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PREFACE

This symposium is the fifth in a series of symposia on the establishment, management, and utilization
of black walnut. The first symposium, “Black Walnut Culture”, was held in 1966 in Carbondale,
fllinois. Its purpose was to make available to walnut growers "some ways to increase the growth and
improve the quality of walnut timber.” The second symposium, “Black Walnut as a Crop”, also was
held in 1973 in Carbondale, lllinois. Its purpose was to present state-of-the-art information on all
phases of walnut culture. The third symposium, “Black Walnut for the Future”, was held in 1981 in
West Lafayette, Indiana. Their goal also was to “summarize current information on walnut to establish
the direction for future research for the next several years.” The fourth symposium, “The Continuing
Quest for Quality”, was held again in 1989 in Carbondale, lllinois. This symposium followed the past
tradition of bringing together experts and walnut managers to discuss the current state-of-the-art
knowledge on culture and utilization of black walnut. The fifth symposium continued this tradition by
inviting experts knowledgeable in their respective fields to present current information and prepare
papers for this proceedings. It was the goal of this symposium to provide a forum for the exchange of
knowledge and ideas while identifying the opportunties for increased use of special forest products
and expand opportunities for nut culture and agroforestry practices.
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endorsement by the U.S. Department of Agriculture or any of the sponsors of this symposium.
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and fish or other wildlife—if they are not handled or applied properly. Use all pesticides
selectively and carefully. Follow recommended practices for the disposal of surplus
pesticides and pesticide containers.

The use of trade, firm, or corporation names in this publication is for the
information and convenience of the reader. Such use does not constitute
an official endorsement or approval by the U.S. Department of Agricul-
ture or the Forest Service of any product or service to the exclusion of
others that may be suitable. Statements of the contributors from outside
the U.S. Department of Agriculture, Forest Service may not necessarily
reflect the policy of the department.




TABLE OF CONTENTS

WELCOMING ADDRESSES:

1

Black Walnut, Agroforestry, and Nut Produc-
tion
Senator Kit Bond

Forest Service Reflections on Black Walnut
Research
Richard V. Smythe

Seeking a Vision for the Future
Larry R. Frye

KEYNOTE ADDRESSES:

9

23

30

38

53

Status of Black Walnut in the United States
Thomas L. Schmidt and Neal P. Kingsley

Hardwood Agroforestry Practices in Temper-
ate Climates
H. E. Garrett and W. J. Rietveld

Breeding and Genetic Engineering of English
Walnut for Nut Production
Gale McGranahan, Chuck Leslie, Abhaya
Dandekar, and Sandie Uratsu

Black Walnut: Production and Trade
Bruce G. Hansen and Cynthia D. West

Special Forest Products: A Cornucopia of
Income Opportunities for Private Landown-
ers

Shelby G. Jones

TREE IMPROVEMENT:

58

63

69

Genetic Variation and Selection Potential for
Black Walnut Timber and Nut Production
George Rink

Growth Differences among Patented Walnut
Grafts and Selected Seedlings 12 Years after
Establishment

William E. Hammitt

Allozyme Variation within and among several
Juglans L. Species and their Hybrids
Victor B. Busov, George Rink, Scott E,.
Schlarbaum, and Jinghua Zuo

WALNUT PROPAGATION:

70 Black Walnut Vegetative Propagation: The
Challenge Continues
Mark V. Coggeshall and Walter F. Beineke

78 In vitro Establishment of Tissues from Adult
Black Walnut
J. W. Van Sambeek, Lisa J. Lambus,
Sagqib B. Khan, and John E. Preece

93 Relating Anatomy and Physiology of Germi-
nated Juglans nigra L. seeds
J. A. Vozzo, M. Marko, R. Patel, and A.
Terrell

96 Direct Seeding and Seedling Production in
Nursery Beds
Terry L. Robison, William G. Yoder, and
Greg Hoss

104 Evaluating Black Walnut Planting Stock

Quality
R. C. Schultz and J. R. Thompson

MANAGING WALNUT TREES:

112 Chemical Weed Control before and after
Planting Walnut
John E. Siefert

120 Response of Black Walnut to Preplant

Subsoiling and Repeated Chemical Control
of Tall Fescue
F. Danny McBride and J. W. Van
Sambeek

121 The Use of Tree Shelters in Black Walnut

Culture
Felix Ponder, Jr.

127 Use of Organic, Plastic, and Living Mulches

for Establishing and Maintaining Black
Walnut Plantings
J. W, Van Sambeek

128 Walnut Fertilization and Recommendations

for Wood and Nut Production
Felix Ponder, Jr.



138 Black Walnut, Agroforestry, and Municipal
Sewage Sludge
Duane Myers, Larry Glaze, and James E.
Jones

139 The Effects of Crowding on Black Walnut
Tree Growth
Richard C. Schlesinger

146 Importance of Site Selection for Black Wal-
nut Plantings
Bob Chenoweth

148 Principles of Managing for Black Walnut in
Mixed Hardwood Stands
John P. Slusher

155 Publicity Guide for Tree Farm and Walnut
Plantation Tours
Connie Johnson and John Johnson

157 Establishment and Early Culture of Walnut
Plantations - A 37 Year Experience
Robert D. Burke and Stephen G.
Pennington

164 History, Ecology, Silviculture, and Uses of
Black Walnut in France
Géry van der Kelen and Jacques Becquey

174 The German Forestry Program and Walnut
Culture
Paul L. Roth and Larry R. Severeid

WALNUT PEST MANAGEMENT:

177 Insects and Black Walnut: What Can We
Expect in Plantation Environments?
Marc J. Linit and W. Terrell Stamps

184 Fusarium Canker and Freeze Injury of Black
Walnut
Edward M. Hayes and Cynthia M. Ocamb

192 Butternut Canker: History, Biology, Impact,
and Resistance
Michael E. Ostry

AGROFORESTRY:
200 Agroforestry Programs in the Temperate

Zone
W. J. Reitveld and H. Gene Garrett

201 Alley Cropping Corn to Establish Black
Walnut in Indiana
Hugh B. Pence and Judy A. Pence

203 Biology and Economics of a Black Walnut-
Corn Alley Cropping Systemn
Shibu Jose, Tamara Benjamin, Tyra Stall,
Andrew R. Gillespie, William L. Hoover,
David B. Mengel, John R. Siefert, and
Donald J. Biehle

209 Growing High-value Crops under Black
Walnut
Bill Slagel and Elsie Slagle

NUT CULTURE:

211 Evaluation and Management of Black Wal-
nut for Nut Production
William Reid

217 Top-working Walnut for Timber and Nuts
David N. Giffith

219 Hammons' ShoNeff Plantation - Combining
Research, Technology Transfer, and
Agribusiness

James E. Jones, H. “Gene” Garrett, and J.
W. Van Sambeek

WOOD QUALITY AND USE:

224 The Silviculture-Wood Quality Connection in
Eastern Black Walnut
Bruce E. Cutter, John E. Phelps, and
Douglas D. Stokke

231 Influence of Geographic Origin and Soil
Properties on Color of Black Walnut Veneer
Edward C. Workman, Jr., John E. Phelps,
Felix Ponder, Jr., and Douglas D. Stokke

233 Processing Small Quantities of Walnut Logs
for Lumber and Craft [tems
Peter Y. S. Chen, Douglas D. Stokke, and
J. W. Van Sambeek

236 Utilization of Lumber from Small-Diameter
Black Walnut Logs
Robert E. Bodkin, Peter Y. S. Chen,
Douglas D. Stokke, and J. W. Van
Sambeek



237 Guide to Understanding How Veneer is
Graded
Larry R. Frye

ECONOMIC OPPORTUNITIES:
240 Risk Analysis of Black Walnut and Red Oak
Plantations

Steven H. Kolison, Jr., Jianbang Gan, and
Douglas D. Stokke

250 Incentives for Planting Black Walnut
Lester R. Pinkerton and Robert J.
Moulton

APPENDIX:

256 Metric to English Conversion Table



BLACK WALNUT, AGROFORESTRY, AND NUT PRODUCTION

Senator Kit Bond’

A hearty welcome and greeting to those from
near and far who have come to Missouri for the
Walnut Council Meeting and Fifth Black Walnut
Symposium. I thank the organizers for asking
me to share some views with you, and I con-
gratulate the Site Selection Committee for mak-
ing the right choice. The Walnut Council has
played a critical role since its formation in the
late 1960’s, in promoting black walnut and in
furthering our understanding of this valuable
species.

As a servant in government, I find one of the
most invigorating things to be given is the oppor-
tunity to speak about something you actually
know something about. Seriously, though, I look
forward to being able to speak about something
with which I have direct first hand knowledge
and experience and appreciation. Staff has
reported to me that I have an unofficial reputa-
tion as being the Senate’s “tree nut”. In the
United States Senate, that’s about as good a
label as one could hope for.

I have planted black walnut trees on my property
in Mexico, Missouri, and I know that they will be
the best long-term investment I can make. Black
walnut is the most valuable tree species in the
U.S., and is an important component of eastern
hardwood forests. Missouri is one of the leading
states in wood production and leads the nation
in walnut nut processing. Hammons Products
Company in Stockton, Missouri, who [ under-
stand you will be visiting tomorrow, is the num-
ber one processor of black walnut meat.

I have reviewed the agenda for the coming days.

I pay tribute to the many participants, but I want
to specifically recognize Gene Garrett from the
University of Missouri. Gene is a friend, advisor,
pioneer, and “co-conspirator” in pursuit of ad-
vancing agroforestry in this nation. Thanks to
the hard work of Gene and others attending this
conference, 1 think we are making great strides in
advancing the profile of agroforestry. Trying to

1 Senator Kit Bond, Russell Office Building,
Room 267, Washington, DC 20510.

promote a new idea in its infant stages is a
formidable task, and I look forward to the chal-
lenges that lie ahead.

Agroforestry technologies, as most know, include
windbreak systems, riparian buffer systems,
streambank bioengineering, alley cropping, tree
and pasture systems, waste disposal systems,
and forest farming. From my perspective in
Washington, where one side strenuously argues
“X”, and the other side argues “Y”, agroforestry
represents one of those rare opportunities where
both sides can be satisfied. We have spent
considerable time and energy over the previous
years arguing how to promote good stewardship
and conservation in a way that is not economi-
cally destructive to small businesses and land-
owners. Agroforestry actually holds the promise
of offering clean air, clean water, and wildlife
benefits with a financial incentive.

To advance this, we have secured authorization
and appropriations for research. The 1990 Farm
Bill created the National Agroforestry Center, and
I have worked very hard with Senator Kerry from
Nebraska in supporting the necessary funding to
keep the program viable. Late last year, when
the USFS cut their budget by over 50%, we called
in the USFS Chief, and after 45 minutes, we got
an extra 100,000 dollars of the cut restored to
the program. It looks as though this year there
will be no further cut to the program. Bill
Rietveld, who heads up the center, has done a
terrific job there, and is a forceful and knowl-
edgeable proponent of agroforestry. Under Bill's
direction, the center continues to do valuable
research and coordinate important technical
outreach efforts.

I have always been amazed that today’s farmers,
sophisticated enough to increase production year
after year, who now use computers and Global
Positioning Systems to apply chemicals, are gun-
shy when presented with the idea of planting
some of their CRP ground, or other marginal
ground, or riverine areas with trees such as
black walnut. These farmers will say: “I don't
know how to plant them.” [ am convinced that
these people could grow anything they decide to



grow, and there is no reason they shouldn’t be
muore involved in reforesting our countryside.

Gene works for the University of Missouri but
spends a great deal of time working cooperatively
with the Agricultural Research Service’s, South
Central Family Farm Research Center in Arkan-
sas to develop a research and technology transfer
program to provide additional income alternative
opportunities for the family farm. Congress
added a significant increase in funding for this
project last year, and we think we can maintain
that level this year. This year, we have also
included language in the appropriations bill
which funds the Environmental Protection
Agency that urges them to incorporate
agroforestry into their strategy to mitigate
nonpoint source pollution. Furthermore, an
agroforestry floodplain initiative has been dis-
cussed by the USFS to identify frequently-flooded
areas in river bottoms where farmers now plant
crops that are vulnerable to floods and replace
crop production with agroforestry systems. I am
very excited about this idea which has a height-
ened level of public and private benefits given the
sensitive position in the watershed and the
economic losses caused by flooding in recent
years.

Last week in Washington, a follow up interagency
meeting of the USDA's Sustainable Agriculture
Working Group met to discuss the formation of
specific ways to make agroforestry more visible
within USDA and to discuss how to identify
specific missions and sources of funding to
promote agroforestry utilization. The group is
made up of folks from EPA, ARS, U.S. Forest
Service, the Natural Resources and Conservation
Service, and the Cooperative State Research
Education and Extension Service. I am very
excited that we seem to be getting some traction
on this issue. [ think if we can keep at it, we can
advance many of these concepts that are of
mutual interest to us advocates. Concepts that
will benefit the bottom line for property owners,
provide valuable commodities to consumers at a
competitive price, and improve our nation’s
environment. There are agroforestry provisions
contained in three separate appropriation bills,
and [ urge each of you to continue to build upon
the work that is already done to further advance
this initiative.

Again, I welcome you to Missouri, and I thank
you for this opportunity to speak. Iregret that I
have to join you by means of a videotape, but I
look forward to hearing reports from the confer-
ence in the coming days.



FOREST SERVICE REFLECTIONS ON BLACK WALNUT RESEARCH

Richard V. Smythe!

Good morning. I am not Jerry Sesco, Deputy
Chief for Research. Jerry is 1 or 2 in. taller than
1. My position is Director of Forest Environment
Research which means I have national responsi-
bility for research in range, wildlife, fish, and
water. At this point, you may well be asking
yourself, “What do range, wildlife, fish, and water
have to do with black walnut?” The short answer
is “not much”. But before you throw up your
hands in complete bewilderment, let me explain
why [ am here today to welcome you on behalf of
USDA Forest Service Research.

One reason that [ am here is that Jerry Sesco
could not be here. He had to be in Mexico. A
second reason is that Carbondale and black
walnut research have played a key role in 10
years of my Forest Service career. For 5 years |
was an Assistant Director (AD) at North Central
Forest Experiment Station, and I served another
5 years as Deputy Station Director. My Assistant
Director job was AD South. Being AD South
meant that I had responsibility for research at
Carbondale, Illinois, and Columbia, Missouri. It
also meant, mysteriously, that East Lansing,
Houghton, and Marquette, Michigan, were my
responsibility. But that is another story.

Both Carbondale and black walnut research were
important components of my North Central
Forest Experiment Station life. Carbondale was
my biggest program, it had the most people, and
was one of the nicest labs in all of Forest Service
Research. Carbondale was where I attended my
first buffalo troe. It was also the scene of my
introduction to the Southern Illinois University
Saluki basketball chant repeated with consider-
able enthusiasm and dubious tastefulness
throughout the one game I attended with Dave
Funk as my host.

Carbondale, black walnut research, Walnut
Council—what a flood of associations and names.
The Walnut Council, for example, has dedicated

1 Richard V. Smythe, Director, Forest Environ-
ment Research, USDA Forest Service, 20114th
Street, S.W. at Independence Ave., S.W., Wash-
ington, DC 20250.

itself to providing a forum for encouraging the
planting of walnut and exchanging of research
information to facilitate transfer of science and
technology from the research laboratory to field
plantings. When I looked over your agenda for
the next 3 days, I can tell your mission remains
as strong as ever.

I also see that the USDA Forest Service personnel
have remained valuable contributors to accom-
plishing your mission. Felix Ponder currently
serves as your President. Looking at your quar-
terly bulletin, George Rink obviously takes great
pride in serving as your Bulletin Editor. Jerry
Van Sambeek and Manfred Mielke, respectively,
serve as chairs for the Education and Protection
Committees. I see one of our newest scientists,
Doug Stokke, serves as your Federal Representa-
tive. I am also not surprised by how often names
of retired USDA Forest Service Personnel come
up anytime we discuss walnut research at
Carbondale. It is obvious people like Burl
Ashley, Dave Funk, Bob Phares, Craig Loesche,
John Krajicek, Cal Bey, Bob Williams, Dick
Schlesinger, Barbara Weber, and Bry Clark have
made lasting contributions.

In thinking about research, I am reminded of the
comments made by Jerry Sesco in his 1989
keynote address at the fourth Black Walnut
Symposium. He suggested that research tends
to pass through three stages. The first stage is
the start-up phase, the second stage is one of
rapid growth, and the third stage is a mature
phase.

In his 1989 presentation, Jerry suggested the
first stage of walnut research occurred as long
ago as the 1930’s. The second phase of walnut
research probably began in the late 1960’s and
early 1970's and continued until the mid to late
1980’s. This phase was characterized by an
expanded interest in black walnut research by
university and federal scientists. During these
years, walnut research programs and budgets
expanded, new scientists began work in new
areas, and rapid progress was made in the areas
of plantation establishment and management of
young trees. We now believe walnut research



has entered the mature phase in which many of
the critical questions have been addressed and
have been answered.

So why the recent reductions in the walnut
research program? Part of the answer lies in our
assessment of the maturity of the research. The
rest of the answer lies in a broader perspective.
The reductions reflect a nationwide retrenchment
in research dollars due to large increases in the
Federal deficit and concerns for a balanced
budget. We have had to make some hard
choices. We have had to reduce some of our
research. We have had to eliminate some of our
research. I'm not going to run a bushel of num-
bers by you but all of us must understand the
change has been significant. Just two ex-
amples—we've gone from a high of 972 scientists
a number of years ago to under 600 by the end of
this year, a reduction of almost 40%. This year’s
budget is down $22 million from the initial
budget of 1995. Business as usual is impossible.

But I don’t wish to dwell on the negative. Last
week I was in Montana and saw the following
notice posted on the wall of a Forest Service
office, “No one ever had a rainbow without a little
rain.” Let’s concentrate on the rainbow.

Thoughtful people can disagree on research
priorities. Mature people disagree without
becoming disagreeable. We, Forest Service
Research, acknowledge a continuing obligation to
growers of black walnut. I urge you and our
Columbia, Missouri, hardwood silviculture lab
headed by Frank Thompson to develop a working
partnership as we all work toward an orderly
close down of Carbondale and a responsible
transition of selected work to Columbia.

I am pleased to join you at the Fifth Black Wal-
nut Symposium and the 27th annual meeting of
the Walnut Council. During or after this meeting
if you have questions or concerns, please ask.
We need your advice, we welcome your counsel,
and we solicit your partnership as we establish
the future direction of USDA Forest Service
Research. Again, thank you for the invitation to
be here.



SEEKING A VISION FOR THE FUTURE

Larry R. Frye!

ABSTRACT.—A report summarizing the discussions at the Seventh
American Forest Congress which was held in Washington, DC on Febru-
ary 20-24, 1996. Nearly 1,500 participants from across the U.S. met to
develop a new vision statement and set of principles for the management
of our nation’s forests. Of the participants, those from the environmen-
tal/preservationist side of the issues comprised the largest block at 567,
with the forest industry at 327, and public agency personnel at 258.
Academia and the scientific sector had 167 participants, 90 tree farmers
and 81 college and high school students were also present. The purpose
of the Seventh Congress was to find a common ground on the many
issues facing forestry in America. Landowner rights and responsibilities

were a major topic of the five day event.

A HISTORICAL LOOK AT AMERICA'S FOREST
CONGRESSES

Since 1882, the nation has on six previous
occasions gathered its leaders in forestry, con-
servation, and the environmental fields to sit
down and trade ideas and establish goals and
plans for the future of America’s forests. The
previous Forest Congresses somewhat tell the
story of forestry in America.

FIRST AMERICAN FOREST CONGRESS

In 1882, America convened its first Forest Con-
gress. At the time, there was only one profes-
sionally trained forester working in the United
States—the German immigrant Bernard Fernow.
At the time, the public policy of the United States
was to dispose of the public domain just as fast
as possible to settlers, ranchers, the railroads,
and to industry. Forests were being cleared
rapidly for farms and towns. But concerns were
growing about forest devastation and timber
famine. The First Congress helped consolidate
the forestry movement in the United States.

! Larry R. Frye, Executive Director for the Fine
Hardwood Veneer Association, American Walnut
Manufacturers Association, and Walnut Council,
260 South First Street, Suite 2, Zionsville, IN
46077.

SECOND AMERICAN FOREST CONGRESS

By the time of the second Forest Congress in
1905, 23 years after the first Congress, the
climate had changed radically. The nation was
shocked at the wide-scale land frauds. Federal
investigations resulted in convictions and prison
sentences for many public officials. Many of the
top colleges in the country were offering courses
in forestry. In 1900, the Society of American
Foresters was founded by Gifford Pinchot. Mil-
lions of acres of western lands had been set aside
in forest reserves. President Theodore Roosevelt
gave the keynote address, and a reception was
held in the White House. The week-long session
ended with the approval of 18 resolutions.
Among them was a plea to all state authorities
for the enactment and enforcement of laws for
the protection of forests from fire and for reduc-
ing the burden of taxation on lands held for
forest reproduction. It also called for the forma-
tion of eastern forest reserves. Within months
the U.S. Forest Service was formed with Gifford
Pinchot as the first Chief.

