hauling distances, <
and special equipment needed. These factors are From the point summaries and the overall

used to estimate logging costs per thousand board statistics the forester is in a position to make
feet of timber harvested. Logging cost is one of a more accurate determination of whether or not i
the most variable costs associated with tree group selection is feasible on this area. If it

value. However, reasonable approximations are all is feasible, what criteria should be used to !

that is required in order to compare one "point" select the groups to mark for harvest? •

(representing a group) to another. (Logging costs
for group selection are currently under study at In selecting between points to mark for

Virginia Polytechnic and State University.) harvest there are many point characteristics to
consider. The problem: "If" a forester had a

To prepare for the computations performed in llst of the all the point samples from the tract
the field computer the following information is in question, which points would be best to harv-

collected and downloaded to the field computer: est? With multiple-use a goal and both short and
long term objectives to satisfy, what variables

I. Lumber prices for the species, or species should be considered as having the highest
groups, to be inventoried, from the Hardwood priority? The variables that have the most

Market Report, Appalachian Hardwoods. influence seem to be land class, wildlife class,

2_ Sawmilling costs for typical operations, regeneration, point value and point value growth

3. Pulpwood or firewood stumpage prices from percent.
Timbermart South or local mills if these are

potential products. The solution for the problem is a series of
rules designed to assist the forester in the

Reconnaissance Cruise field to arrive at a conclusion based on the

information given about the point. Such a series

After going to the field, the forester has been given many names: a decision tree, a

carries out a point cruise with a 20BAF prism decision support system, or an expert system.

(factor optional, based on timber type), varying The rules have the format of an "if-and-then"
from the grid to assure that several points are statement leading to a treatment recommendation.

located in each strata as determined by to,o- Two examples follow.
graphic inspection. The reconnaissance is the
time for skid road inspection or location and for If the land class is standard forest land,

noting any physical barriers that will preclude medium site index
logging of certain areas. At each point, data on and the wildlife class, snag

the following are entered _n the field computer: and the upper regeneration, dogwood
and the age class, small sawtimber

1. Land Classification Code, Appendix I: Includes then leave this point to grow
site index (low, medium, high) for standard

forest land based on general inspection or A second example:
topography

2. Wildlife Class Code If the land class is standsrd forest land,

3. Regeneration| Upper/Lower medium site index

4. Age Class Code and the wildlife class, none
5. For each tree counted: and the upper regeneration, oaks and the age

ao Species class, sawtimber

b. Diameter at breast height and the value growth percent is less that the
e° Merchantable height tract average

d. Estimate of possible merchantable height and the point's value is greater than 80Z of
growth all other points

e. Tree Grade (Hanks 1976) then consider this point for harvest.

f. Estimate of possible grade increase
The entire decision tree is too large to illus-

Office Data Summary irate and explain within the confines of this
paper. It contains 76 rules. Rules can be

Upon return to the office, the cruise tally easily modified, or added to accomplish an indi-
and point values are transferred to the office vidual landowner's goals or management prefer-

computer. The tree volumes, values, and value ences. An expert system is never considered fin-

growth percents have been calculated and totaled ished and is in a constant state of evolution as

by point in the field computer providing a list- new demands and objectives are placed upon it.
ing by point of the reconnaissance cruise. Land

class, wildlife class, regeneration, and age The treatment recommendations are only pro-
class codes are also transferred to the office vided as aids to help the forester make the

selection decisions between points_ they are notcomputer for evaluation. A point-by-point listing

giving the status of each tree, as well as point requirements. The forester must combine this
recommendation with other knowledge and observe-per-acre totals and tract averages are available.

Examples of two point lists are shown in table I. tions about the area to arrive at a final deci-
sion.
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Table 1.--E×ample of Data Collected and Information
Provided For Two Points

Explanation of abbreviations is found in Appendix II

Treatment Recommended; leave

Land Class Code; standard forest land, medium site index

Wildlife Class Code; large active snag present
Regeneration Upper; dogwood

Regeneration Lower; none
Age Class; small sawtimber

, Recorded Field Data Single Tree Per Acre Values; Point Sample

Spp Dbh Ht HI GT GI CF BF $/T CF BF $/Ac $/AclO VG¼
r

NRO 11 1 I 3 0 40 8 1209 I 231 372 4.86

HIC 12 2 I 3 1 105 7 2662 166 318 6.72

HIC I0 1 0 3 0 29 .I 1078 3 57 36.17

SUM 3 0 0 0 0

NRO 16 I 0 3 1 119 34 1701 482 793 5.11

YEP 12 1.5 1 2 0 77 8 1951 200 242 1.92

Totals (weighted avg. for VG%) 8601 1082 1782 4.97

Treatment Recommended; mark for harvest

Land Class Code; standard forest land, medium site index
Wildlife Class Code; none

Regeneration, Upper; oaks
Regeneration, Lower; oaks
Age Class; sawtimber

Recorded Field Data Single Tree Per Acre Values; Point Sample
Spp Dbh Ht HI GT GI CF BF $/T CF BF $/Ac $/Ac10 VG%

WHO 16 2 0 2 0 161 36 2309 516 I 623 i 1.90

CHO 14 9 1 4 0 27 1 500 25 28 ! 1.23

HIC 11 1 0 3 0 39 1 1170 37 78 7.65

CHO 22 1 5 0 2 0 260 54 1972 I 410 423 0.29

WHO 18 e 0 1 0 205 60 2315 677 791 1.56

L

Totals 500 7766 1665 1943 1.48
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llttle chance of becoming a harvested or treatedPart of the decision tree addresses the ques-
tion of regulation. An estimate of harvest age point. Such a case would exist if the area was

and cutting cycle will be sufficient to guide the harvested within the last two cutting cycles,
amount of volume or area that can be removed each or, if the area contained but one hemlock tree

cutting cycle. If I00 years are required to grow and was near a spring surrounded by rhododen- _i!

a tree to harvest size and a cutting cycle of 10 drons. The data input portion of the program )
years selected, then approximately 10Z of the recognizes points that are inefficient to con-
area should be removed each cycle. An exact tinue sampling and stops after such cases are
determination of this factor is not essential in recognized.

the early stages of implementing group selection.
If the point being sampled is a possible

Many of the stands being considered for harvest point the information about each tree
uneven-aged management are currently even-aged or found in the sample is ta11ied. The tree's vol-

two-aged stands making volume control difficult, ume, value, and value growth percent, is calcu-
lated and displayed. The point totals and aver-

Although not in llne with traditional methods of
uneven-aged management, area control is suggested ages are calculated and a treatment is recom-

as a feasible regulation method, Volume growth mended.
checks should also be made, and monitoring the

diameter distribution of the stand is also pos- The cut/leave decision is made at this time, !slble, based on the marker's judgment and the treatment

recommended by the decision model. If a leave _
The rules of the decision tree aid the marker decision is made, the sample point data are

in maintaining regulation in several ways. When added to the cumulatlve leave file, providing a

entering the stand for the marking operation, steadily improving estimate of the structure of

statistics from the reconnaissance cruise provide the stand. If a cut decision is made, marking
the decision tree with valuable information about begins. Trees surrounding the sampling point

the stand, namely, the distribution parameters of with characteristics that make them desirable
values and value growth percents (VGZ) of the for harvest are marked until the appropriate

points. Now, in the field for the marking oper- group size is attained. When the group marking
is finished, its outline is sketched on theation and standing on the point in question, a

comparison can be made with all other points pre- field map, and the tally is added to the cumula-
viously sampled. Assuming the values and value tire cut file being carried in the computer.
growth percents are normally distributed, an This file includes cumulative volume and value
estimate of where this point is on the dlstribu- figures for judging the adequacy of the marked
tlon can be made. For examples if our primary timber for a commerclally feaslble operation.

objective is to increase the value growth percent
of the stand, then it would be best to select As the flow chart indicates, it may be pos-

those points for harvest that have the lowest sible in some locations to mark for intermediate

percents, If our goal is to remove 10Z of the improvement or thinning treatments at some
stand, then any point having a VGZ lower than the points. If such an operation is feasible, a

cutoff value which represents the lower 10Z of tally of the points to treat, or the number of
the distribution, would be recommended for harv- trees to treat, is made.

est. Single tree data can be entered into the

Value works in a similar way, except one computer to check volume, value, and VGZ. Dur-

would be marking those points that fell above the in8 skid road location trees to be removed can
upper cutoff point on the distribution. Combining be entered into the cumulative cut file. Addi-

the two objectives creates problems and the tionally single trees located beside skid roads
answers are not clear cut. Field testing of this or in proximity to a harvested group might be

selected for harvest| these also can be entered
regulation method is not complete. However,

and added to the harvest file. When the entire
bench tests indicate that it will at least pro-

vide a helpful rule when deciding between points tract has been covered, or the desired volume or

to harvest, Simpler methods are also included in area to harvest obtained, the marking cruise is
the decision tree such as the volume terminated,

cruised/volume marked ratio. Also by knowing the
number of points sampled, and the number points Return to Office

marked for harvest, a running approximation is

provided of the percent of the stand that has The forester returns to the office and the
been marked, files of marked trees and inventory information

are transferred from the field computer into the

Cruise/Marking office computer. Possible summaries include:

I. The cumulative leave file providing a recordThen returning to the field, the forester
for use at the next cutting cycle. By com-re-crulse8 the sale area on a 3X3 chain grid,

using a 20 BAF prism. At each point, the same paring this file to the total inventory file,
information as in the reconnaissance cruise is which includes the harvested points, a mea-

collected and the tally entered into the field sure is obtained of the effect on the produc-

computer, Often the point to be sampled has tivity potential of the tract.
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2. The tally of points showing the percent of the Arbogast, Carl Jr. 1957. Markin 8 Guides for

tract that falls in each land class, wildlife Northern Hardwoods Under the Selection Sys-
class, and age class, tam. USDA For. Serv. LSFES St. Paul, Minn.

3. The regeneration of the tract in percent by Station Paper-56.

species group. Cayen, T.J. and O.F. Hall. 1987. Using Eco-
4. Listing of points, or marked trees, to receive nomic Factors in Managing Hardwoods for High

various treatments. Quality. Paper Presented at the Sixth Cen-
5_ The cumulative marking file, used for the tral Hardwood Forest Conference, Knoxville,

preparation of the timber sale prospectus. TN. February 24-26, 1987.

Gibbs, Carter B. 1978. Uneven-A_ed Silvicul-

ture and Management? Even-Aged Silviculture
A Comment on Computers and Management? Definitions and Differences.

Combined Proceedings of two In-Service Work-

The entire procedure is built upon software shops held in Morgantown West Virginia, July
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a special case to withstand rugged use. It is Res. Pap. NE-333.
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Forestry. 2:28-31.
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billties of increase, all the other information Marquis, David A. 1978. Application of Uneven-
collected is normally tallied for a presale Aged Manasement on Public and Private Lands.
inventory. The information is just calculated Combined Proceedings of two In-Service Work-

differently and made available while the forester shops held in Morgantown West Virginia, July
is still in the field. 15-17, 1975 and in Redding, California

19-21, 1976. Timber Management Research.
It is believed that following such a proce- USDA Forest Service.

dure can be excellent training and that with Roach, Benjamin A. 1974. What is Selection

experience the procedure will be streamlined. In Cutting and how do you Make it Work? What is
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considered, a procedure similar to this will need laneous Report No. 5. State University of
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management and group selection can be success- Ginn & Company Publishers, The Athenaeum
fully carried out. In many cases, provision for Press, Boston.

options is made without recommending the decision Smith, Clay H. and Niel I. Lamson. 1982. Number
to give latitude to those owning and managing the of Residual Trees: A Guide for Selection

forest. Cutting. USDA For. Ser. NEFES. General

Technical Report NE-80.
Until, in the mind of the decision maker, the Smith, David Wm. 1987/1988. Personal Inter-

tree, with the local costs of removal considered, views. Virginia Polytechnic and State Uni-
is associated with its market value, both present varsity. Blacksburg Virginia.
and future, and until the marking decision of Smith, Walton R. 1987. The Fallacy of Preferred
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Appendix I: Classification Codes Ht - Merchantable height in number of 16 foot _
logs for tree grades 1-3, and number of 5 _;i

Land Class Codes ft. sticks for grade 4 trees and trees less !:

than 10 inches in Dbh. !_?o

Non-Forest Land; field, rhododendron, young
forest. HI - Possibility of merchantable height increas-

Utility; transmission [lines, gas, oil, railroad, ing in the next 10 years; 0= no possibil-

Road Buffer; width depending upon road class/use, ity, 1= possibility of increasing. The
Recreation Area, Special use: trail buffer, increase added depends upon site index, _:

cultural, dbh, and height of the tree. i
Wildlife Area; designated clearing, special i

habitat GT - Tree Grade. Forest Service grades 1,2,3 i_

Spring, Seep, Wetlands (Hanks 1971) _ Grade 4 is pulpwood and ii
Water Buffer; width depending upon size or use. trees lessthan 10 inches dbh.
Hardwood/Pine Low; SI 50 oak, 9-13" DBH is

mature. GI - Possibility of tree grade increasing with

Hardwood/Pine Normal & White Pine; SI 60, 11-17" growth due only to the oversrowth of a
DBH oak. present minor defect. 0= no possibility. 1=

Cove & Upland Hardwood; SI 70+ oak, 14-30" DBH. possibility of grade increasing in I0
years. Note; a grade increase will occur

Wildlife Class Codes automatically if the tree's diameter

increases enough to place it in the next _!

None higher grade even if GI=0.

Insect, Pathogen

Beaver sign CF - Cubic feet, BF - Board feet

Cliff System, Rock out-crop.

Water Area; trout stream, wood duck habitat, war- $/T - Dollars per tree - For sawtimber (BF
ering hole. trees), this is a stumpage value based on

Bedding area, Den, Squirrel nest, Caves, Sink the board feet of dry lumber produced, as
holes, Drumming logs. estimated by Hank's (1976) equations for

Snags, Wolf Tree, High mast producer, Large pines each graded tree, multiplied by the graded
>30" Dbh, Den tree. dry lumber prices from the Hardwood Market

Feeding area; orchards, old home sites, grass, Report, minus logging, conversion costs and
rare forage, grape arbor, alder thickets, profits. Trees with CF volume are valued

Red-Cockaded, Pillared, Hawk nest, Heronry, by: the estimated cubic foot volume multi-
Endangered spp. plied by the price reported in Timber Mart

South, or from local mills. The price of

Regeneration Codes: Upper/Lower firewood, if higher and a realistic alter-
native, would replace the CF price.

None

Grapevines (Greater than 50 stems per acre / Per Acre Values; CF, BF, and $/Ac are individual
Grass tree values multiplied by the tree's per

Rhododendrons / Ferns acre conversion factor (basal area fac-

Dogwood, Sourwood, Sassafras, Striped Maple, tor/basal area of the tree).
Blackgum.

Maples, Beech, Birch, Black locust. $/Ac10- Estimated value per acre in 10 years.

Yellow-Poplar, Basswood.

Pines; Pitch, Virginia, Table Mountain. VG% - Value Growth Percent; calculated by: i =
Pines: White, Hemlock. [(Vn/Vo) ^(I/n)] - 1 and VG_ = 100(i)

Desirable Hardwoods: Ash, Walnut, Hickories. Where; n is the number of years, 10, V_ is
Oaks; red and white, the tree's value in the present day, and Vn

is the value n years in the future. Analy-

Age Class Codes sis has shown that the most important fac-
tors in determining VG_ (in order of impor-

Saplings; 0-5 inches in diameter at breast tance) are grade, height, and diameter
height, increases. Grade and height are direct

Poles; 6-9 inches DBH. field estimates. Diameter growth can be

Small Sawtimber_ 10-13 inches DBH. estimated from any one of the growing hum_
Sawtimber; 14+ inches DBH. ber of growth functions for the hardwood

region. Due to its simplicity, MawsonWs

Appendix II: Explanations of Abbreviations Found (1982) formula: Ln DG = Ln 1.65 -2,64 /Dbh
in Table 2 where DG = 10 year diameter growth in

inches, is used here for testing of the

Spp - Species method. The VG% in the "total" line is not
a total but an average of the tree's VG_

Dbh - Diameter breast height weighted by value.
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HISTORICAL EVIDENCE OF FOREST COMPOSITION

IN THE BLUEGRASS REGION OF KENTUCKY I

Julian J.N. Campbell 2

Abstract.-- This study summarizes early records of
forests in the Bluegrass, a fertile region that is now

largely agricultural. More fertile soils had much sugar
(and black) maple, walnuts (mostly black), hickories (mostly

bitternut), ashes (mostly white and blue), oaks (mostly bur
and yellow) and other species. The abundance of succes-

sional species like black walnut is attributable to prior

disturbance involving Indians and large herbivores. Trees
marking property boundaries included less of the succes-

sional species, which may have been concentrated near the
more disturbed centers of settlements. Less fertile soils

generally had oak-hickory forest dominated by white oak, or
beech forest with some yellow poplar, but there was much

mixture with species of more fertile soils° Beech was
dominant in some of the western and northern areas, where

soils have more loess content. Hypotheses are advanced to
explain the region's unusual composition and its historical

changes, especially in the blue ash-oak woodland-pastures.

INTRODUCTION (1964) mapped the potential natural vegetation of
the area as oak-hickory forest. However, within

The Bluegrass Region is the area in north- less disturbed areas today, this type is only
central Kentucky that is underlain by Ordovician prevalent in the Eden Shale Belt (Bryant 1981).

bedrock, mostly limestones and calcareous shales. Data adequate for an accurate mapping of this
It is now predominantly agricultural, and the region are not currently available in the

remaining woodland receives little management for scientific literature. The purpose of this paper
timber production. However, there is much is to summarize some important historical

interest in the original forests here (Braun evidence concerning the composition of the
1950), and the potential role for forestry in the original forests, and to discuss the ecological

region (Kingsley & Powell 1978). Because of its implications of this evidence.
high soil fertility, the Bluegrass was one of the

first regions west of the Appalachian Mountains Considerable attention has been given to the
to be settled, during 1775-1800. This led to the degree of openness in the presettlement
rapid, early destruction, or at least great vegetation (Davidson 1950, Campbell 1980, Bryant

modification, of most original vegetation. It is et al. 1980, Bryant 1983). Old accounts indicate
difficult to estimate the presettlement condi- that the region was generally "well timbered" and
tions from what little remains. Braun called the that there were no treeless areas like the

Inner Bluegrass, which is particularly fertile prairies or barrens further west. However, some

and agriculturally developed, "the most anomalous areas on "rich" (fertile) soils were more thinly
of all vegetation areas of eastern United wooded, with canebrakes, successional forest and
States." In the Eden Shale Belt and the Outer perhaps savanna-woodland (Bryant et al. 1980).

Bluegrass, somewhat more forest remains, but Exactly what maintained these more open areas is
virtually no old growth. Braun included the unknown. They may have been influenced by

whole region in her Western Mesophytic Region, Indians, using fire, and they were much used by
which she generally defined as a mosaic of buffalo, elk and deer; periodic droughts may also

mesophytic forest and oak-hickory forest. Kuchler have been a factor (Campbell et al. 1988, and
unpublished). Some frequent trees at the time of
settlement are indicative of successional

1paper presented at the Seventh Central conditions, based on general knowledge of their
Hardwood Forest Conference, Southern Illinois ecology (Campbell 1980). These included black

University, Carbondale, Illinois, March 5-8, 1989 walnut, cherry, honey and black locust. The
School of Biological Sciences, University relative abundance of these species, and hence

of Kentucky, Lexington, Kentucky 40506. the extent of successional conditions, can be
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estimated from data presented in this paper, restricted to the eastern transition and Some _!

Modern woodland-pasture areas that resemble areas near the larger rivers. _i

mid-western savanna-woodland are dominated by Cary a (hickory). Species are rarely separated i_
blue ash and oaks, which are relatively in early sources, and where they are the names i_

drought-tolerant and perhaps fire-tolerant, are not reliably identifiable (white, black, !_

However, if grazing and mowing of these areas pignut, bitternut, shellbark, scalybark). Short _

ceases, they are currently invaded by more mesic (1828) noted that "C. porcina" ("pignut") was the i!
species. The original status of these most common specieS-on more fertile soil near 3

woodland-pastures is not well understood. Lexington, but his description of its leaves i_'

suggests C___.cordiformis. A few other notes
The division of this region into different (Short 1828, Owen 1857, Linney 1882-87) indicate

geological and edaphic sections is crucial for that, among the two shagbarks, C__ laciniosa was
interpretation of patterns in forest composition typical of more fertile soils than C. ovata. In
(fig. l; see also McDowell et al. 1981, U.S.D.A. modern forests, C. cordiformis and C. laciniosa

1974 and county soil surveys). The Inner are typical of mor---efertile soils; _-.ovata, C__
Bluegrass lies on Middle Ordovician limestones, glabra and, rarely, C. tomentosa ar_-typical of

most of which are phosphatic; it has highly less fertile soils (Campbell 1980).

fertile hapludalf and paleudult soils. Outside Celtis (hackberry). C__ occidentalis is not
the Inner Bluegrass, the Eden Shale Belt lies distinguished from C. tenuifolia, which was
mostly on Upper Ordovician calcareous shales (the probably infrequent, since it is today a small

Clays Ferry Formation) and the Garrard Siltstone; tree largely restricted to dry and wet soil
it generally has less fertile hapludalf soils, extremes. "Hoopwood" probably refers to C.

In the east, typical Eden Shale soils are less occidentalis, because it was used in severa-_
extensive and there is generally a direct sources that did not use "hackberry"; also, C.

transition from Inner to Outer Bluegrass soils, occidentalis has been known locally as "hoopash'-_,

The Outer Bluegrass lies mostly on Upper e.g., in New England (Dame and Brooks 1972).
Ordovician limestones and calcareous shales; in Fraxinus (ash). Most sources do not distinguish

addition, there are some overlying loess deposits species. However, according to reliable accounts

in the west (Barnhisel et al. 1971), and of "richer" soils, blue ash (F. quadrangularis )
pre-Wisconsin glacial deposits in the north, about equalled (Short 1828) or exceeded (Owen

Outer Bluegrass soils are generally hapludalfs, 1857, Linney 1882-87) white ash (F__americana) in
intermediate in fertility between the Inner abundance. On fertile soils today, blue ash is

Bluegrass and the Eden Shale Belt. Surrounding more common among older trees, but white ash is
most of the Bluegrass Region in Kentucky is a much more common in young stands (Campbell 1980,

narrow zone of Silurian bedrock, including some Bryant et al. 1980). Green ash (F. penn-
dolomitic limestone with natural "cedar glades", sylvanica), a wetland species, is not listed in
and the Knobs Region, which lies mostly on any source, and it must have been usually
non-calcareous shale of Devonian and included under "white ash". "Black ash" and

Mississippian age and on Mississippian limestone. "hoopash" are frequently listed, but the meaning
Further to the south and west is the Mississipian of these names remains uncertain. Further north,

Plateau, which is mostly calcareous, including these names generally refer to F__ ni_ra, whose
the former "Big Barrens" region. Further to the presence in Kentucky has not been confirmed,

east is the Appalachian Plateau, which lies though it was described here by Short (1828)
mostly on non-calcareous Pennsylvanian rocks, under the synonym F. sambucifolia.

Juglans (walnut). Most references do not
separate species, and may usually refer to J.

NOTES ON COMMON NAMES niRra. However, some deeds specify "whit-_
walnut" (J. cinerea), generally with a frequency

Some preliminary interpretation of the common similar to "black walnut" (J. nigra), and even
names used in early sources is needed. Many more in some less fertile areas. Short (1828)
names can be reliably attributed to a single noted that J. cinerea was "even more abundant"

species, especially in genera that have only one than J. nigr_-around Lexington. In contrast, J.

species present. However, some genera with cinerea now comprises less than 0.1% of Juglan-s
several species present problems, in the region; its decline here and elsewhere is

Acer (maple). "Sugar tree", and "sugar maple" in due to disease (Kuntz & Tisserat 1983).

later sources, refer to A__ saccharum (sensu Quercus (oak). Most sources distinguish the
lato), including var. ni_rum, which is frequent white oak and the black (or red) oak groups, but

on the most moist and fertile soils (Campbell not the species. In the white oak group, Short

1980). The few plain "maple" references in early (1828) noted that 2. macrocarpawas most abundant

sources are assumed to be A. saccharinum, which on fertile soil near Lexington; Q. muhlenbergii
is restricted to larger watercourses, or A. was also frequent; and Q. alba was more typical
rubrum, which rarely occurs in old river channels of less fertile soil. In the black oak group, he

(Campbell 1980). described Q. shumardii (under "palustris") as
Aesculus (buckeye). A. glabra is not most frequent around Lexington; Q. imbricaria was

distinguished from A. octandra in most sources, less common but typical of fertile soil; and Q.
but Rafinesque (1819) and Short (1828) indicated velutina was restricted to less fertile soil. He

that A__ glabra was much more abundant. Today A___. did not list _. rubra , which today is restricted

octandra is also much less common, being to more mature forest on steeper slopes. Later
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sources confirm these trends (Owen 1857, Linney components only about half as often as sugar
1882-87, Campbell 1980, Bryant 1983). maple. Honey and black locust were listed in
Tilia (lynn, basswood). T. americana and T. only half the accounts, but honey locust was i_?_

heterophylla are both wid-espread, but thes--e noted as a major species as often as sugar maple,

closely related species were never distinguished and black locust trees were noted as especially
in early sources. Their relative abundance large as often as sugar maple. Other trees were

remains poorly documented in modern forests, listed in no more than half the accounts, though

Ulmus (elm)_ Most records do not distinguish coffee tree was consistently regarded as one of _ii

species. Early deed surveys listed red elm (U-- the best ±ndicators of the most fertile soils.
rubra) about twice as often as white elm (U. Small tree species that were most frequently
_cana), and F. Michaux (1805) noted a simii_ listed include pawpaw and hawthorns. Short

difference. However, Short (1828) later noted (1828) wrote that "This portion of Kentucky was

that U. rubra "has almost disappeared from the once the paradise of pawpaws, where immense
forest around Lexington in consequence of its orchards of large trees were everywhere met

destruction by cattle... [but] In the more with."
accessible situations among the cliffs of Elkhorn

and the Kentucky River, it is occasionally met Only 12 tree lists referring to less fertile
with..." Today,lt is much less common than U. areas were found in early literature. Some of

americana on more fertile agricultural uplandS, these lists include transitions to the Knobs

Other elms (U. thomasii, U. alata) were reported Region, or to glaciated land in the north. They

from rocky sites by Linney (1882-87), and they indicate that the forest was primarily composed
are rare and restricted to such sites today, of oaks, beech, poplar, sugar maple, ashes,

walnut, hickories, black locust, sassafras and

Some confusion may also exist in a few cases others (column A in table i). While the oaks
at the genus level. Honey locust (Gleditsia were generally dominant, beech and poplar were

triacanthos) and black locust (Robinia apparently more abundant in areas close to the

pseudoacacia) were not always distinguished. Ohio River. Sassafras, persimmon, blackgum,

However, it is likely that "locust" by itself sweetgum, chestnut oak and pines were minor
generally referred to Robinia, as suggested by species, and their records in table I (A and B)

Linney's (1882-87) joint listing of common and are mostly from accounts that include areas

Latin names. Among the "gums", "blackgum" (Nyssa peripheral to the Bluegrass Region in its strict

_) and "sweetgum" (Liquidambar definition. They were essentially absent from
s__raciflua) were often not specified, but the the more fertile soils. The only small tree
latter was never listed for certain within the species listed more than once was dogwood.

Bluegrass Region, and it is much rarer today.

EARLY DEED suRVEYs

EARLY LANDSCAPE DESCRIPTIONS

Unlike several states further west or north,

Many pioneers and travellers at the time of there was no systematic land survey in this

settlement supplied comments about the vegetation region during settlement. However, each county
in journals, letters, books and interviews (L.C. courthouse has deed books that incorporate

Draper's Manuscripts of the 1840s). In several miscellaneous surveys of individual properties
cases, these people provided lists of trees seen dating back to when the county was established,

in particular areas. After searching for as many except for a few counties in which such books
sources as possible, these notes were condensed were destroyed by fire. In the Bluegrass Region

into an estimate of forest composition (table I). most counties began during 1785-1810, though a
The percentages in this table are based on the few peripheral counties did not begin until

number of times each tree taxon is mentioned in 1820-1870. The early deed surveys generally
the various sources, noted about 5-20 individual marked trees, with

common names, at the corners of property

Several sources provide separate lists for boundaries. For a preliminary summary of these
areas with "richer" (more fertile) soil and data, the first 100-200 trees in each county's

"poorer" (less fertile) soil. The 28 lists for first deed book were used to calculate
more fertile areas (table I, combined as column percentages for different types of tree.

B) indicate that the forest was typically

composed of walnuts, sugar maple, ashes, cherry, Various uncertainties and biases exist
buckeye, honey locusts, black locust, coffee bean regarding these data. There is no information on

tree, elms, hickories, oaks, mulberry, hackberry, the sizes of trees listed in these surveys,

yellow poplar and others (in approximate order of though it is likely that trees at least 10-20 cm
decreasing frequency at the genus level). Walnut dbh were used in the great majority of cases.

and sugar maple were both listed in almost all There may also be biases in the types of
accounts of more fertile soils, sometimes with topographic and edaphic site that were sampled by

notes about the particularly large size of these these deed surveys, since property _boundaries

trees. Walnut was noted as a major component, or were often associated with natural features like
at least listed first, about twice as often as ridges and streams. Despite such problems, these

sugar maple. Ash, cherry and buckeye were data provide an important reference point in
listed in most accounts but indicated as major attempts to estimate early forest composition.
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I *Table 1 (explanation).

_ ACCOUNTS OF 1750-1850. These include a few GEOLOGICAL SURVEY OF OWEN (1857).

peripheral areas in S Ohio and the Knobs Region. G. Areas dominated by beech or poplar.

! A. Areas on poorer soil dominated by beech, oaks H. Areas dominated by white oak.
or poplar (Anon. 1791, Imlay 1792, Parry 1794, Io Areas dominated by sugar maple, mixed with
Barrow 1795, Smith 1797, Bartlett 1805, F. walnut and ash.

Michaux 1805, Melish 1807, David 1816, Short J. Areas dominated by black walnut, bur oak or
1828, Lyell 1842, Collins 1847). blue ash.

B. Areas on richer soil dominated by walnut,

sugar maple, ash, honey locust, cherry, GEOLOGICAL SURVEY OF LINNEY (1882-87).
buckeye, etc. (Gist 1751, Hanson 1774, Fleming K. Areas dominated by beech or poplar.

1780, Filson 1784, Morse 1789, Imlay 1792, A. L. Areas dominated by white oak.

Michaux 1793, Parry 1794, Barrow 1795, Smith M. Areas dominated by sugar maple, mixed with
1795, Harris 1797, Ellicott 1803, F. Michaux walnut and ash.

1805 and 1819, Melish 1807, Marshall 1812, N. Areas dominated by blue ash, mixed with oaks

Flint 1822, Short 1828, Flint 1832, Drake and hickories.
1840s, Clinkenbeard 1840s, Matthew 1840s,

! Collins 1847 Finley 1853 Chenault 1880s). FOREST REPORT OF BARTON (1919).
b ' '

See Figure 4 for geographic details.
DEED SURVEYS OF 1780-1840 (and Robertson Co. in O. Counties with beech or beech and maple as the
1866). See figure 3 for geographic details, most abundant trees.

C. Counties with beech as the most frequent tree. P. Counties with oaks and hickories as the most
D. Counties with the white oak group as the most abundant trees.

frequent trees. Q. Counties with oaks and ashes or oaks and

E. Counties with sugar maple or buckeye as the walnut as the most abundant trees.
most frequent trees. R. Counties with walnut as the most abundant

F. Counties with hickories most frequent, tree.

The trees most frequently listed in early may have been avoided for marking boundaries due

deed surveys were sugar maple, beech, white oaks to their shorter lifespans. In contrast, people

(as a group) and hickories (table I). Sugar who attempted to describe the landscape may have
maple was the most frequent tree in central, given early successional trees a positive bias,

southern and eastern sections, while beech was because they were seen more frequently along
most frequent in western and northern sections trails and at the centers of settlements.

(fig. 2). The oaks were most frequent in a few
northeastern and southwestern counties, while the

hickories were most frequent in a few south- EARLY GEOLOGICAL AND FOREST SURVEYS

eastern counties. In addition, buckeye and ashes
were locally abundant in some areas, but less Owen (1857)
often to the west and north° Outside the

Bluegrass Region, in the Knobs Region and on the David Dale Owen (1857) included many notes

adjacent Mississipian Plateau and Appalachian on forest composition in his geological surveys
Plateaus, white oaks or black oaks were generally of individual counties. Wherever possible, he

the most frequent trees in these surveys, referred to areas of "primitive", "virgin" or
"original" growth. His notes were fairly

In general, the tree composition indicated systematic, with a few typical sites described in

by these deed surveys is similar to that each county. He referred to soil analyses by
indicated by the early landscape descriptions. Robert Peter (1857-61), which indicate the forest
However, there are considerable differences in types that were associated with high or low

the frequencies of some trees, especially on more fertility. In order to summarize these data, his

fertile soils (table l, comparing columns C-F various sites were grouped into forest types,
with A-B). Species that are generally at least based on dominant species and characteristic
25% more frequent (as a proportion of the total) associates. The percentage composition of each

in deed surveys are sugar maple, boxelder, forest type was estimated from the number of

buckeye, hornbeam, hickory, dogwood, beech, ash, times that tree taxa were listed at individual
oaks, basswood and elm; those that are at least sites (table 1). Into this synthesis are also

25% less frequent are pawpaw, redbud, hawthorn, incorporated a few additional notes made by N.So
honey locust, coffee tree, walnut, yellow poplar, Shaler and other workers in the Geological Survey

mulberry, sycamore, cherry and black locust. The during a slightly later period (Peter 1876-1884).
latter species are generally more early succes-

! sional (Campbell 1980). Early successional The generalized forest types can be

species may have been listed less often at described as follows (see also table I, which
boundaries because disturbed areas were concen- combines d-f).

trated on broad ridges or bottoms with relatively (a) Beech-dominated forest (26 sites), with

deep soils, where pioneers would have centered occasional dominance of poplar, also including
settlements. Also, some of these species sugar maple, oaks (mostly "white"), hickories
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Figure 2.-- Indications of forest type distributions, derived from early (ca. 1770-1810) accounts (shown
with ') and Owen (1857). Dashed lines are boundaries of the Bluegrass and Inner Bluegrass Regions

(see Figure I). Symbols indicate the commonest woody species noted by an observer at that location.
Some less abundant trees have been combined with their associated dominants: locust and buckeye with

walnut; elm with ash; yellow poplar with beech. "Poor" oak refers to white oak and associates on less
fertile soil; "rich" oak refers to bur oak, yellow oak and associates on more fertile soil. Solid

lines show the separation between trees typical of more or less fertile soils (see text).

(mostly "shellbark"), walnuts, ashes and other Most of these types occurred on the most fertile
minor species, soils in the Inner and Outer Bluegrass, except

(b) Oak-dominated forest (mostly "white" with for the beech and white oak types, which were
some "red"; 23 sites), including hickories, mostly on less fertile soils in the Eden Shale or

beech, sugar maple and other minor species. Outer Bluegrass. Shaler (1880s) wrote that blue
(c) Sugar maple forest (with no pronounced ash, black walnut, black locust and coffee tree
dominance; 15 sites), including black walnut, indicated the "best" soils, while beech, white

ashes (mostly "black"), oaks, buckeye and other oak, red oak, black oak and blackjack oak
minor species, indicated progressively "worse" soils (see also
(d) Black walnut forest (with no pronounced R. Peter in Perrin 1882, p. Ii, 20).
dominance; 13 sites), including sugar maple,

ashes (mostly "blue"), oaks, locusts (mostly On the adjacent Silurian dolomitic rocks,
unspecified), cherry and other minor species. Owen indicated that beech and poplar were the
(e) Bur oak forest (with no pronounced dominance; most frequent dominants, and that white oak,

4 sites), including ashes, hickories, honey hickories, sugar maple, black walnut and ashes

locust, buckeye, sugar maple and other minor were also widespread. However, the "Beargrass
species. Lands" of Jefferson County, near the old buffalo
(f) Blue ash forest (with other ashes; 6 sites), route between Louisville and Frankfort, were

including sugar maple, walnut (unspecified), quite distinct. This area was dominated by black
hackberry, oaks and other minor species, walnut, together with others typical of the more
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Figure 3.-- Dominant trees in each county (see fig. I) based on samples from early deed surveys (mostly

1780-1840). Types of tree are indicated by single letter symbols. The second and third most frequent
trees in each county are shown by the smaller symbols to the right of the most frequent tree symbol.

fertile Bluegrass soilS: black locust, cherry, in the same way. He made more precise species
elm, ash, hackberry, boxelder, buckeye, hickories identifications and geological correlations.
("pignut and shellbark"), coffee, oaks ("red" and However, his work covered only some western,
"overcup"), sugar maple and beech, southern and eastern sections of the Bluegrass

Region, excluding most of the Inner Bluegrass.
The geographic aspects of Owen's (1857) He had difficulty finding undisturbed forests

data, together with the various notes of earlier representative of each county, and he often
observers (from the previous section), are deplored the wasteful deforestation that had
summarized here in the form of a preliminary occurred.
natural vegetation map of the Bluegrass Region
(fig. 2). This map shows that trees typical of His notes largely confirm the patterns shown
more fertile soils were concentrated in central by Owen. The following forest types can be
and southeastern sections. There were also small described from his data (tables 1 and 2).
concentrations of these trees in the western (a) Beech forest. This was largely restricted

Outer Bluegrass. Beech was predominant in the to Upper Ordovician Garrard Siltstone ("Middle
west and oaks (mostly white oak) in the north. Hudson siliceous mudstone"). Poplar again was a

locally dominant associate; other species
included sugar maple, walnuts and white oak.

Linney (1882-87) (b) White oak forest. This was concentrated on
shaley soil on lower and upper strata of the

William Linney (1882-1887) also made notes Upper Ordovician, i.e., the Clays Ferry ("Lower
on forests during some geological surveys, Hudson") and the Drakes Formation, etc. ("Upper
allowing percentage compositions to be estimated Hudson"). Associates on the lower strata
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Table 2.--Common trees noted by Linney (1882-87) on different geological strata in several counties*.

Western Counties Southern Counties Eastern Counties

Geological Strata Old She Spe Nel Was Mar Gar Lin Mad Cla Mon Bat Fle Mas

Silurian Strata B B

g G G G G G g
P W W p
o o o o o o o
C C C C C C

Outer Bluegrass B B B b

Limestones W W(u) W W W W W w W(u) W(u) W(u)
("Upper Hudson") S s s s

a a a(1) a(1) A a(1) a(1) a(1) a(1) A a(1) a(1) a
r

Garrard Siltstone B B B B B B B b b B

("Middle Hudson") w w w w W a w o
s s s s S S s s s

Clay's Ferry Shale W W W W W W W W
("Lower Hudson") s

Inner Bluegrass c(u) c(u) c(u) c(u) c(u)
Limestones A A A A A A

("Trenton") w(1) w(1) w(1) w(1) w(1) y
b(1) b(1) b(1) b(1) b(1)

.....J__

High Bridge Strata c c c c c

* Symbols for different trees are: Upper case symbols indicate the most widespread

a = ash (mostly blue); b = beech; c = cedar; dominant species. In parentheses, symbols show
g = sweetgum; o = post oak; p = yellow poplar; restriction to upper (u) or lower (1) strata.
w = white oak; y = yellow (chinquapin) oak. See fig. lb for full county names and locations.

On the narrow zone of Silurian dolomite and

included sugar maple, red oak and hickories, with shale surrounding the Bluegrass, Linney reported
some groves of post oak and "laurel" (shingle) some distinct types indicative of poorer soils,

oak. Associates on the upper strata included though intermixed with species of more fertile
black oak, hickories, post oak, sugar maple and soil. The forest on less fertile soil included

walnuts. "Spanish oak" (specified as Quercus falcata) and
(c) Mixed forest with sugar maple or walnuts sweetgum, which are virtually absent from past or

(mostly black) most abundant. This was typical of present records of the Bluegrass Region.
some soils on Garrard Siltstone and on the

overlying Ashlock or Calloway Limestones.

Associates included yellow (chinquapin) oak, blue Barton (1919)
ash, white oak, poplar, red oak, hickories,

cherry and mulberry. One final source that provides some insight

(d) Mixed forest dominated by blue ash or yellow to natural forest composition is the 1919 report
oak. This was typical of the Ashlock and of J.E. Barton, Commissioner of Geology and

Calloway Limestones in the Outer Bluegrass, and Forestry in the State Government. This was the
the Lexington ("Trenton") Limestone in the Inner first estimate of timber volumes throughout the

Bluegrass. Cherry and hackberry were consistent state, giving details of composition by county.
associates. Less frequent species included However, no information on survey methods was

shellbark hickory, coffee tree, sugar maple and given. Barton simply stated: "The only figures
mulberry, available date back some years and a large share

of the removal of the timber in Kentucky, due to
Linney noted that there was an east-west large operations, has taken place within a recent

shift on the Garrard Siltstone, and he added some period.., the figures here given were compiled

detail to the geographic pattern in earlier data under conditions which do not permit an extremely
(Table 2). In the west, beech alone was the close and careful estimate.., experience

typical dominant. In the east, sugar maple was a heretofore has shown that estimates of standing
local dominant as well as, or instead of, beech timber usually fall considerably below the actual
and white oak. cut." The forest cover estimated for the
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Bluegrass Region in this report was only 5-6%,

but much of this was probably old growth. I B=BEECH _ FOREST TYPES ......
Currently, "commercial forest land" is estimated I C'OA_CHESTNUT_ ,.'"".'_h(BARTON1919)

to cover about 20% of the region (Kingsley & I H=OA_HICKORY _H/' H H\ k:
Powell 1978), much of which is on farmland I A=OAK-ASH _.."" " " _ ...... '_

abandoned since 1900. W=WAL_U__/ _1 '._ _.__

There is some consistency between Barton's I "./!
(1919) data and notes in contemporary county " : _"[' ._ C C

histories. In Franklin County, Johnson (1912)I/H__/ B / _:__ H 7 C C C

listed 12 major tree genera, as did Barton, and B
i0 were shared. Johnson listed walnut, ash,

beech and oak as the major timber sources; these H I C Cwere all among the five most abundant trees in H 9 z/
Bartonts data (adding hickory). In Fayette I H_ _ _AI _i" // /C _

County, Perrin (1882) listed seven major tree I H /_ _ {A /r1_ _ C L
genera in common with Barton, out of I0-II in I r_-'_'_,_._1_';- Ceach source. Those noted at least twice in i C

Ib,. Perrin's account were mostly (except honey locust
and buckeye) the five most abundant trees in IH k H \ C C C

Barton's data: walnut, ash, oak, hickory and
maple.

Figure 4.--Dominant trees in each county (see

Barton's (1919) report listed seven fig. i) according to Barton (1919).

Bluegrass counties that had forests dominated by Congeners are combined. One "B" has maple
beech, or by beech codominant with maple (table slightly more abundant than beech; one "A"
I, fig. 4) or with oaks (all species combined), has walnut slightly more abundant than ash.
These counties were mostly in the western

section. Another 14 counties, mostly to the

north and east, were dominated by "white oaks", Among trees generally typical of somewhat

with almost equal amounts of "red oaks" and drier sites (subxeric), ash exceeded hickory in
lesser amounts of hickories, beech, maple, etc. ii Bluegrass counties, but in only two marginal
Eight counties were transitional from this oak counties elsewhere in the state. Also, the white

dominance to ash and walnut, mostly in central oak group was more abundant than the black (or

and southeastern sections. Only the two most red) oak group in contrast to most other regions
central Inner Bluegrass counties (Woodford and of the state. In the whole state, beech and

Fayette) were dominated by walnut, with ashes walnut were the only county dominants that are
almost as abundant, followed by oaks, hickories, truly mesic trees; both were concentrated in the

maple and other minor trees. Unlike earlier Bluegrass Region. Elsewhere in Kentucky,
data, the peak abundance of walnut and ash was subxeric trees were dominant in almost all 87

only in the central Bluegrass, without much counties: oak-chestnut mostly in the east, and

extension towards the southeast. Most minor oak-hickory mostly in the west. The only
trees showed little geographic pattern, except exceptions were four scattered counties with

for hackberry, which was only listed in the Inner beech, and four western bottomland counties with
Bluegrass and the transitional counties, gum (Nyssa or Liquidambar).

When other regions of the state are

compared, these data clearly show the DISCUSSION

distinctiveness of the Bluegrass Region (fig. 5).

The only Kentucky counties reportedly dominated Interpretation of presettlement composition
by trees typical of the most fertile soils

(oak-ash and walnut-maple) occurred in this The major patterns of presettlement species
region. Among major successional trees on moist composition suggested by these data can be

sites, walnut exceeded yellow poplar in 23 of the interpreted With the aid of a general scheme of
33 Bluegrass counties, but in no other Kentucky compositional gradients generated from modern

counties. Among major mesic climax trees, maple data in the Central Hardwood Region (Campbell
(mostly sugar maple in the Bluegrass) exceeded 1987). Much of the special character of Inner

beech in 21 of the 33 Bluegrass counties, Bluegrass forest composition can be attributed to

compared to 20 of the other 87 (including 12 in the moist, fertile soils that predominate here,
the western bottomlands probably referring to red favoring sugar maple, black walnut, ashes and
maple). However, beech was still dominant in other species that are generally concentrated on

seven Bluegrass counties, in contrast to only such soils in eastern North America. Also, the

four elsewhere in the state. Moreover, sugar presettlement importance of early successional
maple was nowhere the county dominant, being species like black walnut may be attributed to

replaced on the more fertile soils by more early prior disturbance by Indians and large native
successional trees like walnut, herbivores (see Introduction).
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Garrard Siltstone where beech was concentrated; to the oak-ash component. Possibly pests and

I! and (b) there are also increases in loess content pathogens also played a role. Barrow (1795)
towards the west (deposited during glacial eras), noted that the region had been "much afflicted

I and in pre-Wisconsin glacial material towards the with caterpillars for seven or eight years past°
north, both of which may reduce the pure They have done much damage in the woodlands

l limestone influence on flatter Outer Bluegrass especially among the sugar trees. By leaving

I soils, them bare so many years an abundance of thatvaluable growth is dead." The disease of white
i walnut (J. cinerea) may also be involved (see
i Changes since settlement Notes on Common Names).

In the modern landscape, typical early Today, older trees on the more fertile soils
successional species have generally increased due are typically scattered in pastures. Blue ash is

to human disturbance (Campbell 1980). However, most common, with yellow (chinquapin) oak, bur
there appear to be some further changes in oak, shumard oak (_uercus shumardii) and
composition that are not simply attributable to shellbark hickory (Ca__ laciniosa) also
the younger stand ages today. The possible frequent. The size-class distributions of trees
importance of special ecotonal conditions for in the best preserved woodland-pastures or

I maintaining certain species before settlement has "savanna-woodlands" suggest that most of thealready been mentioned. The apparent decline of trees originated during the 19th century, though
beech in the northwest has also been noted. It the oldest are up to 450 years old (Bryant et al.

is conceivable that erosion of more acid upper 1979, Bryant 1983). If there really was some
soil horizons, along with forest clearance, has resurgence of more drought-tolerant speciesr

made the area less suitable for beech growth, but (oaks, ashes and hickories) within forest
much more ecological work is needed to test this remnants during this period, actual change in
and other hypotheses, moisture levels might be suspected. Some

subsequent reversal might be suggested by the
Other important shifts appear to have current failure of blue ash and yellow oak to

occurred among the dominant species on more regenerate in either ungrazed or grazed
fertile soils, based on the data presented above woodland-pasture remnants, which instead are
(fig. 6). These shifts cannot be taken as often invaded by hackberry, black walnut and
conclusive results, since the various sources may other mesic successional species. This
have important differences in sampling biases, hypothesis could be examined by looking for
but they do suggest hypotheses for further relationships between tree growth and land-use
research. Even in Owen's (1857) survey, some history or climatic factors. There is much
early shifts are indicated, though sugar maple potential for studies of tree rings in this
and walnut remained about equally dominant in his context.
data. In the later data of Linney (1882-87) and
Barton (1919), there was a large shift to In conclusion, there is much to be learnt
dominance by oaks and ashes. Then, in modern from historical data on forests in the Bluegrass
forests of the Inner Bluegrass, which are largely Region, where so much of the modern landscape is
early successional, there has been some return to agricultural. This initial study has shown that
walnut, but with much more hackberry and other natural forest composition, and its variation
species instead of sugar maple, over the landscape, can be estimated from such

data. Some results are unexpected or difficult

The apparent increase in importance of the to interpret, but several hypothesis concerning
.... oak-ash component during the previous century may ecological factors can be put forward to explain

be explained by two general hypotheses, them. To test these hypotheses will require more
..... (I) There may have been selective clearance of analysis of spatial patterns in historical data,

the maple-walnut component. This component is together with more intensive studies of modern
typical of soils with lower moisture stress that forest ecology, including some population
are most suitable for intensive agriculture, dynamics and physiology.
Much of the somewhat drier land dominated by oaks
and ashes, especially blue ash, may have been set
aside for less intensive use as "woodland ACKNOWLEDGEMENTS

pasture". Possibly there was also a higher demand
for sugar maple and black walnut timber. The This study is partially based on my Ph.D.
selective effects of livestock should also be dissertation, which was guided by Willem Meijer,

considered. Sugar maple, in particular, is Roger Barbour, Jerry Baskin, Stan Carpenter, Bill
highly palatable to large herbivores (unpublished Cohen, Phil Crowley, Bill Martin and Tim Taylor.

_ data) and may have been prevented from Other people who have contributed information and
regenerating in many areas, advice include Bill Bryant, Marc Evans, Max
(2) There may have been ecological changes Medley, Peg Taylor and Mary Wharton. Two
within the forests, due to natural factors anonymous reviewers provided useful criticism of

(including climatic fluctuations) or human the manuscript.
factors (deforestation and drainage). Drier
conditions would have have reduced growth and
survival of the maple-walnut component relative
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Figure 6.--Temporal shifts in forest composition on more fertile soils (mostly _i_
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descriptions (Table I:B), Owen (Table l:J), Linney (Table I:N), Barton
(Table I:R) and Campbell (1980, p. 63; mean basal area of successional .....

phases D-G). Small trees like pawpaw, dogwood, redbud, hawthorn, hornbeam
and ironwood are excluded from these percentages.
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COMPOSITION AND STRUCTURE OF AN OLD-GROWTH

OAK-HICKORY FOREST IN SOUTHERN MICHIGAN OVER 20 YEARS I

William E. Hammltt and Burton V. Barnes 2
!

Abstract.--A 150-year-old oak hickory forest in southern

Michigan was surveyed vegetatively in 1968 and again in 1988.

Composition, density, and stand structure were determined for all

tree species above I-in dbh. Woody stems less than I in dbh were
identified and abundance was determined. In 1968, 85% of the

i canopy species consisted of Quercus rubra, Q. alba, and Q.

velutina, with Q. alba comprising 44% of the oaks. Acer rubrum, Q.
alba, Prunus serotina and Ulmus americana were most prominent in
the subdominant canopy, and A. rubrum was most abundant in the

!3 understory. Acer saccharum was the most dominant ground cover
species, Major changes after 20 years show less Q. velutina in the
canopy, due to death and blow down, and less Sassafras albidum,

Prunus serotina, and Q. alba in the intermediate canopy. Acer
saccharum has been the most dynamic species in the understory

during the period, and Fraxinus americana the most common ground
cover species.

INTRODUCTION and Martin 1982; Lorimer 1980). Although the
literature on central hardwoods contains several

Oak-hickory forests extend northward into detailed descriptions of forest stand composition
the southern third of lower Michigan as part of and structure (Parker etal. 1985; Nigh etal.

the "Prairie Peninsula" section of the Oak- 1985; Della-Bianca 1983; Muller 1982), few
Hickory Forest region (Braun 1950). These forests studies are restricted to old-growth oak-hickory

were intermixed with prairie communities, forests in Michigan.
K_chler (1964) shows widespread areas of oak-

hickory forest as the potential natural The major purpose of this paper is to

vegetation of Southeastern Michigan. In provide baseline information on the species
addition, beech-sugar maple forests occupied the composition and structure of a 150-year-old oak-

mesic sites of glacial moraine with their hickory forest in southeastern Michigan, first

relatively heavy-textured soils (Albert et al. sampled in 1968. The forest was re-surveyed in
1986). Oak-hickory forests occupied the fire- 1987-1988, using the permanent sample plots of

prone, dry and dry-mesic sandy sites on level to 1968. Specific objectives of the paper are to:
gently rolling glacial outwash and hilly ice- (i) describe the woody species composition, size

contact terrain. Much of the former beech-sugar classes, and forest types as they appeared in
maple forest has been cleared for agriculture 1968 and (2) examine the major changes that have

leaving scattered, cut-over tracts of oak-hickory occurred in the forest over the last 20 years.
forest. Radrlck Forest is one such remnant
stand.

STUDY AREA
Old-growth forests--their composition,

structure and management--are of increasing The Radrick Forest is in Washtenaw County

importance in forest management today (Crow 1988; (Ann Arbor and Superior townships) in

McGee 1986; 1984; McCune and Cottam 1985; Romme southeastern Michigan. The forest is part of the
Matthael Botanical Gardens of the University of

Michigan, located 5 mi east-northeast of Ann
I Paper presented at the Seventh Central Arbor. The 35-acre upland oak-hlckory forest is

Hardwood Forest Conference_ Carbondale, IL, March mostly on glacial-outwash and ice contact sandy

5-8, 1989. soils (Boyer and Fox serles), but about I0 acres
Professor, Department of Forestry, occupy till soils of the Miami series. Texture

Wildlife, and Fisheries, University of Tennessee, of the soils are primarily sandy loams and sandy

Knoxville, TN 37901 and Professor, School of clay foams (Hammitt 1969).
Natural Resources, University of Michigan, Ann

Arbor, MI 48105.
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The General Land Office Survey for Radrlck understory tree species were used to map the

Forest was conducted in 1819. The original boundaries of the major forest types. Relative

survey notes for a section corner within the density and board foot volume (Scrlbner rule)
study area described the vegetation as "black were calculated to help define the forest types.
oak, red oak, white oak, hickory, and black

walnut--undergrowth of hazel and sassafras." The Frequency and density of tree species were

diameters of the witness trees were: black oak-- analyzed by forest type and by five size classes:
20, 24, 36, 40 inches, 20-1n lynn (basswood), and (I) trees > 12 inches dbh (dominant canopy), (2)
a 13-in white oak. The land was described as trees 4 in--ches to 11.9 inches dbh (subdomlnant

being a little hilly. Radrick Forest was similar canopy), (3) saplings I to 3.9 inches dbh
in 1968, except for smaller diameter trees and (understory), and (4) woody plants less than i in

the presence of a few black walnut (Juglans nlgra dbh but over I ft tall (tall ground cover), and
L.). (5) woody plants under i ft in height (short

ground cover).
History of the forest suggests that it was

logged in the 1820s, a_ tree ring counts made of Relative densities and frequencies of
seven dead trees logged _ in the 1960s ranged from species were calculated using methods of Curtis

129 to 140 years. An 1827-1829 map of the area (1959) and Curtis and Mclntosh (1951). Relative

also shows a road passing through the middle of density was computed as the number of trees of
the forest, and a sawmill on a stream within 1/2 any species relative to the total number of trees

mile of the study area. After the presumed in any sample. Relative frequency was equal to
initial logging of the forest, the areawas owned the number of plots a species occupied relative

by two families for over I00 years, with only a to the total number of plots it could have
few selected trees being removed. Since 1939, occupied.
the forest has been managed as a preserve.

RESULTS
METHODS

Canopy Composition and Forest Types
Field Measurements

Radrick Forest is dominated by three species

The forest was type-mapped in 1968, based on of oak: white (Quercus alba L.), black (Q_

a 20% strip cruise of dominant tree species. In velutina Lam.), and red (Q. rubra L.). Of trees
addition, woody species were surveyed in 25- I0 in and greater dbh in 1968, 85.8% consisted of
stratified randomly located plots, i0 by 20 white, black, and red oak (Table I). These same

meters (1/20 acre) . All tree species above i in three species made up 91.8% of the board foot
dbh (diameter at breast height, 4.5 ft) were volume. White oak was the most common canopy

identified, measured, and recorded by i in species (density), whereas black oak was the most
diameter classes, dominant in terms of volume. Pignut hickory

(Ca_ glabra Mill.) is the only other species of
Nested quadrats of 0.5 by 8 meters (milacre) much occurrence in the canopy.

were located in each corner of the 25 plots for

the purpose of sampling small woody plant Three forest types, White Oak/Mixed

saplings and reproduction under i in dbh. The Hardwoods, Black Oak/Mixed Hardwoods, and Red-

amount of tree reproduction in two classes of Black Oak/Red Maple were distinguished (Table 2).
woody ground cover was determined: (I) tall The White Oak/Mixed Hardwoods type consisted of

ground cover-plants under I in dbh but over I ft mostly white oak in the 12- to 18- in size class

tall, and (2) short ground cover-plants under I and a few pignut hickory (Carya glabra Mill.),
ft in height, black cherry (Prunus serotina Ehrh.), American

elm (Ulmus americana _.), and sugar maple (Acer
In 1987-1988, the 25-permanent plots and sacch'aru-m Marsh.). _ The Black Oak/Mi-x-e'd

nested quadrats were re-surveyed, using the same Hardwoods type contained about an equal number of
procedures and methods as in 1968. However, the white and black oak, but the black oak was much

20% strip cruise could not be replicated, as the larger (dbh) and dominant (note board foot
exact location of the strip cruise was not volume). Pignut hickory and black cherry were

documented in 1968. the most prominent other species. The Red-Black
Oak/Red Maple type was characterized by a canopy

Data Analysis of red and black oak and an intermediate canopy

of red maple (Ace r rubrum L.). The greater
Forest types were analyzed at two levels, proportion of red oak present in the canopy and

overstory and understory. Dominant canopy _ and red maple in the subdomlnant canopy distinguishes
......... this type from the other two. The Red-Black

I Seven trees were cut because they were

dead and near roadways. They were primarily i Black maple (Acer nigrum Michx. f.) was

black oak (Quercus velutina Lam.). included with sugar maple.
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Table l.--Proportion of oak _omposition in Radrick Forest, based on trees I0 inches and greater in diameter
at breast height, 1968.

Number Relative Total Board foot Relative Total

Species of density (%) relative volume2 volume (%) relative
i_ trees density (%) volume (%)

of oak of oak

Quercus rubra 65 14.7 17,471 23.4
Quercus alba 195 44.0 85.8 18,716 25.1 91.8

Quercus velutina 120 27.1 32,310 43.3

i Other species 63 14.2 61165 8.2

1 Based on a 20% (8 acre) strip cruise, 10 in. DBH limit.
2 Board foot volumes (Scribner scale) are for the 8 acre sample, not entire forest.

, Table 2.--Composition OflRadrick Forest subtypes, based on trees i0 inches and greater in diameter at• breast height, 1968.

• White Oak/Mixed Hdwd. Black Oak/Mixed Hdwd. Red-Black Oak/Red Maple
No. of Board ft. No. of Board ft. No. of Board ft.

.... Species trees vol./acre 2 trees vol./acre trees vol./acre
_ quercus rubra 4 537 6 1,844 45 4,491
' Quercus alba 109 4,451 25 2,936 50 1,620

_ercus velutlna 35 3,159 20 4,928 65 6,441

Carya_ 7 348 3 289 14 431
Acer rubrum .... 10 367

Prunus serotlna 4 233 3 54 6 300
Ulmus americana 3 32 1 43

Acer saccharum 3 24 .... 1 36

_ 1 83 i 152 1 65
_a ovata ........ i 65
Tilia americana 1 30 ....

_ Fagus grandifolia ....... 1 18
r

1 Based on a 20% (8 acre) strip cruise, I0 in. DBH limit.

2 Board foot volumes (Scribner scale) per acre are based on the proportion of the total 8 acre sample
within each subtype sample.