THIRD AMERICAN FOREST CONGRESS

In 1946, the nation was coming out of a cata-
strophic worldwide conflict that had made un-
precedented demands on the world’s forest
resources. Ahead lay the rebuilding of a devas-
tated Europe and Asia. In America, millions of
young veterans were returning home, eager to

5



find housing and start families. The purpose of
the Third Congress in October 1946 was to (1)
dramatize to the American people the condition
of their forest resources after 4 years of war, (2)
to bring together representatives of government,
industry, agriculture, labor, and the public for
joint consideration of the forest situation, and (3)
to enlist the aid and support of all citizens inter-
ested in the preservation and use of forests in
formulating a national program of forestry.

Clinton Anderson, Secretary of Agriculture, gave
the opening address and emphasized that our
forest problems cannot be overcome unless
effective, forceful action on a national scale is
undertaken to make and keep private forests
productive. He went on to say, “Increasing
pressure is being brought to bear upon the
Forest Service to over cut. Except for a limited
and brief excursion beyond sustained yield in
this housing emergency, 1 shall support adher-
ence to sustained yield principles.” Everyone at
the Third Congress agreed public education was
needed, but they could not reach a consensus on
the question of federal regulation.

FOURTH AMERICAN FOREST CONGRESS

In 1953, the Fourth American Forest Congress
was convened. The 1950’s were growing times.
Housing starts were soaring, Forest Service
timber sales were setting new highs almost every
year, and industrial forestry was beginning to
gain some respect. This Congress was unique in
that it had on the program the President of the
United States, his Chief of Staff, the Secretary of
Agriculture, and the Secretary of the Interior.
Also, this was the first Congress that had women
on the program. The Fourth Congress did not
stimulate any immediate policy changes, but it
did, for a while at least, dispel much of the
distrust between public and private forestry.

FIFTH AMERICAN FOREST CONGRESS

The Fifth American Forest Congress was held in
October 1963. The 1960's saw the beginnings of
the environmental movement that culminated in
the 1970’s with Earth Day and a flood of federal
legislation. In 1962, Rachel Carson’s book Silent
Spring was published. Forests were being looked
at for more than wood by an increasingly urban-
ized society. The Fifth Congress was the first to
devote any attention to products other than
timber. Shortly after the Congress, the Public
Land Law Review Commission was established.
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SIXTH AMERICAN FOREST CONGRESS

The 1970's were turning the forestry world
upside down. Forestry was under attack in the
courtrooms and in the press. A flood of environ-
mental legislation came out of the U.S. Congress.
It was the Greening of America and the mix of
environmentalism, counter-culture, alternative
lifestyles, and the questioning of the establish-
ment by much of the country’s youth ran head-
on into what had been accepted forest manage-
ment practices. The Sixth American Forest
Congress was held in October 1975. It was not
entirely a response to these new challenges. It
was called to mark the 100th Anniversary of the
American Forestry Association. World forestry
was in the discussions.

SEVENTH AMERICAN FOREST CONGRESS

The Seventh American Forest Congress was held
on February 20-24, 1996 in Washington, DC. As
it was at the time of the Sixth Congress, tradi-
tional forestry was being challenged from every
direction. Timber sales on all the National
Forests were virtually at a stand-still. The
preservationist groups were out to prohibit
logging on all federally owned public lands, to
eliminate the so-called below-cost timber sales,
and to push for a policy of no management in
roadless areas. The organizers of the Congress
hoped to be able to chart a positive, new direc-
tion for America’s forests. The ultimate purpose
of the Seventh American Forest Congress was to
develop a common vision among the fighting
groups and see if they could agree upon a set of
principles that could guide the management of
America's forests well into the next century. The
Seventh Congress hoped to develop a series of
positive steps, or actions, that could produce
petter forest management policy.

Each day presented intense, and sometimes
heated, discussions among the mixture of inter-
ests comprised of woodland owners, conserva-
tionists, forest scientists, industry officials,
academicians, and the full range of environmen-
talists. Some of the environmentalists came to
the opening session late purposely to disrupt the
start of the Congress. They openly argued each
point, protested the views expressed by others,
demonstrated at will, and in some instances
walked out of the proceedings. In the end com-
mon sense seemed to prevail, but time will tell.



SEEKING A VISION FOR THE FUTURE

an attempt to satisfy the wide variety of interests
represented at the Congress. Because of the

Seven vision elements were brought to the Con- sensitivity and the emotion of the issues, the

gress for consideration from the series of 50
round table discussions held over 9 months

final report of the Congress will likely contain all
13 elements. It is also likely the results of the

around the country. After a day and a half, the vote tally will also somehow be incorporated into
original 7 elements were expanded to 13. In the report. A green vote is for acceptance of the
some instances some of the original seven tried statement. A red vote is against, and a yellow

to cover to much and were divided into separate vote is generally in favor with some objection to
elements. A lot of “word-smithing” was done in certain wording.

Yote Tally

[Green Yellow Red]
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[85%

[75%

[88%

[90%

(84%

[70%

[67%

[34%

[69%

[89%

[74%

[54%

10%

18%

8%

7%

11%

14%

21%

31%

17%

6%

16%

19%

5%]

7%]

4%]

3%]

5%]

%]

12%]

35%]

14%)]

5%]

10%]

27%]

VISION ELEMENTS WORKING DOCUMENT

1.

10.

11.

12.

13.

Vision Elements

In the future our forests will be maintained and enhanced across the landscape,
expanding through reforestation and restoration where ecologically, economi-
cally, and culturally, appropriate, in order to meet the needs of an expanding
human population.

In the future our forests will be sustainable, support biological diversity, main-
tain ecological and evolutionary processes, and be highly productive.

In the future our forests will sustainably provide a range of goods, services,
experiences and values that contribute to community well being, economic
opportunity, social and personal satisfaction, spiritual and cultural fulfillment,
and recreational enjoyment.

In the future our forests will be held in a variety of public, private, tribal, land
grant, and trust ownerships by owners whose rights, objectives, and expectations
are respected and who understand and accept their responsibilities as stewards.

In the future our forests will be shaped by natural forces and by human actions
that reflect the wisdom and values of an informed and engaged public, commu-
nity and social concerns, sound scientific principles, local and indigenous
knowledge and the need to maintain options.

In the future our forests will be managed consistent with strategies and policies
that foster forest integrity and maintain a broad range of ecological, economic
and social values and benefits.

In the future our forest will be acknowledged as vital by citizens who are
knowledgeable and involved in stewardship and who appreciate the contribution
of forests to the economic and environmental quality of life.

In the future our forests will provide a sustainable level of products and benefits
that satisfy society’s needs because contributions from more efficient utilization,
recycling, and other efforts reduce consumption.

In the future our forests will maintain their essential role in protecting water-
sheds and aquatic systems.

In the future our forests will be enhanced by policies that encourage both public
and private investment in long-term sustainable forest management.

In the future our forests will contribute to strong and vital rural and urban
communities that benefit from, protect and enhance the forests in their vicinity.

In the future our forests will be managed on the basis of a stewardship ethic with
respect, reverence, and humility.
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A similar exercise was conducted to attempt to
come up with scme common principles. The
Congress began its work with 16 draft principles
that had come from the grass roots in the round
tables. During the discussion, the environmental
faction and other interest groups were successful
at injecting 45 more items to the list. Many were
considered statements rather than principles,
but they had to be allowed to work through the
process.

CONCLUSION

History will probably look favorably on the
Seventh American Forest Congress. It may well
be remembered as the Congress that brought
common sense back to the forestry arena. The
word management was once again a respectable
term. The property rights and the associated
responsibilities theme was perhaps the most
prevalent single issue. Federal government
interference in local affairs was identified as a
strong concern.

The older generation at the Congress became
more comfortable with the buzz words of the
newer generation. The cry for a nonviolent
approach to problem solving was heard, loud and
clear. There was a strong move to find common
ground. There will still be individual hang-ups,
hidden agendas, and attacks on the way federal,
state, and even private lands are managed.
However, as a result of the Seventh Congress,
America may see a return to majority rule when
it comes to finding ways to manage a tract of
forest land in the future.



STATUS OF BLACK WALNUT IN THE UNITED STATES

Thomas L. Schmidt and Neal P. Kingsley!

ABSTRACT.~Data related to area of timberland with black walnut
{Juglans nigra L.) present as well as black walnut volume, growth, mor-
tality, and removals are presented. Results indicate more than 15.4
million acres of timberland with black walnut present, 35% of which is
privately owned. In the most recent inventories, 58% of the black walnut
timberland was classed as sawtimber. Growing-stock volume increased
from 1.0 billion cubic feet in 1963 to more than 1.8 billion in 1989.
Sawtimber volume increased from 2.7 billion board feet to 4.9 billion in
the same time period. The overall future for black walnut appears
bright, the number of black walnut trees has been consistently increas-
ing and there has been an average increase in growing-stock volume of
more than 22 million cubic feet per year.

INTRODUCTION

Black walnut (Juglans nigra L.), one of the most
highly valued hardwood species, is found
throughout most of the eastern half of the United
States (Harlow and Harrar 1969). Black walnut
is associated with a number of forest types, but
is most frequently found in mixed forests on
moist alluvial soils (Williams 1990). The species
is not dominant in most forests, but rather is
generally found as scattered single trees or as
small isolated groups within hardwood stands
(Fischer 1982). Black walnut has a large geo-
graphical range but a narrow range of suitable
sites where it can grow at an adequate rate.

Since the late 1800’s, the supply of black walnut
has been a topic of concern. The concern for
black walnut has been centered around high
quality, large diameter trees but the overall
supply of black walnut has also received consid-
erable attention. In 1880, a Purdue University
professor reported that about 85% of the black
walnut resource in Indiana had been disposed of
{(Frye 1982). In 1966, a Forest Service Silvicul-
turist stated that large-diameter, high-quality
veneer and sawlogs were in critical shortage

! Thomas L. Schmidt, Research Scientist, and Neal
P. Kingsley, Program Manager, Forest Inventory and
Analysis Program, North Central Forest Experiment
Station, USDA Forest Service, 1992 Folwell Ave.,
St. Paul, MN 55108.

{Boyce 1966). Foresters concerned about the
supply of black walnut have historically urged an
increase in the management and planting of
black walnut {Quigley and Lindmark 1966,
Adams 1981). In an address to the Third Black
Walnut Symposium, R. Max Petersen recognized
that while, for most hardwoods, growth signifi-
cantly exceeded demand, the situation was quite
the opposite for black walnut (Petersen 1982).
He estimated that demand for black walnut had
been greater than supply for many years and
that the gap between demand and supply was
projected to widen at an ever increasing rate.

Inventory results from the 1970’s seemed to
confirm the concerns expressed by forest indus-
tries, foresters, and landowners. For example, in
Missouri black walnut growing stock decreased
from 100 million cubic feet in 1959 to 97 million
cubic feet in 1972, and sawtimber decreased
from 238 million board feet to 217 million board
feet in the same time period (Spencer and Essex
1976). In lowa, black walnut growing-stock
volume decreased by more than a third from
1954 to 1974, going from about 52 million cubic
feet to about 32 million cubic feet (Spencer and
Jakes 1980). In the same time period, sawtimber
volume in lowa was reduced by more than half,
decreasing from 188 million board feet to 88
million board feet. Similar examples of decreas-
ing black walnut volumes in the 1960’s and
1970’s could be provided for many other states.



Plantations have been viewed as a means to
increase the supply of black walnut. However,
because of the time period required to see a
plantation through from seedling to sawtimber,
the large investment required by the landowner
in both time and money. the strict site require-
ments needed for adequate growth, and many
other factors inherent in the production process,
plantations of black walnut have not met the
expectations of either the producing landowners
or the utilizing industries. As a result, we feel
that the vast majority of the future black walnut
timber supply will come from natural stands.

In light of the many concerns about black wal-
nut, it is important to understand and evaluate
black walnut's current status. In this paper, we
use the most recent {orest inventory information
to determine the current supply and demand for
black walnut and compare our findings to his-
torical estimates (Quigley and Lindmark 1965).

METHODS

Data for this paper are from the USDA Forest
Service, Forest Inventory and Analysis’ (FIA)
Eastwide Data Base (EWDB) which contains the
most recent statewide forest inventory for each
state (Hansen et al. 1992). We also used FIA
resource bulletins from both previous and most
recent inventories of cach state to estimate
change over time. Of the 30 states where FIA
recorded black walnut on timberland, we focused
on 12 states based on the amounts of black
walnut area and volume in those states. In
addition, states in the USDA Forest Service,
North Central Forest Experiment Station’s Region
with black walnut present received additional
attention due to the availability of additional
data.

Data presented pertain only to timberland,
however, more than 95% of the forest land in the
United States is classified as timberland (Powell
et al. 1993). Timberland is forest land that is
capable of producing more than 20 cubic feet per
acre per year of industrial wood crops under
natural conditions. In addition, the forest land
must not be withdrawn from timber utilization.
There are other classifications of forest land that
contain black walnut, including reserved forest
land, wooded strips, and pasture land with trees
that do not meet the timberland definition. We
recognize that significant amounts of black
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walnut occur on these non-timberlands and that
they make important contributions to not only
the timber supply of black walnut, but also to
wildlife and other forest related benefits. How-
ever, until recently, FIA did not install field plots
on these other lands. As a result, data are very
limited for forest land classifications other than
timberlands and are, thercfore, not included in
this study.

The amount of black walnut on non-timberland
has been estimated to range from 5 to 25% of
that found on timberlands. The percentage
varies, depending on the predominant land-uses
in each state. In states with a high percentage of
land that is annually cultivated, the amount of
black walnut on non-timberland is usually lower
when compared to a state with a higher percent-
age of land in non-cultivated uses such as pas-
ture.

Black walnut is not a recognized forest type but
is inctuded within several forest types. Black
walnut is a common associate of five forest cover
types and is also found as an occasional associ-
ated species in four other forest cover types
recognized by the Society of American Foresters
(Williams 1990). Area data are generated from
FIA tree-level records and are based on the
existence of at least one 5 in. d.b.h. {diameter at
breast height) or larger black walnut within an
established FIA field plot. Area data for each
state in the black walnut range are generated by
this method for ownership, stand-size class, and
site productivity class. For stand-size class
determinations, sawtimber sized stands are
stands with half or more of the total live tree
stocking in trees that are at least 11 in. d.b.h.
Volume, number of trees, growth, mortality,
removals, and change over time are generated
from the EWDB and FIA resource bulletins.

Volume is discussed as either growing-stock or
sawtimber volume. Growing-stock volume is the
net volume in cubic feet of growing-stock trees
5.0 in. d.b.h. and over, from 1 ft above the
ground to a minimum 4 in. top diameter outside
bark {d.0.b.) or to the point where the central
stem breaks into limbs. Sawtimber volume is the
net volume in board feet {International 1/4-inch
rule) of the saw-log portion of live sawtimber
sized trees from 1 ft above ground to a minimum
9 in. top d.o.b. Sawtimber volume is a subset of
growing-stock volume. Growing-stock volume,
growth, removals, and mortality are used when



the overall resource is being described and for
most ecological based studies. Sawtimber vol-
ume can be converted to growing-stock volume.
However, growing-stock volume cannot be con-
verted to sawtimber volume because it contains
trees that are not of sufficient size to qualify as
sawtimber (those trees more than 5 in. and less
than 11 in. d.b.h.). For more information con-
cerning FIA methodology, consult the Appendix
section of the resource bulletins cited in this

paper.

Dates of the most recent statewide inventories
range from 1981 in Kansas to 1993 in Michigan.
To determine the average most recent FIA inven-
tory date for black walnut, the inventory year for
each state was multiplied by the percent of the
total national growing-stock volume represented
by each state. This resulted in an average inven-
tory date of 1989. By comparison, Quigley and
Lindmark referenced the 1962 appraisal of the
timber resources of the United States. Thus,
comparisons over time are based on average
inventory dates of 1962 and 1989, a 27 year time
span. No comparisons to previous inventories or
publications are made concerning area of forest
land with black walnut present because prior to
this paper, to the knowledge of the authors, no
estimate of the acreage of forest land with black
walnut present had been made.

To estimate the volume of timber produced from
timberland, FIA units conduct direct mail can-
vasses of the mills that process the timber.
These surveys, called Timber Product Output
(TPO) studies, include all of the volume of logs
and bolts that are processed. There are two
sources of black walnut timber products; those
from timberland and those from lands not con-
sidered timberland such as nonforest area with
trees, fence rows, and other lands. For trees
harvested from timberland, products are said to
come from the growing stock portion of the tree
and also from the non-growing stock portion of
the tree. Non-growing stock removals include
the stump, limbs, tops above 4 in., and cull
sections of the main bole. Also included are
volumes from non-growing stock trees which
include rough and rotten trees, dead trees, and
trees grown on non-timberland areas. Thus, itis
conceivable that the total volume of products
removed can exceed the total volume of growing
stock removed.

The difference in harvested tree volume and
product volume results in either logging residues
(the unutilized growing stock portions of growing-
stock trees) or logging slash (the unused portions
of non-growing stock portions of growing-stock
trees). All timber product output plus harvest
residues and slash equal the total wood material
cut from all sources. The growing stock portion
of timber product output plus logging residues
equals the growing stock removals from the
growing stock inventory. If the total volume
harvested was significantly greater than the
growing-stock volume removed, it can be as-
sumed that a significant volume was produced
from non-growing stock sources. This is often
the case for black walnut since in many areas a
significant volume of material is found on non-
timberland areas and in some areas a consider-
able volume of material from non-growing stock
portions of growing-stock trees is utilized.

The amount of volume extracted from the round
log varied, depending on the type of product, the
efficiency of the mill, and the quality of the log.
Standard volume, measured in board feet, was
the actual volume in the harvested log utilized for
a specific product, generally saw logs or veneer
logs. The ratios for current sawtimber board foot
volume to growing-stock cubic foot volume used
in this study are based on logging utilization
studies conducted by North Central FIA during
the most recent forest land inventories of each
state in the region.

RESULTS
AREA

The most recent inventories indicate more than
15.4 million acres of timberland with black
walnut present (Table 1). Of the 15.4 million
acres, 99% occurred in natural stands and 1%
was in plantations. Black walnut plantations
generally are small, scattered acreages. Ohio,
Kentucky, and Illinois had the most acreage of
black walnut in plantations.

While there are 30 states with naturally occur-
ring black walnut, the walnut resource is not
evenly distributed. For example, 50% of the total
timberland area in the United States with black
walnut occurred in only 4 states—Missouri,
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Table 1.—Area of timberland with black walnut by ownership class

Most Ownership class
recent National Misc.  Other Forest Private Private
State inventory Total forest federal public  industry individual corporation
S T -Thousand acres - - - - - - - - - -
Missouri 1989 2,569.7 101.1 76.0 50.9 8.3 2,1243 209.1
Kentucky 1988 1,971.2 46.1 - 15.5 10.3 1,770.3 129.0
Ohio 1991 1,759.8 26.8 - 46.6 19.0 1,532.3 135.1
West Virginia 1989 1,357.8 4.6 7.2 22.1 54.9 1,103.7 165.3
Tennessee 1989 1,234.6 7.7 36.2 11.5 59.7 1,088.3 31.2
Indiana 1986 1,064.2 12.9 314 27.5 1.9 907.6 82.9
Illinois 1985 941.5 20.1 - 15.8 4.0 853.1 48.5
Pennsylvania 1989 708.7 - 5.3 5.8 5.5 636.0 56.1
Virginia 1991 577.5 15.8 13.5 10.8 15.2 461.4 60.8
Towa 1990 536.0 - 6.1 17.9 - 484.5 27.5
Kansas 1981 472.7 - 15.3 1.0 34 4273 257
Arkansas 1988 451.4 52.0 6.3 6.2 9.7 343.8 334
18 other states 1,769.7 6.6 38.1 82.2 69.3 1,468.3 105.2
Total all states 15,414.8 2937 2354 3138 261.2 13,200.9 1,109.8
Kentucky, Ohio, and West Virginia (Fig. 1). Comparing the area of timberland with black
Twelve states accounted for almost 90% of the walnut present to the total area of timberland,
total area of timberland with black walnut Kansas ranks first with almost 40 percent of its
present. Most of the states with large acreages of timberland having black walnut present. Kansas
black walnut are in the Central Hardwood Re- is followed by Iowa, Indiana, Illinois, Ohio,
gion.
Missouri fiin
Kentucky B
18 other states fiie
Ohio fie

Tennessee F i
Indiana {
lllinois §&
Pennsylvania E
Virginia £

lowa B
Kansas
Arkansas g

0 500 1,000 1,500 2,000 2,500 3,000

Timberland Acres

Figure 1.—Area of timberland with black walnut present from most recent inventories, by state.
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Missouri, Kentucky, West Virginia, and Ne-
braska. In these states, at least 10% of the total
timberland acreage contains black walnut. By
comparison, Pennsylvania was 8th in total area
of timberland with black walnut (709 thousand
acres) but this was less than 5% of the total
timberland area {15.9 million acres).

Individuals own 86% of the timberland area with
black walnut present (13.2 million acres). Corpo-
rations, accounting for 7% (1.1 million acres),
were the second largest ownership group. Forest
industries owned only 2% of the timberland area
with black walnut present. In total, the private
sector represented 95% of the black walnut
timberland area. These percentages were rela-
tively consistent from state-to-state.