0ak/Red Maple type is on the till portion of the ingrowth of white oak from the 4-11.9 class into
,',_ study area, and probably accounts in large part the 12+ in dbh class.

for its major difference in species composition

compared to the other types. The subdominant canopy in 1968 was
characterized by white oak at the larger

Density, Frequency, and Size Classes diameters and black cherry, American elm, red
' maple, sassafras (Sassafras albidum Nutt.), and
• While the timber strip cruise conducted in sugar maple at various diameters. Of particular
i 1968 does not allow for an exact replicate survey importance is the absence of black oak and the
• and data comparison in 1988, the permanent plot near absence of red oak in this category and the

survey does permit a comparison of each type over presence of maple species. The most obvious
! time. Number of trees (density), frequency with changes in the last 20 years have been the

which species occurred (number of plots), and reduction in relative density of white oak (55%),

i distribution by the size classes of understory sassafras (59%), American elm (39%), and the
(1-3.9), subdominant canopy (4-11.0)and dominant increase in sugar (44%) and red (14%) maple. Of

' canopy (12+), in dbh are reported in Tables 3 the decrease of 24 white oak trees in this dbh

i (1968) and 4 (1988). class, 8 moved up into the 12+ class and 16 died.

During the 1987-88 survey, 4 dead white oaks
,- The dominant canopy of the forest was could still be identified by their bark remains.

dominated by about the same relative density of Several dead stems of sassafras and American elm

oak species in 1968 (88%) and 1988 (82%). were also identifiable in the plots. Concerning

!i However, there was a decrease in the number of the increase in maples, sugar maple increased in

red (40%) and black (37%) oaks in this size class frequency in 3 plots, and red maple decreased in

and an increase (27%) of white oak trees. This 2 plots.
change has resulted from the death and blow-down
of some mature red and black oaks and the
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Table 3.--Density and frequency by size class of tree species in Radrick Forest in 1968.1

Understory Subdominant Canopy Dominant Canopy
Total

Species Density Frequency Density Frequency Density Frequency Density
NI%_ NIX NIX NIZ NIZ NI_ NIZ

Quercus alba .... 44/19 18/72 30/45 15/60 74/13
Quercus rubra 6/2 6/24 2/0.9 1/4 10/15 6/24 18/3

Quercus velutina ........ 19/28 14/56 19/3

Car__ glabra 4/1 2/8 5/2 5/20 4/6 3/12 13/2

ovata 11/4 8/32 6/3 5/20 1/2 1/4 18/3
Prunus serotina 23/8 13/52 39/17 12/48 2/3 2/8 64/11

Juglans _ I/0.3 I/4 .... I/2 i/4 2/. 03
Acer rubrum 114/39 11/44 42/18 13/52 .... 156/26

Acer saccharum I0/3 9/36 18/8 ii/44 .... 28/5

A--ce_nir_ 10/3 7/28 4/2 3/I 2 .... 14/2
Ulmus americana 23/8 13/52 31/13 15/60 .... 54/9
Sassafras albidum 17/6 7/28 29/12 8/32 .... 46/8

Ostrya virginlana 37/13 12/48 3/1 3/12 .... 40/7
Tilia americana 11/4 7/28 4/2 4/16 .... 15/3

F raxinus americana 6/2 2/8 6/3 5/20 .... 12/2

Carya cordiformis 8/3 6/24 ........ 8/1
Cornus florida 6/2 4/16 ........ 6/1

Amelanchier _ 2/0.7 1/4 ........ 2/0.3
Crataegus spp. 2/0.7 2/8 1/0.4 1/4 .... 3/0.5

I Based on 25 plots, I0 x 20 meters.

2 Numbers to right of slash bars are relative densities and frequencies, expressed as percentages

within each size class sample.

Table 4. Density, frequency, and size class of tree species in Radrlck Forest in 1988.1

Understory Subdominant Canopy Dominant Canopy
% Change

Total Density

Species Density Frequency Density Frequency Density Frequency Density 1968-88
NIX_ NIX NIX NIX NIX NIX Nl%

_uercus alba .... 20/9 12/48 38/55 16/64 58/10 -22
quercus rubra 4/1 3/12 .... 6/9 5/20 10/2 -44

_uercus velutina ........ 12/18 12/48 12/2 -37
Carya glabra 1/0.3 1/4 4/2 3/12 4/6 4/16 9/2 -31

ovata 10/3 7/28 7/4 6/24 .... 17/3 -6
Prunus serotina 32/9 11/44 29/17 12/48 3/7 3/12 64/11 0

_ ........ 111 114 110.2 -50
Acer rubrum 98/28 14/56 48/27 11/44 .... 146/24 -6
Acer saccharum 41/12 14/56 26/14 14/56 i/I 1/4 68/11 +143

Ace---_ _ 10/3 6/24 211 218 .... 12/2 -14
Ulmus americana 51/15 15/60 19/11 11/44 I/i 1/4 71/12 +33

Sassafras albldum 3/0.9 3/12 12/7 7/28 .... 15/3 -67

Ostrya virginiana 63/18 15/60 5/2 4/16 .... 68/11 +70
Tilia americana 17/5 10/40 7/4 6/24 .... 24/4 +60
Fraxinus americana 4/1 3/12 3/2 3/12 .... 7/1 -42

Carya cordiformls 4/1 3/12 ....... 4/0.6 -50
Cornus florida 7/2 4/16 ........ 7/I +17

Amelanchler sp. 1/0.3 1/4 ........ 1/0.2 -50
• Crataegus spp. 1/0.3 1/4 1/0.6 1/4 .... 2/0.3 -33

IBased on 25 plots, i0 x 20 meters.
2Numbers to right of slash bars are relative densities and frequencies, expressed as percentages

within each size class sample.
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In the understory class, red maple and hop- from 244 specimens in 1968 to only 20 in 1988,
hornbeam (Ost_ _ (Mill.) Ko Koch) were and no sassafras seedlings were present in 1988o
most dominant in 1968, and black cherry and Although sugar maple and American elm are stillAmerican elm were frequent in over 50% of the

abundant, both show density decreases of
plots sampled. During the last 20 years, density approximately 20% in 1988.of stems increased 20%, due to the opening of the

forest canopy by mortality among upper canopy oak

species. Sugar maple increased in density by

310%, American elm by 122%, and hop-hornbeam by DISCUSSION AND CONCLUSIONS
70%° Sassafras showed the largest decrease in
both density and frequency. Radrick Forest is old-growth in the sense

that it's overstory is dominated by remarkably
An examination of total density (all size large and old oaks relative to those of the

surrounding countryside. Having been heavily cut

classes combined) shows the major changes over in the late 1820s, it is not an example of truethe last 20 years to be a decrease in sassafras

(67%), red oak (44%), white ash (Fraxinus pre-settlement old-growth However, itws

overstory composition is relatively similar to

americana L.) (42%), black oak (37%) and pignut the old-growth oak-hickory forests of pre-
hickory (31%). Red maple decreased by only about settlement time.
6%. Increasing in density were sugar maple

(143%), hop hornbeam (70%), American elm (33%),
and basswood (Tilia americana L.) (Table 4). Overall, the successional trend is toward

mesophytic species not oaks--especially sugar and

Reproduction of Tree Species black maples. American beech is totally lacking
in the understory and ground cover; only one

Sugar maple was the most common seedling in beech (16 in dbh) occurs in the entire forest.

Radrick Forest in 1968, in terms of both number McGee (1986) and Romme and Martin (1982) report a

of stems and frequency (Table 5). However, 85% similar pattern in successional change due to
of the plants were in the short ground cover tree fall in old-growth forests. More

class (less than i ft in helght). Other most specifically, mature black and red oak in the 20+
common species, in descending order, were red in diameter classes are dying, and white oak in

the 4 to I0 in dbh classes are showing a rapid
maple, American elm, black cherry, and red oak. decline. Whereas the loss of the mature blackIn addition, the distribution of sugar and red

maple reproduction in the three forest types of and red oak is expected, there is less of a

reason for the decline of the white oak. It may
the f@rest were quite distinct. Although sugar be the intolerance of white oak in this sizemaple" occurred in all three types, 79.5% of the

plants occurred in the White Oak/Mixed Hardwoods class, due to not occupying space in the canopy.
portion of the forest. Red maple, in contrast, Also showing a rapid decline over the last 20
did not occur in the White Oak/Mixed Hardwood years has been sassafras, a species intolerant to

type. It was primarily in the Red-Black Oak/Red low light intensity below an upper canopy.

Maple type (91% density, 85% frequency). Sugar maple (including black maple) has been

The biggest change in woody ground cover the most dynamic species during the period. It

during the last 20 years has been a large has shown the most rapid increase in density,
increase in white ash seedling density (2060%) frequency, and growth (diameter) of any major

and frequency (56%) (Table 6). White ash was tree species. It is increasing in frequency in
the subdominant canopy class (27%), whereas red

present in only 9% of the mllacre plots in 1968, maple seems to be decreasing slightly (15%).

compared to 65% in 1988. Most of the ash Also, the larger sugar maples showed more rapidreproduction occurred in the western portion of

the forest, where an adjacent 60-year old stand, diameter growth since 1968 than did the large red
with considerable ash, serves as an ample seed maples.
source. However, little of the white ash has

advanced into the understory and subdominant size It is anticipated when Radrick Forest is re-

classes over the 20-year period (Table 4 shows a surveyed again in 20 years that most of the black

42% decrease in density for the period). White oak will be gone and that red and white oak,
ash can be a very transient species in the though reduced in number, will be the dominant

seedling class over time, due to abundant seed canopy species, particularly white oak_ Sugar
years. The only other species besides white ash maple will be the dominant in the subdominant
to increase in density since 1968 has been overstory, except on the till soils (Red-Black

bltternut hickory (Ca_ cordlformls (Wang.) K. Oak/Red Maple type), where red maple will
Koch). The most noticeable decreases have been continue to increase in density and dominance.
red maple (92%), sassafras (100%), and black Basswood should also become more common in the

cherry (64%). Red maple reproduction dropped understory (1-3.9 in dbh) during the next 20
years (54% increase in density over last 20

years). Beech will probably not increase
ISeedllngs of Acer ni_ and Acer saccharum appreciably during the period due to lack of seed

are considered together. -- source.
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Table 5.--Reproductlon of tree species in Radrick Forest, by size class and frequency of occurrence, in
1968.

Short Ground Tall Ground Total I Frequency 2

Species Cover Cover Density %
N N N/%

Acer saccharum/A, ni_rum 232 41 273/24 64
Acer rubrum 181 63 244/22 42
Ulmus americana 3 97 125 222/20 42
Prunus serotina 122 84 206/18 49 N

Quercus rubra 36 15 51/6 27 I
_uercus alba I 9 10/0.9 4
Sassafras albidum 11 31 42/4 17

Carya glabra 15 5 20/2 15

Ca._.._a ovata 5 14 19/2 15
Fraxlnus americana 3 17 20/2 9

Tilia americana 5 7 12/1 10

Carya cordlformls I 5 6/0.5 6

Ju_lansni__i_ -- I i/0 I
Morus alba -- 1 1/0 1

iNumbers to right of slash bars are relative densities, expressed as the proportion (%) of each

species compared to the number of stems present for all species.
"Frequency defined as the percentage of milacre plots that a species occurred.
3 Ulmus americana was not separated from Ulmus rubra at the seedling stage.

Table 6.--Reproduction of tree species in Radrick Forest, by size class and frequency of occurrence, in
1988.

Short Ground Tall Ground Total I Frequency 2 % Change

Species Cover Cover Density % Density,
N N N/% 1968-88

Acer saccharum/A, nigrum 61 156 217/22 54 -21
Acer rubrum i0 i0 20/2 9 -92
Ulmus amer icana 3 96 86 182/18 45 -18

Prunus serotina 26 49 75/8 37 -64

Quercus rubra 14 2 16/2 13 -69

quercus alba 4 0 4/0.4 4 -60
Sassafras albidum ......... 100

Carya la_ 7 4 II/I 9 -45
Carya ovata 7 5 12/1 ii -37
Fraxinus americana 253 179 432/44 65 +2060

Tilia americana 4 5 9/1 6 -25

Carya cordiformls 9 3 12/1 8 +i00
Juglans nigra ..........
Morus alba ..........

Acer negundo 0 i i/0.i 1 --

iNumbers to right of slash bars are relative densities, expressed as the proportion (%) of each

species as compared to the number of stems present for all species.
Frequency equals the percentage of milacre plots that a species occurred.

3Ulmus americana was not separated from Ulmus rubra at the seedling stage
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Concerning the woody ground cover, sugar and Ro-,,e, W. H., and W. H. Martin. 1982. Natural

black maple are expected to continue their disturbance by tree falls in old-growth
dominance. The role of white ash is uncertain, mixed mesophytic forests: Lilley Cornett

While a proliflc reproducer, it does not seem to Woods, Kentucky. In: Muller, R.N. (ed.),
be recruited into the understory class in the Proc. Fourth Cent. Hdwd. For. Conf., Univ.

mature oak stand, of Kentucky, Lexington, KY. pp. 367-383.
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REDCEDAR (Juniperus virgini_na L.) COMMUNITIES IN THE KENTUCKY RIVER ._

GORGE AREA OF THE BLUEGRASS REGION OF KENTUCKY !/

William S. Bryant _J !

Abstract.--Clifftop redcedar (Juniperus vir$iniana L.)
communities in the gorges of the Kentucky River and its trib-

utaries were studied. _verage density was high (766 trees/ha),
but basal area (14-18 m_/ha) was lower than for nearby hard-
wood stands. Because of the clear dominance of redcedar (52-

65% of the importance values) species diversity was low and

evergreenness high. The small tree-shrub associates in these
communities form a distinct and characteristic component. The
harsh clifftop environments (S-, W-, SW-facing exposures; thin,
clayey soils over limestone; low soil moisture; low nutrient

levels) serve to reduce competition from more site-demanding
species. Those factors, plus fire protection, have served to
select for redcedar. The coefficients of determination and

species replacement patterns indicate that these clifftop
communities are rather stable and long persisting.

Keywords: Juniperus virginiana, redcedar, Kentucky

INTRODUCTION

According to Braun (1950) the only areas of
natural vegetation that remain in the Inner Blue-

grass of Kentucky are confined to the gorges of
the Kentucky River and its tributaries. Braun

wrote that, "In these gorges communities range
from the most mesophytic on deep talus of shelter-
ed siopes to dry and open redcedar communities on
exposed cliffs." Martin et al. (1979) found the

mesic slope communities to have sugar maple (Acer
saccharum), white ash (Fraxinus americana), north-

ern red oak (Quercus rubra), basswood (Tilia amer-

icana) and bitternut hickory (Carya eordiformis)
as the dominants, whereas on the dry, exposed

slopes, the dominants were redcedar (Juniperus

virginiana), chinquapin oak (Q. muehlenbergii),
blue ash (F. quadrangulata), sugar maple, northern

red oak, and white ash. The gorge communities are

distinct and not representative of the open !_i
savanna-woodland that formerly occupied the roll- _ _i_i
ing, fertile uplands away from the gorges (Braun

1950, Bryant et al. 1980, Campbell 1985).

Figure l.--View of a redcedar community on a cliff-
top in the Kentucky River gorge area.

1/Paper presented at the Seventh Central Hard- The redcedar communities associated with the

wood Forest Conference, Carbondale, IL. March 5-8, Kentucky River gorge area have long been known (fig.
1989. I). In fact, the earliest descriptions of the Blue-

grass Region made mention of the groves of redcedar
2/Professor of Biology, Thomas More College, that crowned the Kentucky River cliffs (McAfee 1773

Crestview Hills, KY 41017. Filson 1784, Morse 1789, Imlay 1792, McMurtire 1819,

Flint 1822); however, since that time only a few

brief accounts of these communities have appeared
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i_ (Evans 1889, Harper 1912, Martin et al. 1979). 1961). Rainfall averages 109 cm annually for the
These stands are generally small in size and are Bluegrass. The annual runoff is 38 cm and the dis-

! somewhat scattered in their distribution. For the charge by evapotranspiration is about 71 cm
most part they are dense and the open glade so (Hendrickson and Kreiger 1964). Although precipit-

prominent in other geographical areas is less well ation is rather evenly distributed throughout the

developed; e.g. Alabama (Mohr 1901, Harper 1920), year, drought condit ions occasionally prevail for
the Nashville Basin of Tennessee (Gattinger 1901, several weeks during the summer (Palmquist and
Harper 1926, Picklesimer 1927, Freeman 1933, Hall 1961).

Quarterman 1950a,b), east Tennessee (Cain 1931),
the Ozarks of Missouri and Arkansas (Palmer 1921,

Turner 1935, Steyermark 1940, Erickson et al. 1942, METHODS
Kucera and Martin 1957, Keeland 1978), southern

Ohio (Braun 1928), northwestern Georgia (Van Horn Redcedar communities on the Kentucky River

1980), southern Wisconsin (Curtis 1959, Bray 1960), cliffs in Anderson, Fayette, Franklin, Jessamine,

and elsewhere in Kentucky (Baskin and Baskin 1975, Madison, Mercer, and Woodford counties were Iocat-
1978, 1985, Johnson 1981). Only Picklesimer (1927), ed. Some grazing and logging had occurred in the

Curtis (1959), Keeland (1978) and Fralish (1976) past in a number of these stands. Only the least

for Illinois, presented quantitative information disturbed stands are presented for analysis here.
on the redcedar component of these communities.

Trees were sampled in 0.04 ha circular plots

This paper summarizes the results of my studies spaced at 30 m intervals throughout the stands.
of the redcedar communities on the soil borders of Trees were those woody species with diameters at

the exposed clifftops in the Kentucky River gorge breast height (dbh) of >8.9 cm (3.5 inches).
area of central Kentucky. Emphasis is placed on

the structure and composition of these stands as Seedlings were sampled in 0.004 ha circular

well as the apparent environmental complex operat- plots and saplings in 0.01 ha circular plots. Size

ing on these clifftop habitats that may serve to classes follow Bryant (1978). Class i seedlings
select for redcedar and its associates while reduc- ranged from >15.2 cm to <1.37 m (6 inches - 4.5

ing competition from more site-demanding hardwoods, feet) in heig--ht. All other seedlings and saplings
were >1.37 m in height. Class 2 seedlings <1.27

The Study Area cm (0.5 inch) diameter at ground level. Diameter
ranges for Class 3 saplings were >1.27 <3.81 cm

The Bluegrass Region of Kentucky is a central (0.5 <1.5 inches); Class 4, >3.81 <6.35 cm (1.5
lowland formed on limestone of Ordovician age. It <2.5 inches); and Class 5, >6.35<8.9 cm (2.5 <3.5

is flat to rolling except near large streams inches). Shrubs were sampled with with seedlings

because it is the uplifted peneplain still in the and saplings.

first stages of dissection (McFarlan 1943). Erosion
has been slow and mainly by solution. The geologic Trees were analyzed to relative frequency (RF),

history of the Kentucky River involves uplift, relative density (RD), and relative dominance (RDo)
abandonment of former (Pliocene) channels, rejunen- which were summed to give an importance value (IV)
ation and downcutting which have created a rugged for each species. Density (trees/ha) and basal

landscape with massive limestone cliffs forming area (m_/ha) were determined. The coefficients of

the gorge. Tributaries are similarly deep, cliff- similarity between stands were determined by the
bound gashes in the upland. There is a 100-125 m equation: C = (2w)/(a+b), where a = the sum of
difference in elevation from the tops of many of importance values of all species in one stand, b =

the cliffs to the current river level. The slopes a similar sum for a second stand, and w = the sum

are sheer drops or 50-70% slopes. Meander loops of lesser values for only those species which are
of the river account for the multitude of slope in common to the two stands.

exposures.
Species diversity patterns were calculated

_ Caves, sinks and springs dot the uplands and using the Shannon-Wiener index: s

i runoff is through these. In places, remnants of H' = -_pi log2Pi,
the Irvine gravels (deposits from the abandoned i=l
channels) and clays are common, where s is the number of species and pi is the

proportion of each species in the forest (Shannon

The soils are developed in residuum or colluv- and Weaver 1949). The evergreen character of a

i ium from the limestone. These soils are shallow, stand was expressed as the sum of importance valuesazonal with a high clay and rock content. Their of all evergreen species divided by the sum of

water-holding capacity is low. The process of importance values of all species (Monk 1965, 1966).
soil formation on the clifftops is similar to that

for the glades of the Nashville Basin (Galloway Stem counts were plotted against their size

_ 1919). classes on semi-log pape r and a regression line wasfitted to the plotted data using the methods of

i The climate of the Bluegrass Region is of the Schmelz and LindseY2(1965). The coefficient of
humid continental type, with sharp contrasts determination (lO0r), which defines how much the

i_ between the winter and summer. The average temper- variation of the dependent variable (density) isature for the region is 12.8 C (Palmquist and Hall accounted for by the variation of the independent
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variable (diameter), was used as an index of the Table l.--The average importance values (IV)for

degree of past disturbance of the stand structure three of the largest and least disturbed stands
still detectable at the time of study, a high value of redcedar in the Kentucky River gorge area.

indicating little disturbance (Schmelz and Lindsey

1965). Species IV

Juniperus virginiana 174.65
For a limited number of stands, soil cores Fraxinus americana 42.07

were taken on a seasonal basis. These soils were Cercis canadensis 17.02

sent to the University of Kentucky Soil Testing Ulmus rubra 14 79
Laboratory for analysis of pH, organic matter(%), Gleditsia triacanthos 10.71

soil moisture (%), Ca, P, K, and Mg. Quercus muehlenbergii 6.33

Diospyros virginiana 5.16
Acer saccharum 5.11

RESULTS Robinia _seudoacacia 4.55

Eastern redcedar (IV 174.65) clearly dominates Celtis occidentalis 3.91

the soil borders on the exposed limestone cliffs Quercus rubra 2.25
in the Kentucky River gorge area (table i). In Juglans nigra 2.14

those stands sampled, the frequency of redcedar Sassafras albidum 2.10Prunus serotina 2.03
was 100% and it accounted for =76% of the density

Morus rubra 1.74
and _79% of the basal area. Its major associates
were white ash (F. americana, IV 42.07), redbud Viburnum rufidulum 1.61

(Cercis canadensTs, IV 17.02), slippery elm (Ulmus Aesculus glabra 1.27
rubra, IV 14.79), honey locust (Gleditsia triacan- Fraxinus quadrangulata 1.15

thos, IV 10.71), and chinquapin oak (Q. muehlen- Quercus stellata 0.85

bergii, IV 6.33). Overall tree density averaged Carya glabra 0.55

7_6 trees/ha and basal area ranged from 13.7-18.3
m /ha.

Because of the dominance of redcedar, species were occasional and generally few in numbers.
diversity (H') was low, ranging from 1.2-1.7 These twelve species are here considered to be

' characteristic of the redcedar communities of the

relative to hardwood stands in the gorge. The Kentucky River clifftops. As many as seven of
degree of evergreenness, 52%-65%, was also an these species were present together in some stands.
indication of the dominance of redcedar. Although Table 3 summarizes the size class distributions
there was some variability among stands, the

of the small tree and shrub stratum. The presence

average similarity was 75%. of two introduced species, Lonicera and Ligustrum,

The coefficients of determination (lOOr 2) for is a remnant of some past disturbance.

the three least disturbed stands were 97, 96, and
Table 2.--Size class distribution of seedlings

94. Some trees were >120 years old, however, most (Class I & 2) and saplings (Classes 3, 4, & 5)

of those that were cored for age analysis were per hectare in the redcedar communities of the
=90 years. Kentucky River gorge area.

There were 19 species of tree seedlings/sap- Size Classes I 2 3 4 5

lings in the plots, but individuals of only 5 Juniperusvirginiana 518.7 127.6 333.5 227.2 46.1
species, redcedar chinquapin oak slippery elm,' ' Cerciscanadensis 325.2 185.3 77.4 11.5 9.9
redbud, and hackberry (Celtis occidentalis) reach-

Fraxirms americana 592.8 172.9 133.4 0 4.9

ed tree-replacement size (table 2). This varied Quercusmuehlenbergii 279.9 8.2 0 4.9 3.3
among stands with redcedar and redbud being the
only species with numbers that seemed significant. U1musrubra 3/ 119.3 0 21.4 0 4.9Celtisoccidentalis- _8.2 0 41.2 19.8 4.9
Openings in the woodland, many created by wind- Prurmsserotina 16.5 0 0 3.3 0
throw, were frequent enough to allow the estab-

lishment of redcedar seedlings/saplings. Many of Acersaccharum 24.7 16.5 4.9 3.3 0 i
Acernegundo 28.8 0 4.9 0 0

the other tree species represented here are

pioneer or early successional species and usually Dios_yrosvirginiana 24.7 _.7 0 0 0Gleditsiatriacanthos 16.5 0 0 0 0

fail to reach the tree stratum. Horus rubra 32;9 0 16.5 0 0

The species of the small tree and shrub stratum Juglansni_ 41.2 0 0 0 0
Liriodendrontulipifera 16.5 0 0 0 0

consisted of redbud, fragrant sumac (Rhus aromat- Fraxinus quadran_lata 12.4 0 0 0 0 !
ica), Carolina buckthorn (Rhamnus caroliniana), Sassafrasalbidum 74.1 0 0 0 0
lanceleaf buckthorn (R. lanceolata), blackhaw

viburnum (Viburnum ru_idulum), roughleaf dogwood Robini@ pseudoacacia 12.4 0 0 0 0

(Cornus drummondi), coralberry (Symphoricarpos Carya $1abra 16.5 0 0 0 0
orbiculatus), and Carolina rose (Rosa carolina). Quercusrubra 8.2 0 0 0 0

The dwarf hackberry (Celtis tenuiTY-[a), wafer ash

(Ptelea trifoliata), ninebark (Physocarpus opul- Totals 2309.5 535.2 633.2 274.9 _.0

ifolius)_kly ash (Zanthoxylum americana) _/May includeCeltis termifolia.
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Table 3.--Size class distribution of seedlings Great Valley Province (Carr 1944, Braun 1950).
(Class I & 2) and saplings (Classes 3,4 & 5) of However, in those areas where redcedar forms stable

shrubs/hectare in the redcedar communities of communities, most of the ecological work has
the Kentucky River gorge area. centered on the open, rocky herb-dominated glade

S_e Classes I 2 3 4 5 rather than the redcedar woodland. As a conse-
Rhus aromatica 2091.3 551.6 42.8 0 0 quence, less is known about the structure, dynamics,

Rham_as caroliniana 1671.4 185.3 126.88.20 and environmental relationships of the redcedar
Nhamms lanceolata 284.1 0 0 0 0 woodland communities.

S_oricarpos orbiculatus 1564.3 0 0 0 0
Comus drummndi 222.3 49.4 6.6 0 0 Historically, redcedar has long been known as
Viburnumrufidulum 160.6 82.3 13.2 6.6 0 a major species on the Kentucky River cliffs of

Rubus sp.-- 370.5 0 0 0 0 central Kentucky where it occurs on the soil bord-
Rosa carolina 45.3 0 0 0 0 ers of exposed clifftops and ledges. These are

Euonymusatropurpureus 12.4 0 0 0 0 long persistant stands which suggest climax,
Celastrusscandens 37.1 0 0 0 0 probably edaphic climax. On similar sites in
Lonicera tartarica 12.4 24.7 9.9 0 0 southern Illinois, Winterringer and Vestal (1956)

Ligustrumsp. 65.9 12.4 0 0 0 considered the small tree-shrub communities on the
soil borders of exposed sandstone cliffs to be

Totals 6537.6905.7 199.3_.80 climax. The high coefficients of determination
(Schmelz and Lindsey 1965) and the replacement

patterns shown by redcedar suggest that these are

Soil properties varied somewhat among stands relatively stable communities.
and seasonally within stands. Table 4 summarizes

these properties. In general, P was significantly Many writers have considered the character-
lower and Ca significantly higher in certain red- istic habitat for redcedar to be shallow limestone

cedar stands than for adjacent hardwood communities soils on rough topography. The characteristic

(table 4). Soil depth ranged from 0 cm on exposed habitats for members of the shrub and small tree
outcrops to 50 cm, and averaged about 20 cm. component, Rhus aromatica, Rhamnus caroliniana,

R. lanceolata, Cercis canadensis, Viburnum rufid-

Table 4.--A comparison of the seasonal range of ulum, Ptelea trifoliata, Cornus drummondi, Celtis

plant nutrients (P,K,Ca, and Mg in ppm), pH, tenuifolia, Zanthoxylum americana, Ceanothus
organic matter (%), and soil moisture (%) americanus, and Physocarpus o_pulifolius, include

between a redcedar community and a deciduous "bluff escarpments, limestone glades, rocky open
wooded slopes, borders of glades" (Steyermarkhardwood community on a N-facing slope in the

Kentucky River gorge area. 1964). In the Kentucky River area, V. rufidulum,
P. trifoliata, and C. tenuifolia, occur as disjunct

Redcedar Community N-facing Slope p--opulations (Little--1977). The ranges of many of
the other shrubs extend just into central Kentucky

p_4/ I-5 ppm 111.5-150 ppm where they overlap in the gorge.

K_5/ 4375-5875111-137ppmppm 3250-4575129"0-192ppm According to McDougal (1949) some plants

C_ ppm "tolerate" rather than "prefer" certain habitatsM / 101.5-163.5 ppm 154-179.5 ppm
pH 7.4-7.8 6.4-7.5 This means that, under ordinary conditions, they

Organic are not able to compete with other plants in more
Matter 7.2-8.9% 7.1-7.9% favorable habitats, but are able to meet compet-

Soil ition in unfavorable ones. Redcedar appears to be
Moisture 31-38% 35-53% such a species. It shows best growth on the better

4/ (P<0.O01) t-test soils, but on these is unable to compete with

_/ (P<0.OI) t-test succeeding hardwoods (Fowells 1965). On the dry,
6/ ()<0.05) t-test infertile limestone outcrops it forms stable
-- communities and the environmental complex that

develops on these sites selects against potential

DISCUSSION competitors. In the redcedar-hardwood stands in
the Central Basin of Tennessee, McKinney and

Although eastern redcedar (Juniperus virginian_ Hemmerly (1984) considered white ash to be a
is a common tree in old field communities over successional species. On the Kentucky River cliff-

much of eastern United States, in many parts of its tops, white ash showed slight increases in import-
ance with increasing P, soil moisture, and organicrange, especially limestone outcrop areas of the
matter. However, it is doubtful that white ash

Interior Low Plateaus and the Limestone Valleys and
Uplands Soils Province (Bennett 1921), it forms will displace redcedar in the clifftop communities.

long persistant stable communities. These commun-
ities have been regarded as climax (Picklesimer The factor or factor complex that is respons-

ible for the maintenance of redcedar communities
1927), subclimax (Freeman 1933, Quarterman 1950a,b,

has not been determined (Curtis 1959, Massey 1968).
Steyermark 1940), and edaphic climax (Erickson et
al. 1942). In addition, stable redcedar commun- It seems probable that a number of factors, either

ities occur along the Mississippi River from singly or in combination, interact to produce an
Missouri to Minnesota (Curtis 1959) and in the environmental complex that may select for redcedar
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in this harsh environment. These factors include availability. P, which is never readily soluble in

shallow, azonal clayey soil; limestone, often soil, seems to be held with less tenacity in a pH
dolomitic, bedrock that funnels off water through centering around 6.5, thus plants are able to

subterranean passageways resulting in reduced soil extract it with less difficulty (Buckman and Brady
moisture; pH >7; limited or excessive plant 1969). The soil pH on the clifftops was generally

nutrients; limited organic matter; great exposure >7. In the adjacent hardwood slope communties, the
to wind and sunlight; and protection from fire. pH was in the 6.5 range although this was variable.

Beadle (1953) wrote that, "Soil properties Redcedar and many of its tree and shrub
can affect vegetation in two ways: firstly, associates are calciophilous species. Calcium was

by controlling structure. Floristic comp- significantly higher in the soils under the red-
osition is controlled by selection of cedars than in the surrounding hardwood stands.

species suitable to the area. Plants that Buckman and Brady (1969) noted that excess calcium
have become adapted to low nutrient levels carbonate may have a detrimental influence on

are capable of surviving in the low nutrient plants by reducing phosphate availability through
media, while those with higher requirements the formation of complex and insoluble calcium

are excluded. Selection may occur at the phosphates. Fletcher and Ochrymochych (1955)

germination stage, or more frequently in however, found that an increase in exchangeable
the early stages of the seedling, or even soil calcium leads to increased root development

at the near-maturity stage through compet- in redcedar seedlings resulting in greater nutrient
ition. On the other hand, community uptake, especially P.
structure is determined partly by the

habit of the species that succeed in the Other nutrients, organic matter, and their

area, partly by the relative levels of interactions may exert influence on the plant
the various plant nutrients (including community, but the combination of low P, high Ca,

water) which determine the size attain- and pH >7 may favor redcedar. It is this combin-
ed by the individual plants, and partly ation of factors that is found in the redcedar

by the manner in which the various species communities of Arkansas (Keeland 1978), Missouri

have become adapted to the limited factor (Fletcher and Ochrymochych 1955), Tennessee (Turner
of the environment. Consequently, in 1972), and Wisconsin (Curtis 1959). The different-

some areas of uniform climate and physio- iating effects of parent material are greatest on

graphy distinct patterns of vegetation immature soils which may be chemically unbalanced
develop, which are determined by the or deficient (Lutz and Chandler 1946).
concentration of the limiting nutrient."

Limited soil moisture, the result of rapid
Based on observations in the Kentucky River underground drainage and high evaporation, has

gorge area, it appears that a situation similar to been cited most often as controlling cedar glades
Beadle's predictions may be occurring. However, (Freeman 1933, Quarterman 1950a,b, Erickson et al.
there are a number of problems in determining the 1942, Bray 1960). Total soil moisture was lower

relationship of soil chemical properties and in the redcedar communities than in adjacent

forest trees because of the lack of information on hardwood communities. This may be attributed to
forest tree requirements, forest tree-forest soil drainage and evaporation, but also to the shallow,

interrelationships, and confusion of methodology clayey soils. The clay dries hard and develops

in forest soil analysis (Gessel 1962). This is cracks during periods of drought, but during rainy
further compounded by the fact that the total of a periods the clay swells and the cracks close. The
nutrient in the soil may be determined with great result is that the water stands on the soil surface

accuracy, yet its availability is susceptible to where it is unavailable to plants. Erickson et al.
little more than a rough approximation (Buckman (1942) considered standing water to cause winter

and Brady 1969). rotting in the Missouri glades. This might serve
to eliminate potential competitors. Also, the

The soils of the Inner Bluegrass are known for short periods of drought may be more disastrous on

their great fertility, largely attributable to the clifftops than longer periods in less severe

their unusually high P content (McFarlan 1943). habitats. Quarterman (1950a) found a rapid water

However, the P content in the soils of some of the loss from saturation levels to near zero in two or _
redcedar stands was significantly lower than for three day periods in the cedar glades of the

adjacent hardwood sites. Low P levels are known Nashville Basin. i
to influence the distribution of evergreen or

sclerophyllous vegetation (Billings 1950, Beadle The nature of the limestone bedrock may also
1954_ 1966, Wright and Mooney 1965). Monk (1965, influence the establishment and distribution of

1966) found evergreen species in Florida to be redcedar communities. The nutrients released

most abundant on soils low in Ca, K, P, and N, through weathering have already been mentioned. The
while Westman (1975) found P to be low in the pygmy denseness of the bedrock poses problems for root
forest of California. Goldberg (1983) equated penetration and in some areas limits this to cracks
nutrient-poor soils and evergreenness, and crevices. Since the bedrock is dotted with

sinks, it also serves to funnel off much of the

pH influences nutrient absorption and plant water underground. The heating action of the lime-

growth especially by its influence on nutrient stone adds to the xeric conditions (Dansureau 1957).
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In all of the stable redcedar communities, the that this was the way that redcedar spread and

soils are shallow and azonal which poses problems Beilmann and Brenner (1951) reported a similar
for the anchorage of large trees. The seedlings of situation for the Ozarks.
many species possess deep penetrating taproots,

however, because of the thin soil and dense bed- The success of redcedar on these limestone

rock, a lateral taproot may be essential if trees outcrops also involves those ecomorphological and

are to successfully occupy these outcrops. Red- ecophysiological adaptations that give it an
cedar has a penetrating taproot in the seedling advantage over hardwoods. At least three such

stage and in later stages may develop a lateral interconnected adaptations are drought tolerance,
taproot system. This was observed in a number of evergreenness, and mineral conservation.
overturned trees and a similar condition was

reported by Winterringer and Vestal (1956) on the Whittaker (1975) stated that plant communities

xeric sandstone cliffs in Illinois. on limestone are often more xeric, or drought-
adapted, than those on other substrateso This is

The clay soils may also present a barrier to paralleled by Wells (1976) who stated that, "'The
root growth. The soils of the Missouri glades most likely places for the evolution of the more

were clayey and droughty (Kucera and Martin 1957). extreme xeromorphic characters under humid condi-

In addition to the residual clays, deposits of the tions would have been on sunny scarps with bedrock
high terrace clays are local along the Kentucky outcrops..". The drought-tolerance of redcedar is
River uplands. These clays have been used in well-known (Ormsbee et al. 1976). One character

pottery production, thus the baking action of the associated with that tolerance is its double-

sun on them may be critical, membraned tonoplast (Parker 1971). The scale-

like evergreen leaves of redcedar represent a
The position of these redcedar communities atop xeromorphic adaptation (Harper 1912) and Monk (1966)

the S-, W-, and SW-facing slopes may exaggerate regarded evergreen leaves as sclerophyllso
the effects of temperature and evaporation. During

_ the summer, day time air temperatures may be as A number of metabolic adaptations of redcedar

much as 8 C higher in the redcedar communities than may be related to its evergreenness. In the old
in less exposed hardwood sites. Exposure must be fields of Illinois, Ormsbee et al. (1976) found

critical because hardwoods dominate the N-, E-, redcedar to show active photosynthesis under low

and NE-facing slopes. There redcedar is absent or soil moisture in tile summer and the ability to
of only minor importance, photosynthesize during the winter even at 0 C.

Because of these attributes, redcedar individuals

Windthrow may also be related to exposure and prolong their effective growing season to essent-
shallow soils. The periodic opening of the stands ially the entire year.
by blow downs undoubtedly favors redcedar as does

the high light intensity on the exposed clifftops. In Florida, Monk (1965) pointed out that,
Harper (1912) did not feel that the denseness of "An evergreen species might have selective
certain redcedar stands should be viewed as one advantages over deciduous species in sterile
preventing reproduction and seedling development, soils. If a soil has a limited amount of

More recent studies (Lassoie et el. 1983) have nutrients, a community might be assembled,
found redcedar to persist under an oak-hickory through natural selection, which would

canopy which may suggest that it is not as intoler- then to be more conservative. Although
ant as generally accepted, many evergreen species are tolerant to

low nutrient levels, it is possible that

The absence of fires is another factor that this fact is secondary. Perhaps the
must be considered in the maintenance of stable cardinal point is the gradual return of

redcedar communities. In fact, Harper (1912) nutrients to the soil through slow year-
suggested that "redcedar dreads fire more than it round-leaf-fall. This implies that an

likes lime". Curtis (1959) considered some form of assemblage of evergreen species on sterile
fire barrier, especially from the southwest, as an sites is a product of natural selection

essential feature of those sites where redcedar is permitting a nearly closed cycle to exist.'"
old-growth. Prior to and at the time of settle-

ment of the Bluegrass Region, fire was of common Stable redcedar communities occur as small

occurrence (Roosevelt 1900). Perhaps the upper "evergreen islands" scattered throughout the east-

slopes and clifftops in the Kentucky River gorge ern deciduous forest. More detailed experiments
served as refugia for redcedar and its associates, are needed to sort out those factors that determine

Nigh et al. (1985) referred to those sites in the the structure and composition of the vegetation of
River Hills of Missouri where redcedar and sugar such "insular sites".
maple were associates as fire refugia. Fralish
(1988) supports the refugia view in southern
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DYNAMICS OF THE SUGAR MAPLE COMPONENT OF

A WHITE OAK - YELLOW-POPLAR COMMUNITY I

2
Richard C. Schlesinger

Abstract.--The sugar maple (Acer saccharum Marsh)
component in a southern Illinois forest increased over a

48-year period. By 1983 sugar maple was three times greater
in importance than any other species in the stand. If the ii

observed rate of increase were to continue, sugar maple
would exclude all other species within another 50 to 60 _
years.

INTRODUCTION 1935 to 1973 was reported previously (Schlesinger
1976). This paper presents the results after an

A notable phenomenon in many central hardwood additional i0 years of growth and development.
forests is an increase in the importance of sugar
maple (Acer saccharum Marsh.) during the last half The soils are a mixture of weathered bedrock

century. This increase has been documented by a (limestones and sandstones) and loess. The primary
number of researchers (Anderson and Adams 1978; series are Alford (fine-silty, mixed, mesic Typic

Boggess and Bailey 1964; McGee 1986; Newman and Hapludalf) and Baxter (clayey, mixed, mesic Typic
Ebinger 1985; Nigh et. al. 1985a and 1985b; Parker Paleudult). The climate is continental, with hot

et. al. 1985; Schlesinger 1976) and has been summers and cool winters. The annual precipitation
ascribed variously to more mesic climatic averages 112 cm with about 60 percent occurring

conditions, exclusion of fire from the forests, and during the growing season from April through
progression of the forests toward their "natural" September. Although the precipitation is generally
climax, well distributed throughout the year, a 2- to

3-week dry period during the growing season is
In central hardwood forests with predominantly common.

oak overstories, sugar maple is not generally

believed to be the primary climax component. Thus, The study area has been protected from grazing
the question arises whether observed increases in and fire since it was acquired by the USDA Forest

the importance of sugar maple will continue. The Service in 1933. Also, no timber harvesting or _!_
purpose of this paper is to present and discuss the silvicultural work has been done in the area. _

information from one stand especially as it relates Increment core data show an abrupt increase in
to the perpetuation of the maple "wave" in the diameter growth rates starting in 1880 and again in _

future. 1910. Because that period coincides with the rapid i

expansion of the Nation's railroads and because _,_!_
many of the oldest trees are yellow-poplar or

BACKGROUND hickory, it is possible that a selective harvest of _,

oaks, which were favored for railroad ties, may
The stand we studied is located in the have been made during that time. !

unglaciated hill country (Shawnee Hills Division) _!
of southeastern Illinois (latitude 37.5 degrees N,
longitude 88.3 degrees W). This stand was METHODS _

classified by Braun (1950 p. 137) as a typical

example of the white oak (0uercus alba L.) - Eight permanent plots were established in 1935
yellow-poplar (Liriodendron tulipifera L.) near the center of the 7.4 ha stand. Within each

community. The development of the stand from O.lOl-ha plot, each tree 4 cm dbh (diameter breast

height) and larger was measured and permanently

tagged. Stems less than 4 cm dbh were identified, ! ,
Ipaper presented at the Seventh Central mapped, and their heights recorded on four 4 sq m

Hardwood Forest Conference, Southern Illinois (I milacre) subplots located in the corners of the

University, Carbondale, Ii, March 5-8, 1989. main plots. The plots were remeasured in 1940, '
1958, 1965, 1973, 1978, and 1983 at which times

2Research Silviculturalist, USDA Forest trees growing into the 4-cm diameter class were

Service, North Central Forest Experiment Station, measured and tagged. Tree heights were measured in

Columbia, Missouri 65211. 1935, 1958, and 1978. Map coordinates were
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r determined for the individual trees following the
1973 inventory and for ingrowth trees at the 1978 1000

and 1983 remeasurements. P 900 STOCKINGPERCENT(x10) ........................_ .....

..................
E_ OFTRE_ES

The changes in the stand during the 48-year R ...................
period were examined using the traditional measures 700 NUMBER

of density and basal area plus stocking percent, a H 600
measure of relative density or crowding that A
combines tree numbers and sizes. The tree area 500

ratio concept (Chisman and Schumacher 1940), B (_

minimum tree area equations (Gingrich 1967), and A 300 ___
average maximum competition levels (Ernst and Knapp S ------
1985), collectively are used to define I00 percent I 200 8ASAiAR[A(sq m x 10)
stocking. The minimum tree area equation for oaks S I_

and hickories is from Gingrich (1967); equations 0 , , , i • -r ........... •

for other species are from Stout and Nyland (1986). 1930 19W 19M 1960 19_ I_W

The sugar maple I component was segregated YEAR
into nine groups, based on three dbh size classes

in 1935 (4 to 9.9 cm, i0 to 19.9 cm, and 20 to 29.9 Figure l.--Stand changes in the total (per ha)

cm) plus the six ingrowth groups (all less than 9.9 number of trees, basal area, and stocking
cm at the time first measured) from the percent from 1935 to 1983.
remeasurements. Each group was evaluated for

mortality, net growth, and surviver growth for each

period between remeasurements. The sugar maple area, and 21.6 percent of the stocking. Together,
component was further examined in relation to the the four species composed 71.3 percent of the
changes in the community during the 48-year period trees, 18.4 percent of the basal area, and 26.0

of observation, percent of the stocking.

To examine the potential for maples to occupy The two "characteristic" species,
canopy gaps that occur when overstory trees die, yellow-poplar and white oak, plus black oak (Q__.

the maps for each plot giving the tree locations velutina Lamo) and northern red oak (Q. rubra L.)

were divided into 35 areas of equal size. Each of all decreased in numbers, comprising only 12.3

these subareas was 28.9 sq m, approximating the percent of the total number in 1983. Collectively,
minimum tree area of a 30-cm-dbh sugar maple. The their basal area increased to 57.5 percent of the

presence of overstory trees alive in 1983, stand, and their stocking percent to 44.7 percent.
overstory trees that died between 1978 and 1983,

and all sugar maples were determined for each area. Scarlet oak (Q, coccinea Muench.) and shagbark
hickory (Carya ovata (Mill.) K. Koch) decreased in

both numbers and stocking percent, but gained
RESULTS AND DISCUSSION slightly in basal area; while slippery elm (Ulmus

rubra Muhl.) increased in numbers, but decreased in

The overall changes in stand structure during both basal area and stocking percent. These

the study period indicate that the stand was species made up 3.5 percent of the trees, 11.2
recovering from past disturbance (fig. I). The percent of the basal area, and 11.2 percent of the
total number of trees declined between 1935 and stocking.
1940, increased gradually until 1965, and again

declined through the last measurement. Stand basal The remaining species all decreased in

area increased from 22.7 sq m per ha in 1935 to a numbers, basal area, and stocking, and composed

high of 32.8 in 1978, declining slightly to 31.3 by 13.0 percent, 12.9 percent, and 12.7 percent of the

1983. The stocking rose from 76.2 percent in 1935 trees, basal area, and stocking, respectively, in
to 100.8 percent in 1978, and then dropped to 94.6 1983. This group included several overstory
percent by 1983. species, black gum (Nyssa sylvatica Marsh.), black

walnut (Juglans nigra L.), red maple (A. rubrum
The changes for the various species during the L.), mockernut hickory (C. tomentosa (Poir.)

48-year period followed five different patterns. Nutt.), and pignut hickory (C. glabra (Mill.)

Sugar maple, white ash (Fraxinus americana L.), Sweet), plus flowering dogwood (Cornus florida L.),
ironwood (Ostrya virginiana (Mill.) K. Koch) and sassafras (Sassafras albidum (Nutt.) Ness), and the
beech (Fagus grandifolia Ehrh.) all increased in group of miscellaneous minor species.
numbers, basal area, and stocking (table i). By

1983, 51.6 percent of the trees were sugar maples, The tolerance and persistence of sugar maple

accounting for 15.4 percent of the total basal could lead to its dominance by allowing it to

become established and grow in the understory so
that it can take advantage of canopy openings

IThe "sugar maple" group included some created by the death of overstory trees. There is

Florida maple (Acer barbatum Michx.) and black evidence for these characteristics from the plot
maple (_Michx.) as well as putative double records.

and triple hybrids between the three maple species.
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Table l.--Present stand and changes since 1935.

Numbers Basal area Stocking Importance i
1983 Change 1983 Change 1983 Change 1935 1983
--(per ha) .... (sq m) .... (percent) .... (IV-2OO)-

Sugar maple 373.1 218 7 4.81 3.80 21.59 16.80 21.9 67.0

Black gum 39.5 -18 5 1.67 -.37 4.50 -1.24 15.6 I0 8
Yellow-poplar 19.8 -3 7 6.45 2.81 7.60 2.68 18.7 23 3

White ash 71.7 59 3 .42 .34 1.96 1.63 1.7 Ii 2
Black walnut 0.0 -6 2 0.0 .13 0.0 -.44 1.3 0 0

White oak 39.5 -71 7 5.54 2.12 17.94 5.03 27.6 23 2
Scarlet oak 12.4 -27.2 2.87 .27 9.01 -.41 15.9 i0 9

Black oak 23.5 -29.7 5.04 2.16 15.98 5 30 18.7 19 3
Red oak 6.2 -ii.i .98 33 3.18 60 4.8 4.0

Red maple 0.0 -21.0 0.0 28 0.0 -I 04 3.6 0.0
Shagbark hic. 6.2 -23.5 .59 07 1.99 14 5.6 2 7

Mockernut hic. 9.9 -21.0 .89 - 46 3.13 -I 80 9 5 4.2
Pignut hic. 13.6 -42.0 1.30 0 0 4.27 71 12 0 6.0

Slippery elm 6.2 2.5 .03 - 03 .16 04 0 7 1.0
Ironwood 58.1 44.5 .23 14 1.19 77 1 9 8.8

Dogwood 27.2 -148.3 .16 -I 33 .78 -5 54 26 3 4.3
Sassafras 0.0 -71.7 0.0 -.96 0.0 -3 77 12 3 0.0

Beech. 12.4 7.4 .30 .20 1.29 85 1.0 2.7
Other ! 3,7 -2,5 ,01 -,03 .06 - ii 0.9 0.6

I
Includes the following species: redbud (Cercis canadensis L.),

service berry (Amerlanchier arborea Michx.f.), persimmon (Diospyros
vlrginlana L.), juniper (Junlperus communis L.), and eastern red cedar (J.
virginiana L.).

In 1935, the sugar maple component ranked 1958. In 1983, its importance value of 67.0 was

third in importance (IV-200, based on relative more than 40 percent larger than the combined

number of trees and relative basal area) behind importance of white oak and yellow-poplar (46.5).
white oak and dogwood (table I). Its importance

value of 21.9 was less than half the combined Even when the number of sugar maple trees was

importance of white oak and yellow-poplar (46.3). no longer increasing, ingrowth continued over the
The importance of sugar maple increased steadily study period (table 2). There were about 20 new

throughout the 48-year period, ranking first by stems per ha in 1978 and 24 in 1983, almost as

I
Table 2.--Sugar maple groups - number of trees per hectare.

year Status L-35 M-35 S-35 S-40 S-58 S-65 S-73 S-78 S-83 All

1935 alive 8.6 17.3 128.5 154.4

1940 alive 8.6 17.3 126.0 27.2 179.1
dead 2.5 2.5

1958 alive 8.6 17.3 113.7 27.2 169.3 336.1
dead 12.4 12.4

1965 alive 8.6 17.3 105.0 25.9 160.6 29.7 347.2

dead 8.6 1.2 8.6 18.5
1973 alive 8.6 17.3 97.6 24.7 149.5 27.2 45.7 370.7

dead 7.4 1.2 Ii.I 2.5 22.2
1978 alive 8.6 17.3 91.4 23.5 143.3 27.2 45.7 19.8 376.8

dead 6.2 1.2 6.2 13.6
1983 alive 8.6 16.1 85.2 17.3 131.0 27.2 44.5 19.8 23.5 373.1

dead 1.2 6.2 6.2 12.4 1.2 27.2

Total alive 8.6 16.1 85.2 17.3 131.0 27.2 44.5 19.8 23.5 373.1

dead 1.2 43.2 9.9 38.3 2.5 1.2 96.4
% surv, I00,0 92,9 66,3 63,6 77,4 91,7 97.3 I00.0 79.5

is-35 refers to the small maples (<I0 cm) present in 1935, M-35 refers to _!
those 10 to 19.9 cm in 1935, L-35 refers to those 20 to 29.9 cm in 1935, and
S-40 to S-83 refer to the ingrowth at the various inventories.
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many new stems in each of those 5-year periods as Table 4.--Components of the maple basal area
in the first 5-year period from 1935 and 1940. dynamics.

During the last i0 years, sugar maple Year Live Dead New Survivor Growth IRR

mortality and ingrowth appeared to be in balance, trees t_ees trees Amount %/yr
Ingrowth in 1978 and 1983 totaled 43.3 trees, while ....square decimeters ....... percent--

mortality was 40.8 trees (table 2). The maple 1935 101.71
mortality appeared to be related to both size and 1940 123.61 .35 3.93 18.32 3.61 3.98

duration of minimal growth. Of the trees dying, 95 1958 254.06 2.78 38.00 95.23 4.38 4.08
percent were smaller than I0 cm when they died. 1965 '291.20 5.35 5.29 37.20 2.14 1.97
Within the S-35 cohort (trees 4 to i0 cm in dbh in 1973 376.26 6.24 8.06 83.24 3.65 3.25

1935), mortality was 33.7 percent over a 48-year 1978 419.10 3.73 3.67 42.90 2.30 2.18

period; while within the S-58 cohort (ingrowth into 1983 481,39 24,36 3_97 82,68 4.19 2.81
the 4- to 10-cm dbh class in 1958), mortality was

22.6 percent over a 25-year period. The growth of surviving trees was the primary
contributor to the basal area increases during all

Total stocking was highest during the last 25 measurement periods (table 4), ranging from 71

years, increasing from 87.7 percent to 94.6 percent percent for the period ending in 1958 to 95 percent
between 1958 and 1983; stocking increased from 76.2 for the final period. The annual rate of increase
percent to 87.7 percent between 1935 and 1958. Yet of this component ranged from 2.14 percent to 4.38

the growth of the S-58 cohort in the last 25-year percent and was 4.19 percent during the most recent
period was similar to that of the S-35 cohort growth period.

during the first 23-year period (table 3). The
tolerance of the maple is likewise indicated by the Initially, the contribution of ingrowth to the

survival of the portion of the S-35 cohort that basal area increase was much greater then mortality
remained within the 4- to 10-cm size class, which (table 4). From 1965 to 1978, mortality and

averaged only 0.079 cm in diameter growth per year ingrowth were essentially in balance. During the
(table 3), 0.83 sq cm in basal area growth, and final measurement period, the loss in basal area

0.085 m in height growth over the 48-year period, from mortality substantially exceeded ingrowth.
However, the growth of the surviving trees was

Table 3.--Dbh growth of maple by groups based on sufficient to maintain a net increase of 2.81
size in 1983. percent in basal area.

Size L-35 M-35 S-35 S-58 L-35 M-35 S-35 S-58 Sugar maple most recently c6mposed 7.3 percent

91a_s of the overstory, which consists of trees 24 to 36
........ (cm) .............. (cm) ....... m in height and larger than 35 cm dbh (table 5).

The four oak species, which made up 57.3 percent of

D_1935 Growth/yr '35 , ,83 the overstory, accounted for 83.3 percent of the
4-10 4.8 .079 overstory mortality during the study period.
10-20 11.4 6.2 .082 .191

20-30 25.4 13.8 7.3 .095 .253 .320 Table 5.--Species composition of the present
30-40 22.7 18.7 .278 .281 overstory and mortality of overstory trees

40-50 27.2 19.6 .376 .466 during the study period.

Dbh 1958 Growth/yr '35 - '58 Number of trees
4-10 7.0 5.0 .098 Species , Present 1983 MQrtality

10-20 13.0 10.6 6.2 .068 .191 ..... (per hectare) .....
20-30 26.9 19.6 14.5 .066 .251 .311 Sugar maple 7.4 0.0

30-40 30.1 25.9 .321 .312 Black gum 7.4 1.2

40-50 35.3 29.2 .353 .420 Yellow-poplar 16.1 0.0
White oak 19.8 2.5

Dbh 198_ Growth/yr '58 - '83 Scarlet oak ii.i 12.4
4-i0 8.6 7.5 .061 .099 Black oak 22.2 6.2

i0-20 15.4 15.4 12.2 .095 .192 .240 Red oak 4.9 3.7
20-30 30.0 25.9 22.7 .122 .256 .328 Shagbark hickory 2.5 0.0

30-40 36.0 32.2 .238 .253 Mockernut hickory 4.9 2.5

40-50 45,2 41_9 ._96 ,508 Pignut hickory 3.7 1.2
Beech 1.2 0.0

Maple basal area has increased at an average Total 101.2 ..... 29.7
annual rate of 3.05 percent over the entire 48-year

period. This rate, which is analogous to an The present distribution of sugar maple within
internal rate of return (IRR) on an investment, has the stand appears to provide it the opportunity to

ranged from a maximum of 4.08 from 1940 to 1958 to occupy canopy gaps created by the death of
a low of 1.97 from 1958 to 1965 (table 4). It overstory trees. At present, oak, hickory, or

reflects the combined effects of mortality, yellow-poplar overstory trees are found in 30

ingrowth, and survivor growth between each percent of the 280 28.9-sq m subareas (i.e. the
measurement period, eight main plots divided into 35 equal-sized
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areas). An additional 4 percent of the subareas Braun, E.L. 1950. Deciduous forests of eastern

are occupied by sugar maple overstory trees. North America. 596 p. The Blakeston Co.,
Overstory mortality occurred in 4 percent of the Philadelphia, Pa.
subareas between the 1978 and 1983 inventories. Chisman, H.H. and F.X. Schumacher. 1940. On the
The 1983 inventory showed understory sugar maples tree-area ratio and certain of its

in 69 percent of the subareas. Thus, sugar maple applications. Journal of Forestry
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LONG-TERM EFFECTS OF A 1932 SURFACE FIRE ON STAND STRUCTURE

IN A CONNECTICUT MIXED HARDWOOD FORESTI

i Jeffrey S. Ward and George R. Stephens2

Abstract.--In 1926 woody stems >_1.5 om dbh were meas-
ured and mapped on 9 402x5 m transects (I.82 ha) in a mixed
hardwood stand with abundant oak in south-central Connecti-

cut. In 1932 a late summer fire burned approximately a
third of the transects. In 1934 a post-flre inventory re-
corded diameter of survivors and mortality on the burned
portion. In 1937 the unburned portion was similarly inven-
toried. Since 1957 both portions have been inventoried
every 10 years. In 1926 the burned and unburned portions
had approximately equal density, basal area and mean dia-
meter. During 1926-34 84% of stems died on the burned area,
mostly saplings and poles. Basal area decreased 38%. Dur-
ing 1926-37 34_ of stems died and basal area increased 17%
on the unburned area. During 193_-57 oak (28_) dominated
ingrowth on the burned area. During 1937-57 maple (31%)
dominated ingrowth on the unburned area. During 1934-57
surviving poles and sawtimber on the burned area grew a
third faster than those on the unburned area. In 1987 the
burned portion had higher density and basal area, higher
absolute and relative amounts of oak and larger mean stem
diameter than did the unburned portion.

INTRODUCTION The immediate impact of fire is reduction of
the density of small stems (Paulsell 1957,

Fire has been an integral disturbance factor Ferguson 1961, Niering et al 1970). Larger stems
in eastern deciduous forests, certainly since the may be damaged, weakened, or killed depending on
arrival of European colonists (Clark 1970) and the intensity and timing of a fire (Gustafson
possibly before (Day 1953, Buell et al 1954, 19_6, Paulsell 1957, Loomis 1973, Wendel and
Nicock and Miner 1976). Research has shown that Smith 1986). A dense sprout and seedling layer
fire can increase the relative importance of oak quickly develops following the fire (Thor and
(Brown 1960, Swan 1970, Carvell and Tryon 1961). Nichols 1973, Loomis 1977, McGee 1979, Teuke and
The ability of oaks to resprout vigorously and Van Lear 1982, Wendel and Smith 1986).
the thick bark on mature stems suggest oaks to be

a fire-adapted species group in the Central Hard- The long-term effects of fire on the compos_
wood region. Aggressive fire exclusion programs ition of mixed oak stands is less understood. We

were initiated in the early 1900's (Tillotson contrast 55 years of change in adjacent burned
1916, Stickel 1939). Conversion of oak-hickory and unburned areas. We examine changes in stand
forests to more mesophytic stands has been attri- level parameters: density, basal area, slze class
buted in part to reduced wildfire frequency distribution, and diameter growth rates of poles
(Little 1973). and sawtimber° Finally, we describe the apparent

effect of fire on selected species groups.