In the most recent inventories, 58% of the tim-
berland with black walnut was in sawtimber-
sized stands, 28% was in poletimber-sized
stands, and 14% was in sapling-seedling sized
stands (Fig. 2). All 30 of the states had the most
timberland area with black walnut present in the
sawtimber-size class (Table 2). These data
represent the average stand size determined from
the dominant trees in the stand, black walnut

might or might not have been the dominant
trees. However, since black walnut seedlings are
intolerant of shade and are seldom found under
dense tree canopies (Williams 1990}, the black
walnut size class should be similar to that of the
overall stand.

Figure 2.—Size class distribution of timberland
area with black walnut present.

Table 2.—Area of timberland with black walnut by stand-size class

Stand-size class

State Total Sawtimber Poletimber Sapling-seedling
------- Thousand acres - - - - - - - -
Missouri 2,569.7 1,293.8 875.4 400.5
Kentucky 1,971.2 1,041.4 648.6 281.2
Ohio 1,759.8 1,012.3 420.1 3274
West Virginia 1,357.8 774.1 442 8 1409
Tennessee 1,234.6 659.8 401.3 173.5
Indiana 1,064.2 749.7 176.2 138.3
Illinois 941.5 668.0 173.1 1004
Pennsylvania 708.7 400.1 236.4 72.2
Virginia 571.5 389.5 143.0 45.0
Towa 536.0 390.1 107.7 38.2
Kansas 472.7 234.2 1134 125.1
Arkansas 4514 196.5 186.6 68.3
18 other states 1,769.7 1,130.9 437.7 201.1
Total all states 15414.8 8,940.4 4,362.3 2,112.1
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Table 3.—Area of timberland with black walnut by site productivity class

T —
Productivity class (cubic feet of growth per acre per year)
State Total 165+ 120 -164 85-119 50 -84 T30 46
S Thousand acres - - - - - - - I

Missouri 2,569.7 15.4 28.9 207.9 1,289.0 1,028.5
Kentucky 1,971.2 - 149.9 353.6 605.8 861.9

Ohio 1,759.8 - 58.9 159.9 405.5 1,135.5

West Virginia 1,357.8 - 139.3 404.3 362.6 451.6
Tennessee 1,234.6 52.3 184.0 316.6 485.1 196.6

Indiana 1,064.2 - 206.1 449.6 298.4 110.1

Hlinois 941.5 - 47.5 382.8 408.5 102.7
Pennsylvania 708.7 - 65.7 107.9 198.4 336.7
Virginia 577.5 4.6 15.1 158.4 356.3 43.1

Towa 536.0 3.2 5.8 181.1 260.6 85.3

Kansas 472.7 - 2.1 67.4 220.5 182.7
Arkansas 451.4 4.8 0.0 40.0 280.3 126.3

18 other states 1,769.7 117.2 183.5 539.6 670.4 259.0

Total all states  15,414.8 197.5 1,086.8 3,369.1 5,841.4 4,920.0
Almost 70% of the black walnut timberland productivity of at least 85 cubic feet per acre per
acreage was located on the two lowest productiv- year.

ity classes (Table 3). Less than 10% of the black

walnut timberland was classified as being on NUMBER OF TREES

sites with very high to excellent productivity

potential. However, there were a few states with In the most recent inventories, there were almost
significant acreages of black walnut timberland 500 million black walnut growing-stock trees in
on the higher productivity sites. For example, the United States (Table 4). More than 90% of

more than 60% of the black walnut timberland in  these trees were located in 12 states. The top 12
Indiana was located on sites with a potential

Table 4.—Number of black walnut growing-stock trees by diameter class

Diameter class (inches d.b.h.)

State Total 1.0-4.9 50-89 90-12.9 13.0- 169 17.0 - 20.9 210 +
T T T Thousand acres - - - - - - - - - - - -
Kentucky 94,453 70,875 14,854 6,507 1,732 410 75
Ohio 76,552 58,244 9,770 5,386 2,408 669 76
West Virginia 63,123 50,553 7,020 3,541 1,544 394 71
Pennsylvania 57,385 46,210 7,051 2,528 1,221 297 77
Missouri 50,936 33,580 9,860 5417 1,668 376 36
Iinois 26397 14,548 7,339 2,904 1,240 270 97
Indiana 22,715 11,900 5,686 3,208 1,489 375 56
Kansas 20,969 13,163 4,430 2,406 756 173 41
Towa 13,677 8,238 2,351 1,920 867 272 29
Virginia 11,413 3,254 3,501 3,000 1,233 335 90
Tennessee 10,732 1,669 4,532 3,242 1,065 194 30
Michigan 7,968 3,470 2,494 1,343 468 160 34
18 other states 43,306 22,064 11,769 6,670 2,083 566 154
Total all states 499,625 337768 90.657 48,071 17,773 4,491 865
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states in terms of number of black walnut grow-
ing-stock trees were the same as those for tim-
berland area with black walnut present, with the
exception of Michigan which replaced Arkansas.

In addition to the half billion black walnut grow-
ing-stock trees, there were 91 million non-
growing-stock black walnut trees {typically rough
or rotten trees classified as cull) on timberland in
the most recent inventories. Estimates of the
number of black walnut trees on non-timberland
run as high as an additional 125 million trees.
Thus, in total, there were up to an estimated 716
million black walnut trees in the United States as
of the most recent inventories.

Of the half billion black walnut growing-stock
trees, two-thirds were less than 5 in. d.b.h. In
the most recent inventories, only 8% of the total
number of black walnut growing-stock trees were
larger than 11 in. d.b.h., considered the mini-
mum size necessary for being classified as saw-
timber. Only 1% (5.4 million) of all of the black
walnut growing-stock trees in the United States
were larger than 17 in. d.b.h.

Kentucky, with almost 95 million trees, had the
greatest number of black walnut growing-stock
trees, almost 20% of the total number of black
walnut growing-stock trees in the Nation. Ohio,
West Virginia, Missouri, and Pennsylvania all had

more than 50 million black walnut growing-stock
trees.

The number of black walnut trees has been
increasing. In Missouri, the number of black
walnut trees increased from about 20.5 million in
1972 to more than 50 million in 1989. In lowa,
the number of black walnut trees doubled from
1974 to 1990, increasing from 6.7 million to 13.6
million. Similar increases occurred in most of
the other states. Although increases occurred in
all diameter classes, the majority of the increase
in number of black walnut trees was in the
smaller diameter classes.

VOLUME

In 1962, there were more than 1 billion cubic feet
of black walnut growing-stock volume on timber-
land in the United States, 41% of which was
sawtimber volume (Quigley and Lindmark 1966).
In the most recent inventories, there were almost
1.6 billion cubic feet of black walnut growing-
stock volume, 41% of which was sawtimber
(Table 5). This was a 60% increase in total
volume from 1962 to 1989, representing an
average increase of about 22 million cubic feet
per year. Interestingly, the ratio of sawtimber
volume to growing-stock volume remained about
the same between the two time periods.

Table 5.—Volume of black walnut growing stock by diameter class

Diameter class (inches d.b.h.)

State Total 5.0-69 7.0-8.9 9.0-109 11.0-129 13.0-14.9 15.0-169 17.0-18.9 19.0-209 21+
S e ST Million cubic feet - - - - - - - - - - - - -
Ohio 183.6 135 21.2 29.1 36.0 364 18.0 15.4 10.0 42
Kentucky 1833 19.6 332 42.7 274 22.8 17.5 1.7 3.6 5.0
Missouri 1475 119 224 29.6 26.6 24.5 14.4 11.1 4.8 2.3
Indiana 1272 74 17.1 19.0 23.0 19.8 21.3 10.2 59 3.5
West Virginia 1237 9.7 16.7 224 19.9 23.2 13.5 9.8 4.5 4.0
Illinois 119.1 115 18.5 16.7 227 20.7 11.7 7.9 3.7 5.7
Virginia 1152 4.1 10.0 21.1 18.3 23.2 114 6.3 12.5 8.3
Pennsylvania 1005 95 16.5 13.9 16.1 173 10.6 7.2 4.7 4.8
Tennessee 913 6.2 114 19.3 17.8 149 11.3 42 3.8 2.3
Iowa 63.8 29 4.6 94 12.0 13.0 7.7 6.2 5.9 2.2
Kansas 584 79 6.0 9.6 11.0 8.0 59 4.6 2.0 34
Michigan 544 44 6.4 94 9.5 8.4 5.7 5 2.9 2.9
18 other states  220.1 14.6 31.3 42.4 40.3 29.3 283 14.5 9.6 9.7
Total all states 1,588.1 123.2 2153  284.6 280.6 261.4 177.2 114.0 73.7 58.1
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In addition 1o the black walnut volume found on
timberlands, there are large quantitics growing in
pastures, narrow wooded strips, and other arcas
not classified as timberland, As previously
mentioned, these arcas are not included in the
volume estimates but they do contribute to the
overall supply of black walnut in the United
States.

Only 8% of the total growing-stock volume in the
United States was in diameter classes larger than
19 in. d.b.h. The majority of the growing-stock
volume was in diameter classes from 9 to 15 in.
d.b.h., reflecting a resource that has the poten-
tial to greatly expand its volume, assuming these
medium sized trees continue to mature (Fig. 3).
If market pressures increase to where smaller
sized sawtimber trees are harvested, the poten-
tial for greatly increasing the volume will be
diminished.

Ohio and Kentucky had the most black walnut
growing-stock volume, cach with about 183
million cubic feet (Table 5). Thesce two states
accounted for almost one-fourth of the total
black walnut growing-stock volume in the United
States. While these two states had similar totals,
they differed in diameter class distribution. Ohlo
tended to have more volume in trees 11 in. d.b.h.
and greater while Kentucky had more volume in
trees less than 11 in. d.b.h. which is in agree-
ment with the diameter class distribution shown
in Table 4.

200 ;
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Fligure 3.—DBlack walnut growing-stock volume
by diameter class.

In 1962, there were an estimated 2.7 billion
board feet of black walnut sawtimber (Quigley
and Lindmark 1966). As of 1989, there were 4.3
billion board feet of black walnut sawtimber
(Table 6). Over the 27 year period between the
two estimates, black walnut sawtimber volume
increased by almost 70%, averaging an increase
of about 59 million board feet per year.

In addition to the sawtimber volume, there are
many black walnut trees that are considered
“short-log” trees and are not included in the

Table 6.—Volume of black walnut sawtimber by diameter class

21+

Diameter class {inches d.bh)

State Total 11.0-12.9 13.0-14.9 15.0-16.9 17.0-18.9 19.0-20.9 21+
S e e e « =~ Thousand board feet International rule - - - - - « - ~ -

Ohio 510,820 143,700 155,297 82,845 65,743 43,858 19,377
Indiana 427,500 113,062 101,737 111,392 53,600 30,390 17,320
Missouri 398,063 127,338 117,467 68,453 52,050 22,325 10,430
[Hinois 368,033 111,592 106,211 61,051 41,740 19,171 28,269
Kentucky 363,548 98,539 90,715 76,189 54,308 18,874 24,924
West Virginia 306,088 71,492 92,027 58,740 40,756 21,305 21,769
Virginia 301,859 62,459 84,257 43,205 25,101 51,009 35,828
Pennsylvania 251,310 59,690 71,349 45,508 3151 21,880 21,372
Tennessce 244,039 69,949 69,431 54,150 21,012 19,161 16,357
fowa 223,198 57,822 62,394 36,931 29,077 27,230 9,745
Kansas 170,256 52,427 40,291 30,144 23,267 9,463 14,665
Michigan 160,997 41,073 39,127 27372 24,518 14,321 14,586
18 other states 570,843 158,613 126,882 120,821 69,986 48,505 46,035
Total all states 4,296,573 1,167,753 1,157,184 816,799 532,668 347,492 274,675
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sawtimber volume estimates. To be included in
sawtimber volume estimates, a minimum of one
12-ft, or two non-contiguous 8-ft, sawlogs is
required. In western portions of the black wal-
nut range, trees often do not reach sufficient
height to contain the minimum sawlog require-
ment. However, industry will use smaller length
logs if they meet other quality and size stan-
dards. For example, in Nebraska short-log black
walnut trees represent an additional 7% of the
total black walnut sawtimber volume in the state.
Many of these trees are of the highest quality and
are marketed worldwide.

Each of the top 12 states had more than 160
million board feet of black walnut sawtimber.
Chio had the most sawtimber volume with more
than 500 million board feet. In total, the top 12
states accounted for 87% of the black walnut
sawtimber volume in the United States as of the
most recent inventories. While the top 12 states
were the same states for both growing-stock and
sawtimber volume, they differed in order of total
volume. Indiana, which was fourth in growing-
stock volume, was second only to Ohio in total
sawtimber volume. Kentucky, second in grow-
ing-stock volume fell to fifth in sawtimber vol-
ume. Kentucky's lower sawtimber to growing-
stock volume ratio indicates a stronger demand/
market for black walnut in Kentucky compared
to other states. This has caused more of the

larger sawtimber-sized trees to be harvested,
resulting in smaller, more recently established,
trees.

Considering only large trees (>21 in. d.b.h.},
Virginia had the most volume followed by Illinois,
Kentucky, West Virginia, and Pennsylvania. All
five of these states had at least 20 million board
feet of sawtimber in the largest diameter class.
In Virginia, 29% of the total black walnut saw-
timber volume in the state was in trees at least
19 in. d.b.h., compared to a national average of
14%. Virginia alone accounts for 14% of the
black walnut sawtimber volume larger than 19
in. d.b.h. in the Nation. As one compares the
sawtimber volumes for smaller diameter classes,
other states begin to dominate but Virginia is the
current king of large diameter black walnut
sawtimber.

GROWING-STOCK GROWTH, MORTALITY, AND
REMOVALS

Black walnut growing stock averaged 55.2 mil-
lion cubic feet of gross growth and 11.5 million
cubic feet of mortality each year across the
country in the most recent inventories (Table 7).
The result was an average net annual growth
rate of 43.6 million cubic feet, 2.7% of the
Nation’s total growing-stock volume. This net
annual growth would provide enough wood to

Table 7.—Black walnut growing-stock volume and average annual gross growth, mortality, net growth, and removals

Growing stock

Volume Gross Mortality Net Removals Net gain
State growth growth or loss
----------- Thousand cubic feet - - - - - - - - - - -
Ohio 183,618 5,751 1,049 4,702 2,635 2,067
Kentucky 183,349 5,521 1,454 4,067 2,279 1,788
Missouri 147,480 4,120 1,789 2,331 2,103 228
Indiana 127,223 5,309 1,335 3,974 1,978 1,996
West Virginia 123,743 4,063 604 3,459 1,086 2,373
Hlinois 119,080 5,335 1,186 4,149 875 3,274
Virginia 115,219 2,723 636 2,087 2,746 -659
Pennsylvania 100,498 4,068 359 3,709 449 3,260
Tennessee 91,251 3,556 1,312 2,244 865 1,379
Towa 63,757 2,372 159 2,213 699 1,514
Kansas 58,370 2,480 305 2,175 485 1,690
Michigan 54,447 1,939 181 1,758 474 1,284
18 other states 220,107 8,895 1,070 7,825 2,699 5,126
Total 1,588,142 55,182 11,534 43,648 19,373 24,275
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make a desk completely out of black walnut for
every one of the estimated 945,000 occupied
households in Kansas or to make a stack of
black walnut wood that was 4 ft high and 4 ft
wide that would almost stretch from Springfield,
Missourl to Richmond, Virginia.

States with above average net annual growth
rates when compared to total growing-stock
volume include Kansas, Pennsylvania, Illinois,
lowa, Michigan, and Indiana. Kansas and Penn-
sylvania led all states, cach averaging annual net
growth rates that were 3.7% of their total grow-
ing-stock volume. Missouri and Virginia show
the lowest percent of growing-stock growth to
total volume ratio in the United States, both
having a net growth rate of less than 2%.
Missouri's lower net growth rate was in-part due
to higher than average mortality rates.

Average annual mortality was estimated to be
0.7% of the Nation's total black walnut growing-
stock volume. The cause of death for the vast
majority of black walnut mortality was unknown
{» 80%). Of the known causes of black walnut
miortality as identified by FIA field erews, weather
related factors and diseases were most commonly
reported.

Tennessee and Missouri had the highest average
annual mortality rates, both being about 1.2% of
total volume. States with low mortality rates
included lowa. Michigan. Pennsylvania, West
Virginia. and Kansas. lowa’'s black walnut
average annual mortality rate was a mere 0.2% of
its total growing-stock volume.

arowing-stock average annual removals averaged
19 million cubic feet per year. Growing-stock
removals include all removals for timber prod-
ucts, changes in land-use to where the land is no
longer classificd as timberland {(clearings, devel-
opment, etel), and trees that are cut but not
utilized. This removal rate represents 1.2% of
the total growing-stock volume in the Nation.
Most states had statistically similar growing-
stock removal rates, although Virginia reported a
removal rate (2.4% of its total growing-stock
volume) that was double the national average.
Even though Virginia has only 63% of the grow-
ing-stock volume of Ohio, it has a higher removal
rate. The high removal rates in Virginia probably
could be attributed to harvesting and urban/
suburban sprawl pressures.
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If mortality and removals are subtracted from
total gross growth, the net result is an increase
of 24 million cubic feet of black walnut woeod
each year in the United States. This compares to
the average annual increase of 22 million cubic
fect of black walnut that was calculated based on
comparing 1962 total growing stock with 1989
total growing stock (see discussion in volume
section). Thus, the average annual iﬂ("i"ffaﬂt‘ in
growing stock is probably between 22 and 24
million cubic feet. Comparing average net grow-
ing-stock growth to removals shows a ratio of
2.25/ 1.0 which reflects a growing resource that
has the potential to greatly increase the current
removal rate while still achieving long-term
sustainability.

With the high economic values associated with
black walnut, one could raise the question as to
why the market place is not increasing the
removal rate to more closely approximate the
growth rate. Factors to consider include that:
much of this growth is occurring on smaller trees
that have not attained a size appropriate for
utilization, growth occurs on many poor quality
trees that have limited utilization potential, and
growth is occurring on sites that are inappropri-
ate or currently unavailable for harvesting.

The national average net annual gain in volume
of black walnut of between 22 and 24 million
cubic feet represents about 1.5% of the Nation’s
total black walnut growing-stock volume. The
net annual increase in growing-stock volume as
a percentage of the state's total growing-stock
volume was largest in Pennsylvania, Kansas, and
linois. Each of these states have a net annual
increase of at least 2.5% of their total growing-
stock volume. Missouri, with a net annual gain
of 228 thousand cubic feet or 0.1%, is nearly
static in terms of annual changes in total grow-
ing-stock volume. This is primarily due to above
average mortality and removal rates. The current
condition in Virginia is different than in any
other state in the entire range of black walnut,
primarily due to its large volume of sawtimber-
sized trees. Virginia is experiencing an annual
decrease of 659 thousand cubic feet. If the
current conditions continue into the future in
Virginia, the black walnut resource will dwindle,
which will have adverse economic impacts on
industry.



SAWTIMBER QUALITY

Black walnut sawtimber removals have a direct
relationship to the quality of the trees available.
Therefore, discussions concerning resource
quality must precede discussions of the utiliza-
tion of the resource. Because FIA field crews do
not grade every tree on a field plot, only percent-
ages are used to display quality aspects of the
black walnut resource. Both the diameter and
length of each potential log in each tree are
important considerations in the tree grade for-
mulas. The minimum small end d.i.b. (diameter
inside bark) for grade 1 is 13 in. and 11 in. for
grade 2 (Hanks 1976). Both of these minimum
diameters are well below what the industry
would consider necessary for “high quality.”

In 1965, approximately 45% of the volume in
walnut sawtimber in Illinois, Kentucky, and
Missouri was in grades 1 and 2 (Quigley and
Lindmark 1965). We are assuming that these
regional estimates are representative of the entire
black walnut resource at that time. As a com-
parison, 38% of the black walnut sawtimber in
the most recent inventories were grade 1 or 2
(Table 8).

Many field foresters, log-buyers, and industry
officials feel that the decrease in quality resulted
from a decrease in not only quality but also in
the size of the timber available for harvest.
However, a comparison of sawtimber volume by

Table 8.—Percent of black walnut sawtimber by grade

Grade
State 1 2 3 4
- - - Percent - - -
Chio 9 22 63 7
Indiana it 30 50 9
Missouri 5 19 45 31
Tilinois 13 38 41 8
Kentucky 12 34 50 4
West Virginia 13 31 38 18
Virginia 4 30 55 11
Pennsylvania 3 25 46 26
Tennessee 5 18 63 14
Iowa 12 34 50 4
Kansas 24 37 39 0
Michigan 20 46 31 3
18 other states 10 27 53 10
Average 10 28 51 11

diameter classes between 1962 and 1989 show
that, in fact, the average diameter of sawtimber
trees in the United States has been increasing.
The percent of black walnut sawtimber in the
largest diameter classes, above 19 in. d.b.h.,
actually increased from 10% in 1962 to 14% in
1989.