1presented at the 7th Central Hardwood For- STUDYAREA
est Conference. [Southern Illinois University at
Carbondale, March 5-8, 1989]. The Turkey Hill Tract (46 ha) is in the

Cockaponset State Forest in south-central Connec-

2jeffrey S. Ward is Assistant Forester and .__ tieut. The tract was selected because it was ty-
George R. Stephens Is Chief, Department of Fores- plcal of contemporary forests in the state, i.eo
try and Horticulture, The Connecticut Agricultur- an even-aged, secondmgrowth, mixed hardwood for-

_al ExPeriment Station, New Haven, Ct. est. In 1987 dominant oaks were approximately 85
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years old with individuals ranging to 110 years 100
(Guinane 1984). Although the history before 1926
is unknown, stone walls indicate at least parts
of the area were grazed and multiple-stemmed 80

trees suggest other parts had been cutover in the
past. =6 60

1;
o ry

Most soils found in the tract are fine sandy E
loams characterized as being extremely stony and _- 40
somewhat excessively drained to well drained, e= __

Small areas of poorly drained and very poorly o_ 20 _ Moist

drained, extremely stony fine sandy loams are
found in some drainageways. Each area has been

assigned to one of four soil moisture classes: 0 _ ',' , , _ , ,= ,
moist (poorly drained), medium (well drained), 2.5 7.5 12.5 17.5 22.5 27.5 32.5 35.0

dry (excessively well drained), and muck (muck Midpoint dbh (cm) =
and seasonally ponded). The distribution of
moisture classes on burned and unburned areas is Figure 1.--Mortality (%) 1926-34 by moisture
shown in Table I. Topography varies from nearly class on the burned portion of Turkey Hill
level to locally steep with occasional rock Tract, Cookaponset State Forest, Ct.
faces. Elevation ranges from 100 to 140 m.a.s.l.

recorded stem position, diameter, crown class,
METHODS ingrowth, mortality, and whether or not the stem

was a member of a sprout clump.

Nine permanent strip transects were estab-
lished at Turkey Hill in 1926. Transects were Stems were divided into three size classes:
402 m lor_ and 5 m wide. Total transect area in- saplings (1.3-9.9 cm dbh), poles (10.0-24.9 cm
ventoried was 1.82 ha. Transects ran north-south dbh), and sawtimber (>_ 25.0 om dbh). Six species
at 100 m intervals. Stone monuments were located groups were recognized: maple (Acer rubrum and A_.
every 40 m along each transect. Strip maps not- sacoharum) ; birch (Betula alleghaniensis, B.
ing the location, species and diameter of all lenta, and B. DaDyrifera); oak (_uercus alba_, _. _
stems > 1.5 om dbh (diameter at 1.37 m above ooocinea, _. _rinus, Q_. rubra, and _. velutina_);
ground_ were made. Stems were mapped by stretch- hickory (Car_.a_y_oordiformis, C_.la_, C. ovate,
ing a 2-chain trailer tape between monuments and and C. tomentosa); mixed commercial (F_s gran-
measuring the distance from the transect center difolia, Fraxinus americana, F_.ni__,
line with graduated polos (Hioock et al 1931). cinerea, Juniperus virginiana, Liriodendron
Since 1926 about 0.22 ha of transect have been tulipifera, _ sl__, Pinus str0bus, Po__-
disturbed by roads or cutting. These areas have !us grandidentata, Prunus serotina, SassafTas
been excluded from the analysis, albidum, Tilia americana, TsuRa oanadensis, and

Ulmus americana); and noncommercial (Amelanchier
In late summer 1932 a fire swept through the arborea, Betula populifolia, _ oarolini-

north and east portion of the tract. About 0.64 ana, Castanea dentate, Comus florida, Ostrya
ha of transect burned. The 1934 post-fire inven- virRiniana). _
tory recorded all post-1926 mortality, diameter
and crown classes of survivors, and any ingrowth Average annual mortality rates are presented
on the burned area. The unburned area was rein- instead of total inter-lnventory mortality losses
ventoried in 1937. Beginning in 1957 both areas because of different time intervals between in-
were reinventoried at 10-year intervals. The ventories and some large density differences be- _
minimum diameter of mapped stems has been I.3 em tween the burned and unburned areas. Because the
dbh since 1957. This and subsequent inventories 1934 survey recorded mortality without noting

its cause, it is impossible to separate pre-fire
and immediate post-fire mortality.

Table I.--Distribution of moisture
classes (ha) on burned and unburned _
transects of Turkey Hill Tract,
Cockaponset State Forest, Ct. RESULTS

Transect Area The fire did not burn with equal intensity

Moisture Class Burned Unburned on all soll moisture classes (Fig. I). In parti-
.......(ha)...... cular, mortality was lower on moist sites than on

Muck 0.00 0.10 medium or dry sites. Mortality on medium and dry
Moist 0.08 0.19 sites was similar except for the larger diameter

Medium 0.44 0.63 classes. Mortality of stems geater than 15 cm
Dry 0.11 0.04 dbh was greater on dry compared to medium sites. _
Combined 0.64 0.96 To simplify presentation all soil moisture

Disturbed 0.10 0.12 classes are combined in the following sections.
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Figure 2.--Annual mortality rates (%) by size class on
burned and unburned portions of Turkey Hill Tract,
Cockaponset State Forest, Ct. First two mortality
rates on burned portions are for years 1926-34 and
1934-57.

As might be expected, post-fire mortality .-_ 4000 _'
was highest for saplings and least for sawtimber o Density /-_ /k UnburnedJ_

(Fig. 2). Since the 1930's mortality rates for _ 5000
/ \

saplings and poles on the unburned and burned E
areas have been similar. After the pulse of fire-
related mortality, mortality rates on the burned _ 2000
and unburned areas have been similar. During >_
1926-34 average annual mortality of sawtimber was
11 times higher on the burned (3.4%lyear) corn- _ 1000@

pared to the unburned (0.3%/year) area in
1926-37. Some delayed mortality of sawtimber is 0

suspected because average annual mortality during _ 26
1934-57 was 2.6% on the burned area compared to _ 24

....... 1.3% on the unburned area in 1937-57. _ 22

E 20
In 1926 density and basal area were similar _'_

for the burned and unburned areas: 2476 stem_lha o 18

and 17.7 m=lha, and 2675 stems/ha and 16.4 m /ha oS 16 _ / L_nU burnedrespectively (Fig. 3). Two years after the fire "6 14
(1934) density was reduced by 84% and basal area m 12 _" I-1Burnedby 38% on the burned area. During 1926-37 den- om 10 , , , , , I

sity on the unburned area fell by only 24% and 1920 1930 1940 1950 1960 1970 1980 1990
basal area increased 17%. During 1937-87 density Year
steadily decreased to 1190 s_emslha and basal
area has increased to 23.6 m /ha on the unburned Figure _.--Density (stems/ha) and basal area
area_ During 1934_57 density on the burned area (m /ha) of stems (> 1.3 cm dbh) by year on
increased to 3976 stems/ha. However, by 1987, burned and unburned portions of Turkey Hill
density on the burned area, 1400 stems/ha, was Tract, Cockaponset State Forest, Ct.
close to the density on the unburned area. Since
1934 basal area increased faster on the burned

than on the unburned portion; by 1977 basal area By 1957 density had increased 2500% for sap-
on the burned portion was greater than on the un- lings and 38% for poles in the burned portion,
burned portion, but decreased 12% for saplings and 24% for poles

in the unburned portion. During 1957-87 the den-
In 1926 the distribution of stems among sity of saplings on the burned and unburned areas

three size classes was similar on the burned and converged. In 1987 sapling density on the burned
unburned areas (Table 2). The unburned area had area was nearly equal to 1977 sapling density on
slightly higher densities of saplings and poles the unburned area. Density of sawtimber on both
than the burned area and a lower sawtimber den- areas has also been converging since the fire.
sity. Fire dramatically shifted size class dis- In 1987 sawtimber density on the burned area ap-
tribution on the burned area. In 1937 on the un- preached the density of sawtimber on the unburned
burned area there were 10times as many saplings area. In contrast, densities of poles have di-
as on the burned area in 1934 due to high sapling verged since the fire; in 1987 there were 50%
mortality on the burned area. In 1937 the un- more poles on the burned as on the unburned area.
burned area had nearly 3 times more poles and 25% The continued increase in the density of poles on
more sawtimber than the burned area had in 1934. the burned area is probably a lag response as
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Table 2.--Density of stems (> 1.3 cm dbh) by year and size
class on burned and unburned portions of Turkey Hill
Tract, Cockaponset State Forest, Ct.

Year

Size class Portion 1926 .......19_71 1957 1967 1977 198_
-(am dbh) ................ (stems/ha)
1.3 - 9.9 Unburned 2128 1405 1241 918 823 766

Burned 1970 140 3637 2082 1269 836
10.0 - 24.9 Unburned 481 524 399 330 291 274

Burned 415 184 253 372 385 426
> 25.0 Unburned 66 100 119 147 143 150
-- Burned 91 80 86 102 112 138

11934 on burned portion.

individual saplings of the numerous post-fire Table 3.--Density (stems/ha) in 1926, mortality
saplings grew into larger size classes. (%) 1926-57 of stems (>I.5 cm dbh) recorded

in 1926 and percentage of those stems which

Poles and sawtlmber stems which survived the had resprouted by 1957 on burned and an-

fire grew faster than comparable stems on the an- burned portions of Turkey Hill Tract, Cocka-
burned area (Fig. 4). During 1926-57 stems which ponset State Forest, Ct.
were poles in 1926 grew an average of 9.8 cm dbh
on the burned area compared to 7.2 cm dbh on the Species 1926 1926-57
unburned area. Since 1957 poles on both areas group Portion Density Mortality Resprout

had approximately equal rates of diameter in- (stems/ha) --(%).... (%)--
crease. During 1926-57 average annual diameter Maple Unburned 418 48.3 8.8
increase of sawtimber which survived the fire was Burned 374 83.9 31.2
0.38 ore;from 1957-87 it was 0.30 ca. During Birch Unburned 474 45.6 1.9
1926-57 average annual diameter increase of saw- Burned 308 82.7 17.9
timber on the unburned area was only 0.18 ca; Oak Unburned 527 61.3 3.3
from 1957-87 it was 0.19 ca. Burned 570 87.8 40.6

Hickory Unburned 90 63.8 5.6
Before the fire most species groups had si- Burned 240 96.2 30.6

milar densities on the burned and unburned areas Mixed cam- Unburned 350 71.4 1.2

(Table 3). Notable exceptions were higher den- mercial Burned 338 96.2 12.0
sity of hickory on the burned area and higher Noncommer- Unburned 816 78.7 2.0
density of birch on the unburned area. These cial Burned 646 99.8 17.3
higher densities may have been related to the
higher percentage of moist sites on the unburned
relative to the burned area. Oak and noncommer-
cial were the most numerous groups on the tract.

The immediate impact of the fire was to
drastically reduce the densities of all species
groups (Fig. 5). The largest reductions were for

50- A Unburned $awtimber _.._ the hickory and noncommercial species groups

which had 94.1% and 99.8% fewer stems in 1934
)<_ than 1926. Other species groups had from 66.0% '

o 40- _ (maple) to 88.5% (mixed commercial) fewer stems. _

"-_ By comparison, density reduction from 1926 _

through 1937 on the unburned area ranged from t!
E 30 39.3% (noncommercial) to only 5.0% (maple).
o

There was evidence that some fire-related
c mortality continued through 1957 in the sawtimber
o 20 []Unburned size class (Fig. 2) Therefore, the comparison !_

Poles O Burned of species group mortality on the burned and un- iI
burned areas included all 1926-57 mortality of

10 ...._ , r , , , ,i
1920 1930 1940 1950 1960 1970 1980 1990 stems recorded in 1926. During 1926-57 mortality

of all species groups was higher on the burned I
Year than on the unburned portion (Table 3). Exclud-

Figure 4.--Average diameter of poles (10.0 - 24.9 ing noncommercial species, mortality on the
cm dbh) and sawtimber (>_ 25.0 om dbh) which burned area averaged 41% higher than on the un-
survived the 1932 fire on the burned and an- burned area and ranged from 17% higher for birch

burned portions of Turkey Hill Tract, Cocks- to 405% greater for hickory on the burned area
ponset State Forest, Ct, compared to the unburned area. _
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Figure 5.--Density of stems (> 1.3 om dbh) by year and
species group on burned and unburned portions of Turkey
Hill Tract, Cockaponset State Forest, Ct.

The percentage of stems which resprouted and Table 4.--Density (stems/ha) of 1957 ingrowth by
survived through 1957 was much higher on the origin and species group on burned and un-
burned than on the unburned portion. On the un- burned portions of Turkey Hill Tract, Cocka-
burned portion resprouting was highest for maple ponset State Forest, Ct.
(8.84) and ranged downward to 1.24 for mixed

commercial species. On the burned portion, for a 1937-57

given species group, the proportion of stems Species Ingrowth originI Sprout
which resprouted ranged from 4 times (maple) to _group Portion Sprout Non-sprout ori_
12 times (oak) higher on the burned than on the ....(stems/ha)..... (_)--
unburned portion. Over 40_ of oak stems which Maple Unburned 95 112 45
died before 1957 had a measurable resprout by Burned 467 218 68
1957 • Birch Unburned 44 29 60

Burned 146 501 23
Recovery after the fire was rapid and by Oak Unburned 22 79 22

1957 all species groups had higher densities than Burned 471 571 45
before the fire (Fig. 5). The density of oak, Hickory Unburned 4 9 31
maple, and birch was at least twice pre-fire lev- Burned 105 162 39
els. Over the same time period densities on the Mixed corn-Unburned 17 33 34
unburned area decreased for most species groups, mercial Burned 101 282 26
The exception was maple which had a small in- Nonoommer- Unburned 108 119 48

crease of 34 stems/ha, cial Burned 46_ _273 ,, 63__

The large amount of ingrowth on the burned 1193_I-57 ingrowth on burned portion.
area resulted from resprouting of pre-1957 mor-
tality and new recruitment (Table 4). Ten times
more oak and 20 times more hickory ingrowth was In addition, the burned area had 492 stems/ha
recorded on the burned than on the unburned area. more oak ingrowth of non-sprout origin than did
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the unburned area. The proportion of all in- oak density in Alabama was higher in a clearcut _
growth that were resprouts of pre-1957 mortality which had been burned than the control clearcut_ ;Ji

was higher on the burned portion for oak, maple, A lag time in which top-killed oak were resprout- _
and noncommercial species. Ingrowth of birch and ing may explain his short-term observation that
mixed commercial (32% Liriodendron tulipifera) on the stocking of oaks over 4.5 feet in height was

the burned portion appeared to be from seed reduced three years after the fire. These find- _i_irather than sprouts, ings do not necessarily conflict with the south-
ern practice of prescribed burning to control

During 1957-87 the trend of decreasing den- hardwood understorles. Research there has indi- i_i__
sities of most species groups was observed on cated more than one fire is necessary to control _
both the burned and unburned portions. Again, hardwoods (Chaiken 1952, Lotti et al 1960). How- il
maple, which increased an additional 28 stems/ha, ever, oak regeneration is not always enhanced by _
was the exception° By 1987 the density of three fire (Teuke and Van Lear 1982, Wendel and Smith
groups (maple, mixed commercial and noncommer- 1986). Therefore, the challenge is to find what
cial) was the same on the burned and unburned factors interact with burning to affect oak re-
portions. In 1987 on the burned area oak and generation density.
birch densities were at the 1957 levels of the

unburned area and hickory density was at the 1937 Delayed mortality of the sawtimber stems has
level of the unburned area. Thus we find that 55 been reported for New York (Swan 1970) and for
years after the fire the burned portion had high- Missouri, Nest Virginia and Pennsylvania (Loomis
er relative and absolute levels of oak, birch, 1973), and may be related to introduction of
and hickory than the unburned portion, disease through fire scars (Hepting 1941). Un-

fortunately, stem defects were not recorded on
Turkey Hill until 1957. Olson (1965) reported

DISCUSSION that codominants and dominants on the burned area

had twice as many stem and crown defects (41%) in
This study indicates that mixed hardwood 1957 as those on the unburned area (20%). How-

stands with abundant oak can quickly recover from ever, the increased percentage of stem defects
a major disturbance such as a summer fire and, does not appear to have adversely affected dia-
after a moderate time period (relative to the meter growth.
lifespan of the dominants and codominants), have
stand characteristics which approach those of Stocking, as defined by Gingrich (1971), on

undisturbed areas. Fifty=five years after the the burned area was 100% before the fire and less iilI

fire the burned and unburned portions could not than 50% after the fire. The increased diameter

be distinguished by either density or basal area growth of poles and sawtimber at Turkey Hill may _i 'r___values. In 1987 densities of maple and mixed be related to the "heavy thinning" effect of the
commercial species groups were similar on the fire. There have been conflicting reports on the _iI'
burned and unburned areas. The major long-term effect of fire on diameter growth of surviving ....i
effect of the fire was to increase oak and hick- trees. Increased growth on surviving stems was
cry by 240%, increase birch by 30%, and decrease observed following a single fire in Pennsylvania
noncommercial species by 50%. Although Turkey (Perry and Coover 1933). Jemlson (1944) reported
Hill has been defoliated at least 3 times since that growth of black oak and white oak was not
the 1950s and there was a decade of drought from affected by wound size, but wounding could de-
the late 1950s through the early 1960s (Stephens crease growth of scarlet oak in the southern Ap-
and Waggoner 1980), the effect of these distur- palachians. Paulsell (1957) reported that dia-
bances has been negligible compared to fire- meter growth of red oak poles was significantly
induced structural changes (Figs. 3 and 5). reduced after two fires at five-year intervals in

the Missouri Ozarks.

Perhaps the most important finding from a
silvicultural viewpoint is the ingrowth and per-

sistence of oak following the burn. In another MANAGEMENT IMPLICATIONS
study in Connecticut oak seedling _ensity in- _i
creased after one prescribed burn. Ten years The long-term consequences of burning of !I
after a fire in Missouri absolute oak density in- mixed hardwood stands with abundant oak in south- i_
creased although the relative amount of oak de- ern New England appears to be a mixture of favor- _
creased (Loomis 1977). In Rhode Island relative able and detrimental effects. On the positive
oak density was twice as high in burned areas side there was a more than two-fold increase in _
compared to unburned areas (Brown 1960)• In West oak and hickory regeneration in the resultant •

Virginia increased oak regeneration on disturbed stand after a late summer fire. Trees which sur-
areas (including lightly burned) was attributed rived the fire grew faster than comparable trees

to increased light (Carvell and Tryon 1961). on the unburned portion. On the negative side ....ii
McGee (1979) reported that relative and absolute there was a large increase in stem defects and !

the resulting cull may have more than offset any ...._
increased growth. From a timber management view- _

3Niering, W.A. 1988. Personal communication, point, it appears that a single late summer fire i
Department of Botany, Connecticut College, New had a neutral long-term effect on the stand .....
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CANOPY INTERACTIONS WITH ATMOSPHERIC

.!
DEPOSITION AT THREE HARDWOOD FOREST SITES

David R. DeWalle

William E. Sharpe

and

Pamela J. Edwards I ii

Abstract.--Annual ion fluxes in bulk precipitation and

throughfall were compared at three deciduous forest sites to

examine the role of hydrogen ions and organic compounds in canopy
cation exchange. Hydrogen ions explained from 31 to 83% of annual
canopy cation losses. Organic compounds played a significant role

in canopy cation exchange as either weak acids or neutral salts,

INTRODUCTION increase concentrations of AI 3�to toxic levels _'_

to trout in soil drainage water reaching streams. _ _'

Loss of base cations from a forest canopy can
be due to H+ exchange, washoff of surface The purpose of this paper is to report the

deposits, or leaching of neutral salts from results of a year-long study of canopy exchange

tissue (Cronan and Reiners, 1983). Hydrogen ions at three hardwood forest sites with varying i_:
from strong acids in atmospheric deposition and fertility on the eastern edge of the Central _i_q
dissociated weak organic acids from the canopy _:i:,Hardwood region in an area with some of t_e
can exchange for base cations from the canopy, highest atmospheric wet deposition of SO4 " and _ _:_
Alternatively, washoff of surface deposited H+ in North America. The objective of the study i_
neutral salts or leaching of neutral salts from was to determine the role of H+ exchange versus _:!i
canopy tissue can represent a major cation loss. washoff and leaching of neutral salts in

Loss of base cations via H+ exchange has been controlling canopy cation losses, with special :_
linked to atmospheric deposition of H + (Price and attention to the role of organic acids. Overall ...._'i
Watters, 1988), while washoff and leaching of biogeochemistry for these sites has been _:_
neutral salts can be largely determined by canopy described by DeWalle et al. (1988) and DeWalle
cation availability, and Sharpe (1985).

Whether canopy cation losses due to elevated ....
H+ deposition may lead to excessive nutrient loss _

and soil acidification is unknown. Canopy cation :_
losses are resupplied from the soil by the THEORY
transpiration stream. If cation supplies from

mineralization of organic matter or mineral
weathering are insufficient to replenish the Two methods can be used to estimate the net

losses, soil acidification could result (Ulrich, flux of H+ involved in cation exchange within the

1983). Reduced soil and plant pH could increase canopy: I) pH measurements and 2) net canopy ion i
availability of heavy metals toxic to plants and balance. By the first method pH differences

between bulk precipitation and throughfall can be

__ used to compute the net H+ flux in the forest •

canopy (FH+) as: ,,__

IRespectlvely, Professor and Associate FH+ - PH%p - TH+t (i) '_ _i:
Professor, School of Forest Resources and _

Environmental Resources Research Institute, The where P is the amount of precipitation i_ cm yr "I
Pennsylvania State University, University Park, T is the amount of throughfall in cm yr "_, and '

PA, 16802, and Research Forester, Forest subscript_ bp and t refer to concentrations of H+ _
Service, Parsons, WV, 26287. in meq L'£ in bulk precipitation and throughfall, _

• 7/
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respectively. Equation (I) assumes no generation Experimental Forest in north central West

of H+ within the canopy from dissociating organic Virginia, and Sand Mountain in central
acids or that organic compounds behave as neutral Pennsylvania. All sites were gently-sloping,
salts. If organic compounds derived from the ridge-top sites in the Appalachian Mountains.

canopy occur as organic acids then an additional Forest on Peavine Hill was dominated by saw-timbe_
H+ flux equal to the net flux of organic anions in sized red oak (Quercus rubra) and black cherry

the canopy (bulk precipitation - throughfall) (Prunus serotina) with a fern and Vaccinium soD.

should be added. Equation I then becomes understory. Fork Mountain forest was also mature,

saw-timber sized and primarily included red oak,

FH+ = PH+bp - T H+t black cherry, and sugar maple (Acer saccharum)
with a dense herbaceous understory. Forest at

+ P IA'Obp[ - T IA'otl (2) Sand Mountain was composed of large-pole sized
chestnut oak (Ouercus prinus) and white Oak

where Ao- represents the organic anion (Quercus alba) with a mountain-laurel (Kalmia

concentration in meq L"I. latifolia) understory. All sites were underlain
by acidic sandstone and shale bedrock. Soils were

The second method of estimating the net flux fine-loamy, mixed, mesic typic Hapludults (Peavine

of H+ in the canopy is the use of an ion balance Hill and Stone Mtn.) and loamy-skeletal, mixed,
suggested by Cronan and Reiners (1983). With this mesic, Typic Dystrochrepts (Fork Mtn.).
method the net flux of cations, excluding H+, in

the canopy (bulk precipitation-throughfall) is

equal to the total canopy exchange by H+ exchange METHODS
as well as neutral salt washoff or leaching. The

part of the cation flux due to neutral salt
washoff and leaching equals the net flux of anions Field

(bulk precipitation - throughfall) in the canopy,
since a charge balance must be obtained between Field methods included biweekly measurement of
cations and anions of neutral salts. The precipitation and throughfall amounts and

remaining cation flux in the canop_ is due to H+ collection of bulk precipitation, throughfall and
exchange. Thus, the net flux of H- by this method wet fallout samples from November 30, 1983 to

November 14, 1984. Precipitation amounts were

becomes measured in standard non-recording rain gauges in

C+bp forest openings near each site. ThroughfallFH+ = (P T C+t ) - (P _A-bpl amounts were collected beneath the forest canopy
with plastic rain gauges randomly located at ten

- T _Aitl) (3) points at Peavine Hill and five locations at each

or, by rearranging of the remaining two forest sites.

Bulk precipitation and throughfall samples for

FH+ = (P C+ " IA-I)bP chemical analysis were collected using composite
samples from 17-cm diameter plastic funnels during

- T (C+ - [A'I) t (4) the growing season. Twelve funnels were employed

where C+ is the base cat_on sum and A" is the at Peavine Hill and three funnels were employed at
anion sum both in meq L"_. If organic anions are each of the other two sites. During winter, four
assumed to be derived from neutral salts, the 36-cm W x 52-cm L x 52 cm-D plastic tubs were used

anion sums in Equations 3 and 4 represent total to collect bulk precipitation at Peavine Hill and
one tub at each of the remaining two sites.

anions and Equation i above pertains. If organic
compounds exist as weak acids, then the anion sums

in Equations 3 and 4 represent only inorganic Laboratory
anions and Equation 2 must be used.

Standard methods (EPA, 1983_ were emploved for
z+ z+ • +

wa_er anlyses. Analysis for Ca , Mg , Na , K ,

Ideally the ionic concentrations in wet plus Mn Z+, AI j `Zn Z+ were conducted using atomic
dry fallout should be used in the foregoing
calculations, rather than bulk precipitation absorption spectrophotometry, NH4 + and NO 3-
concentrations. However, no reliable method is analyses were conducted using a Technicon

available to continuously measure dry deposition autoanalyzer, S04 _" was analyzed using both the
turbidimetric method and chromatography (Dionex),inputs. Since bulk precipitation flux does

include some inputs from larger particulate dry CI- was analyzed using both a chloride titrator
and chromatography (Dionex), and pH was measureddeposition (Lindberg et al., 1986), it is used

here as the best available estimate of total using an Orion lonanalyzer. Further details are

atmospheric deposition, given in DeWalle, et al. (1988).

Lower canopy tree leaves of species common to

STUDY SITES all sites were collected in August 1984 for
chemical analysis. Three composite samples from

The three deciduous forest sites studied were leaves of at least ten trees of each species were
Peavine Hill on Laurel Mountain in southwest digested and analyzed using inductively coupled

Pennsylvania, Fork Mountain on the Fernow plasma emission spectroscopy for total K, Ca, and
• Mg content.
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Computations Table I. Ion and Water Fluxes at Three Deciduous Forest Sites for November
1983 to November 1984

Annual net flux of H+ using Equations I and 2

were computed using annual ion fluxes. Due to the Flux PeavineHill ForkMtn. SandMtn.
limited number of throughfall collectors used in

the study, emphasis was placed on annual ion (meqm "2 yr "l)

fluxes. Annual ion fluxes were computed as the catlonsl/
product of mean biweekly ion concentration for the bulkprecip. 130 160 142

through fall 188 286 191

one-year period and the measured precipitati'on or
throughfal I totals. Anions

bulk pr_clip .
total _ -288 -257 -230

organic 3-/ -8 -12 -II
Organic anion concentrations were computed as

the difference between all measured cations minus throughfall
total -309 -337 -264

all measured anions. As a check on this organic -19 -50 -23

procedure, mean annual organic anion H+

concentrations for bulk precipita{ion computed in bulk precip. 158 97 88
this manner of 5, 8, and 9 _eq L" at Peavine (p_) "(4.00) (4.21) (4.16)

throughfall 120 51 74

Hill, Fork Mountain and Sand Mountain, (p,> (4.05) (4.40) (4.19)

respectively, were found to agree well with (cmyr"I)
organic anion concentrations of 6.8 to 14.9 _eq Water

L"_ found in NADP wet deposition samples by Keens preclpitationthroughfall 134157 127156 115128
and Galloway (1984). Thus, this procedure was
deemed reasonable, i/ C_2+ u_2+ Na + K+ NN + ._2+ ._3+ . 2+, n_ , ' ' 4 , nn _L , &n

2/ S042", NO 3", Cl', organic anions

_/ organic anions estimated as cations including H+ minus anions

RESULTS AND DISCUSSION

Table 2. Canopy Exchange of Hydrogen Ions Using
Two Scenarios for Or_nic Compounds and Two

Ion and water fluxes at the three forest sites _s=Ima=ionMa=hoda

for the November 1983-84 period are given in Table

i. Bulk precipitation deposition of H+ at Peavine s,= FluxI/ PeavlneHill Fork Mtn. SandMtn.
Hill was 63% greater than that at Fork Mountain ....

and 79% greater than that at Sand Mountain (meqm"2 yr "I)

primarily due to lower precipitation pH at Peavine OrganicCompoundsasNeutral SalON
Hill. Bulk precipitation of other cation and

anion sums were similar among sites. Throughfall 1.Ne_.+ flux fro,. ton bal ....

flux of H+ was also greater at Peavine Hill again _a.eca=*ons -gS -126 .49
Neutral salts -21 -80 -34

due to lower pH. Throughfall flux of other cation .+ 37 46 is

and anion sums was greater at Fork Mountain. , 2. N,t ,+ fluxfro-, pHmeasurem,nt 38 4_ 14
apparently due to greater canopy washoff, leaching
•'and/or H+ exchange. Regardless, canopy water at OrganicCompoundsas WeakAcids
all sites remained relatively acidic with the 1. Na=,+fluxfromion balance

maximum pH of 4.40 occurring in Fork Mountain sss, ca=Ions -58 -126 -49 _.
throughfall. Neu=ral salts -I0 -42 -22 _i.,

H+ 48 84 27 i

The assumed role of organic compounds had a 2.NetH+ frompHmeasurement

profound effect on the computed net fluxes of H+ pH measurement 38 46 14
in the canopy (Table 2). If organic compounds act O+rganlo acids _/_ _

as weak organic acids, then the computed H+ flux 49 s4 26

in the canopy is greater and equivalent to a I/Netflux-bulkprecipitation-throughfall
larger fraction of total canopy cation loss than

for the neutral salt scenario. For example, Excellent agreement was indicated between

-computed net H+ exchange at Peavlne Hill, Fork methods for computing the H+ flux in the canopy
;Mtn. and Sand Mtn. equals 83, 67, and 55% of total

(Table 2). Ion balance estimates2base_ upon
•canopy cation losses, respectively, with organics Equation 4 agreed within 1 meq m" yr" with

"acting as a weak acid. These percentages reduce estimates based upon pH measurement (Equation i or S_
to 64, 36, and 31% at Peavine Hill, Fork Mtn. and 2). _
Sand Mtn., respectively, if organics act as

!
neutral salts. Cronan and Reiners (1983) found H+ Results suggest that annual canopy cation

'exchange only explained 20% of canopy cation losses due to H- exchange do not vary simply with ii
losses in a northern hardwood forest in New annual total H+ deposition in bulk precipitation.
Hampshire with little or no organic anion _

The gr_ates_ H+ exchange in the canopy (46 or 84
contribution. Their results compare more meq m -" yr "_) occurred at Fork Mountain where h,lk

the neutral salt scenario in this :precipitation deposition of H+ (97 meq m "2 yr -I)
true role of organics can not be was intermediate in rank among the three sites ....

Similarly, ma_imumlH+ deposition at Peavine Hill "_iof 158 meq m" yr" was associated with

int?rmediate canopy H+ exchange (38 or 49 me- 2
-_ . + _ m-

yr ). However, minimum H deposition did

,<
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Correspond to minimum H+ canopy exchange at Sand ACKNOWLEDGMENTS
Mountain. Although H+ deposition probably

directly influences canopy H+ exchange, other Research was supported by funds provided by
factors, such as cation availability in the the Richard King Mellon Foundation; USDI _,

°canopy, also probably play a role. Geological Survey, as authorized by the Water
Resources Research Act of 1984; and USDA, Forest

Total content of K, Ca, and Mg in tree leaves Service, Northeastern Forest Experiment Station.

comprising the canopy at these three sites (Table
3) helps to explain canopy H+ exchange. The

generally higher total tree leaf content of K, Ca,
and Mg at Fork Mountain may have led to greater LITERATURE CITED
availability of these cations for exchange with H+

at this site than the other two sites. Thus H+ Cronan, C. S. and W. A. Reiners. 1983. Canopy

exchange for cations in the canopy at Fork processing of acidic precipitation by
Mountain could be more efficient. Indeed, over coniferous and hardwood forests in New

one-half of H+ in bulk precipitation was exchanged England. Oecologia 59:216-223.
in the canopy at Fork Mountain. In contrast, tree

leaves at Peavine Hill had the lowest total K, Ca, DeWalle, D. R. and W. E. Sharpe. 1985.

and Mg content (Table 3) which contributed to Biogeochemistry of three Appalachian forest
reduced canopy H+ exchange and the fact that only sites in relation to stream acidification.
about 23-30% of H+ from bulk precipitation was Environmental Resources Research Institute,

involved in canopy exchange. At Sand Mountain The Pennsylvania State University, University.
tree leaf K, Ca, and Mg content was intermediate Park, PA, Final Report, 36 p.
among the three sites and the fraction of H+ from

bulk precipitation involved in canopy exchange DeWalle, D. R., W. E. Sharpe and P. J. Edwards.

(16-31%) was similar to that at Peavine Hill. 1988. Biogeochemistry of two Appalachian
deciduous forest sites in relation to

episodic stream acidification. Water, Air_
Table 3. Mean Chemical Composition of _wer Canopy

Tree_ .....t_ree F....tSlteslnAugust1984 and Soil Pollution 40(1/2):143-156.

Tree Species n Element PeavineHill ForkHtn. Sand Mtn. Environmental Protection Agency. 1983. Methods
(_) (_ c_ for Chemical Analysis of Water and Wastes,

Pru,_ss_r0t_a 3 K 1.63aI 2.47b EPA, Environmental Monitoring and Support
ca 0.9s• 1.28b Lab. , Office of Research Development
Mg 0.28 a 0.68 a

Cincinnati, OH.
Ouercus pr_n_9 3 K 0,81 a 1.37 b 1.05 c

Ca O._9 a 0.61 b 0.79 c

_g 0.10e 0.20b 0.1S_ Keene, W. C. and J. N. Galloway. 1984. Organic

_ 3 K 084b 1.35b 0.94b acidity in precipitation of North America.
Ca 0.49 a 0.79 b 0.75 e Atmos, Environ. 18(11) :2491-2497.
Mg 0.09 a 0.18 b 0.15 c

IHeans in the same row followed by the same letter Price, A. G. and R. J. Waiters. 1988. Seasonal

, are not significantly different between sites at the fluxes of some ions through the overstory,
95%confid.... level, underbrush, and organic soil horizons of an

aspen-birch forest. Water Resour. Res.
24(3):403-408.

CONCLUSIONS
Ulrich, B. 1983. A concept of forest ecosystem

Hydrogen ion exchange explained 31 to 83% of stability and of acid deposition as driving
total annual canopy cation exchange at three force for destabilization, p. 1-29. In B.
deciduous forest sites. High canopy H+ cation Ulrich and J. Pankrath (ed.) Effects of

Accumulation of Air Pollutants in Forest
exchange was associated with both high tree leaf
total K, Ca, and Mg content and high H+ depositio_ Ecosystems. D. Reidel Publ. Co.,'Dordrecht,

in bulk precipitation. Assuming organic compounds Holland, 389 p.
acted as weak acids also increased the magnitude

of the computed H+ exchange. Annual canopy H+
cation exchange was equivalent to 29 to 86% of

annual H+ in bulk precipitation for these stands;

suggesting that a varying proportion of changes in
H+ deposition from the atmosphere would be
translated into canopy H+ cation exchange.

The role of organic compounds in canopy cation

exchange was important, but ambiguous. As either
a weak acid or neutral salt, organic compounds
could have contributed from 19 to 30% of annual

canopy cation exchange.
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EFFECTS OF FOREST FERTILIZATION ON SELECTED ION

1
CONCENTRATIONS IN CENTRAL APPALACHIAN STREAMS

J. D. Helvey 2

J. N. Kochenderfer

P. J. Edwards

Abstract.--Two small forested watersheds were ferti-

lized in April 1976 with 336 kg/ha N as ammonium nitrate and

224 kg/ha PpO_ as triple superphosphate in order to determine
fertilizatiSn_effects on streamflow chemistry. Specific
conductance and the concentration of nitrate-N and calcium in

streamflow increased dramatically after fertilization. After

reaching maximum concentrations in October 1976, fertiliza- o
tion effects declined gradually and concentrations were

elevated only slightly in July 1979 when intensive sampling

ended. _ii

INTRODUCTION Effects of fertilization on growth rates were
reported by Lamson (1980) and effects on leaf _

Modern agriculture requires the use of in- production were reported by Kochenderfer and !

organic fertilizer to maximize crop yields. Wendel (1982). This paper reports the effects
Since the demand for all forest products is of fertilization on streamflow chemistry and i!

expected to increase during the next few decades defines the duration of those effects.
(USDA For. Serv. 1982), foresters naturally ask

if fertilization will increase the growth rate of _

trees. Forest fertilization is a relatively new THE STUDY AREA ij
management practice that is limited to areas •
where potential growth is greatest. Operational The study was conducted on the Fernow
forest fertilization began in the Pacific North- Experimental Forest in the central Appalachian

west in 1965 and in the southeastern pine region Mountains near Parsons, West Virginia. Two pairs _!
in 1968 (Moore and Norris 1977). Nitrogen and of small adjacent watersheds were chosen: one

phosphorus usually are applied because the major pair had a southern exposure and one pair had a _ _
coniferous timber types have responded best to northwestern exposure (Fig. I). Slopes are steep, %
these two nutrients (Ballard 1984). averaging 30 to 40 percent, and average elevation

is 610 m. The soils are Calvin channery silt

A study of forest fertilization in the foams (loamy-skeletal, mixed, mesic, Typic

central Appalachians began in 1973 on the Fernow Dystrochrept). These soils are well-drained and
Experimental Forest near Parsons, West Virginia. strongly acidic, with moderate permeability.

Studies were imposed to determine nitrogen and
phosphorus fertilizer effects on: (I) Overstory Vegetation is dominated bysecOnd growth h_rd-

and understory growth rates; (2) Leaf size and woods with a scattering of older trees that were
annual leaf litter production; (3) Selected left after logging between 1900 and 1910. The
chemical characteristics of streamflow, most abundant species on the northwest-faclng i

watersheds were American beech (Fagus _randifolia _
Ehrh.), northern red oak (Quercus rubra L.), sugar

Ipaper presented at the 7th Central Hard- maple (Acer saccharum Marsh.), sweet birch (Betula
wood Forest Conference, Southern Illinois Univ., lenta L.) and red maple (Acer rubra L.). On the _
Carbondale, Illinois, March 5-8, 1989. south watersheds, northern red oak, chestnut oak _i

(Quercus prinus L.), red maple, white oak (Quercus

2The authors are research foresters with the alba L.), sugar maple, and sweet birch were most

Northeastern Forest Experiment Station, Forest abundant. Basal area of all trees larger than _
Service, U.S. Department of Agriculture, Timber 12.5 cm in diameter (measured at approximately ._

and Watershed Laboratory, Parsons, West Virginia 140 cm above groundline) averaged 24.1 m2/ha on
the south-facing watersheds and 22.9 m2/ha on the

26287. northwest-facing watersheds. •
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The watershed pairs were calibrated for selected
/ 2-20F _ I0-22c _'.. stream chemical constituents over a 33-month period:

....w_._u,_ on April 28 and 29, 1976, one of the northwest-
• W,_k_,o.o_ facing watersheds (northwest-fertilized) and one
_,eam_mp,,g_,I of the south-facing watersheds (south-fertilized)

i I J were treated with 336 kg/ha N as ammonium nitrate
i o 0.2 0.4km and 224 kg/ha P205 as triple superphosphate. The

\,....._,, choice of these fertilizers and application rateswas based on research by Auchmoody and Filip (1973).
They measured a significant growth increase by

_> northern red oak and yellow-poplar after a similar

_i application of fertilizer to a mixed hardwood stand

on the Fernow Experimental Forest. A grid of

,,,,__1,,> .... WATE_HEDK_ 30.5 X 30.5-m squares was established on the
N_m_r _(_.) Tr_ment fertilized watersheds, and a premeasured amount

_1 4.1 m*,_r_m(F) of fertilizer was hand-broadcast with cyclone
.......... "_:',_ ./ _2 2.6 reml_(r)

"5-3 o._:.... ,/ _3 4.2 _wn_r_m(C) seeders onto each of these squares. This proce-

/" _4 2.6 Control_) dure provided an even distribution of fertilizer.

2-20 3,2 Feell_(_ Care was taken to avoid applying fertilizer directly
1_21 15.2 _wnMreom(C) into the streams. The two untreated watersheds

I_22 3.8 ¢_mtrol(C) (northwest control and south control) were main-
2 m.4 _,,_,_m(_) tained in their natural condition.

Routine grab sampling continued on each of the
4 subwatersheds and 4 downstream locations through

Figure l.--Location and relative size of water- April 1979. Watersheds 5-2 and 5-4 were sampled
sheds in this study, biweekly in 1986 and 1987 to determine whether

fertilization effects had disappeared.

Annual precipitation is distributed evenly The samples were analyzed at the Northeastern

between the dormant and growing seasons, averaging Forest Experiment Station's Timber and Watershed
148 cm on a nearby control watershed for a 29-year Laboratory in Parsons. The 1973-79 calcium,
period. Annual runoff from the control watershed sodium, magnesium, and potassium determinations

for the same period averaged 63.5 cm, 15.2 cm were made with a 390-B Perkin Elmer atomic

during the growing season and 48.3 cm during the absorption spectrophotometer. Nitrate and phos-
dormant season. Potential evapotranspiration on phate were determined colorimetrically with a

the Fernow Experimental Forest was estimated at Bausch and Lomb Model I0 spectrophotometer and
55.9 cm per year (Patric and Goswami 1968). Nitro Ver IV andPhos YerIIl_owde_ pillow chemi_cals,

respectively (Hach Chemical Co. 1975). Sample pH

and conductivity were determined with a Model I0

METHODS Corning meter and Industrial Instruments Solu-
Bridge meter, respectively. Samples collected in

Streamflow was measured at the mouth of each 1986 and 1987 were analyzed as follows: Anions:

watershed with a sharp-crested V-notch weir and Dionex Model i0 ion chromatograph; Cations: Model

FW-I water-level recorder. Monthly streamflow 503 Perkin Elmer atomic absorption spectrophoto-

volumes were summarized by computer at the meter; pH: Altex digital pH meter; conductivity:
Coweeta Hydrologic Laboratory at Otto, North Markson Model 1096 digital meter. Comparison tests
Carolina. between each old and new instrument indicated good

agreement between each pair.

Each stream was grab-sampled with plastic
bottles just upstream from the weir beginning in For this paper, stream-chemistry data were

August 1972. Samples usually were taken every analyzed by plotting average monthly concentrations

7 days; however, some sampling periods were of each constituent over time. No statistical
slightly longer or shorter depending upon accessi- tests for fertilization effects were performed.

bility, weather, etc. No sampling periods were Instead, graphs are used to illustrate changes in
shorter than 5 days or longer than 9 days, and all stream chemistry caused by fertilization.

streams were sampled on the same day. To assess
the downstream dilution effect of fertilization on

stream chemistry, samples also were collected RESULTS AND DISCUSSION
downstream from both subwatershed pairs (Fig. i).

The drainage area of the downstream sampling point A graph for each constituent that was affected
below the south fertilized watershed is about 15.4 by the fertilizer is presented. Where both ferti-

ha and the distance is about 450 m. Comparable lized watersheds responded about equally, results
area and distance downstream from the northwest- from only one fertilized watershed and its control

fertilized watershed is 4.1 ha and 150 m. are presented. Downstream dilution effects are
illustrated with graphs that show concurrent con-
centration at the outlet of the fertilized water-

shed and the sampling site downstream.
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Specific Conductance. Before fertilization, 13 mg/l on October 4, 1976. Nitrate-N concentra-
specific conductance of streamflow from both water- tions increased and decreased in response to
shed pairs was similar, averaging about 28 _S/cm. increases and decreases in flow rate from October

Monthly streamflow was low during the first 5 1976 to April 1978. After April 1978, concentra- L!
months after fertilization (Fig. 2). In October tions decreased gradually and were only about io0

1976, streamflow increased in response to abundant mg/l when the intensive sampling ended in 1979. j
rainfall, and specific conductance of streamflow In 1986 and 1987, nitrate-N was slightly higher in

from both fertilized watersheds increased to 140 the fertilized (0.9 mg/l) than in the control

_S/cm (Fig. 3). Average monthly conductance (0.5 mg/l) streams; however, these differences are
fluctuated in response to monthly streamflow during small when compared to the magnitude of the

the 1976-77 dormant season. Conductance decreased nitrate-N values immediately following fertilization.
gradually after November 1977; when the study ended

in 1979, conductance of the fertilized streams 180
averaged about 40 pS/cm, about I0 _S/cm greater
than that of the controls. In 1986 and 1987, I

streamflow conductance from both fertilized and j]WATERSHED

5-2 (Tr_t_)
control watersheds averaged about 32 _S/cm, indi- _ 140 5-4(C0ntr01)
cating that the effects of fertilization on stream E

chemistry had essentially disappeared.

k

z

o

= 8 _ ___...,_....-_____.....,/X,,.:......"'"""v......................
! i | i

S _ _ 1973 1974 1975 1976 1977 1978 1979

< _ YEAR
Figure 3.--Average monthly conductivity (_S/cm)

of streamflow from Watersheds 5-2 and 5-4.

Specific conductance of Watersheds 2-20 and

10-22 responded similarly.0 i i i i , i i
1972 1973 1974 1975 1976 1977 1978 1979

Y_R 10
:!i

Figure 2.--Measured monthly streamflow from _i

control watershed on Fernow Experimental J WAERSHED i ill 2ii

Forest from 1973-79. _ 8 _ 5-45-2(C_trol)Ur_t_) ,_

Although specific conductance is a sensitive

indicator of total dissolved solids, it gives no z 6
indication of the concentration of individual ions. _ _

Thus, results for specific conductance indicate o '- V |
major changes in ionic strength of stream water _

L
after fertilization. On the basis of previous Zl 4 _ IA

research (Aubertin et al. 1973), we expected major _wchanges in streamflow concentrations of nitrate- _
nitrogen and calcium after fertilization, z 2 @

Nitrate-Nitrogen. Nitrate-N responded in a similar ] _ A _ _ -"
fashion to specific conductance (Fig. 4). Concen- .,_ /i......j_\_...'\.,,_
trations increased from both fertilized watersheds 0 . ' v"i"/":'"'I "''""I'"'
5 months after fertilization. Maximum monthly 1973 1974 1975 1976 1977 1978 1979
concentrations were 8.5 and 7.3 mg/l on the north- Y_R
west-facing and south-facing fertilized watersheds,
respectively. _

Figure 4.--Average monthly streamflow concentra-

Maximum concentration of individual stream tions of nitrate-nitrogen (mg/l) from Water-

samples from the south-facing fertilized watershed sheds 5-2 and 5-4. Nitrate-N concentrations
was II mg/l on September 27, 1976, and the maximum of streamflow from Watersheds 2-20 and 10-22

from the northwest-facing fertilized watershed was responded similarly.
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Calcium. Calcium concentrations increased sharply 0.3
about 5 months after fertilization (Fig. 5). After

the peak in October 1976, concentrations decreased

rapidly until the growing season of 1977 began, _ II_WATERSHED

then decreased gradually for the remainder of the _ 5-2@r_)
study. When the study ended in 1979, calcium ,EE _4(_tr01)

levels were still about 1 mg/l greater than before _ 02
fertilization. In 1986 and 1987, average concen- D _
tration of calcium in streamflow from fertilized o i_ =

and control watersheds was the same (1.9 mg/l). _ i_
O i

12 _ 0.1
I

A
o ..; , '_ _V_;_ . B_

10 _2_r_)
5-4 (_|rol) _ .A......

_"8 0 "l' '
._ 1973 1974 1975 1976 1977 1978 1979

E E YEAR
v

6

_ \ Figure 6.--Average monthly streamflow concentra-

tions of (mg/l) from Watersheds 5-2 and
4 PO4-P

5-4. There was no obvious effect of fertili-
zation.

2 A
,. ,, _,.. .... >_ ._ _,,.,, _.,/ _./ ............•........

The fertilizers caused lndlrect effects on

ionic outputs. Calcium concentrations increased
0 ..... , I ' i ' I ' 't ' i ' _ '

1973 1974 1975 1976 1977 1978 1979 within a few months after fertilization, and levels
remained elevated for more than 3 years. Changes

Y_R In other constituents including pH, magnesium, and

Figure 5.--Average monthly streamflow concentra- sodium were small. Briefly, when excess ammonium
tlons of calcium (mg/l) from Watersheds 5-2 nitrate is applied to an ecosystem, the ammonium is
and 5-4. Calcium concentrations of streamflow oxidized by microbes to produce nitrate (Carlyle

from Watersheds 2-20 and 10-22 responded 1986), which is more mobile than ammonium. Also,

similarly, production of hydrogen ions during nitrification
can lead to increased cation loss and can increase

the concentration of base cations in solution as a

Phosphate-phosphorus. Since 224 kg/ha of P205 result of cation exchange (Carlyle 1986). These
were applied to the watersheds, sCreamflow was anlon/catlon processes probably were responsible

monitored for changes In concentrations of PO4-P. for the observed increases in nltrate, calcium,
Before fertilization, concentrations of all sampled and potassium concentration, and the slight

streams averaged about 0.05 mg/l PO4-P. There were decrease in streamflow pH levels.
no obvious changes in concentration after fertili-
zation (Fig. 6). Thls result was not surprising Although concentrations of some ions increased
since other studies (Black 1968; Tiedemann et al. following fertilization, water quality remained

1978) reported a low degree of mobility for PO4-P. within drinking water standards (Public Health
In acidic forest soils, phosphorus leaching is Serv. 1962) except for 3 weeks in September and
minimal, even after fertilization, because most of October 1976 when NO3-N concentrations exceeded

the phosphorus is quickly immobilized via solu- the lO-mg/l standard. Even these excessive con-

bility reduction reactions involving aluminum and centratlons decreased to acceptable levels as the
iron (Black 1968; Khanna and Ulrlch 1984). Some water flowed several hundred meters downstream

added phosphorus also may have been assimilated where it became dlluted with water from unfertili-
immediately or over tlme by microorganisms or zed areas. Thus, forest fertilization in the

vegetation, hardwood type of the central Appalachians seems an
acceptable practice with regard to water quality.

Other Chemical Constituents. Average annual pH
of streamflow from the fertilized watersheds Downstream Dilution. Downstream effects are

decreased from 5.3 before fertilization to 5.05 important considerations of forest management

during the first year after fertilization. During activity on a headwater stream. Since nitrate is
the last year of intensive sampling, pH averaged an important ion from the standpoint of municipal

water supplies and human and domestic animal con-5.2. The concentrations of potassium, sodium, and

magnesium increased slightly after fertilization, sumptlon, only the downstream effects on NO3-N
However, because the magnitudes were small, no are presented (Fig. 7). On the northwest-faclng

figures are presented here. watersheds, nitrate-N concentrations were diluted
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downstream as water from unfertilized areas mixed Ballard, R. 1984. Fertilization of plantations_

with water from the fertilized watershed. As In: Nutrition of plantation forests.

expected, downstream dilution was greater on the Bowen, G. D., and E. K. S. Nambiar, eds.
south watershed because the unfertilized drainage Academic Press, New York. 516 p.
area and resulting streamflow volume were approxi- \_

mately 3 times greater than for the northwest- Black, C. A. 1968. Soil plant relationships.

facing watersheds (Fig. I). John Wiley and Sons, New York. 792 p.

101 Carlyle, J. C. 1986. Nitrogen cycling in forested

I

I ecosystems. For. Abstr. 47(5): 307-336.
WATERSHED

8 _:_I(_I_) Hach Chemical Company. 1975. Hach water and

_-_3(_wn_rl) wastewater analysis procedures manual. Hach
E " Chemical Co. Ames Iowa. 186 p.

z6 _

_ _ Khanna P H. and B. Ulrich. 1984. Soil charac-
o ._ _. '" '

teristics influencing nutrient supply in

z 4J ©/ _ i /i/ _/_ forest soils. In: Nutrition of plantation_ "i ' forests. Bowen, G. D., and E. K. S. Nambiar,
_ !!i eds. Academic Press, New York. 516 p.

2 . IA i :-."V \
::,, :=:: ": Kochenderfer, J. N., and G. W. Wendel. 1982.

A
/ / __A • _I_, _ _ _-''-'_ Effects of fertilization and aspect on leaf

?V !A _-_ /_ _'\ " biomass, leaf size, and leaf area index in

0 vl"v'_'"'i" ' I......' • central Appalachian hardwood stands. Muller,
1973 1974 1975 1976 1977 1978 1979 Robert N., ed. In: Proc., 4th central hard-

YEAR wood for. conf. Nov. 8-10, 1982, Lexington.

University of Kentucky, Lexington. p. 102-112.

Figure 7.--Average monthly streamflow concentra-
tions of nitrate-N (mg/l) from fertilized

Watershed 5-2 (top graph), Watershed 5-1 Lamson, Neil I. 1980. Effects of fertilization on
located about I00 meters downstream of ferti- four species in mature Appalachian hardwood

lized area (middle graph), and Watershed 5-3 stands. In: Proc., 3rd central hardwood for.
control (bottom graph), conf. Sep. 16-17, 1980, Columbia, Missouri.

p. 449-457.

CONCLUSION Moore, Duane G., and Logan A. Norris. 1977. The
use of fertilizers and pesticides in forest

Stream-water chemistry was affected more by management and their impact on water quality.
ammonium nitrate than by the triple superphosphate Aubertin, G. M., ed. In: Proc., "208"

fertilizer. Nitrate-nitrogen concentrations symposium on non-point sources of pollut.
increased sharply following fertilization, and from for. land. Southern Illinois Univ., Dep.

these elevated levels remained for more than 3 Forestry, Carbondale, Illinois. p. 233-255. _;,i
years on both the northwest-facing and south-facing _

slopes. By contrast, phosphate output levels i_

showed no obvious changes as a result of fertiliza- Patric, James H., and Niranjan Goswami. 1968. _

tion. Evaporation pan studies--forest research at _
Parsons, WV. Agric. and For. 1(4): 6-10.
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HYDROLOGIC IMPACTS OF MECHANIZED SITE

PREPARATION IN THE CENTRAL APPALACHIANS 1

J. N. Kochenderfer 2

J. D. Helvey

Abstract.--The effects of mechanized site preparation

on sediment yield, streamflow chemistry, water temperature,
and water yield were evaluated for a 4-year period on a 28.6

acre watershed. Annual sediment yields were slightly higher
after site preparation, but not enough to be statistically

significant (0.05 level). Growing season streamflow in-
creased by 3.9, 2.8, and 1.5 inches during the first, second,

and third growing seasons after the treatments, respectively.
Nitrate concentrations of streamflow increased slightly, but

stream temperature did not change.

INTRODUCTION The objective of this study was to evaluate
the hydrologic responses of mechanical site

While mechanical site preparation is common preparation on an Appalachian watershed.
in the South prior to planting pine species,

similar methods are relatively new in the central
Appalachians. Foresters are concerned that this THE STUDY AREA
method will increase erosion and cause other

environmental problems on the steep slopes of the Two watersheds were used for the study, both
central Appalachians, where annual precipitation in the unglaciated Allegheny Plateau region of

averages 50 to 60 inches. During mechanical site north-central West Virginia, within a 10-mile
preparation, the surface litter layer is commonly radius of Parsons. One of the watersheds was

removed or displaced and surface soil may be treated (Clover) and the other retained as a
pushed into windrows. Douglass and Goodwin (1980) control (Fernow). Precipitation is distributed
believed it is one of the most severe practices evenly between dormant and growing seasons on

applied to forest land. Mechanical site prepara- both watersheds; the annual average is 58 inches

tion commonly exposes soil on 50 percent or more at Fernow, 61 inches at Clover. Annual runoff
of treated areas. Thus, disturbance is much from the Fernow watershed for the same period of

greater than the i0 percent required for roads record averaged 28 inches, 8 inches during the
and landings where wheeled skidders are used for growing season and 20 inches during the dormant

timber harvests in the central Appalachians season.
(Kochenderfer 1977). The large percentage of

soll exposure associated with mechanical site The Clover watershed (28.6 acres) has a
preparation, when combined with soil compaction, southern aspect and an average slope of 25 per-

can lead to sediment-producing overland flows and cent. The predominant soil is Calvin channery
large increases in stormflow volumes (Ursic and silt loam (loamy-skeletal, mixed, mesic Typic

Douglass 1978). Dystrochrept) underlain with fractured sandstone
and shale of the Hampshire formation (Losche and

1 Beverage 1967). It is rated as having a moderate
Paper presented at the 7th Central Hardwood erosion hazard (Losche and Beverage 1967). The

Forest Conference, Southern Illinois University, Clover watershed was farmed for many years before

Carbondale, Illinois, March 5-8, 1989. 1930 (Lima and Patric 1978). After farming ended,

2The authors are research foresters with the natural revegetation by poor-quality hardwoods
proceeded until this study began in 1983. Past

Northeastern Forest Experiment Station, Forest erosion is visible on the upper slopes. Colluvial
Service, U.S. Department of Agriculture, Timber

soil deposits along the stream apparently were
and Watershed Laboratory, Parsons, West Virginia eroded from upper slopes during the many years of
26287. cultivation. Even before site preparation, the

silted stream channel was unstable, with a notice-
able lack of rock. Stream banks were raw and

eroding in several places.



The Fernow watershed (96 acres) which faces provides reasonable results. Simple linear re-

southeast has not been disturbed since the origi- gressions of quarterly losses from the control
hal timber was removed between 1905 and 1910, (independent variable) and treated watershed (de-

except for a road constructed along its upper pendent variable) were tested for common slopes
boundary in the 1930's. Common tree species are and intercepts for before-treatment and after- _j

yellow-poplar (Liriodendron_ L.), sugar treatment periods.
maple (Acer saccharum Marsh.), and northern red
oak (Quercus rubra L.). The predominant soil also
is Calvln channery silt loam. The stream channel STREAM TEMPERATURE
is well armored with sandstone rock and stream

banks are protected with vegetation. A maximum and minimum thermometer was placed
Just above the weir in each stream. Weekly
maximum and minimum temperatures were recorded for

METHODS both watersheds during several years prior to site

preparation. Records for the first 2 years after

Streamflow and Sediment Loss site preparation were tested by regression analy-
ses to determine whether weekly stream maximum

Streamflow was measured with 120 ° V-notch temperature during the growing season (May-Oct)

weirs. Each weir was equipped with an FW-I water- and minimum temperature during the dormant season
level recorder and a Coshocton wheel sediment (Nov-Apt) changed after site preparation.

sampler which diverted 0.5 percent of the total

flow into a 600-gallon storage tank. Two samples
from each tank were taken weekly during base flow WATER YIELD
and before the tanks overflowed during storms.