Kansas has the largest percentage of the best
quality trees compared to the total sawtimber
volume in each state. Almost one-fourth of all of
the graded sawtimber-sized black walnut trees in
Kansas were classified as grade 1. By compari-
son, in Missouri only 1 out of every 20 sawtim-
ber-sized black walnut trees was classified as
grade 1. Grade 1 generally indicates trees that
have the potential to be utilized as veneer.

More than half of the black walnut sawtimber in
the United States was graded as grade 3 in the
most recent inventories. This grade is suitable
for lumber and other miscellaneous products and
can often have more “character” than higher
grades. For example, furniture made from low
grade black walnut lumber with knots and other
sound defects adds to the charm and diversity of
each piece (Chenoweth 1995).

Black walnut products come from a wide variety
of sources beyond the typical forestlands. Be-
cause of the economic value associated with
black walnut, the eastern United States are
scoured for trees that are of the size and condi-
tion used in the timber industry. Aside from
black walnut, there are not many tree species
where limbwood, dead trees, cull trees, and
nonforest trees are considered of economic value.
We investigated sources of harvested black
walnut within the North Central Region. The
findings within this region would probably be
similar to other regions but, if specific data for
states outside of this region are needed, we
suggest that the respective USDA Forest Service
Experiment Station be contacted.

CURRENT ANNUAL REMOVALS

In the North Central Region, an estimated 7
million cubic feet of black walnut growing-stock
and 5.3 million cubic feet of black walnut non-
growing stock are currently harvested based on
the most recent Timber Product Output surveys
(Table 9). Of the harvested black walnut, about
82% (10.1 million cubic feet) was removed from
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the site, generally to a processing facility and
18% (2.2 million cubic feet) was left on the
ground as logging residue/slash.

Missouri and Indiana were the leading states in
the North Central Region in current annual total
black walnut harvested volume. These two
states had similar levels of growing-stock remov-
als but different levels of non-growing stock
removals. Missouri, in 1993, had more black
walnut harvested from non-growing stock
sources (2.5 million cubic feet} than from grow-
ing-stock (1.8 million cubic feet). Indiana’s 1990
black walnut harvest from growing stock (1.8
million cubic feet) was five times the harvesting
from non-growing stock (343 thousand cubic
feet). States besides Missouri with a large
percentage of total black walnut harvest from
non-growing stock include lowa and Wisconsin.

Almost 20% of all of the black walnut harvest in
the North Central Region was from cull (non-
growing stock) trees. Cull trees are on timber-
lands but they do not meet the requirements for
growing stock. Cull trees include short-log trees,
trees with excessive sweep and/or crook, trees
with excessive taper to where they do not meet
the minimum top diameter, and rotten trees.
While FIA classifies these as cull trees, they
obviously constitute an important part of the
supply of black walnut in the region. Missouri
and lowa both had significant volumes of cull
black walnut trees that were harvested for
sawlogs. In addition to the cull tree harvest,
more than 1.3 million cubic feet of black walnut
are harvested annually in the North Central
Region from trees that are not on timberlands.
These trees occur on pasture land, in narrow
wooded strips, in windbreaks, and in other
locations.

CONCLUSIONS

Some state inventory results from the 1940’s
through the 1970’s seemed to confirm the
concerns expressed about the perceived dwin-
dling supply of black walnut. Other states,
however, were showing significant gains in
volume. Ohio, the number one black walnut
state in terms of growing-stock volume, posted a
22% increase in growing-stock volume from
1968 to 1979. Kentucky dramatically increased
its black walnut growing-stock volume from
1963 to 1975. Thus, the changing black walnut

picture was different depending where one
looked. Overall, national compilations show a
significant increase in black walnut volume.
Much of this increase occurred in the latter half
of the period. Inventories in the 1980’s and early
1990's show significant gains in black walnut
growing-stock volume in all of the big 12 walnut
states. Illinois showed the most impressive gain,
rising from 44.9 million cubic feet in 1962 to
119.1 million by 1985. In Indiana, growing stock
volume increased from 64.5 million cubic feet in
1967 to 127.2 million in 1986.

Why this sudden increase? We suspect the
reason is the convergence of several factors.
During this same period, the volume of all hard-
woods increased dramatically as hardwood
forests matured. However, the rate of increase of
black walnut was significantly greater than for all
hardwoods. This perhaps may be explained by
two factors. First, because black walnut is pest
resistant and alleopathic, growth is seldom
impeded. Secondly, many black walnut trees
were already well established in pasture land
that reverted to forest land in the 1970’s and
1980's. These trees, with their significant vol-
umes, would have been new additions to the total
growing-stock volume. Our experience in the
North Central Region concerning conversion of
pasture land to forest land supports this posi-
tion. Unfortunately, there is little hard data to
either support or refute these conclusions.

More than half of the existing black walnut
timberlands are in sawtimber-sized stands.
These stands have limited potential for redirect-
ing management toward improved quality and
stocking rate. Additionally, many of these older
stands have been subjected to practices such as
grazing that limit their long-term productivity.
Returns on investments are limited in older
stands when compared to similar investments on
younger stands. However, more than two-thirds
of the black walnut trees in the United States are
currently less than 5 in. d.b.h., which is an
excellent size to actively manage for long-term
production. In this size class, pruning, releasing,
thinning, and other management activities have
the potential to greatly improve the quality as
well as the quantity of black walnut in the stand,
especially if they are on highly productive sites.

Although the growing-stock volume of black
walnut has grown dramatically, there will prob-
ably never be an adequate supply of the highest
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quality black walnut. But, the supply of high
quality black walnut would be enhanced if
establishment and management were focused on
sites with high productivity potential. With the
majority of black walnut timberlands owned by
non-industrial private landowners, the future
supply is dependent on land management goals
that include timber production. Private land-
owners own land for many purposes other than
timber production. If improving the quantity of
black walnut is of high priority, public agencies
could target these landowners for increased
management, technical assistance, and cost-
share programs.

Tree distribution records of state forestry agen-
cies show that more than 3 million black walnut
seedlings were distributed throughout the east-
ern United States in 1994 (Johnson 1995). Iowa,
Indiana, Illinois, and Missouri account for more
than half of all of the black walnut seedlings
distributed. In addition, there are many private
nurseries that distribute black walnut seedlings.
To date, plantations have not made a significant
impact on the supply of black walnut timber.
However, if this level of planting continues, if
they are adequately managed, and if they are
planted on productive sites, plantations have the
potential to improve the future timber supply of
black walnut.

The overall future for black walnut appears
bright, the number of black walnut trees has
been consistently increasing, there has been an
average annual increase in growing-stock volume
of 22 to 24 million cubic feet, and utilization
techniques are constantly improving. If this
growing resource is adequately managed, ques-
tions about the long-term supply of high quality
of black walnut will be answered.
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HARDWOOD AGROFORESTRY PRACTICES IN TEMPERATE CLIMATES

H.E. Garrett and W.J. Rietveld!

ABSTRACT.—Agroforestry, an integrated land-use management ap-
proach for production and farmland conservation, is rapidly emerging as
a viable alternative to conventional forestry and agricultural practices.
In hardwood regions, in particular, agroforestry offers many opportuni-
ties. With forest resource analysts predicting dramatic increases in the
demand for hardwoods in the future, landowners are seeking environ-
mentally sound land-use alternatives that are also economically viable.
Agroforestry offers many alternatives while advancing our land steward-
ship needs by 1) converting degraded lands, 2) protecting sensitive lands,
and 3) diversifying farm production systems while increasing financial

gain.

Agroforestry is an intensive land-management
system that optimizes the benefits from biological
interactions created when trees and/or shrubs
are deliberately combined with crops and/or
livestock (Garrett et al. 1994). As a field of study,
agroforestry possesses many qualities that
promote the merging of forestry and agriculture
and offers the basis for the development of a
new, comprehensive, and integrative land-use
strategy. Furthermore, the diversity of products
associated with agroforestry can help ease the
reliance farmers have on income from conven-
tionally-managed grain crops. An opinion held
by many is that, when properly designed and
implemented, agroforestry can benefit the ailing
farming industry, help our nation meet its pro-
jected demands for wood, and, in the process,
correct many of the environmental problems that
have been created through the improper applica-
tion of forestry and farming practices.

OPPORTUNITIES FOR HARDWOOD
AGROFORESTRY

The demand for wood products in the U.S. is
projected to increase dramatically during the

' H. Eugene “Gene” Garrett, Professor, School of
Natural Resources, University of Missouri,
Columbia, MO 65211; Bill Rietveld, Program
Manager, National Agroforestry Center, USDA
Forest Service, Lincoln, NE 68583-0822.

next few decades. A harvest of 18 billion cubic
feet in 1991 will grow to 25 by the year 2050
(Powell et al. 1992). Coupled to this increase in
wood demand will be an increase in the number
of states affected by timber harvesting restric-
tions. Already the states of Washington, Oregon,
and California, three of the top softwood lumber
producing states in the nation, are under heavy
restrictions. Moreover, public lands, a major
source of raw materials in the past will play less
of a role in meeting future demands. Harvesting
on federal lands peaked in 1988 at slightly more
than 14 billion board feet and has steadily
declined since. Federal lands contributed ap-
proximately 5 billion board feet in 1995 (Ameri-
can Forest and Paper Association 1985}.

With the reduction in allowable harvest on
federal lands and restrictions being placed on
harvesting due to many reasons in states that
have been important timber producers in the
past, a unique opportunity is unfolding for
agroforestry in the central and eastern hardwood
regions. With increased demand will come new
markets and improved prices for hardwoods
(Wiedenbeck and Araman 1993). Since 59% of
all timberland in the U.S. is under non-industrial
private ownership, the opportunities have never
been greater. In the oak-hickory association
alone which stretches from the midwest to the
east coast and lends itself well to agroforestry
practices, more than 114 million acres exist,
most of which is privately owned (Sander et al.
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In addition to forested land that is available for
conversion to agroforestry practices, substantial
farmland acreage is laying idle within the hard-
wood region that could be placed under produc-
tive agroforestry management. Such conversion
would not only provide economic returns to the
landowner, but also help the nation meet its
future need for wood products. It has been
estimated that the nation’s 600,000 largest farms
produce 94% of all agricultural sales. The
remaining 1.5 million farms which total approxi-
mately 290 million acres in size, produce 6%
{Anderson 1995).

With the projected shortfall in meeting the de-
mand for wood products and the availability of
such vast acreages of farmland that are in need
of being placed back in production, landowners
must be made aware of the potential of
agroforestry. Properly designed agroforestry
practices yield many benefits including wood
products, wildlife habitat, improved income,
increased biodiversity in agricultural landscapes,
decreased wind and water erosion, and reduc-
tions in agriculturally-derived contaminants in
riparian zones. Furthermore, through the inte-
gration of forestry and agricultural technology,
the sustainability of a system and rural develop-
ment can be greatly enhanced.

HARDWOOD AGROFORESTRY PRACTICES

Agroforestry within temperate climates empha-
sizes integration of trees with crops in such a
way as to maximize both conservation and
production benefits. While varied in nature,
agroforestry can functionally be grouped into one
of five distinct practices: 1) Windbreaks, 2)
Riparian Buffer Strips, 3) Silvopasturing, 4) Alley
cropping, and 5) Forest Farming.

WINDBREAKS

Windbreaks are the oldest form of agroforestry in
the U.S. Windbreak practices are of noted
importance in the northern Great Plains states
{(Kansas, Nebraska, the Dakotas, etc.) and west-
ern states where they are used for stabilizing
microenvironments. Beneficial effects leading to
increased crop and livestock production are
afforded by properly designed windbreaks.
Increases are attributed to reduced wind erosion,
improved microclimates, snow retention, reduced
crop damage by high winds, and increased crop
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yields. In general, wind speed is slowed and
benefits are derived to a distance of 15 to 20
times the height of trees within a windbreak
(Brandle et al, 1988}.

The design and success of windbreaks has
improved dramatically from the early 1930's
when single shelterbelts of up to 10 rows were
recommended on only one side of an area to be
protected. Today's designs advocate narrow
windbreaks arranged across an area with spac-
ings within the row and between rows which
provide adequate air movement to minimize
turbulence and snow piling. Numerous hard-
wood species such as bur oak, black walnut,
black locust, hackberry, cottonwood and others,
are commonly used. With a properly designed
windbreak, protection is assumed to begin in
about year 6 and increase over the next 15 years
reaching full protection by age 20. Average yield
increases of up to 15% in winter wheat have been
observed in Nebraska {Brandle et al. 1984).

Furthermore, the benefits of windbreaks to
livestock under winter conditions are well docu-
mented. Windbreaks are known to reduce
animal stress, increase feeding efficiency and
improve animal health. One study of livestock
on winter pasture in Canada found that unpro-
tected animals required a 20% increase in feed
energy, above maintenance, to offset the effects
of exposure to a combination of cold tempera-
tures and wind (Webster 1970}.

RIPARIAN BUFFER STRIPS

Riparian buffer strips require a mixture of veg-
etative types (i.e., trees, shrubs and grasses) that
are optimally combined on stream- and
riverbanks and lake shores to assist in control-
ling nonpoint sources of pollution while regulat-
ing and protecting aquatic habitats. This prac-
tice has broad application throughout the U.S.
but nowhere is it more important than in states
that are heavily agricultural. The riparian buffer
strip, perhaps more than any other agroforestry
practice, is in need of immediate broadscale
adoption because of its multiple conservation
and environmental benefits. Properly designed
riparian buffers can reduce the adverse effects of
traditional farming on stream quality, create
suitable habitat for a variety of wildlife species,
including aquatic inhabitants, and provide a
sustained income from forest and other products.
In the hardwood areas of Illinois, Indiana, lowa,



Missouri and Ohio, more than 85,000 miles of
stream- and riverbanks are unprotected by trees
and shrubs. An additional 80,000 miles are
unprotected or have only minimal protection in
the states of Kansas, Nebraska, North Dakota
and South Dakota (Garrett et al. 1984).

Designs consisting of strips of hardwood trees
along the drainage bordered to the outside by
strips of shrubs and grasses are becoming more
common and have proven to be very effective in
filtering out “would be” stream contaminants
{Schultz et al. 1993). Forested buffer strips 90 to
150 ft in width have proven to be effective in
reducing nitrogen in groundwater by 50 to 100%
and in surface runoff by 78 to 98% (Lowrance
1992). While complete information on the opti-
mum width and the economic benefits of buffer
strips are lacking, estimates of the cost of crop-
land sediment in reservoirs in the U.S. runs as
high as $200 million annually (Crowder 1987)

SILVOPASTURING

Silvopasturing is a tree-livestock practice where
forages are grown with trees under intensive
grazing management. While it has been re-
searched most extensively with pines in the
southern U.S., the practice has great potential
with hardwoods. Tree densities in silvopastoral
practices vary greatly with tree species and age,
site conditions, and light requirements of forage
species. Tree (crown) density greatly influences
forage yields (Lewis et al. 1984) with yields
typically decreasing as tree density increases
beyond a threshold value. However, with proper
management of tree density and forage species
selection, increases in forage yields (Garrett and
Kurtz 1983, Dawson 1983) and quality (Smith
1942) are possible.

Little information has been published on the
econormmnics of silvopastoral management in
hardwoods. However, a 5-year study of domestic
forages under loblolly pine revealed that two out
of five alternatives studied yielded greater inter-
nal rates of return than the open-grown, forage
alternative (Clason 1994). Similar findings would
be expected for many hardwood species and
selected forage combinations.

ALLEY CROPPING

Alley cropping is a practice where tree rows are
widely spaced creating alleyways for growing

companion crops. In this practice, tree rows are
spaced to accommodate the biological needs of
intercrops. Within-row spacings, however, must
be close enough to produce a “iraining effect”
while providing a surplus of trees from which one
can select the final crop trees. Closer within-row
spacings also provide better protection of the site
{e.g., erosion control} early in the rotation period.
Within- and between-row spacings will vary with
tree species and intercrops planted, management
objectives (e.g., an emphasis on wood versus fruit
production) and even the availability of farming
equipment—alleyway widths may be designed to
accommodate headers, disks etc., owned by the
farmer.

Studies conducted in Missouri have demon-
strated that when black walnut fruit and wood
production are both emphasized, a 40- x 10-ft
spacing is a good compromise (Garrett et al.
1991). Forty feet between rows provides suffi-
cient light to accommodate even many shade
intolerant conventional row crops for up to 10
years. Ten feet between trees within the row
provides additional trees from which a final 30
plus quality trees per acre can be selected. For
landowners interested in growing intolerant,
conventional row crops for more than 10 years,
spacings of more than 40 ft between rows is
recommended. An east-west row orientation is
desirable to provide maximum light for intercrop
species.

Numerous economic assessments have been
conducted on agroforestry alley cropping with
typical internal rates of return ranging from 4 to
11% (Kurtz et al. 1984). Moreover, tree species
which yield especially high-value wood products
and fruit or other marketable products have
obvious advantages over low-value species which
produce only wood products. Assessments made
of alley cropping on marginal farmland have
shown that it produces land expectation values
comparable to those of traditional agricultural
systems (Lottes 1985). Gordan and Dawson
(1982) demonstrated that the planting of valu-
able hardwood species with nitrogen-fixing woody
and herbaceous types is an economically viable
alternative to conventional row crops on these
sites. Furthermore, with the growing importance
of the oriented strand board (OSB) industry in
the U.S., new opportunities exist for growing
biomass species (cottonwood, willow, silver maple
etc.) using alley cropping technology.
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FOREST FARMING

Forest farming consists of creating suitable
micreenvironments in natural forest stands for
growing shade tolerant specialty crops sold for
ornamental, culinary, or medicinal uses. In the
hardwood region of the eastern U.S., forest
farming emerged in the northeastern and Appa-
lachian states but is gaining emphasis in the
remainder of the region. Its popularity is rapidly
growing throughout the midwest as woodland
owners become more aware of the economic
aspects of special forest products. Naturally
forested areas throughout the hardwood region
provide excellent opportunities for the production
of specialty crops. Currently, most forest spe-
cialty crop production is passive and does not
qualify as agroforestry using the strict definition.
The potential, however, for increasing the eco-
nomic gain of these crops through intensive
management is rapidly being recognized as
markets develop for an increasing number of
plants common to the understories of hardwood
forests. "

Recent surveys conducted in the Pacific north-
west on the economic and marketing implications
of special forest products have been most reveal-
ing (Schlosser et al. 1991). In 1989, native
plants, growing in the understory of forests and
sold as floral greens in the Pacific northwest and
coastal British Columbia, created an industry
which employed over 10,000 workers and gener-
ated an estimated $128.5 million in sales
(Schlosser et al. 1991). Similarly, the commercial
harvest of wild edible mushrooms in the Pacific
northwest has grown into a multimillion dollar
industry (Molina et al. 1993). In the Appalachian
states, ginseng has become an important crop.

In Kentucky alone, ginseng is a 5 million dollar a
year industry (Hill 1991).

TREE SPECIES SELECTION AND CULTURAL
TREATMENTS

Properly designed agroforestry practices, regard-
less of the one chosen, can yield many benefits
but their success requires proper selection and
active manipulation of the vegetation. While the
potential for agroforestry varies by regions,
reflecting the diverse landscapes, values, and
regional/local economies, the ultimate success of
an agroforestry program depends upon the
nature of the biological interactions created, the
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value of the benefits {economic, environmental
etc.) produced and, ultimately, the likelihood of
adoption by the user.

In agroforestry practices started from planting,
selection of the proper tree species is of para-
mount importance. In addition to being adapted
to the site and producing high-value products
(i.e., wood, fruit, specialty products etc.), the
trees must create suitable microenvironments to
accommodate the needs of companion crops
while satisfying special needs such as controlling
erosion, improving wildlife habitat, or buffering
our waterways from excess nutrients and pesti-
cides. While the emphasis on desirable charac-
teristics of hardwood tree species used in
agroforestry will vary to some degree with man-
agement objectives, there is a consensus that
certain characteristics are generally desirable.
Desirable characteristics might include the
production of multiple high value products (i.e.,
wood, fruit, specialty products etc.); generation of
light shade; deep-rootedness with minimal
surface roots; rapidly decomposing foliage;
foliage that minimizes acid-generating potential;
a lack of allelochemicals; a short growing season;
and, good wildlife food and/or habitat production
potential. Tree spacing and the most effective
design will vary depending on the management
practice, light requirements of the species used
and even personal preferences of the landowner.

WEED CONTROL

Weed control is critical to the success of any
agroforestry practice. Both mechanical and
chemical weed control are used under
agroforestry management (Garrett et al. 1991).
However, when mechanical approaches are used,
caution is advised to avoid root damage or dam-
age to the lower portion of the stem from contact
with the equipment. Weed control around the
base of individual stems should be achieved
chemically when conventional farm tilling equip-
ment is employed. Complete weed control by
mechanical means is advocated only if some form
of precision in-the-row tiller is used (e.g., Weed
Badger, Litchville, North Dakota 58461). Equip-
ment of this nature is specifically designed to
minimize damage to young trees. It may also
prove superior to chemical weed control as a
result of the increased aeration and moisture
penetration benefits derived from soil-surface
scarification. Where conventional equipment is
used between rows, depth of tilling should be
limited to 6 in. or less (Garrett et al. 1989).



Because of the ease of application and past
success, chemical weed control is more popular
than mechanical. Following planting, herbicides
can be applied in a circle around each seedling
or, where tree rows are used, along both sides of
a row of trees. The area of the control zone
around trees will vary with landowner and
practice employed. However, in all instances it
should be sufficient to minimize the competition
for water and nutrients between the woody
component and the companion crop. Where sites
are erodible, consideration should be given to
planting on the contour and using shallow-
rooted, “living mulches” in association with the
trees, or, a commercial grade mulch, specifically
designed for the purpose of weed control (Garrett
et al. 1991).

FERTILIZATION

There is a limited understanding of fertility needs
for the various hardwood agroforestry practices
used in the U.S. However, since plants grown
together under agroforestry management are in
direct competition for nutrients and are grown
under microenvironmental conditions that may
vary from the ‘ideal’, one may assume that
fertility requirements will differ from those
prescribed for conventional forestry or agricul-
tural practices. One may also assume that
nitrogen, the element needed most by trees, will
normally be the most limiting. Due to nitrogen
loss from harvesting agronomic or specialty crops
and removing prunings or whole trees, N supple-
ments are required in most agroforestry pro-
grams to maintain favorable tree growth. Studies
conducted in California under alley cropping,
agroforestry-type conditions (forage with
Carpathian walnuts) have revealed needs of as
high as 200 pounds of actual N per acre, if nut
production is the goal (Romas 1985). Immediate
research is required in the U.S. for developing
fertilization prescriptions within the various
agroforestry practices employed.

PRUNING RECOMMENDATIONS

Pruning requirements under agroforestry man-
agement varies greatly depending upon the
short- and long-term objectives of the practice.
However, it is a primary goal in most agroforestry
practices to maximize the economic gain (in some
practices the emphasis is on conservation ben-
efits), thus, artificial pruning is often an impor-
tant consideration. In silvopasturing, riparian
buffer strips, forest farming and alley cropping,

artificial pruning is recommended where en-
hancement of microenvironments is required for
supporting companion crops and/or the cost is
justified in increasing the value of the wood
produced.

In contrast to conventional forest management
practices that emphasize the creation of long,
clear boles through pruning, under certain
agroforestry regimes shorter boles with larger
crowns may be favored for the purpose of creat-
ing the proper microenvironment for companion
crops or increasing yields of nuts, fruit, or spe-
cialty products. In the midwest under walnut
(Juglans nigra L.) alley cropping management,
numerous analyses have demonstrated that
larger profits can be realized by sacrificing some
clear-log length to increase crown area for nut
production (Kurtz et al. 1984).

Tip pruning (the removal of the growing tip) of
lower lateral branches is a practice unique to
some agroforestry management programs under
conditions where the operation of large farming
equipment in close proximity to trees occurs. In
alley cropping, as trees develop, lower branches
grow into open areas supporting companion
crops and can become entangled in farm equip-
ment resulting in damage to the trees. Tip
pruning prevents damage and enables the land-
owner to maintain greater live crown ratios and
faster growth early in the life of the trees than
would be possible with complete branch removal
(Garrett et al. 1991).

THINNINGS

Both the timing of thinnings and the number of
trees to be removed in agroforestry practices
varies greatly with species, site conditions, and
management objectives. Under conditions of
riparian buffer strips, harvesting of woody and
herbaceous plant components is required to
maintain vigorous growth while creating new
vegetative development for sequestering surplus
nutrients and pesticides. Some studies have
shown a leakage of contaminants (especially
phosphorus) under conditions of little manage-
ment (Osborne and Kovacic 1993). Furthermore,
many grass, conventional agronomic crops, and
specialty crop species used in agroforestry
practices are only intermediately shade tolerant.
Semi-open, tree-crown conditions, maintained
through regular thinnings, are a prerequisite to
maintaining vigorous growth. Regulated
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thinnings under silvopastoral, alley cropping and
forest farming management are especially critical
to maintain suitable microenvironments for
growth of companion crops. Moreover, in all
agroforestry practices, the quality and quantity of
wood produced has a direct bearing on the
expected economic gain. Since it is not normally
a goal to grow low-value hardwoods in
agroforestry practices, thinnings are critical to
the overall success of any program.

THE CHALLENGE

Modern agriculture and forestry face many
challenges and there is a growing demand for the
knowledge and expertise needed to develop
sustainable agricultural and natural resource
systems. As part of an ecologically-based land
management system, agroforestry can contribute
substantially to generating the ecosystem diver-
sity and processes important to long-term
sustainability and profitability. Agroforestry can
help us meet our nations future wood needs in a
sustainable manner. It offers the basis for the
development of a comprehensive land-use strat-
egy that emphasizes the desirability of treating
value-creating biological systems as holistic
management units rather than as a collection of
individual components.

Our challenge is to make agroforestry part of a
national strategy to: 1) Develop more environ-
mentally and socially sustainable production
systems, 2) Reduce the public cost of resource
conservation, 3) Avoid the regulation of conserva-
tion, and 4) Provide small family farm owners the
opportunity to “turn enough of a profit” to pre-
serve a way of life that is rapidly disappearing
from our rural landscape.
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BREEDING AND GENETIC ENGINEERING OF ENGLISH WALNUT
FOR NUT PRODUCTION

Gale McGranahan, Chuck Leslie, Abhaya Dandekar and Sandie Uratsu'

ABSTRACT.—A classical breeding program for English or Persian walnut
(Juglans regia L.) was developed to increase nut production and quality.
High heritabilities were found for early nut production, lateral bearing,
and kernal quality. Currently the English walnut industry depends on a
few cultivars with Chandler making up over 80% of the new orchards.
Future cultivars will be bred and selected for late season flowering and
increased disease and insect resistance. Before new cultivars are re-
leased, they will have been evaluated for 22 sets of descriptors over a
minimum of 11 years at four locations. Currently most cultivars are
vegetatively propagated by grafting scionwood onto seedling rootstocks.
Research continues on other propagation methods including rooting of
cuttings and tissue culture. With the latter technique, an Agrobacterium-
mediated gene transfer system is being used to genetically engineer
cultivars for increased resistance to codling moth, Asperygillis flavus,
bacterial blight, and blackline disease. The current activity in genetic
improvement suggests that new cultivars designed to alleviate present
and future walnut industry problems will be available in the first decade

of the next century.

INTRODUCTION

English or Persian walnut (Juglans regia L.) is
probably native to the lower altitudes of the
mountain chains of Central Asia extending from
Turkey and Iran through southern portions of
former USSR to western China and the eastern
Himalayas (McGranahan and Leslie 1990).
Millennia of transport in commerce and wide-
spread naturalization from cultivated trees, as
well as extensive deforestation in its native
habitat, make precise location of the species
native range difficult to determine. Walnuts
were mentioned in some of the earliest Chinese
texts and are referred to in the Song of Solomon
from biblical times. Although “Persian” better
describes the native range of this walnut spe-
cies, the most common name for it in the United
States is English walnut, apparently because the
nuts were shipped from England to the colonies.

! Gale McGranahan, Pomologist; Chuck Leslie,
Staff Research Associate; Abhaya Dandekar,
Associate Professor; and Sandie Uratsu, Staff
Research Associate; Department of Pomology,
University of California, Davis, CA 95616-8683.
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Wild walnut stands still exist in parts of Central
Asia but these are endangered by deforestation,
especially in countries of the former Soviet
Union. The burls on the old trees are highly
valued by woodworkers and regeneration is
scarce due to grazing. As part of genetic im-
provement it is essential to preserve the
germplasm of these native stands.

English walnut is one of about 20 species in the
genus Juglans. It is characterized by four-
chambered nuts which dehisce and separate
from the hulls at maturity. The diploid chromo-
some number is 32 like other Juglans species.
Trees are monoecious with male flowers borne in
catkins and female flowers in pistillate spikes of
2 (-5) flowers at the tips of terminal or lateral
shoots. Flowering is dichogamous with either the
male (protandry) or female (protogyny) flowers
maturing first. Pollen is wind-borne and the
dichogamy promotes outcrossing.

The bearing habit is relevant to genetic improve-
ment; laterally bearing genotypes tend to have
crops at a younger age (2-5 years from seed) and
have higher yields overall. This bearing habit is
often associated with smaller tree size as well.



Most of the germplasm collected from Europe is
terminal bearing while some accessions collected
from parts of China and central Asia exhibit
extreme precocity and pronounced laterally
bearing.

Major walnut producing regions of the world are
United States with about 236,000 tons, Europe
with 202,000 tons and China with 192,000 tons
(FAO Yearbook 1993). In the U.S. the major nut
production area is California where almost
200,000 acres are planted with J. regia, primarily
in the Central Valley. Yields per acre can be as
high as 4 tons, although a good yield is 2 to 3
tons/acre. The farmgate value is 2.5 to 3.5
million dollars per year. Common cultivars are
Franquette, Hartley {most common)}, Payne, Vina,
Chico, Howard, Sunland, Chandler (most com-
mon in new plantings), and Tulare (recently
released).

Walnut scionwood is commonly grafted on seed-
ling rootstocks of Northern California black (J.
hindsii) or Paradox hybrid walnut (McGranahan
and Catlin 1987), either by budding or whip
grafting. Growers can purchase the seedling
rootstock and graft it themselves or can purchase
grafted trees. The nurseries commonly graft the
seedling rootstock at the beginning of second leaf
and make the grafted trees available at the end of
that growing season. Some nurseries also sell 1-
year-old grafted seedlings that were budded in
the same year they germinated. In the 1980's
micropropagation was touted as a means to
commercially produce clonal rootstock and “own-
rooted” cultivars, but the one commercial lab
that tried found the costs prohibitive (John
Driver, Dry Creek Labs, CA, personal communi-
cation). Although micropropagation is used
commercially in France for selected hybrids
between English walnut and Eastern black
walnut (J. nigra) (Jay-Allemand, Orleans, France
personal communication), it is only used in
research in California (Leslie and McGranahan
1992). Instead interest has increased recently in
propagation by cuttings. Improvement in tech-
niques coupled with clonal selection for
rootability make this method of propagation
promising (Sutter and McKenna 1995).

Other methods of propagation have been devel-
oped for research purposes (Preece et al. 1989,
Van Sambeek et al. 1997). Somatic embryos
derived from immature zygotic embryos (Tulecke
and McGranahan 1985) or from anther tissue

(Mendum and McGranahan 1995) are used as
the target tissue for foreign gene insertion via
Agrobacterium tumefaciens (McGranahan et al.
1988, McGranahan et al. 1990). Somatic em-
bryos are repetitively embryogenic if maintained
in the dark on basal media with weekly transfers.
Well-formed embryos can be germinated after
dehydration, and transferred to soil or, more
commonly, micropropagated and budded onto
seedling rootstock. Research is currently under-
way to develop methods that will allow commer-
cial production of own-rooted cultivars from
somatic embryos (John Driver, personal commu-
nication). However the trueness-to-type of
cultivars propagated through somatic embryo-
genesis is unknown, and genetic stability may be
an insurmountable problem.

GOALS FOR GENETIC IMPROVEMENT

Harold Forde and Gene Serr established a breed-
ing program at the University of California in the
late 1940’s (McGranahan and Forde 1985). Their
goal was to develop cultivars that combined
lateral fruitfulness with a late season phenology
and high quality kernels. This was challenging
because in the germplasm available, late season
phenology and high quality kernels were always
associated with the terminal bearing habit. In
addition, germplasm sources of lateral fruitful-
ness were scarce. However heritability estimates
were high for most traits of interest to breeders
(Hansche et al. 1972) and a total of 13 cultivars
were released before the program terminated in
1978 (Serr and Forde 1968, McGranahan and
Leslie 1990, Tulecke and McGranahan 1994). All
are laterally fruitful. One of the cultivars, Chan-
dler, currently makes up over 80% of the new
plantings (Hasey et al. 1994).

For minimum acceptability, a commercial En-
glish or Persian walnut cultivar must have nuts
with a sound shell, over 48% kernel, light colored
kernels, and acceptable flavor. Nut and kernel
size varies with age and yield, but 6 g per nut is
the minimum kernel weight accepted in a new
cultivar. Cultivars that flower after the spring
rains have ended, about mid-April in the Central
Valley of California, are superior to those that
flower earlier because rain is involved in the
infection process of walnut blight caused by the
bacterium Xanthomonas campestris pv juglandis.
These mid- or later-season cultivars also tend to
escape damage from codling moth (Cydia
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pomonella) and navel orangeworm (Amyelois
transitella). However, they also have a later
harvest date which can be undesirable. The final
criterion for minimum acceptability is that new
cultivars have lateral fruitfulness and the associ-
ated precocity.

New traits that are of high priority in the current
cultivar breeding program include:

Short season Chandler walnut is a high yield-
ing, laterally fruitful cultivar with
uniquely high quality kernels and
a late harvest date. Chandler has
set a new standard for walnut
cultivars but is also leading to a

possible lack of genetic diversity in

future walnut orchards due to
excessive planting. Although
much of the impact of genetic
uniformity is unknown, it has
already been recognized by the
industry that a glut of walnuts at
Chandler’s late harvest date will
be difficult to process. In addi-
tion, the late harvest date pre-
cludes efficient processing and
marketing before the holidays, a
popular time for marketing wal-
nuts. Cultivars that leaf out early
tend to harvest early as well, but

the early phenology leads to severe

blight and codling moth infesta-
tion. Thus cultivars that leaf and
flower relatively late in the spring
but harvest earlier than Chandler
are desirable.

Blackline
disease

Commercially grown English
walnuts are affected by several
difficult-to-control diseases that

affect either the scion or rootstock.

Blackline disease caused by the
pollen-borne cherry leafroll virus
causes no obvious symptoms in
the J. regia scion until it has
spread from infected flowers down
the trunk to the graft union
{(Mircetich and Rowhani 1984).
The species {J. hindsii) and hybrid
{Paradox) commonly used for
rootstock have a hypersensitive
response to the virus. The hyper-
sensitive response is a form of
disease resistance in which cell

Blight
resistance

Insect
resistance

death prevents further incursion
of the virus into a hypersensitive
host. In this case, cell death
resuits in the characteristic
blackline girdle at the graft union.
Once the tree is girdled by the
blackline, it dies rapidly, but
before the virus reaches the graft
union the infected tree can serve
as a reservoir of inoculum for new
infections. This disease is a
serious problem in central Califor-
nia counties but has not spread
rapidly into the hotter valleys
north and south of there.

Blight caused by the bacterium
Xanthomonas campestris pv.
Juglandis is primarily a problem
on trees that flower early in the
season. Until recently blight could
be controlled with copper sprays
but copper-resistant bacteria are
becoming prevalent and even
numerous sprays are ineffective.
Breeding for later leafing and
flowering cultivars has been
successful in reducing disease
incidence in the past but the
natural association between late
flowering and late harvest has
introduced the new problem of an
over abundance of late harvesting
cultivars as mentioned before.
Different forms of resistance to
blight (Woeste et al. 1992} are
being investigated for their poten-
tial as germplasm in breeding a
blight resistant cultivar.

The most significant insect pest of
walnuts is the codling moth, Cydia
pomonella. Two or three genera-
tions of larvae per year burrow
into the nuts and make them
unmarketable. An affected or-
chard can lose up to 30% of its
yield. Although several chemical
sprays are effective, they also kill
the natural predators of mites and
aphids and often result in a need
for additional chemical treat-
ments. Late season cultivars tend
to have a lower infestation of
codling moth but no resistant



germplasm has been identified.
Genetic engineering may provide a
source of genes for resistance in
the future.

STRATEGIES, PROGRAMS, AND PROGRESS IN
GENETIC IMPROVEMENT

CLASSICAL BREEDING PROGRAMS

In the classical breeding programs at the Univer-
sity of California-Davis, backcross breeding is
being used to introduce hypersensitivity to the
cherry leafroll virus from the northern California
black walnut, J. hindsii, into English walnut,
The process was started in 1984 with the collec-
tion and evaluation of progeny of a Paradox tree
pollinated by an English walnut. This first
backcross generation segregated 1:1,
hypersensitive:tolerant, suggesting that hyper-
sensitivity is controlled by a single dominant
gene. The hypersensitive offspring were then
pollinated by J. regia cv. Chandler and their
progeny, the second backcross generation,
segregated similarly. We are currently in the
process of evaluating individuals in the third
backcross generation. Our progress has been
accelerated by the identification of a molecular
marker linked to hypersensitivity, that allows us
to evaluate the response to the virus very effi-
ciently (Woeste 1995). The trait which appears to
be most difficult to eliminate is the thick shell of
the black walnut parent. Only one of the hyper-
sensitive progeny of the second backcross gen-
eration has the thin English-type shell. The
estimated date for release of a field-tested hyper-
sensitive walnut is not until the year 2015.

Through classical breeding and selection we have
continued the work of Gene Serr and Harold
Forde, including the release of two cultivars
(Cisco and Tulare) and the pending release of
another {UC 76-80), all from crosses made at the
end of their program (McGranahan et al. 1990,
McGranahan et al. 1992). These were released to
fit specific niches, i.e., Cisco as a pollenizer for
Chandler, Tulare as a precocious high-yielding
cultivar suitable for close plantings, and UC76-
80 as a slightly earlier-harvesting alternative to
Chandler.

In the current program we make 20 to 30 crosses
per year, 100 pollination bags/cross with a goal
of at least 30 seedlings/cross. The design is a
combination of a half diallel of the superior

cultivars and a factorial to include new sources
of germplasm. The new sources of germplasm
include introductions from China which are
highly precocious and genotypes identified for a
unique response to the blight bacteria. Crosses
to develop walnut cultivars that have a shorter
than average period between flowering and
harvest are being made solely based on the
season length of the parents; more research on
the genetics of season length is needed to opti-
mize the breeding strategy for short season
cultivars.

Seedlings from controlled crosses are planted on
their own roots in “seedling blocks”. Evaluations
begin after 3 to 5 years. Individuals are evalu-
ated for at least 2 years before decisions are
made to discard or continue evaluations. If an
individual is still promising after 3 to 4 years of
evaluation, evaluations are continued in the
seedling block and it is repropagated to three
“selection blocks” located in Chico, Fresno, and
Davis. Alter 4 promising years of evaluation in
the selection blocks, the individual is made
available to growers for evaluation through their
Farm Advisors. The earliest a cultivar could be
released after planting from seed is 11 years
which would represent 22 sets of evaluation data
from four locations.

The following data, based on descriptors
{(McGranahan et al. 1994), are collected for
evaluation:

Phenology: Leafing date; First, peak, and last
male bloom dates; First, peak, and last
female bloom dates; Harvest date based
on hullability

Bearing characteristics: Male flower abundance
(1 - 9 scale); Female flower abundance (1
- 9 scale); Female flowers per inflores-
cence (number); Lateral bud fruitfulness
(percent current season’s lateral buds
with flowers); Yield estimate (1 - 9}

Nut characteristics (on 10 - 20 nut sample): Nut
shape; Nut diameter (mm, cheek); Nut
length (mm); Shell texture (1 -9; 3 =
smooth, 7 = rough); Shell color (1-9; 3 =
light, 7 = dark); Shell seal {1 - 9; 3 =
weak, 7 = strong}; Shell strength (1 - 9; 3
= weak, 7 = strong); Shell integrity (1 -9; 3
= incomplete, 7 = complete); Shell thick-
ness (mm); Packing tissue (1 - 9; 3 = thin,
7 = thick); Inshell nut weight (g) a3



Kernel characteristics {on 10 - 20 nut sample]:
Kernel weight {g); Percent kernel (%)
Kernel il {1 - 9 3 = poor, 7 = well];
Kernel plumpness {‘ -9 3= thin, 7=
plump): Kernel color (percent extra light,
light, light amber, amber: based on CDFA
walnut color chart - Dried Fruit Associa-
tion of CA, PO Box 270-A, Santa Clara,
CA 5210 Kernel shrivel {(percent with
tip shrivel, moderate, severe): Kernel

lanks {pereent with black, shriveled
M‘zm Xxx Kernel veins {percent sound
kernels with conspicuous veins); Kernel
spots (number with light and dark spots).

GENETIC ENGINEERING PROGRAMS

In the Walnut Improvement Program at UC

Davis, transformation and regeneration of
transgenic plants is considered a means o
increase the gene pool available for breeding.
Although we have developed the techniques
needed to insert genes into cultivar genotypes
(Mendum and McGranahan 1995), the stability of
the inserted genes and the trueness-to-type of
the cultivar have not been demonstrated.

An Agrobacterium-mediated gene transfer system
is used to transfer selected genes into walnut
(McGranahan et al. 1988, McGranahan et al.
1990, Dandekar et al. 1989). Small (about b
mm), white, repetitively embryogenic somatic
embryos are cultivated for 24 to 48 hours with
genetically engineered A, tumefaciens carrying
the desired genes as well as selectable and
scorable marker genes. The Al tumefaciens
naturally transfers the genes into accessible cells
of the embryo, some of which are embryogenie.
The embryos then have to be grown on a medium
containing an antibiotic {usually cefotaxime) that
kills the Agrobacterium so that the bacteria do
not interfere with the multiplication of the em-
bryos. The selectable marker gene we use codes
for kanamycin resistance and therefore the
embryos are also grown on a media containing
kanamycin. With selection pressure from kana-
mycin, those embryogenic cells containing the
gene for resistance to kanamycin are favored and
develop into secondary embryos.