Tank contents were agitated vigorously while two The paired watershed technique was used to

800-ml samples were collected from a spigot on determine site preparation effects on growing-
the bottom of the storage tanks. These samples and dormant-season water yield. This procedure

were vacuum-filtered in the laboratory to deter- has been described many times in the literature.
mine sediment concentrations (mg/l). A unique feature of this study is the distance

(about 12 miles) between the control and treated

Yield of suspended sediment was computed as watersheds. Storms, especially during summer

measured streamflow for the sampling period months, do not always occur equally on both water-

multiplied by average sediment concentration of sheds. To compensate for differences in rainfall
the two tank samples. Annual suspended sediment amounts between the two areas, a precipitation

yield is the sum of these computed periodic difference term is included in the following
yields, equations for predicting growing- and dormant-

season streamflow:

Bedload was trapped at each watershed with a

box where stream velocity decreased prior to Growing Season: (I)

spilling onto the Coshocton wheel. The bedload Q9 = 1.50 + 0.98 Q4 + 0.67 (P9 - P4 )

trapped by each box was measured periodical_y to R2determine its cublc-foot volume. Subsamples were = 0.975

collected and ovendried to determine average bulk

density. Sediment volume times average dry bulk Dormant Season: (2)

density gave sediment weight in each box. Sus- Q9 = 4.48 + 0.90 Q4 + 0.12 (P9 - P4 )

pended sediment plus bedload provided annual sed- R2
iment export from each watershed. = 0.87

In these equations, QQ is predicted stream-

STREAMFLOW CHEMISTRY flow (inches) from the Clo#er watershed; Q4 is
measured streamflow (inches) from the Fernow

Streamflow from both watersheds was grab- Watershed; and P9 and P4 is average seasonal
sampled at weekly or blweekly intervals starting precipitation (16ches) on the Clover and Fernow
in 1980. These samples were analyzed for pH, watersheds, respectively.

specific conductance, and concentrations of NO_-N,

SO&, Ca, Mg, K, Na, and NH4-N. Tests for site =
pr4paratlon effects on streamflow chemistry were Vegetation Survey (pretreatment)
made in two ways. First, a plotting of annual

average concentration for each chemical constit- The overstory on the Clover watershed was
uent indicated whether major changes were asso- tallied on 41 systematically located 0.01 acre

elated with site preparation. Second, streamflow plots in October 1983. All trees larger than I

_osses of selected ions (NOq-N, NH&-N, SO&, and inch d.b.h, were included. Basal area was 56.5
a) were calculated by mult_plying_averag_ ft2/acre and volume was 807 ft3/acre. Average

weighted quarterly concentration of each ion by diameter of measured stems was 4.7 inches. _
the measured quarterly streamflow. Although this

is not the most rigorous method for computing Pretreatment ground cover was estimated on

losses, Dann et al. (1986) concluded that it 41 milacre plots taken at the same points. About i!_
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39 percent of the pretreatment surface area was disturbance and windrows were not burned. Stumps

classed as "open"--not shaded by other vegetation were cut low so they could be left intact, even

(Table i). Approximately 3 acres were still in when it meant leaving scattered pieces of slash
old fields covered with a variety of grasses, around them. Roads were used for windrow loca-

e.g., Panicum spp. L. and tall redtop (Triodia tions when possible. The site treatment was com-
flora L.); widely-scattered mountain laurel pleted in three days--November 30-December 2, 1983.

(K__almialatifolia L.); clumps of blueberries
(Vaccinium spp. L.); and small hardwoods. The

remaining acreage was forested, common species
being red maple (Acer rubrum L.), sassafras

(Sassafras albidum (Nutt.) Nees), flowering dog-

wood (Cornus florida L.), blackgum (N_

sylvatica Marsh.), sourwood (O__xydendron arboreum
(L.) DC), and hickory (Carya spp. Nutt.).

Tale 1. G_d cover and soil dlstu_ance on _e Clover wace_hed.

Measurement date

9183a 5184 9184 9185 10186
Item

..................Percent........................

Woody 22 2 28 50 22

Semi-wo(xiy 15 20 24 26

Grasses 13 8 17 30 42

Herbaceous 11 4 6 8 4

Open 39 82 27 7 5 Figure l.--Root raking on Clover watershed Novem-
Debris - 4 2 i i ber 1983.

Baresoli 45 15 7 5

Mixed litter and soll 38 -

Undisturbed litter 17

apretreatment year.

Treatments

A "minimum-standard" access road as de-

scribed by Kochenderfer et al. (1984) was con-
structed into the Clover watershed in June 1983.

About 30 Mbf of widely scattered sawtimber trees
were removed in August. The area was opened to

the public for free firewood in September. Addi-
tional skidroads, suitable for dry weather use by

pick-up trucks, were constructed in October. Most
trees larger than 6 inches d.b.h, were removed.

Figure 2.--Freshly root-raked watershed showing
brush windrowed along contour.

Site Preparation

We attempted to use the same site-preparation An aerial view of the Clover watershed is

procedures observed on private land. It was done shown in Figure 3. An undisturbed 3.5-acre buffer

by the same contractor who does much of the work zone was left untreated along the stream. A steep
on private lands in this area. The D7F tractor (30+ percent) 3-acre area in the northwest corner

was equipped with a root rake (Fig. I). The of the watershed was not site prepared. Instead,
brush was windrowed, mostly along the contour and trees on this area that were larger than i inch

around the perimeter of the treated area (Fig. 2). in diameter were injected with an herbicide during

Root raking was done carefully to minimize soil the summer of 1984. Except for the untreated
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3.5-acre buffer strip, the watershed (25.1 acres) RESULTS AND DISCUSSION

was planted with Japanese larch {Larix !epltol_

Sieb. and Zucc°) in the spring of 1984o Ground Cover i

Except for some grasses (mostly Panicum spp.

L. and redtop) and scattered patches of clubmoss

(_dium spp. L.), root raking removed a large
proportion of vegetation from the area. Natural

revegetation was rapid (Fig. 4). After root
raking, the amount of ground cover classed as open

(no live vegetative cover) increased by about 43

percent beyond pretreatment conditions (Table i).
Then the open class decreased by about 55 percent
over the first growing season; by the end of the

second growing season, the area classed as open

had decreased to 7 percent, much less than was
measured before treatment.

L

Figure 3.--Aerial view of Clover watershed in
1984 shows 3.5-acre buffer zone. The 3-acre

area not site prepared is in upper left cor-
ner.

Post-Treatment Vegetation Measurements

To determine surface disturbance and ground Figure 4.--View of Clover watershed in September
cover, 93 permanent sampling points were system- 1985 shows dense ground cover developed in
atically distributed on a I00 x 100-foot grid on two growing seasons.

the Clover watershed. The percentage of distur-
bance created by root raking and percent ground-

cover were subjective estimates made on circular At the end of the 1986 growing season,

milacre plots at each sampling point. Three grasses accounted for 42 percent of the ground
classes were used to estimate surface disturbance cover. The next largest group of plants (semi-

when the first observations were made in May 1984: woody) was composed about equally of blackberry
(i) undisturbed, litter intact, (2) mixture of (Rubus spp, L.) and greenbrier (Smilax spp. L.).
litter and soil, (3) bare mineral soil exposed. The most common woody species was Sassafras. The

Later it was not possible to distinguish the less decrease of woody component in 1986 probably can

disturbed classes so only bare soil was recorded, be attributed to a herbicide applied to stump
The percentage of ground cover also was estimated sprouts growing near larch trees during the summer

to the nearest 5 percent on the same milacre of 1986.
plots. Species that covered at least 5 percent

of plot area were recorded. Ground cover was Natural succession greatly reduced exposure

separated into four vegetation classes: (i) of bare soil (Table i). The longest lasting soil
woody, (2) semi-woody (blackberry, greenbrier, exposure was in parts of the road system not cov-

grape), (3) grasses, and (4) herbaceous (herbs ered with windrows and in depressions left when
and ferns), occasional large stumps were pushed out.
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SEDIMENT LOSSES Although average annual sediment yields from
the treated watershed were greater after site

The Fernow watershed consistently yielded preparation (Table 2) because of uneven storm
I much less sediment (Table 2). The inherent sta- distribution between the two watersheds, the in-

bility of its stream channel and minimal distur- crease was not significant at the 95-percent
bance for over 80 years probably account for con- probability level. We believe that the following

sistently lower yields. The Clover watershed, factors were responsible for preventing larger
its silted stream channel attributed to its past sediment losses. First, roads were built on the

farming history, yielded more sediment throughout contour, then most of the slash was windrowed in

the measurement period, them or on the contour. No sediment accumulations
were observed behind the windrows but they prob-

ably kept water from building enough volume and

Table 2. Annual s_iment yield f_m t_ study waters_ds, velocity to cause erosion, especially during the
first four critical months when ground cover was

at a minimum. Root raking was done carefully to
__ P_t_atment Post-t_atment minimize soil disturbance and the windows were

_tersh_ 19_ 1981 19_ 1983 19_ 1985 1986 1987 _ not burned. Second, regrowth of vegetation on
the watershed was rapid. Douglass and Goodwin
(1980) concluded that ground cover was the single

........................_/ac_ ...........................
most important variable that influenced soil losses

Clover 235 234 291 - 318 363 521 173 305 after mechanical site preparation in the North

_ 28 36 34 3o 24 35 193 23 50 Carolina Piedmont. Third, a buffer area was left
around the llve stream. This untreated area ex-
tended about 66 feet on each side of the live

stream and encompassed the extensions of the live
stream channels during normal storm events.

Measured sediment losses from the Fernow

watershed always was less than the 300 ib/acre/yr In general, sediment losses reported here are
that Douglass (1975) considered as normal erosion much less than those reported following mechanical

from fully stocked forests. Source areas of erod- site preparation on the more erodible soils in the
ed soil are primarily stream channels and banks. South. Douglass and Goodwln (1980) reported that
Sediment losses from the Clover watershed were an a shearing, windrowing, and burning treatment on

average of 6 times greater than losses from the four small watersheds in the Piedmont of North
Fernow watershed, averaging 305 ib/acre/yr over a Carolina produced first-year average annual soil

7-year period. Sediment yields from the Clover losses of 3,123 ib/acre. Average annual sediment
watershed are only slightly higher than those losses on two watersheds subjected to a similar
summarized by Patric et al. (1984) for undisturbed treatment in Arkansas were higher the second year

forest plots and small watersheds in the Eastern (1,342 ib/acre) than the first year (714 ib/acre)
because of four large storms that accounted for

United States. 88 percent of total sediment yield the second

The average annual sediment concentration year (Beasley et al. 1986).

for the 7 years of record was only .0009 ton/
acre-inch (8 ppm) for the Fernow watershed and
.005 ton/acre-inch (40 ppm) on the Clover water- STREAMFLOW CHEMISTRY
shed. Both concentrations are lower than the

representative base rate suggested for undisturbed Figure 5 indicates a 28-percent increase in
forest in the Piedmont and Coastal Plain, but they average annual specific conductance after site

are within the range for undisturbed forests in preparation. Of the chemical constituents tested,
the Ozarks and Quachita Mountains (Ursic 1986). only NO3-N showed an increase in quarterly losses

(Fig. 6). The difference between measured and

The large sediment losses from both water- computed losses was about 1.5 ib/acre/yr. These
sheds in 1986 was caused by a 5-inch storm with results generally agree with the minor changes in
an estimated recurrence interval of I00+ years, streamflow chemistry that occurred after a water-

This single storm, which set flow records on all shed was clearcut on the Fernow Experimental For-

Fernow experimental watersheds, caused widespread est (Patric 1980). Even those minor increases
flooding along local rivers and produced 77 percent lasted only 3 years.

and 69 percent of the annual sediment losses on
the Fernow and Clover watersheds during 1986, No major increase in nutrient losses was

respectively. The importance of occasional large anticipated after the site-preparation treatment.
storms in exporting sediment has been noted by The soils on this watershed are nutrient-poor

other investigators. A single large storm ac- after many years of farming. Soil base saturation
counted for 90 percent of annual sediment loss on averages only 5 percent and cation exchange ca-
a control watershed in northern Mississippi pacity only 13 percent. The buffer strip around

(Beasley 1979). Kochenderfer and Wendel (1980) the stream provided an opportunity for nutrients
found that 90 percent of the annual sediment loss leached from the treated area to be used by vege-
from a 140-acre watershed in central West Virginia tation on the strip. Finally, as indicated by

Table i, native plants quickly reclaimed the site
was exported in only 5 percent of the time. and prevented long-term nutrient leaching°
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26 at the 95-percent confidence level. Swift and
Messer (1971) evaluated changes in water tempera-

_24 ture at the Coweeta Hydrologic Laboratory caused
o by forest removal in terms of requirements by

_ FERNOW (CONTROL) _ brook trout. They stated that stream temperatureshould not exceed 68°F for optimum trout habitat.

"_ Although the stream in the treated watershed is
_ too small to support a trout population, the

< maximum temperature (69°F) exceeded the optimum

18 __ value for brook trout only twice. _

16 Several investigators have reported that

_ CLOVER (TREATMENT) stream temperature was unaffected by forest har-t4 vest when streamside vegetation was left to shade
the channel (Swift and Messer 1971; Levno and _iiM

w
Rothacher 1967). Since a 66-foot-wide strip on

12 each side of the stream channel was excluded from

10 , , , , , , , , the site-preparation treatment, it is not sur-

1980 1_1 1982 1983 1984 19_ 19_ 1987 prising that increases in stream temperature in :::i!_

YEAR this study were not significant.

Figure 5.--Time trends of specific conductance in WATER YIELD _:
streamflow from control and treated water-

sheds. Water yield increased significantly (0.95

level) by 3.9, 2.8, and 1.5 inches during the
first, second and third growing seasons after site

preparation, respectively. No yield increases

3 were detected during the dormant season.
o

_O _ Treatment The increases were slightly smaller than
I 0 (Nov.1983-_ri11987) those reported for deforestation treatments on

_ R2=O.72 other Fernow Experimental watersheds (Kochenderfer_ o=o.21 and Aubertin 1975). Those authors reported a

"E _ b=_j growlng-season yield increase of about 4.5 inches_ 2 during the first year after a commercial clearcut

that removed 75 percent of the basal area and
_ _ about 6.5 inches during the first year after all

- _ ___ _ trees larger than I inch d.b.h, were harvested.

_ _ Water yield returned to pretreatment levels within

_ I- 5 years after the cuttings. Rapid revegetationwas responsible for the short-term treatment

_ effect on growing-season water yield.
_,_" _ _=O.77

_ _ _ 0=0.27 i

_0 _ b=0.17 CONCLUSIONS i

0 .......
0 1 2 3 A mechanical site-preparation treatment ap-

Quo_erly streomflow lossesof nitrate-nitrogen plied to a 28.6-acre watershed in the central
from controlwatershed (pounds/acre) Appalachians resulted in a slight increase in both

water yield during the growing season and annual

losses of NO3-N. Sediment losses were slightly,
Figure 6.--Changes in NO3-N following site prepa- but not significantly, greater after the site

ration on Clover watershed, preparation compared to calibration values. Max-
imum and minimum weekly stream temperatures did

not change significantly due to treatment. The

STREAM TEMPERATURE relatively small effects of this treatment are
attributed to (i) building roads on the contour

Of the 48 weekly growing-season observations well away from the stream, and windrowing the
after site preparation, 33 were greater than pre- slash either in them or on the contour: (2) using

dieted by calibration data, I0 were less than pre- care during root raking to minimize soil distur-
dicted, and 5 were equal. The maximum positive bance and not burning windrows: (3) rapid re- _....

deviation from the regression was 5°F and the vegetation of the areas: and (4) the moderating
maximum stream temperature measured durin_ the
calibration and treatment periods were 66_F and effect of the 3.5-acre buffer area left aroundthe stream.

o i _69F, respective y. Although the records indicate

a slight increase in stream temperature after site

preparation, the increases were not significant



We conclude that mechanical site preparation, Kochenderfer, J. N., G. W. Wendel, and Clay Smith.
as practiced in this study, is a hydrologically 1984. Costs of and soil loss on some

acceptable practice. "minimum-standard" forest truck roads con-

structed in the central Appalachians. USDA _

For. Serv. Res. Pap. NE-544. 8 p.
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NUTRIENT INPUTS AND POOLS IN UPLAND AND BOTTOMLAND FORESTS

OF ALLERTON PARK_ ILLINOIS I

Mark B. David 2

Abstract.--Inpu_+ __s of base cations (Ca 2+, Mg 2+, K+,

Na+),+N03 , NH 4 , SO 4 , CI-, dissolved organic carbon (DOC)
and H were examined in upland and bottomland sites in east-

central Illinoi_ Soil+pools of base cations and
exchangeable A1 and H were also determined. Litterfall

added large amounts of N, S, and organic materials (e.g.
11.2 and 7.1 kg S/ha/yr in bottomland and upland sites,

respectively). Inputs of sulfate by throughfa]l were 14.8
and 15.2 kg S/ha/yr in bottomland and upland sites,

respectively, corresponding to 27 and 11% of the 0-60 cm

soil sulfate _$oI. Th$oughfall was dominated by base cations

(primarily Ca and _+), sulf_$e, and nitrate. Uplandf _oilshad low levels of Ca and Mg and similar levels o K

co_ared to the bottom]and soil (e.g. I-5 and 19-26 meq
Ca /I00 g in spland a_ bottomland soils, respectively).
Exchangeable H and A] levels were also greater in the
more acid upland soils, in comparison to the bottomland (1-5

and 0.05-0.1 meq total acidity/lO0 g soil in upland and
bottomland soils, respectively). Each forest requires

different management with respect to nutrient availability

and possible fertilization requirements.

INTRODUCTION find greater litter decomposition in the
bottomland site compared to the upland. Their

Nutrients are added to forest soils through examination of solution inputs indicated that for

several mechanisms including: litterfall, root the elements studied the contribution to the

litter, throughfall, stemflow, root exudates, and forest floor was small compared to organic inputs

periodic flooding. All can add to the pool via litterfall, with the exception of potassium
available for plant uptake, although some inputs (Peterson and Rolfe 1982b). This work also i

require subsequent mineralization (e.g. pointed out that differences in species
characteristics and variability in the physical

litterfall), environment produced contrasting patterns of

Peterson and Rolfe (1982a, 1982b) examined nutrient transfer (Peterson and Rolfe 1982a).

inputs of nitrogen, potassium, calcium,

magnesium, and phosphorus via litterfall, The purpose of the present work was to expand
stemflow, and throughfall in upland and on results obtained earlier at upland and
bottomland forests of central Illinois. Although bottomland forests in lllinois by examining

bottomland and upland ]itterfall were similar in similar processes and including additional

terms of dry mass and most nutrients, both were nutrients, primarily sulfur. The objectives of

greater than comparable temperate forests this project were to: I) quantify inputs of dry
(Peterson and Rolfe 1982a). They did mass, sulfur, and nitrogen through litterfall; 2)

determine inputs of anions and cations in

.................. throughfall; and 3) relate these inputs to soil

Ipaper presented at the Seventh Central pools of nutrients.
Hardwood Forest Conference. [Southern Illinois

Forest Soils, University of Illinois, Urbana, IL.
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! STUDY SITES Mill. Volume of the throughfall and
precipitation was determined by weighing or

Bottomland and upland sites previously volume, and all so]utions were fi]tered through
studied at Robert Allerton Park were utilized in GF/C glass fiber filters.

this study. The park is located a]ong the
Sangamon River in east-central lllinois. A Exchangeable cations were determined using

detailed description can be found in Peterson and unbuffered NH4-C] , with cations in extracts
Rolfe (1982a) and Bartel-Ortiz and David (1988). determined by atomic absorption (Robarge and

Fernandez 1986). Exchangeable acidity was

Silver maple (Acer saccharinum Lo) measured by titrating unbuffered IN KCI extracts

dominates the _1oodplain site, whereas black and to a pbenolphthalein endpoint (Robarge and

northern red oak (Quercus velutina Lam. and Q. Fernandez 1986). Base saturation was ca]culated

I rubra L.) dominate u_land.sites. Basal areas by summing base cations and3_ividing by this sumwere 52.0 and 31.8 m- ha-I for the bottom]and and plus exchangeable H and-A] . Soil content of
I upland sites, respectively in 1986 (Bartel-Ortiz cations was determined using bulk densities from

I and David 1988). Peterson and Rolfe (1982a) Bartel-Ortiz and David (1988).
classified upland soils in this area as Russell

silt loam (fine-silty, mixed, mesic Typic Total S in litter was determined using a
Hapludalfs) and Martinsville silt loam (fine- LECO SC-132 S analyzer (David et al. 1988).

loamy, mixed, mesic Typic Hapludalfs). Litter total N was determined by KJeldahl
Bottomland soils primarily consisted of Sawmill digestion with ammonium in digests measured using

silty clay loam (fine-silty, mixed mesic Cumulic a Wescan Ammonia Analyzer. Solution anions
Haplaquolls)o (sulfate, nltrate, and chloride) were determined

by ion chromatography, cations by atomic
absorption, dissolved organic carbon using a

METHODS Dohrmann DC-80 analyzer, pH potentiometrically,
and ammonium using a Wescan Ammonia Analyzer.

Field Sampling Volume weighted averages were used for all
solution summaries of precipitation and

After a 0. I ha circular plot was throughfall.

established on each upland and bottomland site, a
20m x 20m area was centered and divided into 2m x

2m subplots. Soil samples were collected at four RESULTS AND DISCUSSION

depths+in the summer of 1986 (0-i0, 10-30, 30-60,
and 60 cm) from pits excavated at five randomly Litterfall

selected points in each plot. Twelve and six
funnel (15.5 cm diameter) throughfall collectors During the 14 months litterfall was

were randomly located in the upland and collected, leaf litter averaged 3828 and 5284
bottomland sites, respectively. Upland kg/ha/yr in the bottomland and upland sites,
collectors were 0.3 m from the ground, whereas respectively (table I). Peterson and Rolfe

the bottomland were 2 m so that they were above (1982a) found similar levels of litterfall at

flood waters. Collectors were sampled every 2-3 both sites during 1978 and 1979 (2-year means of
weeks, depending on ralnfa11. During the winter 3846 and 5213 kg/ha/yr for bottomland and upland

8.5 era diameter plastic cups were used as snow sites, respectively).
collectors, with samples collected monthly. Bulk

precipitation was also collected in an open area Although dry mass deposition of leaves was
of the Park using two collectors. Collections less in the bottomland site, S concentrations

were made from October 1986 through September were much greater leading to greater S inputs
1987. River water samples from the Sangamon were (table I). Total S ranged from 0.161 to 0.532%

obtained whenever throughfall was collected, and 0.097 to 0.224% in bottomland and upland
sites, respectively. Annual inputs of leaf S

Litterfal] was collected in twelve and six were 11.2 and 7.1 kg S/ha/yr, indicating the

0.5 x 0.5 m traps that were randomly located in large difference in leaf S inputs to the forest

the up]and and bottomland sites, respectively, floor. Litterfal] S inputs for a chestnut oak

Traps were constructed from wood frames and forest in Tennessee and a northern hardwood
fiberglass window screening. Samples were forest in the Adirondack Mountains of New York

collected periodically from October, 1986 to were I0 and 4.7 kg S/ha/yr, respectively (Johnson

December, 1987. This included two fall periods eta]. 1982; David et al. 1987).
which were averaged for yearly flux calculations.

Nitrogen inputs were 56 kg N/ha/yr in the

Analytical Techniques bottomland site, and 54 in the upland. Peterson
and Rolfe (1982a) observed similar or greater

Soll samples were alr-dried and sieved (2 inputs of P, K, Ca, Mg, and Na and smaller inputs
mm) before analysis. Litterfall was sorted into of N in litter in the upland versus the

]eaves, reproductive parts, and wood (only leaf bottomland site. Their values for N were 54 and

data reported here), dried for 48 hours at 65°C, 49 kg N/ba/yr for bottom]and and upland sites,

and ground to pass a 20 mesh sieve in a Wiley respectively.
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Table l.--Leaf ]itterfa]l dry mass (kg/ha) Precipitation and Throughfall
and total S and N concentrations and

mass at bottomland and upland sites. Wet only precipitation chemistry is
available from a nearby (30 km) NADP station at

Bondville, Illinois. Volume weighted mean

Collection Dry %S kg %N kg chemistry for the period 1980-1984 is shown in

Date Mass S/ha N/ha figur_ I. Wet deposition is dominated by su]fate
and H-, with smaller concentrations of nitrate
and ammonium. Because of exposure to dust and

Bottomland other dry components and gases, bulk
precipitation collected at Allerton Park shows

4 Nov 2031 0.262 5.3 1.51 30.7 increased concentrations of mg_t el ent ,
particularly base cations (Ca'-, Mg _, K_, Na+)

18 Nov 852 0.223 1.9 1.36 11.6 and sulfate (flg. I). _U

I0 Mar 164 0.188 0.3 1.94 3.2 After passage of precipitation through the

bottomland and upland canopies, large increases _iU

20 May 17 0.532 0. I 4.07 0.7 in base cations and sulfate were found (fig. I). _I_!

Hydrogen ion was also neutralized, with little

28 Jul 140 0.328 0.5 2.49 3.5 change in chloride, ammonium, or nitrate
concentrations. This increase in cations and _!

30 Sep 486 0.388 1.9 1.37 6.7 sulfate may be from two processes: 1) washoff of _:_m
dust deposited2n follage; and 2) leaching of

2 Nov 2914 0.318 9.3 1.30 37.8 foliage. For K_, leachlng is known to be an
important process. Little difference in

9 Dec 247 0.161 0.4 1.66 4.1 throughfall chemistry was observed between sites,
a similar finding to that of Peterson and Rolls

Upland (1982b). Cal ium s the do inate base cation
followed by K_, Mg_, and Na_.

4 Nov 2768 0.153 4.2 1.02 28.1

The imbalance between anions and cations is _iu"18 Nov 1230 0.115 1.4 0.76 9.5 throughfall suggests that other anions are !present in the solutions Both organic anions _L. _r_

I0 Mar 437 0.126 0.6 0.98 4.3 and bicarbonate are probably present. Dissolved _
organic carbon concentrations averaged 756 and

20 May 33 0.224 0. I 2.32 0.8 735 pmol C/L in the bottomland and upland
tbroughfall, and could contribute large amounts

28 Ju] 114 0.192 0.2 2.23 2.5 of organic anions (table 2).

30 Sep 502 0.154 0.8 1.43 7.2

2 Nov 2867 0.136 3.9 0.95 27.2 _ 400 =
=J
"- [] Chloride

9 Dec 1531 0.097 1.5 0.86 13.2 O" [] Nitrate . _!!
300- [] Sulfate

"_ [] Hydrogen

The higher concentration of S and N in W [] Ammonium ==_ "_
f_) 200 - [] Base cations _ _i

large pools of total S and N found in this soil MJ

(Peterson and Rolfe 1982b; Barte]-Ortiz and David .J
1988). Because of inputs of organic matter from _ 100"

flood events, the bottomland site is richer in _
both of these elements. Peterson and Rolls 5 I

(1982b) measured total N contents of 16540 and _ 0

6530 kg N/ha for the 0-60 cm soil depth in IJJ P Bulk Bottomland Upland
bottom]and and upland sites, respectively,
whereas Bartel-Ortiz and David (1988) measured SITE
corresponding total S contents of 3072 and 1353 !_

kg S/ha. Inasmuch as S and N cycling is closely
coupled, increased N uptake by the bottomland Figure l.--Charge distribution in precipitation _
forest in comparison to the upland would also collected at Bondville, IL, bulk '_

increase S uptake, precipitation, and bottomland and upland

throughfall at Al_rton_Park. Base c_tionsare the sum of Ca , Mg z+, K+, and Na

equivalence.
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Table 2.--Volume weighted concentrations Table 3.--Concentrations of anions and

of dissolved organic carbon cations in the Sangamon River

(pmol/L) in throughfall at sampled at A11erton Park, 111inols
bottomland and upland sites. (units are _eq/L).

Sample Mean Range Mean Range

Bet toml and

Throughfall 756 237 - 1460 pH 8.2 7.6 - 8.5

Upland Ca 2+ 3346 1344 - 3969

Tbroughfa11 735 274 - 2022 Mg 2+ 2347 1041 - 3076

Deposition of ions follows the same pattern K+ 49 22 - 102

as concentration, and illustrates the amounts of
ionic inputs to the forest floor (fig. 2). Na + 594 150 - 1481

Sulfate inputs were 617, 925, 948 eq/ha/yr in +

bulk precipitation and bottomland and upland NH 4 6 1 - 15
throughfall, respectively. On a kg S/ha/yr basis 2-
corresponding values are 9.9, 14.8, and 15.2, SO4 830 485 - 1088
respectively. These data suggest a ]arge

result of canopy washing and NO 3- 429 74 - 928
increase in S as a

]eachiog.
C1- 856 483 - 1514

Sangamon River

Another input to the bottomland site is the

Sangamon River, which usually floods the site for
several months each year. Peterson and Rolfe
(1982c) measured sedimentation inputs for several Soil Pools

elements, and showed this was an important input.
Water chemistry suggests that for many elements Cation levels are striklngly different

flooding and diffusion of elements into the soil between the sites (table 4). The upland site is

solution may also be a significant input (table an acidic Alflsol, with low concentrations o3+
3). Very high concentrations of all elements cations and large amounts of exchangeable A1 .
except K_ and ammonium are found in river water. Base saturations range from 33.5 to 91.5%

It is not possible to calculate inputs from this however, indicating that although the cation pool
source, but the potentia] is there for is small, base cations still dominate._ In the
substantlal additions bottomland sol], levels of CaZ+ and Mg Z+ are much• + 3+

great_r, K about the same, and exchangeable A1
and H lower. Base saturations are all greater

_-_ 3000 than 99%. This difference between the sites can

_ [] Chloride be attributed to annual _loodingandMg 2_frlchtheriverCa [] Nitrate bottomland site with Ca 2
J_ [] Sulfate water along with particle sedimentation. Soil pH

_'_ 2000 [] Hydrogen E_ _ (0.01 M CaCl?) reflects the cation levels and
G) [] Ammonium _-_ I I base saturatlon ranging from 6.3 - 6.8 and 3.7 -
_'_ El Basooations 4.5 in bottomland and upland soils, respectively

u,I o
t_ Bulk Bottomland Upland

SITE
Figure 2._Charge distribution in bulk deposition

and bottomland and upland throughfa11 at

A1 rton_Park. Base c_tions are the sum of
Ca ½_, Mg z+, K+, and Na-equivalence.
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Table 4.--Soil exchangeable cations at Table 5.--Content of soil exchangeable

bottomland and upland sites, cations at bottom]and and upland sites.