The embryo cultures are allowed to complete
several generations of secondary embryogenesis
on the kanamycin medium and the survivors,
presumed to be transgenic, are tested for the
scorable marker gene, gus, in a color reaction in
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which gus- f:xpzf*sxm g embryos turn blue in the
presence of X-glue (Jefferson 1987). Once embryo
subclones are identified as gus-positive by the X-
gluc assay, they are further multiplied through
repetitive embryogenesis, and retested at least
once s0 that embryos derived from chimeric
embryos can be discarded. Transformation is
further confirmed through Southern blotiing, an
analytical method that detects specific pieces of
DNA. At this peint a subset of embryos is germi-
nated, micropropagated and grafted for fleld
trials. Another subset undergoes preliminary
eificacy testing if appropriate.

The genotype of the embryo clone targeted for
transformation should be selected on its suscep-
tibility to A. tumefaciens {common in English
walnut), and its capacity to produce many and
high quality secondary embryos. It should also
be amenable to micropropagation and rooting or
grafting. As a potential m,ﬁmwu or advanced
breeding material, it should be precocious and
exhibit the phenotype of a minimally acceptable
release.

These requirements are not easy to meet, Our
initial transformations were done on the most
prolific somatic embryo clones available. These
included a Franquette offspring {Delta
Franquette) and a Sunland offspring (Su2). The
latter proved to be highly precocious in the field
and has been the object of transformations for
several years. Although still infectible by A.
tumefaciens, its quality in culture and ease of
grafting have declined due to unknown causes
and it has been discarded. In its place we have
substituted several clones derived from con-
trolled crosses designed to be precocious, and
embryo cultures derived directly from Chandler.
Their performance in the field has not yet been
evaluated.

Several field trials of transgenic walnuts have
been established. The first one, planted in 1990
and removed in 1995, contained the marker
genes and a low activity Bt (Dandekar et al.
1994). The transformed trees flowered in their
second year after outplanting and samples of
nuts were collected in their 4th and 5th leaf.
embryonic axes of about half of the nuts ex-
pressed the gus gene when exposed to X-gluc,
indicating that the introduced gus gene was
inherited as a single gene, or probably gene
complex with the other introduced genes.

The



The potentially useful genes under investigation according to Dandekar et al. {1995) include:

Gene

Problem

Progress {(Walnut Improvement Program)

Bt Series 1

Bt Series 2; synthetic;
Monsanto

Bt Series 2; synthetic-
truncated; Calgene

Bt Series 3; synthetic-
targeted; Calgene

Cherry leafroll virus coat
protein

Rol abc

Systemic Acquired Resistance
(SAR) 8.2; Calgene

Codling moth

Codling moth

Codling moth

Codling moth

Blackline disease

Rooting difficulty

Phytophthora root

and crown rot

Chitin-binding - rubber tree Aspergillus flavus

Chitin-binding - nettle Aspergillus flavus

Chitin-binding - barley Aspergillus flavus

Snow drop lectin Aspergillus flavus;
nematodes

Rice Xa21 Blight

FUTURE CONSIDERATIONS

The current activity in genetic improvement
suggests that new cultivars designed to alleviate
present and future walnut industry problems will
be available in the first decade of the next cen-
tury. Whether the most significant advances will
originate from genetic engineering, breeding, or
both, is unknown. The performance and stabil-
ity of classically bred cultivars is well known,
that of genetically engineered cultivars will not be
known for at least a couple of decades. In addi-
tion, since genetic engineering usually entails
inserting a single or few genes, if the gene is
designed for insect or disease resistance, there is
a strong possibility that the pest or pathogen will
be able to overcome that resistance before the
natural lifespan of the orchard is complete.

Field trial complete; low efficacy

High efficacy in embryo test; field trial
underway

High efficacy in embryo test; field trial
underway

High efficacy in embryo test; field trial
planned

Low efficacy in in vitro shoot test; field trial
underway

Field trial underway

Low efficacy expected; field
trial underway

Low efficacy expected; field trial underway
Low efficacy expected; field trial underway
Low efficacy expected; field trial underway

Transformations underway

Transformations underway

Several options are available to delay the appear-
ance of resistance, including using the engi-
neered plant as a trap plant, but the concepts
have not been tested in perennial plants. Other
problems that may accompany the release of
engineered plants are public acceptance and
unexpected allergic reactions but these problems
will be encountered with other plants long before
transgenic walnuts are made available. In spite
of the drawbacks and caveats associated with
genetically engineered plants, we consider it
definitely worth pursuing.
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BLACK WALNUT: PRODUCTION AND TRADE

Bruce G. Hansen and Cynthia D. West!

ABSTRACT.—DBlack walnut {Juglans nigra L.} is a native American
hardwood tree that grows in the northeastern one-third of the United
States and lower Canada. Qver 86% of the walnut growing stock is
found in just 12 U.S. states. Black walnut has an established reputation
as a fine hardwood species in the manufacture of furniture, cabinetry
and millwork products. Although U.S. furniture and cabinetry, prefer-
ences currently favor light colored woods and finishes, walnut is still
associated with finely crafted furniture and cabinets. The following
paper provides information on walnut production and market trends and
a description of the current use of walnut in furniture products.

INTRODUCTION

Black walnut (Juglans nigra L.} is a native Ameri-
can hardwood tree that grows in the northeast-
ern one-third of the United States and lower
Canada. Over 86% of the walnut growing stock
is found in just 12 U.S. states (Powell et al.
1992}. These same states account for about 85%
of all walnut sawtimber.

Black walnut has an established reputation as a
fine hardwood species in the manufacture of
furniture, cabinetry, and millwork products.
Although U.S. furniture and cabinetry prefer-
ences currently favor light colored woods and
finishes, walnut is still associated with finely
crafted furniture and cabinets. This wood has
been so highly valued in the past that a single
tree of truly exceptional quality from Williams
County, OH, was sold to a veneer company for
$30,000 in 1976 (Chenoweth 1995). The follow-
ing paper provides information on walnut pro-
duction and market trends and a description of
the current use of walnut in furniture products.

! Bruce E. Hansen, Economist, and Cynthia D.
West, Project Leader, Northeastern Forest Experi-
ment Station, Forestry Sciences Laboratory, 241
Mercer Springs Road, Princeton, WV 24740.
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SAWLOG AND VENEER LOG PRODUCTION

Timber Products Output (TPO) assessments are
conducted by the USDA Forest Service in con-
junction with State Natural Resource agencies to
produce detailed information on forest industry,
industrial roundwood production, and associated
primary mill residues. The TPO's are conducted
at various times among the different states.
Thus, some are more recent than others. The
most recent, Michigan and Virginia, were con-
ducted in 1992; the oldest, Ohio, was conducted
in 1983. In addition, in some states assessments
are conducted fairly frequently, in others the
time between assessments is quite long.

TPO reports were available for 9 of the top 12
states ranked as to volume of walnut sawtimber
{Table 1). These reports were used to construct
estimates of sawlog and veneer log production,
imports, exports, and apparent consumption
within these states. For the other three states—
Kansas, Tennessee, and Virginia—estimates of
sawlog and veneer log production were obtained
from telephone contacts with Ron Hackett,
Kansas; Bob Wright, Virginia; and Linda Weaver,
Tennessee; state utilization foresters; and other
knowledgeable individuals.

In developing an overall estimate of total sawlog
and total veneer log production the most recent
TPO estimates and data solicited in telephone
conversations were combined. Obviously, this
approach is not without problems. However,
looking solely at a particular point in time can



Table 1.—Top 12 walnut states, by sawtimber volume, 1992

State Sawtimber volume
MMbf Percent of total

Ohio 465 10.2
Indiana 463 10.1
Illinois 416 9.1
Missouri 397 8.7
Kentucky 364 8.0
Virginia 326 7.1
West Virginia 306 6.7
Kansas 304 6.7
Pennsylvania 251 5.5
Tennessee 244 53
Towa 230 5.0
Michigan 120 2.6
All other 682 14.9

Total 4,568 100.0

Source: Forest Resources of the United States, 1992

Table 2.—Estimated walnut sawlog production, selected years

give an overstatement or understatement of the
more long-term situation. One possible benefit of
having data from various points throughout the
last decade is that cyclical ups and downs inher-
ent in the wood products business may well have
been smoothed to some extent.

In these states, apparent consumption of sawlogs
and veneer logs may be estimated along with
production. Using this information, overall
production of walnut sawlogs within the 12
states was estimated at 64.6 million board feet
(Table 2). The combined estimate of the produc-
tion of walnut veneer logs was 12.8 million board
feet (Table 3). Both figures are log measure
using the International 1/4-inch rule. Combin-
ing these figures yields a total volume of 77.4
million board feet. Since these states account for
roughly 85% of the total walnut sawtimber
volume, total production may be estimated at
roughly 91 million board feet (77.4/0.85). This is
within 3% of the 93 million board feet Luppold
(1994) estimated was produced in 1992 using
similar TPO data, forest inventory growth and
removals data, and expert opinion to bring
everything to a common point in time.

State Year of estimate Production Imports Exports Apparent consumption
Mbf-

Missouri 91 17,394 3,565 4,208 16,751
Indiana 90 10,196 3,558 49 13,705
Kentucky 86 6,937 750 5,231 2,456
Ohio 89 6,900 2,500 200 9,200
Tennessee 89 5,905 466 n.a. 6,371
Iowa 88 3,649 2,747 110 6,286
llinois 83 2,954 510 424 3,040
West Virginia 87 2,900 100 600 2,400
Pennsylvania 88 2,847 248 152 2,943
Kansas 95 2,553 n.a. n.a. 2,553
Michigan 92 2,297 0 813 1,484
Virginia 95 117 n.a. n.a. 117

Total — 64,649 14,444 11,787 67,306

Source: Selected timber product output reports.

n.a. = not available
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Table 3.—Estimated walnut veneer log production

State Year of estimate Production Imports Exports Apparent consumption
Mbf-
Missouri 91 3,688 1,112 89 4711
Indiana 90 3,472 3,065 1,479 5,058
Kentucky 86 1,553 13 1,551 5
Towa 88 1,084 2,747 n.a. 3,831
Ohio 89 1,083 401 822 662
Illinois 83 760 n.a. 760 0
Kansas 95 602 0 602 0
Michigan 92 324 228 293 259
Pennsylvania 88 127 0 127 0
West Virginia 87 115 n.a. 0 115
Virginia 95 3 n.a. n.a. 3
Tennessee 89 0 n.a. n.a. 0
Total — 12,811 7,566 5,723 14,654

Source: Selected timber product output reports.
n.a. = not available

Four states—Missouri, Indiana, Kentucky, and
Ohio—account for nearly 64% of walnut sawlog
production within the top 12. Tennessee and
fowa bring the total close to 80%. Five of the top
six walnut sawlog producing states are among
the top six veneer log producing states. The
exception is the replacement of Illinois for Ten-
nessee. In addition, veneer log production is
slightly more concentrated than sawlog produc-
tion with the top four states accounting for over
76% and the top six over 90%. The proportion of
walnut sawlog production to total sawlog produc-
tion for all species ranged from about 0.3% in
Pennsylvania to 5.7% in Iowa. The simple
unweighted average for the nine states for which
these data were available was 1.8%. The propor-
tion of walnut veneer log production to total
veneer log production for all species ranged from
0.4% for Pennsylvania to 49.0% for Missouri.
The corresponding simple average was 15.4%.

Indiana, lowa, and Ohio were significant net
importers of walnut sawlogs as well as produc-
ers. Net imports of these three states accounted
for 26%, 25%, and 42% of the total apparent
consumption, respectively. On the other hand,
Missouri and Indiana were net importers of
veneer logs with net imports representing 21%
and 31%, respectively. lowa also is very likely a
net importer. Kentucky is a major net exporter of
both walnut sawlogs and veneer logs. Table 4
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ranks the states according to sawtimber volume,
sawlog production, and veneer log production.

EXPORTS

It was only possible to examine U.S. exports of
walnut for the period 1990 through 1995 due to
serious errors in data reported by the U.S.
Department of Commerce during the mid to late
1980’s (Luppold 1995). And, although Luppold
and Thomas (1991a, 1991b) were able to con-
struct revised estimates for overall exports from
ship manifest data, they were unable to get
enough detail to accurately assess species per-
formance, especially for walnut.

U.S. exports of walnut logs, lumber, veneer, and
plywood totaled $48.5 million in 1995. With the
exception of their peak in 1991, the combined
value of U.S. exports of walnut logs, lumber,
veneer and plywood has averaged between $50
and $60 million during the period 1990 through
1995. In fact, during the last 4 years the value of
combined exports has been remarkably stable
hovering about the $50 million mark (Fig. 1).



Table 4.—The relative rank of states by sawtimber volume, sawlog production and veneer log
production

State Sawtimber  Sawlog production! Veneer log production?

Ohio

Indiana
llinois
Missouri
Kentucky
Virginia

West Virginia
Kansas
Pennsylvania 9
Tennessee 10
Towa 11
Michigan 12

WD —

-1 O

— O\ O D 00 G W e g b 4
Pk s ek

N N SN T

—

! Number 12 is Wisconsin.
2 Number 11 is Wisconsin.

Million $

30

25
20
15
10
5
0 :B—:~ =] o) - = )
90 91 92 93 94 95
logs 27.60 24.30 21.10 24.00 23.10 20.20
lumber®]  13.20 23.40 17.20 12.70 15.00 14.80
veneer$]  18.50 16.30 13.50 12.30 12.20 13.40
plywootdH} 0.60 0.05 0.20 0.10 0.20 0.10

*Plywood contains spanish cedar

Figure 1.—U.S. walnut log, lumber, veneer, and plywood exports, 1990 to 1995.



Throughout the period, logs have accounted for

the largest share of total walnut exports by value.

However, their share has ranged from 38% in
1991 to nearly 45% in 1993 with swings of about
2 to 8% from year to year. Exports of veneer
have been relatively consistent throughout the
period whereas lumber exports seem to respond
in an opposite direction to that of the trade in
logs, i.e., when log's share goes up, lumber’s
share goes down. Exports of walnut plywood
have been insignificant accounting for less that
0.5% of the combined value throughout the
period.

In 1995, walnut log exports were concentrated
with Italy being the recipient of over half of all
U.S. walnut log exports (Fig. 2). Five other
countries—South Korea, Canada, the United
Kingdom, Japan, and Mexico—each accounted
for between 5% and 8.5%. In 1990, Italy also
had the largest, but much smaller, share at 30%.
In contrast, Germany, South Korea, and Japan

52.2%

8 5% 9.4%

2.8%
5.2%
6.5%

7.7%

7.7%

1995

4.7%
1.4%

10.2%

had much larger shares of the 1990 market than
they enjoyed in 1995. Germany’s share went
from about 20% to less than 3%, South Korea's
share went from nearly 16% to less than 9%, and
Japan’s share went from about 10% to 6.5%. It
is important to note from these changes that the
export market is not static by any means and
success in exporting requires constant knowl-
edge of the market and of the changes taking
place.

Since exports of logs to Germany and South
Korea declined dramatically, we took a closer
look to see if this was a result of data error or
possible trend. With the exception of 1993 in the
case of South Korea, the declines have been
consistent during the period suggesting a trend.
Much of the decline in exports to South Korea
and Japan may be due to the general reduction
in veneer manufacture as Indonesian manufac-
turers have come to dominate the veneer market
in southeast Asia.

15.7%

2.3%

20.1%

1990

H 1taly
B Japan [ Mexico

S.Koreall Canada B UK.
1 Germany @ Other

Figure 2.—U.S. walnut log exports by country of destination, 1995 and 1990.
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U.S. walnut lumber exports of 21.1 thousand
cubic meters (roughly 8.9 million board feet) in
1995 were about equal to their level in 1990. As
was the case with logs, the distribution of U.S.
lumber exports has changed significantly be-
tween 1990 and 1995 (Fig. 3). In 1990, Japan
had the largest single share of the market at
21%. In addition, Canada, Italy, and South
Korea were large recipients of U.S. walnut lum-
ber exports. Combined these four markets
accounted for over 70% of U.S. exports. In
contrast, Italy was the top market for U.S. wal-
nut lumber exports in 1995 accounting for 30%
of the export total. Canada held the number two
spot with 21.5%. Japan’s share dropped more
than 10 percentage points as did exports to
South Korea. On the other hand, Taiwan’s share
increased from under 3% to 10%. A closer look
at both Japanese and South Korean imports of
walnut lumber revealed generally similar and
consistent declines serving to validate the U.S.
Department of Commerce data.

The level of walnut veneer exports has remained
more constant during the period 1990 to 1995.
However, notable declines in market share for
Germany (about 24% to 18%) and Japan (about
9% to 1%) show up in the data. In terms of
increases in market share, Egypt, Italy, and
Indonesia are particularly noteworthy.

PRICES

Hoover (1995) published delivered log prices in
Indiana for four grades of sawlogs and two
grades of veneer logs from 1957 to 1994. Figure
4 shows both walnut veneer prices and sawlog
prices by grade as reported by Hoover for the
period 1975 through 1994. From the graph it
can be seen that sawlog prices have been much
less erratic than have been veneer logs prices.
Not seen on the graph is that, since 1975, real
prices (the actual price divided by the producer
price index) for all six log categories have been
down. However, only the declines in the prices of
#2 (-1.3% annually) and #3 (-3% annually)
walnut sawlogs have been statistically signifi-

cant.

29.9% 19.8%
17.8%
21.5%
7.1% 5.9%
. 21// 21.2% 3.9%
. (o]
/ 5.0%
10.9% 4.4% 499 °
4.8% 2.7% 3.6%
10.0% 6.1% 15.9% '

1995

1990

Figure 3.—U.S. walnut lumber exports by country of destination, 1995 and 1990.
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Veneer log prices increase with increases in log
diameter. However, the most recent survey
suggests that sized-based price differences,
though still large, may be narrowing {(Hoover
1995, Anonymous 1995). Prime veneer log prices
in 1995 ranged from a mean of $1,750/Mbf
Doyle ($315/cubic meter) for logs 12 to 13 inches
in diameter to $4,182/Mbf Doyle ($1,245/cubic
meter) for logs greater than 28 in. in diameter.
Corresponding prices for select grade were
$1,080/Mbf Doyle ($194/cubic meter) to $2,300/
Mbf Doyle ($685/cubic meter).

Rink (1985) reported prices for 1970 of $250/
cubic meter ($1,130 Mbf Doyle) for the average
walnut veneer log and $453/cubic meter ($2,050
Mbf Doyle) for those of export quality. By 1980
the price of an export quality veneer log had risen
to $1,241/cubic meter ($5,600 Mbf Doyle).

There was no price given for the average walnut
veneer log in 1980.

Log prices on the export market today seem to be
in line with those of the past. For instance,
prices for U.S. walnut log exports went from an
average of $450/cubic meter ($2,030 Mbf Doyle)

$/Mbf Doyle

in 1990 to an average of $589/cubic meter
($2,650 Mbf Doyle) in 1995 (Fig. 5). These prices
are very close to those reported by Hoover {1995)
in Indiana for select veneer grade, 16 to 17 inch
in diameter, delivered to the mill. Individual
country high prices went from $1,048/cubic
meter ($4,735 Mbf Doyle) in 1990 to $2,217/
cubic meter {$10,000Mbf Doyle) in 1995, with
some individual logs likely selling for even more.
These high price markets are generally very thin
and usually represent special purpose, custom
products that take advantage of unique, often
one-time, opportunities. While the average price
to all countries in 1995 represents the peak for
the period 1990 to 1995, the individual country
high in 1995 of $2,217/cubic meter was ex-
ceeded in both 1991 {$3,682/cubic meter;
$16,570 Mbf Doyle) and 1993 ($4,120/cubic
meter; $18,620 Mbf Doyle).

Prices for walnut lumber are reported in the
Hardwood Market Report for steamed 4/4 Appa-
lachian lumber only. Interestingly, while the
actual price of walnut lumber has increased for
each grade since 1975, in real terms walnut
prices have fallen. For example, while the actual

4,000

3,000

Prime ven 16-17"

Select ven 16-17"

PRI pe——

Prime sawlog

12,000
No.1 sawlog

1,000 | -
— L :'.':':':‘:::Il':'—"-"-':"-':-E:-_E’:E:':‘:_: No. 2 sawlog

N el | R
75 77 79 81 893 85 87 89 91 93 No.3 sawlog

Source: Hoover 1995

Figure 4.—Actual prices of walnut veneer logs and sawlogs, delivered to Indiana mills, 1975-1994.
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Figure 5.—Average price of U.S. walnut log exports to all countries and the highest individual country

price, by year, 1990 to 1995.

price of walnut lumber went from approximately
$1,100/ Mbf in 1975 to over $1,600/Mbf in
1995, the real price of FAS walnut lumber ex-
pressed in constant 1982 dollars fell from
$1,870/Mbf in 1975 to $1,296/Mbf in 1995 (Fig.
6). The real price of #1C during the same period
fell from $1,130/Mbf to $686/ Mbf. Prices, in
real dollars, for First 1 Face and #2C fell in
similar fashion (Fig. 7). In comparison, while the
real price of walnut lumber, regardless of grade,
has been falling since 1975, the real price of red
oak lumber has been rising (Fig. 8).