Depth Mg 2+ Ca 2+ K+ A13+ H+ % Base Depth Mg 2+ Ca 2+ K + A] 3+ H+
(cm) Sat (cm)

meq/lO0 g keq/ha
Bottom]and

Bottomland

0-I0 112 296 4 0.4 0.7
0-I0 9.7 25,6 0,3 0_04 0°06 99.7

10-30 247 630 7 1.0 0.9
10-30 9.1 23.2 0.3 0,04 0.03 99.8

30-60 327 809 7 I.I 0.7
30-60 8,1 20.0 0,2 0.03 0.02 99.8

60-90 282 697 6 2.2 0.0
60-90 7.6 18.8 0.2 0.06 0_00 99,8

Sum

Upland

(0-60) 687 1736 18 2.5 2.3
0-I0 I.I 3.8 0_2 0,41 0_05 91.5

Upland
10-30 0.4 I.I 0. I 2,54 0°62 33.5

0-i0 14 52 2 5.6 0.7
30-60 2.3 2.4 0.2 4,16 0.55 50.9

10-30 13 34 4 81 20
60-100 4.2 5.3 0.2 2.48 0.64 75.7

30-60 116 122 I0 211 28

60-100 246 307 14 145 38

The content of exchangeable cat_ns
illustrates the large pool size of Ca t and Mg 2+ Sum

(t le 5). or the

in the bottom]and soils _ Mg2$ top0-60 cm of mineral soil Ca and pools are (0-60) 143 207 16 298 48

1736 and 687 versus 207 and 143 keq/ha for the

bottomland and upland soils, respectively.
Potassium is remarkably similar between the sites

(16 - 18 keq/ha), suggesting little input from+
river water or sediments. Concentrations of K CONCLUSIONS
were similar at both sites to levels determined

by Peterson and Rolfe (1982c). Bottoml_$d Inputs of elements to bottomland and upland
co_$entrations also were similar for Ca and soils are similar for throughfall but different

Mg- . However, these latter two cations were for leaf litter S. Bottomland soils are strongly
only about half the values they reported. This influenced by inputs from the Sangamon River,

could be attributed to seasonal variation in which annually floods the si__$. This^increasesz+
cation concentrations illustrated by Peterson and soil pH, and exchangeable _a and Mg , comparea
Rolfe ([982c, 1985) for these sites, to the upland soil. Large amounts of sulfate are

added to the soil by throughfall in comparison to

Elemental Cycling of S soil pools. For other elements, proportions are
much smaller. Because of large differences in

Inputs of S by litterfall and throughfall soil pools and inputs, each forest requires
add large amounts of this element to the soil different management with respect to nutrient
(26.0 and 22.3 kg S/ha/yr for bottom]and and availability and possible fertilization
upland sites, respectively). Total Spoo]s in requirements.

the soil (O-6Q cm) were estimated at 3072 and
1353 kg S ha _ in the bottomland and upland,

respectively, with sulfate pools of 54 and 71 kg ACKNOWLEDGEMENTS
S/ha (Bartel-Ortiz and David 1988). Throughfall

is an important source of sulfate, adding 27 and I thank J. Dowries, M. Paschke, L. Bartel-

11% of the soil sulfate annually for the Ortiz for technical assistance. This study was a
bottom]and and upland sites, respectively, part of Project No. 55-312 of the Agricultural

Additional sulfate is probably made available Experiment Station, College of Agriculture,

through mineralization of organic S as well University of Illinois at Urbana-Champaign.
(Bartel-Ortiz and David 1988).
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EFFECTS OF PREVIOUS STAND MANAGEMENT ON MORTALITY

FOLLOWING GYPSY MOTH DEFOLIATION 1

Kurt W. Gottschalk 2

Abstract.--The question of whether computer program (V. 2.5). Stand summary values

intermediate stand treatments and the timing of were used as the variables in statistical
those treatments relative to the time of analysis.

defoliation increases or decreases the

vulnerability of those stands to the gypsy moth Preliminary analyses indicate significant
has been addressed. The primary objective was to differences in mortality (percent of basal area)
determine if past management practices, especially between defoliation classes within treatment

thlnnings, increases or decreases the mortality classes. Mortality levels were also highly
that occurs when these stands are subsequently significant between treatment classes within

defoliated by the gypsy moth. A secondary defoliation classes in all of the undefoliated

objective was to determine if the timing of such stands but only in two classes within the
treatments relative to defoliation changes this defoliated stands. Mortality increased in direct i

mortality response. Study sites were selected on response to the number of defoliations a stand
three adjoining forest districts in Central and experienced. Mortality was higher in the pole
South-Central Pennsylvania and Western Maryland in size class in undefoliated stands, while

the Ridge and Valley province. Stands were defoliated stands have greatest mortality in the
identified as to type and timing of treatment medium and large sawtimber classes. Mortality in

through information available in the states' uncut, undefoliated stands averaged 12.1 percent,

forest management records. Defoliation intensity while undefoliated, thinned stands ranged from 3.6
and frequency were delineated using either to 7.2 percent. Mortality in uncut, defoliated

infrared optical-bar photography or aerial sketch stands averaged 30.9 percent, while defoliated,

maps. Selected stands were then classified by thinned stands ranged from 8.4 to 48.5 percent.
defoliation history and time of silvicultural

treatment. Each plot consists of a forest stand Reanalysis using defoliation frequency and

or management unit ranging from i0 to 90 acres, intensity instead of thinning treatments resulted i
in a better explanation of the variation (>90

Study design was a split block with time of percent). Due to this confounding variable,
treatment (uncut, 1-3, 4-6, 7-10, 10-15, >15 years additional stands will be measured in a factorial

predefoliation, and 1-3 years postdefoliatlon) as design of thinning treatments and defoliation
the main plot split by defoliation classes classes to account for the confounding.

(defoliated or undefoliated). Defoliation Collection of additional data will be completed in
frequency and site factors are covariants in the 1988, pooled with the previous data, and new
analysis. 0rthogonal contrasts were used to test analysis conducted. The results have direct

specific hypotheses. Each stand was sampled using bearing to the timing and application of thinnings
variable radius plots. A minimum of 15 plots were to oak stands in relation to gypsy moth
taken in each stand with additional plots added as defoliation.

necessary to assure accuracy to within 10 percent
of the mean. Data was recorded using SILVAH data Keywords: oak-hickory forest type, thinning, tree

collection protocol for all live and standing dead mortality, Lymantria dispar L.

trees larger than one inch dbh. Two regeneration
plots were recorded for each overstory plot.
Stand summaries were computed using the SILVAH

iposter presented at the Seventh Central
Hardwood Forest Conference, Southern Illinois

University, Carbondale, March 5-8, 1989.

2Kurt W. Gottschalk is Principal Research

Forester and Project Leader, USDA Forest Service,
Northeastern Forest Experiment Station, _

Morgantown, W.Va.
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A KEY FOR HARDWOOD TREE GRADINGI

Jeffrey W. Stringer, Douglas J. McClaren, and C.J. Liu2

INTRODUCTION TO THE TGA the tree grade is obtained. We believe this

key, as is true for others, may be particularly
This paper presents a new method for assist- helpful in training activities. This poster

ing in the grading of hardwood trees. This summary paper presents the TGA system and an
method employs a tree grading algorithm (TGA) example grading face for demonstating the use of
developed from grading criteria in "Hardwood Tree this key for hardwood tree grading.
Grades for Factory Lumber" USFS NE-333 (see paper
by Liu et al. this volume). The TGA system is
formatted as a series of 23 questions. Grading GRADING EXAMPLE USING THE TGA

can be accomplished by following the questions in
a step-by-step manner. This algorithmic grading Use the general TGA to assign a grade to
system differs from other tree grading keys in the grading face diagram. This diagram
two fundamental ways: first, it is a true represents the defect location on the grading
algorithm using significantly fewer steps, and face of a scarlet oak. Starting with statement
second, once form class has been established it one follow the sequence according to the answer
alleviates the need for consulting tables or obtained. The scarlet oak has a DBH of 16.2",
charts for upper stem diameters, thus the statement is evaluated yes. Proceed to

statement 4. Since the upper stem diameter is

The grader executes the TGA by evaluating a less than 19.6" the TGA proceeds through
statement and determining if it is true or false, statements 4 and 5. Statement 6 is evaluated
The grader branches to another statement yes and the grading proceeds to statement 13.
according to the answer received. The user The grading face diagram shows 2 clear cuttings,
repeats this evaluation-branching activity until the first between 3 and 7 feet and the second

between 8.5 and 11.5 feet, for a total of 7 feet
m_DWOOD _Z a_DIN_ _¥ in two cuttings in a 12 foot grading section.

¥u/No Using this information the TGA branches through
I. DBH • 15.6" (14.6" FOR BASSWOOD & ASH) ....... 4/2 statement 13 and 14 to 18. This statement is
2. DBH _ 12.6"•................................. 7/3 evaluated yes and the TGA moves to statement 23
3. DBH _ 9.6" •........................ .......... 10/BG which is evaluated yes and yields grade 3.

4. DIT _ 19.6" •; .................... • ........... 11/5

5. DIT a 15.6" ..... , ........... ....... .., ....... 1_/6

_. pIT z 12;6"(11.6"FOR_SWOOD _AS.)........ 13/7 Top of Iog
7. DIT • 11.6" .................... • ............... 15/8

8. DIT _ i0.6" ............. " .. 16/9 [-- 16

9. DZT• 9.6" . ........... 17/10 * I 15 Vital Statistics
I0. DIT_ 7.6" ............................ ....... 18/BG

- 14 DBH = 16.2"

12' 14' 16' length of grading Section -- 13 BIT = 14.2"
ii. SCC _ 10' 11'8" 13'4" i or 2 CO--each a 3' .. 20/14 _ I- 12
12. scc _ 10 11,8. 13,4,, & or 2 cc--each _ 5' .. 20/14 * = branch

13. SCC a i0 11'8" 13'4" 1 or 2 CO--each • 7' .. 20/14 -- 1 1
14. SCC • 8 9'4" 10'8" 1, 2, 3 CC--each a 3'.. 19/18 = seam
15. SCC 2 8 9'4" 10'8" i, 2, 3 CO--each _ 3'.. 22/19 i-- 10

16. SCC 2 8 9'4" 10'8" 1 or 2 CO--each _ 3' .. 22/19 _

17. SCC • I0 Ii'8" 1314" 1 or 2 CO--each _ 7'... 22/19

18. scc_ 6 7, 8, _1 ccz 2, . .......... 23/_ - 8 Keying Index
- 7 1

19. TCD • 9% or [9% <Rot _ 40%, no S&C or SD] .... G2/23

20. TCD _ 9% ..................................... GI/21 -- _
21. S&C g 15% and TCD • 40% ...................... G_/23

22. TCD • 9% ..................................... G2/23 -- 5 5

23. TCD g 50% ................... "................. @3/BG -- 4 13

......JPoster presented at the Seventh Central _ - 3 14
Hardwood Forest Conference (Southern Illinois _ - 2 38

University, Carbondale, IL, March 5-8, 1989). _- I 23
2Research Specialist, Extension Specialist,

and Associate Professor, Department of Forestry,
University of Kentucky, Lexington, KY 40546-0073.
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CLASSIFICATION AND EVALUATION OF THE NATCHEZ TRACE STATE FOREST, STATE RESORT PARK,

AND WILDLIFE MANAGEMENT AREA FOR TIMBER AND WILDLIFE HABITAT!/_

Glendon W. Smalley2_/, Kenderick S. Arney3/
Lorenda A. Sharber3/, and Hart W. Applegat_4/

ABSTRACT

The 45,000-acre Natchez Trace State Forest, (most desirable, acceptable, and least desirable)

Park, and Wildlife Management Area (NTSF) began of selected hardwoods and conifers for timber
as aland reclamation project of the Resettlement production, and for suitability as wildlife
Administration in 1935. The State of Tennessee habitat. Also, each landtype is rated for five

acquired ownership in 1955. Smoother ridges, problems (plant competition, seedling mortality,
moist bottoms, and some slopes were cleared, row- equipment limitations, erosion hazard, and wind-

cropped, and pastured resulting in extensive sheet throw hazard,) that can affect forest management

and gully erosion of the fragile soils. Mixed oak operations. The resulting landtypemap is one
forests dominate the uplands that were not cleared; element of the physical and biological information

loblolly pine plantations occupy the former gullied about NTSF that is stored on an ESRI (Environmental

cropland. Bottomland hardwoods occur in the wet Systems Research Institute) Geographic Information
bottoms; some ponded areas support alder thickets. System.
Most of the erosionhas been controlled. Upland

soils are derived from a 2 to 3-foot cap of loess The land classification system permits the

and/or the underlying loamy and clayey un- intensive study of the relationships between
consolidated Coastal Plain sediments, forest plant communities and the landscape units.

The ultimate goal of such a study is the

A land classification systemhas been capability of predicting which community(s) grow

developed as part of the overallland_management oneach unit and to ascertain the successional

planning process. The landscape was divided into pathways resulting from various forest cuttings.
eighteen landtypesbased on the differences in Once plant,landscape relationships are known,

geology, topography, soils, and vegetation. Land- land managers can easily and economically
types are described in terms of nine elements determine wildlife habitatparameters.

(geographic setting, dominant soils, parent
material, solum thickness, surface soil texture, Although the land classificationwas
internal soil drainage, relative soilwater supply, developed just for NTSF, it is applicable to an

soil fertility, end vegetation). EachLlandtype is estimated i to 2 million acres in West Tennessee,

evaluated in terms of productivity (site index northeast Mississippi, and northwest Alabama.
and mean annual cubic growth) and desirability

I/ Poster presented at the Seventh Central Key words: Forest land classification, site
Hardwo--odForest Conference, Carbondale, IL, March productivity, erosion, timber management,

6-8, 1989. wildlife habitat, UpperEast Gulf Coastal Plain,

2--/Principal Soil Scientist (Retired), USDA_ West Tennessee.
Forest Service, Southern Forest Experiment Station,
Rt. i, Box 541, Sewanee, TN., 37375.

3/ Staff Forester and Wildlife Biologist

respec--tively, Tennessee Wildlife ResourcesAgency.
4/ Assistant State Forester, Tennessee

Divisi-on of Forestry, 701 Broadway, Nashville,
TN., 37203.



A MULTIFACTOR CLASSIFICATION OF UPLAND HARDWOOD FOREST ECOSYSTEMS OF THE

KICKAPOO RIVER WATERSHED, SOUTHWESTERN WISCONSINb2

David M. Hix, Craig G. Lorimer,
and Raymo'_ P Guries 3

A multifactor classification of upland hardwood Mo_,t ecosystem units are dominated by combinations of
forest ecosystems has been developed for the Kickapoo northern red oak (Quercus rubra L.), white oak (Q. alba L.),
River watershed. Because the forests of southwestern and sugar maple (Acer saccharum Marsh.). Northern red
Wisconsin have been significantly altered by past cutting and oak tends to dominate the most productive units. Ecosystem
grazing, an ecological approach was used that integrates units with northeast aspects are dominated by sugar maple
landform, soil, and vegetation. Twenty-one ecosystem units and basswood (Tilia americana L.), while white oak is most
have been characterized based on a sample of 87 plots. Each common on southwest-facing units of intermediate
ecosystem unit can be distinguished by its unique productivity. Discriminant analysis of the eleven most
combination of aspect, slope positionand steepness, parent common ecosystem units using a combination of
material depth and type, and vegetation (canopy tree species environmental and vegetational variables correctly classified
and groups of ground cover species). These ecosystem the ecosystem unit in 97% of the cases. The classification is
units ranged in estimated productivity (average site index in being used as a research framework, i.e., advance
feet for northern red oak) from good (69) to poor (41), with regeneration and early stand development patterns are being
most units intermediate or average (49-56). evaluated within selected ecosystem units.

1posterpresentedat theSeventh CentralHardwoodForest
Conference,Carbondale,Illinois,March5-8, 1989.

2Researchsupportedby the Kickapoo ValleyReforestation
Fund, administered by the Universityof WisconsinFoundation.

3ResearchAssistant and Professors,respectively,Department
of Forestry, University of Wisconsin-Madison.
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EFFECTS OF UNDERSTORY CONTROL ON
SURVIVAL AND VIGOR OF RED OAK SEEDLINGS

BENEATH A SHELTERWOOD 1,2

D. M. Pubanz, C. G. Lorimer, and R. P. Guries3

INTRODUCTION trees > 1.0 m tall and treatment of stumps with Tordon RTU
to prevent resprouting (winter-spring 1986); and (3) under-

Slow growth of oak seedlings compared to growth of planting of 1-0 red oak bare-root nursery stock at a density of
competing vegetation is generally recognized as a major cause 2470/ha in the spring of 1986. Seedlings had been undercut
of oak regeneration failures. Clearcuts often fail to regenerate in the nursery but not shoot-pruned. At the time of planting,
to oak because established vegetation responds more readily mean basal shoot diameter was 5.9 rnm and mean shoot ,j
to abundant light and moisture than young, natural oak length was 34.7 cm. All possible combinations of treat-
seedlings or transplants (Loftis 1979, McGee and Loftis ments, including controls for each treatment, were tested in a
1986). Recent regeneration trials in Missouri have shown replicated split-split plot experimentaldesign.
that a high density shelterwood may stimulate the vigor of
planted oak seedlings without giving an undue competitive Percentage ground area covered by herbs, shrubs,
advantage to other species (Johnson 1984). Silvicultural and tree seedlings was measured in May, July, and
prescriptions based on these findings have been formulated September of each year with a Plexiglas grid mounted in a
for the Missouri Ozarks (Johnson et al. 1986). wood frame. Height measurements on planted seedlings

were made in early August. Numbers of first-orderbranches
The labor and expense of intensive oak regeneration and numbers of leaves were also recorded as an indicator of

practices may be an obstacle in areas where most woodlots oak seedling vigor.
are held by small, private landowners. This study was
designed to determine if adequate oak regeneration can be RESULTS
obtained when only some of the recommended cultural treat-
ments aremade. This approachincludes the option of relying Treatrn_ntEffe,_tson Low Vegetation
wholly or in part on naturalregeneration of oak. The present
paper presents two-year results from shelterwood-herbicide- Groundcover herbicide treatment and shelterwood
underplanting trials on two sites in the Kickapoo Valley of cutting had opposite effects on the subsequent density of low
southwest Wisconsin. vegetation. In summer and fall of 1986, glyphosate treatment

decreased cover of low vegetation 81% compared to controls
STUDY AREAS AND METHODS while cutting increased cover by 15%. Plots that were both

cut and herbicided had 37% less coverage by low vegetation
Both study areas are located on sites of above-average than controls. In the second year after treatment, herbicide

productivity with mature stands in which oak species corn- effects had diminished considerably. Herbicided plots had
prise > 50% of the overstory basal area. The fn'st site, near from 10-23% less coverage of low vegetation than
an intermittent stream (Harris Creek), is located on a lower unherbicided plots at Harris Creek, and 37-44% less at
east-facing slope with deep, silt loam soil, and has a site Warner Creek. At Harris Creek, the herbicide effect was
indexofabout70 forredoak.The secondsite,nearWarner significant onlyinthefall,whileherbicideeffectsatthedrier
Creek,issituatedon a middleWNW-facing slopewitha WarnerCreeksitewerestillsignificantinallseasons.
deep,colluvialsandyloamsoil.The WarnerCreeksiteis
somewhat drier than the Harris Creek site (site index about O_Seedling Survival
62), but is capable of producing good quality red oak saw-
timber. At the end of the second growing season following

treatment,survival of planted oak seedlings rangedfrom 73-
Treatments applied at each site were: (1) foliar appli- 85% on uncut plots and > 95% on cut plots on both sites.

cation of glyphosate (Roundup) herbicide to all low vegeta- Herbicide treatment of the low vegctadon, however, had no
tion _ 1.5 m tall) in late summer 1985; (2) shelterwood cut significant effect on planted seedling survival.
to 70% residual crown cover, with cutting of all understory

In the first year after treatment, cut-herbicided plots
had substantially higher densities of naturalred oak seedlings
than control plots, although the difference was statistically

1posterpresentedattheSeventhCentralHardwoodFc_'est significant only at the moister Harris Creek site. While
Conference,Carbondale,Illinois,March5-8,1989. densities of natur_ seedlings declined on all plots between the

2ResearchsupportedbytheKickapooValleyRefm'estationFund, first and second year, the attritionrate was lower on cut plots.
administeredbytheUniversityof WisconsinFoundation. At HarrisCreek in the fall of 1987, there were 3730 natural

3ResearchAssistantandProfessors,respectively,Departmentof led oak seedlings/ha on the cut-herbicided plots and 869/ha
For_try,Universityof Wisconsin-Madison. on control plots. At Warner Creek, there were 1470 natural
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red oak seedlings/ha on cut-herbicided plots and 430/ha on The least intensive treatments investigated in this
control plots, study were underplanting in an undisturbed stand, and foliar

herbicide treatment of ground vegetation in uncut stands. It
Growth and Vigor 0fOak Seedling_ may be too early to determine if underplanting by itself is a

viable option. But after 2 years, seedlings under a full
Shoot growth of planted seedlings in 1986 averaged canopy do not appear to be vigorous, and 15-27% have

11.5 cm at Harris Creek and 8.9 cm at Warner Creek. Shoot already died. Herbicide treatment of the low vegetation by
growth in the first year was not affected by treatment, itself or in combination with cutting had little effect on .growth
perhaps because of the effect of uniform nursery conditions or vigor of seedlings. Thus, under the present clrcum-

i_ on planting stock in the preceding year. In the second year, stances, special efforts to control vegetation < 1.0 m high do
shoot growth on cut plots at Harris Creek was significantly not appear to be warranted. However, it is possible that
greater than growth on uncut plots (9.0 vs. 4.7 cm, P < herbicide treatment of spring flora might have been more
0.01). Planted seedlings on cut plots at Warner Creek also beneficial, and the reduction of small tree saplings on
grew more than those on uncut plots (5.5 vs. 3.8 cm), but the herbicided plots may have long-term benefits after the
difference was not statistically significant (P = 0.16). Height shelterwood overstory is removed.
growth of planted seedlings was not consistently affected by
herbicide treatment of low vegetation at either site. The total LITERATURE CITED
heights of natural red oak seedlings, which averaged 15.6 cm
at Harris Creek and 14.3 cm at Warner Creek in 1987, were Johnson, P. S.
not affected by either cutting or herbicide treatment of low 1984. Responses of planted northern red oak to three
vegetation, overstory treatments. Can. J. For. Res. 14: 536-542.

Cutting generally had a beneficial effect on seedling Johnson, P. S., D. C. Dale, K. R. Davidson, and J. R. Law.
vigor as measured by number of first-order branches or 1986. Planting northern red oak in the Missouri
number of leaves per seedling. Planted seedlings on cut plots Ozarks: a prescription. North. J. Appl. For. 3: 66-68.
in 1987 had 53% and 70% more first-order branches than
those on uncut plots at Harris Creek and Warner Creek, Loftis, D. L.
respectively (P <_ 0.02). At Warner Creek, where low 1979. Northern red oak performs poorly in North
vegetation was not very dense, cutting also had a significant Carolina planting. U.S.D.A. For. Serv. Res. Note SE-
effect on the average number of leaves for natural seedlings 277.
(5.5 on cut, 3.5 on uncut, P = 0.03). At Harris Creek,
cutting did not affect number of leaves on natural seedlings, McGee, C. E., and D. L. Loftis.
probably because they were mostly overtopped by the dense 1986. Planted oaks perform poorly in North Carolina
herbaceous vegetation. Numbers of branches or leaves were and Tennessee. North. J. Appl. For. 3:114-115.
not affected by herbicide treatment for either natural or
planted seedlings on either site.

CONCLUSIONS

Overstory reduction to 70% crown cover and removal
of suppressed understory trees had significant positive effects

! on the survival, growth, and vigor of planted oak seedlings.
As was found by Johnson (1984), height growth of planted
seedlings under the shelterwood is modest, but development
of the root system and adjustment to the site is probably more

t important at this stage than increase in height.
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COMPARATIVE GROWTH AND PHYSIOLOGY OF STEM-PRUNED characteristics. Daily averages for net photo-

AND UNPRUNED NORTHERN RED OAK 1 synthetic rate (A) and stomatal conductance (gs)

were 30% higher for sprout leaves than for
ERIC L. KRUGER AND PETER B. REICH 2 leaves of unpruned seedlings. This was due

partly to higher sprout leaf daily A and gs

maximums and mostly to differences between leaf

INTRODUCTION types in diel A and gs patterns. Typically,
Unpruned seedling A and gs declined substantially

Top kill and subsequent root collar over a photoperiodfollowing a morning maximum,

sprouting are inevitable consequences of fire while sprout leaves maintained near-maximum A

and other disturbances which may aid the re- and gs throughout the day. Diel leaf water
establishment of oak in mesic hardwood stands, potential patterns were similar, but sprout

As part of an effort to explore the role of leaves were less water-stressed than unpruned

sprouting in the regeneration of northern red seedling leaves at a given rate of transpiration,

oak (Quercus rubra L.) on mesic sites, the indicating greater water availability to the
response of young red oak to stem pruning was former. Coincident with this was the fact that
examined in field and greenhouse studies, sprouts had 25% less leaf area than unpruned

seedlings at the end of the study.
METHODS

Greenhouse Study

In the first of two studies, we compared

the ecophysiology of stem-pruned and unpruned Generally, stem pruning caused no change in _-
natural red oak regeneration on a clearcut in seedling growth, morphology or physiology. How-
southwestern Wisconsin. The site was on a south- ever, growth of new stems (both dry mass and

east-facing slope with a silt loam cap and a red length increment) was 50% greater for sprouts

oak site index of about 65. Thirty 0.5 to 1.5 m than for unpruned seedlings. This shift of dry
tall red oak were stem-pruned 2 cm above the mass from original stem secondary growth to new

root collar in the spring of 1987. Diel measure- stem length represented less than 3% of total

ments of leaf gas exchange and water potential seedling dry mass, but it allowed sprouts to
were then conducted on sprouts and unpruned recover about 75% of unpruned total stem length

seedlings during sunny days throughout the by the end of the study.
growing season. The specific mass (g/cm2),
nutrient status and water relations parameters DISCUSSION

(i.e., osmotic potential at full turgor) of both

leaf types were also monitored over the course Spring or dormant season stem pruning
of the study, appears to do little harm to the photosynthetic

capability of young northern red oak. Although

In the second study, we took a compre- sprouts had less leaf area than unpruned natural

hensive look at the response of young red oak regeneration in the field, average sprout leaf

to stem pruning by comparing the growth and photosynthetic rate was much higher. Thus

physiology of stem-pruned and unpruned i-0 bare sprouts compensated at least in part for the
root planting stock in a greenhouse. Seedlings lack of leaf area. The enhanced sprout leaf
were planted in 8 liter pots of silt loam. One function might have been due to increased water
half of them were immediately stem-pruned 2 cm availability or to some other factor related to

above the root collar. Seedling dry mass an increase in sprout root to shoot ratio,

increment and allocation pattern, leaf gas which would have occurred if sprout and unpruned

exchange and leaf water relations were then seedling root systems were of similar size.
measured over a 6 month period.

Greenhouse sprouts produced similar leaf

RESULTS areas and grew equally to unpruned seedlings.
In fact, sprouts recovered much of the stem

Field Study length lost to pruning via the allocation of dry
mass to new stem extension in lieu of original

Leaves of sprouts and unprUned seedlings stem secondary growth. Leaf function did not

had similar seasonal patterns of specific mass, differ between types, possibly owing to a lack
nutrient status and water relations of difference between sprouts and unpruned

seedlings in root to shoot ratio.

iposter presented at the Seventh Central Further studies will assess the relative

Hardwood Forest Conference, Southern Illinois response of several mesic hardwoods to top kill

University, Carbondale, Illinois, March 5-8, in order to determine whether this aspect of
1989. disturbance confers any advantage to northern

red oak regeneration on mesic sites.
2Eric Kruger is a Research Assistant and

Peter Reich is an Assistant Professor at the

Department of Forestry, University of
Wisconsin, Madison, WI.
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Pesticide Precautionary Statement

Pesticides used improperly can be injurious to humans, animals, and plants. Follow the directions and heed all
precautions on the labels.

Store pesticides in original containers under lock and key--out of the reach of children and animals--and away from
food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops, beneficial insects, fish, and wildlife. Do not
apply pesticides when there is danger of drift, when honey bees or other pollinating insects are visiting plants, or in ways
that may contaminate water or leave illegal residues.

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective clothing and equipment if specified on the
container.

If your hands become contaminated with a pesticide, do not eat or drink until you have washed. In case a pesticide is
swallowed or gets in the eyes, follow the first-aid treatment given on the label, and get prompt medical attention. Ifa
pesticide is spilled on your skin or clothing, remove clothing immediately and wash skin thoroughly.

Do not clean spray equipment or dump excess spray material near ponds, streams, or wells. Because it is difficult to
remove all traces of herbicides from equipment, do not use the same equipment for insecticides or fungicides that you
use for herbicides. _

Dispose of empty pesticide containers promptly. Have them buried at a saitary landfill dump, or crush and bury them in
a level, isolated place.

NOTE: Some States have restrictions on the use of certain pesticides. Check your State and local regulations. Also
because registrations of pesticides are under constant review by the Federal Environmental Protection Agency, consult
your county agricultural agent or State extension specialist to be sure the intended use is still registered.
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1989. Proceedings of the seventh central hardwood conference; 1989 March 5-8;
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Proceedings of the seventhcentralhardwood forest conference,March5-8, 1989
at Carbondale, Illinois. Includes 48 manuscriptsdealingwith silviculture,biology,
management,protection,regeneration,utilization,structure,hydrology, and
researchpolicy in the central hardwood forest.
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Our job at the North Central Forest Experiment Station is discovering and
creating new knowledge and technology in the field of natural resources and _I_i_
conveying this information to the people who can use it. As a new generation
of forests emerges in our region, managers are confronted with two unique
challenges: (1) Dealing with the great diversity in composition, quality, and
ownership of the forests, and (2) Reconciling the conflicting demands of the
people who use them. Helping the forest manager meet these challenges
while protecting the environment is what research at North Central is all
about.
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