In the more recent period 1990 to 1995, the
actual price of FAS and #1C walnut have been
relatively constant at approximately $1,600/Mbf
and $850/Mbf, respectively. However, in con-
trast, the actual price (free alongside ship) of
lumber exported overseas has risen from about
$1,390/Mbf to over $1,660/Mbf (Fig. 9). This, in
large measure, reflects the increasing strength of
foreign currencies vis-a-vis the U.S. dollar and
the willingness and ability of foreigners to pay
more to secure a better mix of grades.

Actual prices of U.S. walnut lumber exports went
from an average to all countries of $589/cubic
meter ($1,020/Mbf) in 1990 to $703/cubic meter
($1,660/Mbf) in 1995 (Fig. 10). The individual
country highs for 1990 and 1995 were $743/
cubic meter ($1,750/Mbf) and $1,296/cubic
meter ($3,060/Mbf) respectively. The individual
country high of $1,296/cubic meter in 1995 was
down from the highs of the previous 3 years.

Walnut veneer export prices have been very
stable ranging from $1.92/square meter ($0.18/
square foot) in 1990 and 1994 to $2.18/square
meter ($0.20/square foot) in 1993 (Fig. 11).
Individual country highs went from $2.71/
square meter ($0.25/square foot) in 1990 to
$14.54/square meter ($1.35/square foot) in
1995, the high for the period.

ESTIMATING THE SIZE OF THE EXPORT
MARKET

An attempt was made to match U.S. walnut log
and lumber exports to U.S. sawlog and veneer log
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Figure 6.—Actual and deflated (real) price of FAS walnut lumber, 1975 to 1995.
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Figure 7.—Real price of FAS, #1-common and #2-common walnut lumber, 1975 to 1995.
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Figure 8.—Real prices of FAS walnut and FAS red oak lumber, 1975 to 1995.
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Figure 9.—Comparison of actual FAS and #1 common walnut lumber prices with the average price
(f.a.s.) of U.S. walnut lumber exports, 1975 to 1995.
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Figure 10.—Average price of U.S. walnut lumber exports to all countries and the highest individual
country price, by year, 1990 to 1995.
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Figure 11.—Average price of U.S. walnut veneer exports to all countries and the highest individual
country price, by year, 1990 to 1995.
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production to estimate the impact of these two
markets on domestic production. To accomplish
this comparison requires conversion of volumes
to like measure. TPO sawlog and veneer log
production estimates are given in board feet
based on the International 1/4-inch rule. We
converted the TPO estimates in board feet to
cubic meters. The exact relationship between
board feet in International 1/4-inch to cubic
meters depends on log diameter. Conversions
factors range from 3.75 cubic meters/Mbf for a
12-inch diameter log to 3.35 cubic meters/Mbf
for a 24-inch diameter log. Assuming an average
log diameter of between 15- and 17-inches in
diameter, the conversion from International 1/4-
inch to cubic meters is 3.48 cubic meters/Mbf.
Using the 3.48 figure, the estimated combined
sawlog and veneer log production from TPO
reports and telephone interviews of 91.0 million
board feet is equivalent to 316,680 cubic meters.

According to Department of Commerce export
estimates, in 1890 the U.S. exported a combined
total of 83,800 cubic meters of walnut logs and
lumber. This was equal to 26.5% of the total
estimated sawlog and veneer log production. In
1995, U.S. walnut log and lumber exports totaled
55,400 cubic meters. This was equivalent to
17.5% of the estimated combined sawlog and
veneer log production.

Taking the opposite approach, we converted U.S.
Department of Commerce estimates, which are
given in cubic meters, to board foot equivalents.
The U.S. Department of Commerce assumes their
are 4.52 cubic meters for every Mbf of logs
regardless of species or diameter, and 2.36 cubic
meters for every Mbf of lumber. Using these
factors to convert export estimates from cubic
meters to Mbf resulted in the following percent-
ages for 1990 and 1995 of 25.4% and 18.1%,
respectively. These two estimates are remarkably
close to those derived earlier. Consequently,
whatever approach or whatever period is used, it
is apparent that the log and lumber export
markets are important and significant factors in
the demand for walnut sawlogs and veneer logs
in the United States.

PRINCIPAL USES

According to the revised report, “Black Walnut—
An American Wood,” by George Rink (1985), the

principal uses of black walnut in 1985 were for
furniture and fixtures; radio, television, and
“phonograph” cabinets; sewing machines; gun
stocks; novelties; and interior finish paneling. In
furniture applications black walnut is used to a
significant degree in dining room and bedroom
furniture where it is known to stand up well
under hard use. Black walnut is also used in the
manufacture of bookcases, desks, living room
and occasional tables, as well as office furniture.
And, it is still used for interiors in restaurants,
cafes, hotels and motels, and public buildings
where striking effects and contrasts are desired.

The use of black walnut wood has decline in
several markets. Its use in radio, television, and
phonograph (stereo) cabinets is diminishing as
component stereo systems have largely replaced
the “stereo” and metal cabinets, some with wood
grain and some without, are used predominately
for television sets. Once the dominant wood
used in the making of gun stocks because of its
strength and shock resistance, today other less
expensive woods, plastics, and wood laminates
are used to reduce cost in lower priced models.
Walnut, however, is still prized at the high end of
the market. Chenoweth (1995) provides an
extensive discussion of walnut used in the
manufacture of gun stocks for those wishing to
know more.

Chenoweth (1995) also cites a long list of uses for
walnut in novelty items. A partial listing in-
cludes bowls, trays, candlestick holders, picture
frames, clocks, sconces, plates, salad tongs,
candy dishes, plaques, cheese boards, music
boxes, and even key holders. Although referred
to as novelties, these products represent a
serious market in terms of revenue generation.

Chenoweth (1995) suggests that fashion and cost
are at the current time negatively impacting the
use of walnut in the United States but that in
Europe and Asia it is still in great demand. He
claims that about half of the veneer quality logs
harvested in the United States are exported and
that about 60% of the walnut veneer produced in
the United States is trimmed for export. Peter
Louch of FIRA supports Chenoweth as to Euro-
pean interest in walnut suggesting that walnut
plays well to a growing worldwide demand for
“exotic temperates.”
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WALNUT USE IN WOOD CABINET AND
FURNITURE PRODUCTION

Walnut has always been regarded as a fine
American Hardwood used in well crafted furni-
ture and cabinet products. The Fine Hardwood
and Veneer Association estimates that walnut
was used in almost 30% of wood household
furniture 30 years ago (Frye 1996, Fig. 12).
Today this organization estimates its usc has
declined to about 1 to 2% of wood household
furniture production.

An independent survey of wood materials use in
the furniture industry supports this estimate
(Hansen et al. 1995). This study, sponsored by
Virginia Tech and the USDA Forest Service in
1994, estimated the consumption of walnut
lumber by the furniture industry at 7.3 million
board feet in 1993 or approximately 0.4% of the

industry’s total consumption of hardwood lumber

{estimated at 1.8 billion board feet). More than
half of the respondents to this study who indi-
cated they used walnut, said that walnut ac-
counted for at least 35% of all the lumber they
used in their species mix. One third of these
companies said that walnut lumber accounted
for at least 50% of all the lumber they used. In

Percent

addition, these companies used a higher lumber
grade mix than the industry overall. Respon-
dents using predominately walnut used an
average of 78% FAS, 11% No. 1 common, and
11% No. 2 common or below.

Current fashion plays a major role in determin-
ing species acceptance by furniture buyers,
Lighter colored finishes and woods have been in
vogue recently and continue to grow in popular-
ity. Phone conversations with five major furni-
ture producers and lumber manufacturers in the
eastern United States revealed that several well
known furniture companies have dropped pro-
duction of walnut furniture lines although some
still produce mahogany furniture. Several
reasons for this were cited. Among these were!
the growing demand for light colored woods and
finishes, the shrinking demand for high end
furniture, the cost competitiveness for mid-priced
furniture, the high cost of walnut lumber, and
the lack of availability of adequate lengths and
widths in walnut lumber.

Mahogany is a direct substitute for walnut in
furniture products. And, in contrast to walnut,
its use has grown slightly in traditional style
furniture. Recent hardwood lumber import
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Source: The Market Survey published by the Fine Hardwood
Veneer Assoc. and the American Walnut Mfgers. Assoc.

Figure 12.—Percent of bedroom and dining room case goods produced of walnut, 1934-1994.
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statistics reveal that mahogany imports have
grown from 98.2 thousand cubic meters in 1992
to 138.9 thousand cubic meters in 1995. The
current average unit price for mahogany for the
first quarter of 1996, $1,650 per Mbf, is competi-
tive with current FAS walnut lumber prices. This
makes mahogany very competitive as the two
species can easily be substituted for one another
and mahogany is available in larger widths and
lengths.

The U.S. furniture market is both large and
diverse and traditional style furniture in walnut
and mahogany continue to occupy a special
niche. It also appears that companies that
produce walnut furniture tend to specialize in its
production. And, although some companies
producing different distinct lines of furniture
seem to have dropped walnut, walnut should
remain an American tradition in finely crafted
furniture.
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The first distinction I make is that special forest
products are produced largely by natural pro-
cesses without encouragement from man. It
could be called nature’s bounty, if you will. In
contrast, agroforestry is the most intensive
management regime practiced in the science of
forestry. Special forest products are produced
extensively rather than intensively. This is an
important distinction which contributes to the
practicality of the concept. Theoretically at least,
if something cost less in terms of both time and
money, more private landowners will be inter-
ested.

Secondly, special forest products originate from
naturally occurring vegetation or conditions,
whereas agroforestry may involve culture of
relatively exotic crops in combination with se-
lected and horticulturally improved native spe-
cies.

Thirdly, agroforestry requires a major commit-
ment of capital for those who wish to become
involved. Special forest products may not re-
quire any capital investment and, depending on
the product harvested, a minor amount of time
spent by the landowner. Financial returns can
be comparable for both, but generally there will
be less risk with special forest product ventures.

However, it is not my purpose to convince you
that special forest products offer you a better
deal than the more intensive agroforestry prac-
tices or management for conventional forest
products. In fact, I am hopeful many landowners
will choose to become involved in all phases of
forest management. The concept that I would
like to emphasize is that special forest products
offer a great potential for forest landowners to
increase annual financial returns from their
property. Annual income is rare in forestry
investments and is needed to enhance invest-
ments in timber crops requiring longer produc-
tion periods. Special forest products can become
one way of justifying long term investments in
conventional forestry. Production, harvest, and
marketing of special forest products can be easily
integrated with all other levels of forest manage-
ment with which you are familiar.

At this point, I believe you are probably wonder-
ing if [ am going to get around to specific prod-
ucts. In fact, I plan to do just that very shortly. I
will have time to mention only a relative few of
the literally thousands of different products that
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could be harvested and marketed. Hopefully,
you will be stimulated to think of additional
possibilities that fit you own situations and land
capabilities.

SPECIAL FOREST PRODUCTS
OPPORTUNITIES

Some reference material might be handy to help
you get started. There is one publication I would
recommend over all others and I would suggest
you obtain a copy if you have any interest in
special forest products. It is Agriculture Infor-
mation Bulletin No. 6686, titled Income Opportu-
nities in Special Forest Products: Self Help
Suggestions for Rural Entrepreneurs. Itis, by
far, the best publication I have found for both
general and specific information about a wide
range of special forest products. Copies may be
obtained from the Forest Products Laboratory, 1
Gifford Pinchot Drive, Madison, Wisconsin 53705
or the Superintendent of Documents. In addi-
tion, many states have completed surveys of
special forest products markets and uses specific
to the resources of their state. Reports of the
results of those surveys are generally available
through the State Forester in each state. The
following sections describe some of the more
common special forest products, markets, and
uses that can be found in the natural range of
black walnut.

BERRIES, FRUITS, AND EDIBLE NUTS

Many species of berry-producing plants grow
under a forest canopy. Blackberries, blueberries,
goose berries, huckleberries, wild strawberries,
wild grapes or maybe even mulberries are some
that come to mind. Markets for landowners
might be as simple as allowing picking of wild
berries for a fee, picking yourself and selling the
fruit to individuals, local markets, or commercial
businesses for further processing. AgriMissouri,
a marketing service of the Missouri Department
of Agriculture, supplies a list of processors and
canners who participate in their program. This
list provides information needed by landowners
to determine existing markets closest to them.
Most other states have similar programs and
services. In fact, their catalogs are excellent
sources of potential markets for many special
forest products.



Fruits such as persimmon, paw paw, and crab
apples are used for specialty jams and jellies,
confections, and baked goods. To many the fruit
of Osage orange (hedge balls) is a nuisance but in
fact, they have several craft applications, as do
many other fruits. Many trees, shrubs, wildflow-
ers, and grasses have fruiting structures of
unusual shape or color which can be marketed
for a variety of craft products, floral arrange-
ments, or other decorative purposes. Grape
vines are also popular for making vine wreaths,
baskets, and other craft items. This might offer
possibilities when you are releasing native wal-
nut trees and would be killing the vines anyway!

What can I really tell readers of this proceedings
about edible nuts? Even though you are focused
on black walnut, I know many of you are also
involved with other edible nut crops as well. On
this subject, I might just remind you than many
of the minor nut species also have very active
markets, Hickory in the South and Midwest
probably offers much potential for market expan-
sion. Butternut, chestnut, and hazel nut are
other species that might be of interest.

Acorns are most often overlooked as edible nuts
in the U.S., but have much potential in interna-
tional markets, especially the Pacific Rim. An
individual landowner would have difficulty
finding markets presently for acorns to be used
for food stuff. However, in the future marketing
cooperatives with the capability of marketing
thousands of tons of acorns is a distinct possibil-

ity.
CONES AND SEEDS

Cones from coniferous species offer a variety of
market possibilities. Since the cone contains
seed, one of the most obvious markets for ripe
cones is for seed to supply tree nurseries
throughout the country. Cone harvest is some-
times done in conjunction with a timber sale
timed to occur when the cones are ripe. Cones
can then be more easily picked from the tops
remaining following the removal of logs and
pulpwood. There are companies who specialize
in this business, who will pay a landowner for
the privilege of harvesting cones. Of course, a
landowner could also do this and sell cones to a
seed broker or dealer. Sometimes, for specific
purposes, trees are climbed to pick cones but
this is best left to the professional.

Cones which have opened are also in demand for
various floral, wreath, and potpourri products.
Following seed extraction, many nurseries are
now selling the opened cones to craft markets.
Almost any species of cones, from very small fir
cones to large ponderosa pine cones enjoy well-
established markets. Cones are most often sold
on weight basis, but may also be sold by volume
(e.g., bushels} or may be individually priced for
very large or unusual specimens. Prices average
$0.30 to $0.60 per pound or the equivalent.

Hardwood seed crops can be handled in a similar
manner. Edible nuts and their markets are quite
familiar to all walnut growers. Chances are good
that you are involved in producing nuts for both
food and seed for growing new planting stock.
While there are no edible aspects for many other
species of hardwood seed, there is a growing
market for seed for native plant nurseries. These
nurseries are experiencing a growing demand for
native plants to be used in landscaping, wind-
breaks, shelter belts, and other horticultural
uses. Seed from under story plants and shrubs
are equally desirable as the tree species. A
thorough inventory of all your forest plants
would be a good idea to determine if you have
potential for harvesting multiple seed crops.

Prices vary directly with the relative abundance
of the species and the difficulty of harvesting the
seed. Price lists are available from larger seed
dealers and seed supply wholesalers. Landown-
ers could harvest seed themselves or sell harvest-
ing rights to a seed collection company. At this
point, seed certification programs do not gener-
ally exist for most species. The timing of seed
harvest and care of seed following harvest are
important to assure quality and maximum
viability. Seed production is variable, even in
local areas. For consistent income it is suggested
that landowners focus on several different spe-
cies and become familiar with seed production
requirements for each. You should also check for
special state regulations regarding the species
being harvested, although there are few restric-
tions for harvesting on private land. For ex-
ample, in Missouri there are special regulations
for harvesting ginseng involving documentation
of amounts harvested. The best initial contact
might be your state forest nurseryman or a seed
collection company for information specific to
your state.
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MEDICINALS AND PHARMACEUTICALS

Medicinal compounds used for naturopathic
remedies include a large number of herbs used to
make teas and oils that are alleged to have
curative or therapeutic effects on common ail-
ments. Actual medicinal properties are some-
times speculative; however, these markets are
well established and growing.

There are, however, certain plants and trees
containing specific chemical compounds used by
manufacturers of pharmaceutical drugs.
Wildcrafting or gathering these plants have
historically provided income for many rural
families. While cultivation techniques for these
species will eventually assure uniformity and
sustainability of harvest levels, current demands
exceed supply. Agroforestry practices currently
being developed offer many opportunities in this
area. [ have price lists available for many com-
mon medicinal plants if you are interested.
Pharmaceuticals, of course, are not the only use
for many of these plants. Food, dyes, cosmetics,
fungicides, and insecticides are additional uses
in this category manufactured from relatively
common plants.

Personally, one of the more interesting special
forest products is pollen from trees and shrubs
which is used to produce allergenic medicines.
Allergon, Inc. of Carthage, MO is a subsidiary of
a large international company which purchases
tree and shrub pollen throughout the world for
this purpose. Their price list is also available.
Pollen in generally sold on a gram weight basis.
For example, basswood (Tilia americana) pollen
sold last season for $2.00 per gram.

While pollen collection is usually accomplished
with some pretty simple harvesting techniques,
most landowners elect to contract with compa-
nies or individuals who specialize in pollen
collection. The pollen collection season coincides
with flowering in spring and early summer. As
mentioned for seed collection, harvesting for
conventional wood products could be timed to
allow collection of flowers from the remaining
crowns. If you are interested in harvesting pollen
crops, 1 suggest you contact Dr. David Goering, a
botanist with Allergon for more specific details.

BARK

Bark is another item in demand for medicinal
and natural food supplements. We recently were
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contacted by a company in Idaho interested in
purchasing 10 tons of slippery elm bark. In this
case, bark is stripped from small saplings,
obviously killing the trees. Sustainability is a
definite problem in this case. However, landown-
ers with slippery elm trees large enough to
produce seed might consider using some of the
seed to plant small plantations grown exclusively
for bark production. In this case, the bark of
saplings might be more valuable than logs of a
mature elm tree and have a much shorter rota-
tion. Alternatively, slippery elm could be planted
as a nurse crop with walnut and harvested
during the first and second precommercial
thinnings.

Cottonwood bark is prized by wood carvers, who
carve faces and caricatures from the thick plates.
It is also used for bases for floral arrangements
and crafts. It is softer than the wood, but dense
enough to maintain detail. Pieces 3 to 4 in. wide,
10 to 12 in. long and 2 to 3 in. thick would sell
for $5.00 to $15.00 at craft and carving shows.
White and paper birch and aspen barks are also
in demand for crafts, boxes, containers, and
decorative uses in areas of the country where it
occurs naturally. Bark with distinctive patterns
(e.g., hackberry, winged elm, persimmon, etc.) or
color may have a market in your area. On the
negative side, sustainability can be a significant
consideration for many bark products. Bark
from cut logs is commonly recovered and sold for
horticultural use by commercial pulpmills and
sawmills.

DECORATIVE WOOD

Unusual parts of trees such as burls, conks,
shelf fungus and dwarf mistletoe-infected
branches are desirable for many purposes and
can be sold in most areas of the country. Dis-
torted grain patterns, colors, textures are appeal-
ing for wood turnings, veneer, carvings, or artis-
tic sculpture. Diamond willow walking sticks
from canker-infected willow are very popular. In
Missouri, oak, sassafras, and staghorn sumac
are harvested when 1 to 1.5 in. in diameter for
walking sticks. Some have faces carved on the
top, others are debarked, while many are simply
cut and dried before marketing. Wholesale
prices average $1.00 to $2.00 per 3 to 4 ft stick.
Markets for walking sticks are far from satu-
rated.

Cypress knees, fruitwood grafts, pine knots, knot
holes, and limb crotches are more products



worth mentioning. All can be readily sold
through hardwood lumber outlets, carving shops
and speciality wood supply houses. A few spe-
cialty wood supply catalogs also list a variety of
these types of products. Oak, hickory, and elm
{with bark still attached) sticks in a diameter
range of 1/2 to 1-1/2 in. are purchased for
manufacture of bent-wood or rustic furniture.
Fresh 4 ft sticks sell for approximately $0.50
each. Eastern red cedar and western juniper are
also used for similar products.

MUSHROOMS

Wild edible mushrooms have largely been gath-
ered and enjoyed by individuals when in season
in the Midwest. Commercial wild mushroom
gathering has been mainly associated with the
Pacific Northwest. In fact, in both Oregon and
Washington, sale of wild mushrooms to interna-
tional markets annually generates several million
dollars of income.

With mushrooms considered a delicacy, good
areas for gathering wild mushrooms are closely
guarded secrets. Trespassing on another
collector’s spot has generated many conflicts.
While most landowners will probably elect to pick
their own mushroom crop, there is plenty of
opportunity to collect fees for allowing access for
this purpose. Prices received by gathers for wild
mushrooms vary by species and grade, but are
rarely less than $1.50 per pound and as much as
$6.00 per pound. It is not unusual to see even
higher prices for scarce species. Knowledge of
sustainability aspects is incomplete, but crops of
wild mushrooms appear to be highly variable.

Demand for mushrooms is great enough to
generate much interest in cultivation of species
such as shiitake. This species can be grown on
short, small diameter bolts of cak. White oak is
preferred. Holes are drilled in fresh cut logs and
wooden plugs inoculated with mushroom spores
are inserted into the holes. Logs are then
stacked in the woods or a controlled environment
shed where they can be kept wet. Fruiting will
normally occur 6 to 18 months following inocula-
tion. A $30.00 cord of firewood can produce
$400.00 to $500.00 worth of shiitake mush-
rooms!

Incidently, many mushroom operations eventu-
ally purchase suitable logs. If you own land
close by, perhaps this is a potential market for

material removed in TSI or thinning operations.
Bolts are generally cut in 4 foot lengths and sell
for $1.00 to $2.00 each. Since fresh cut logs are
necessary for optimum production, this is a
market that must be arranged prior to cutting.

RECREATIONAL ENTERPRISES

Use of private forest land for recreational pur-
suits offer private landowners excellent potential
for annual income. The landowner has almost
unlimited options in this area, from doing almost
nothing to very intensive development. The old
real estate adage—Location, Location, Location—
certainly is true here. If your land is located near
population centers, your options are probably
greater than if it is in a very remote area. How-
ever, remoteness is a commodity that can be
marketed also. Fee hunting and fishing have
been sources of income in many areas of the
country for many years. Urban families are now
willing to pay for nature photography, nature
study, farm vacations, hiking, photographic
tours, picnic areas, and bird watching to name
only few. Using the Tom Sawyer approach, I will
bet you could even find a few people who would
find harvesting walnuts to be an activity worth
paying to participate in!

I'would like to end this paper with one word of
caution. Allowing public access to your private
property is not without risk. Liability insurance
rates vary widely for recreational enterprises.
Insurance is a consideration that must be thor-
oughly investigated prior to any business where
others are allowed on your land, especially if you
are collecting fees to collect your special forest
products.

SUMMARY

My paper was a brief look at the wide variety of
products and income possibilities available to
owners of forest lands. It was meant to expand
practical resource management considerations
for the average forest landowner beyond tradi-
tional or conventional wood products. Special
forest products can be produced and marketed
by literally any forest landowner who takes the
time to assess the full range of potential. Innova-
tive management and marketing are the keys to
special forest products.
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GENETIC VARIATION AND SELECTION POTENTIAL
FOR BLACK WALNUT TIMBER AND NUT PRODUCTION

George Rink!

ABSTRACT.—Results of long-term geographic seed source tests for black
walnut (Juglans nigra L.) are summarized, and heritability estimates for
such traits as height, diameter, and nut yield are presented. Studies
estimating rates of outcrossing and inbreeding and of studies estimating
potential improvement in nut traits are also summarized. All studies ‘
emphasize the substantial potential for genetic selection in this species.
Earlier recommendations of using southern seed sources within 200
miles of planting sites for most of the walnut range are verified: for
extreme northern and northwesternmost sites local seed should be used.
Biochemical electrophoretic assays of different allozymes continue to
indicate that inbreeding does not seem to be a serious problem in natu-
ral stands or in close-spaced plantings. Selection for enhanced nut
production appears to be effective. Trees with larger diameter nuts also
have larger nutmeats; thus trees with large diameter nuts should be

selected for enhanced nut bearing.

The intent of this article is to provide an overview
of the latest results from genetics studies con-
ducted by North Central Forest Experiment
Station personnel at the Forestry Sciences
Laboratory in Carbondale, Illinois. Most of these
studies are provenance and/or progeny tests and
electrophoretic studies of allozyme variation to
determine mating parameters. At this sympo-
sium, Gale McGranahan and Chuck Leslie will
cover the latest biotech research done on English
walnut much of which will also be applicable to
black walnut (McGranahan et al. 1997).

The earliest studies investigated the potential for
exploiting geographic variation among prov-
enances for improved growth and survival. The
goal of these studies was improved timber pro-
duction with little regard for nut production.
One of the most comprehensive of these prov-
enance studies consisted of seven common
garden outplantings established in 1967 with

I George Rink, Research Geneticist, USDA Forest
Service, North Central Forest Experiment Sta-
tion, Southern Illinois University, Carbondale, IL
62901-4630. Currently Deputy Director, Timber
Lake Civilian Conservation Center, Estacada, OR
97203.
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seedlings from different geographic origins within
the species range in the midwestern United
States (Bey 1973, 1979, 1980). Each outplanting
contained seedlings from at least 15 different
geographic origins (Fig. 1). Survival, height, and
d.b.h. measurements at age 22 revealed that
trees of local origins (from within 100 miles north
and south of each planting) had the best survival
at all locations, and those from within 200 miles
south of the planting site grew significantly faster
than trees from more distant northerly origins
(Bresnan et al. 1994). In the Minnesota and lowa
plantings, the most northwestern sites, the best
survival was with seedlings of local and north-
western origins although overall survival was less
than 50%.

In general, variation among trees of different
geographic origins in height and d.b.h. was great
and statistically significant at all planting loca-
tions (Bresnan et al. 1992, 1994). This implies
that much of variation is under genetic control
and that seed source selection should be in-
cluded in black walnut tree improvement pro-
grams. Although many such provenance studies
were established in the 60’s and early 70’s,
results of the present study can be considered as
generally representative of most of them. Thus
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Figure 1.—Approximate natural range of black walnut is indicated by shaded area. Circles indicate
plantation sites and state abbreviations represent provenances tested.

the early recommendations on planting black
walnut resulting from these studies still hold.
For most parts of the species range, plant mate-
rial from within 200 miles south of the planting
site will provide the optimum combination of
growth rate and survival. The recommedation for
the most extreme northern sites is to use only
local plant material, since more southerly
sources may not be frost hardy. Black walnut
seems to be less sensitive to movement along
east-west transects, although easterly sources
may not be well adapted to the more arid climate
of the westernmost parts of the species range.

In the next phase of genetics research, open-
pollinated (half-sib) progeny tests were estab-
lished to compare growth and survival of off-
spring (i.e., seedlings) of specific trees and to
estimate heritability and gain from selection.
Heritability estimates the proportion of total
variation in a given trait which is under genetic
control. Again, the objective of most progeny
tests installed by the USDA Forest Service was to
evaluate timber traits and not nut production.
Nut production research for human consumption

was considered to be the responsibility of the
Agricultural Research Service, another USDA
agency.

Although several black walnut progeny tests were
installed, the progeny test most intensively
studied was the Pleasant Valley test on the
Shawnee National Forest in Southern Illinois
(Rink 1984, Rink and Clausen 1989). The last
measurement and evaluation of this test was in
1993, 20 years after establishing the progeny
test. At the time, growth in the plantation was
above average, and the narrow-sense heritabili-
ties for height and diameter (d.b.h.) were 0.54
and 0.50, respectively. These heritabilities are
considerably higher than for other commercially
valuable tree species, and they indicate that
selection and breeding can be an effective means
of obtaining improved growth in future genera-
tion. These heritability values have remained
relatively stable since age 8 years, indicating that
selections for enhanced timber production can be
safely implemented as early as age 8 (Rink and
Kung 1995). Results from another progeny test
established in 1980 in Southern Illinois confirm
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the Pleasant Valley progeny test results (Rink
and Van Sambeek 1987).

One simple approach to implementing selection
is to evaluate all the trees in progeny tests,
identify 5 to 10% of the trees with the fastest
growth and best form, and then rogue {i.e., thin)
all the remaining trees in stages. Thinning
guides suggest that each thinning remove no
more than 33% of a stand at any one time leav-
ing some trees to serve as nurse trees. The non-
selected trees can also serve as nut producers for
reforestation efforts or be used in future studies
of nut production for seed orchard management.

Nut production also appears to be under strong
genetic control. In an evaluation of nut produc-
tion records of 934 juvenile trees over a 7 year
period, only 2% of the trees consistently pro-
duced more than 200 nuts per tree per year and
only three individual trees averaged more than
300 nuts per tree per year. Eighty percent of the
trees produced an average of 100 nuts per tree
per year or less (Garrett et al. 1995). Clearly,
such a variation pattern implies that nut produc-
tion is under strong genetic control.

In another study of nut production, Rink et al.
(1994) estimated heritabilities for nut yields to be
0.46 and 0.72 in 1986 and 1989, respectively.
Since nut yields vary from year to year, such
year-to-year discrepancies in heritabilities are
not surprising. In addition, these values are
based on nut production from a relatively low
number of young trees; thus, they may not be
very precise. Selection for enhanced nut yield
appears to hold promise for nut growers; how-
ever, it should be pointed out that results also
showed that increased nut yield was positively
correlated with increasd growth. Apparently
selection of increased growth will also result in
increased nut production. Analysis of several
measures of nut length, diameter, and weight, as
well as kernel and shell weights from 156 south-
west Missouri trees suggested that nut diameter
could be used as a selection criterion for heavier
nuts with larger nutmeats (Rink et al. in press).

Ultimately, selected trees have to be reproduced
(usually by grafting) in a seed orchard. Seed
orchards typically contain collections of selected
trees with the objective of producing seed for
reforestation. Usually seed orchards are de-
signed to produce seed for specific geographic
areas. Thus in Illinois, there are separate seed
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orchards for northern and southern parts of the
state. Most selections in seed orchards have
been for increased growth although they could be
designed for other target objectives such as
enhanced wood density or nut production as
well. One of the common concerns of all or-
chards is that the clones in them routinely cross-
pollinate. That can only happen if the flowering
patterns of the clones are sufficiently synchro-
nized; otherwise, nut produced could result from
self-pollination or cross-pollination with only a
limited number of clones. If the bulk of the
clones are not reproductively synchronized, the
eventual result will be the production of inbred
seed. Inbreeding in trees, as with most organ-
isms, usually results in poorer survival, slower
growth, lower vigor, and decreased disease
resistance. To alleviate concerns about inbreed-
ing, geneticists commonly study mating patterns
of trees in seed orchards.

The traditional approach to studying mating
patterns is to physically study the timing of
flower maturation and to do controlled pollina-
tions in the orchards. The problem with that
kind of work is that it is very labor intensive,
slow, and expensive, especially with a species
such as black walnut where each controlled
pollination results in a few to no seed. Several
researchers have attempted to do controlled
pollinations, all have bemoaned the results
(Beineke 1993). However, with the increased
availability of starch gel electrophoresis tech-
niques, an alternative approach presented itself.
The technical aspects of the technique can be
found in Rink et al. (1989) and Rink et al. (1994).
Suffice it to say that the technique enables
geneticists to study genetic variation at the
individual gene level by studying variation in the
enzyme systems (i.e., allozymes). Statistical
analyses of results of several enzyme systems
enables the projection of rates of inbreeding and
outcrossing (Zuo et al. 1995).

In a recent study, we obtained nut collections
from an Indiana Department of Natural Re-
sources black walnut seed orchard, a Hammons
Products black walnut progeny test in Missourt,
and a wild (natural) population in Southern
Nlinois (Rink et al. 1994). The results indicated
very high levels of genetic variablity and out-
crossing rates and very low levels of inbreeding
within all three types of plantings. Inbreeding
levels in the seed orchard were essentially the
same as in the natural population. The results



substantiate the genetic variability of black
walnut as an undomesticated tree species under
very little selection pressure. In contrast the
Persian walnut, Juglans regia, from central Asia
and southern Europe has undergone generations
and centuries of selection by virtue of the histori-
cally greater agricultural activity within its range
and show less genetic variability and higher
inbreeding rates.

At this point in the evolution of black walnut
culture, there are several excellent state seed
orchards in existence, including those in Hlinois
and Indiana, among others. The Indiana or-
chards have reportedly started producing im-
proved seed already. In addition, improved
clones of black walnut are commercially avail-
able. Most of these have an increased timber
production orientation. The development of
black nut varieties is not far behind thanks to
the efforts of Jim Jones and the Hammons
Products Company. In spite of everyone’s best
efforts, I know that the seed orchards in the
midwest and the selections included in them
have not been adequately tested prior to the
creation of these orchards. Thus, I will conclude
this review by saying that there is a continuing
need for long-term evaluation of existing genetic
studies and of the selection that have already
been made before we can say we are adequately
meeting the needs of walnut growers for geneti-
cally improved planting stock.

LITERATURE CITED

Beineke, Walter F. 1993. Twenty years of black
walnut genetic improvement at Purdue
University. Walnut Council Bull. 21(2):1-3, 9-
12.

Bey, C.F. 1973. Growth of black walnut trees in
eight midwestern states - a provenance test.
USDA Forest Service Res. Pap. NC-99. 7 p.

Bey, C.F. 1979. Geographic variation in Juglans
nigra in the midwestern United States. Silvae
Genetica 28:132-135.

Bey, C. F. 1980. Growth gain from moving black
walnut provenances northward. J. For. 78:
640-645.

Bresnan, Damian F., Wayne A. Geyer, Keith D.
Lynch, and George Rink. 1992. Black walnut

provenance performance in Kansas. North. J.
Appl. For. 9(2):41-43,

Bresnan, D.F., G. Rink, K.E. Diebel, and W.A.
Geyer. 1994, Black walnut provenance
performance in seven 22-year-old planta-
tions. Silvae Genetica 43(4):246-252.

Garrett, H.E., E.F. Loewenstein, J.E. Jones, and
G. Rink. 1995. The importance of selection
gain in walnut agroforestry management. p.
364-366. In Proceedings, Eighth biennial
southern silvicultural research conference.

McGranahan, Gale, Chuck Leslie, Abhaya
Dandekar, and Sandie Uratsu. 1997. Breed-
ing and genetic engineering of English walnut
for nut production. p. 30-37. InJ.W. Van
Sambeek (ed.) Knowledge for the future of
black walnut. USDA Forest Service Gen.
Tech. Rep NC-191.

Rink, G. 1984. Trends in genetic control of
juvenile black walnut height growth. For. Sci.
30:821-827.

Rink, George and J. W. Van Sambeek. 1987.
Seedling-sapling growth variation in a South-
ern lllinois black walnut provenance/progeny
test. p. 126-131. In Proceedings, 5th north
central tree improvement conference.

Rink, George, Elizabeth R. Carroll, and Fan H.
Kung. 1989. Estimation of Juglans nigra L.
mating system parameters. For. Sci. 35(2}):
623-627.

Rink, G. and K. E. Clausen. 1989. Site and age
effects on genotypic control of juvenile
Juglans nigra L. tree height. Silvae Genetica
38:17-21.

Rink, George and F.H. Kung. 1995. Age trends in
genetic control of Juglans nigra L. height
growth. p. 247-255. In Proceedings, 10th
central hardwood forest conference. USDA
Forest Service Gen. Tech. Rep. NE-197.

Rink, George, Fan H. Kung, and Bruce E. Cutter.
1994. Selection effectiveness for black walnut
nuts and timber. p. 101-105. In R.C. Schultz
and J.P. Colletti (eds.) Opportunities for
agroforestry in the temperate zone worldwide:
Proceedings, 3rd north american agroforestry
conference, lowa State University, Ames, IA.

61



Rink, George, Joan K. Haines, James E. Jones,
Edward F. Loewenstein, and H.E. Garrett. In
press. Variation in nut, kernel, and shell
characteristics of Juglans nigra L. Acta
Horticulturae.

Rink. G.. G. Zhang, Z. Jinghua, F.H. Kung, and
E.R. Carroll. 1894, Mating parameters in
Juglans nigra L. seed orchard similar to
natural population estimates. Silvae Genetica
43(4):261-263.

Zuo, J.. F.H, Kung, and George Rink. 1995,
Sampling variation in black walnut {Juglans
nigra L.} outcrossing rates and fixation
indices. p. 63-69. In Proceedings, 23rd south-
ern forest tree improvement conference.
North Carolina State University-Industry
Cooperative Tree Improvement Program.

62



GROWTH DIFFERENCES AMONG PATENTED WALNUT GRAFTS AND
SELECTED SEEDLINGS 12 YEARS AFTER ESTABLISHMENT

William E. Hammitt!

ABSTRACT.—Three sources of black walnut (Juglans nigra L.) stock—
grafts, seed orchard seedlings, and nursery-run seedlings—were com-
pared for growth and form differences over a 12-year period in a south-
western Ohio plantation. Growth differentials at 4-years showed the two
genetic improved sources to have d.b.h. and height gains of 25 to 30%
over the nursery-run material. However, the improved juvenile growth
differentials were not present at the later 8- and 12-year measurements.
The results are discussed in view of literature concerning age-to-age
correlational growth trends and growth differences associated with
geographical origins of the three planting sources.

INTRODUCTION

Black walnut (Juglans nigra L.) is a valued and
desired tree species in the central hardwood
ecosystem. Veneer logs have great commercial
value and are highly desired for furniture. Black
walnut, perhaps more than any other hardwood
species, is intensively managed in plantations for
short-rotation veneer logs. Successful plantation
establishment and management is now fairly
common, with growers recognizing the impor-
tance of intensive cultural practices such as
weed control, pruning, thinning, and in some
situations, fertilization (Beineke 1989, Braun
and Byres 1982, Burde 1988, Burke and Will-
iams 1973, Byrnes et al. 1973, Schlesinger 1982,
Schlesinger and Funk 1977).

Also important for the production of veneer-
quality logs in short-rotation management is the
planting of genetically improved stock. Height
and diameter (d.b.h.) in black walnut are under
strong genetic control, as confirmed through
heritability estimates in 15- and 22-year prov-
enance studies (Bresnan et al. 1994, Clausen
1983). Possible d.b.h. and height gains of from
15 to 30% above nursery-run stock (average
nursery seedlings) have been projected (Rink and
Stelzer 1982), whereas Wright (1966) states that

! William E. Hammitt, Professor, Department of
Forest Resources, Clemson University, Clemson,
SC 29634.

25-year veneer log rotations are entirely possible
if we start with a fast-growing variety and care for
it intensively.

Although genetically improved seedlings from
seed orchard sources have been recommended
for more than 25 years, Beineke (1982) has
advocated the merits of grafted stock from supe-
rior trees. Growth and form comparisons be-
tween 9-year-old patented Purdue #1 (USDA
patent granted Purdue University) grafts and
nursery-run seedlings showed net increases for
the grafts of 31% in height, 29% in d.b.h., and
61% in form. Additional comparisons between
other patented black walnut clones and nursery-
run material at ages of 12 to 16 years showed
similar percentage gains for height and diameter
(Beineke 1984). Measurements at age 27 (1995
data) showed net increases for Purdue #1 grafts
over nursery-run stock to be 32% for height, 22%
for d.b.h. and 18% for form (Beineke 1995).

While height and d.b.h. have been shown to be
under strong genetic control, it is also known
that these parameters can differ with tree age, as
demonstrated by juvenile and later growth esti-
mates and phenotypic age-age correlations (Rink
and Kung 1995). The purpose of this paper is to
report diameter, height, and form differences for
4-, 8-, and 12-year-old plantation trees of Purdue
#1 grafts, seed orchard nut-seedlings from
Tennessee, and nursery-run seedlings from
Missouri.
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METHODS

The study plantation is located at Harrison,
Ohio, about 20-miles NW of Cincinnati. Soils
consist of a Martinsville silt loam (surface layer
typically 9 in. thick, subsoil about 35 in. thick),
and an Eldean loam {surface layer typically 7 in.
thick, subsoil about 29 in. thick). Site index for
a 28-year old, 1-acre intensively managed plant-
ing directly adjacent to the study plantation
suggest a value of 80+ for black walnut
{Schlesinger and Funk 1977). The study planta-
tion is approximately 2-acres in size.

In spring of 1984, grafts, nuts, and seedlings of
the three sources of black walnut were planted in
a fescue field. The l-year old Purdue #1 grafts
were bare-root stock, about 10 to 15 in. tall, from
West Lafayette, Indiana; the field planted nuts
were from a Tennessee Valley Authority (TVA)
clonal seed orchard (sources from Tennessee and
northern Alabama) at Norris, Tennessee; and the
140 nursery-run seedlings were bare rooted,
about 20 to 30 in. tall, from the Missouri State
Department of Conservation nursery at Licking,
Missouri. A systematic planting design at 10 x
10 ft spacing was used, with the grafts planted at
40 ft intervals, the seed orchard nuts at 20 ft
intervals, and the nursery-run seedlings as
“spacer” trees where needed (Fig.1). In addition,
a portion of the plantation contained only the
nursery-run stock, thus allowing for “crop trees”
at spacings of 40 and 20 ft, similar to the two
genetic sources for measurement comparisons.

All sources received similar cultural treatment:
sod was removed from the site (2 x 2 ft) at plant-
ing, area around seedlings were spot-sprayed
twice annually for weed control with
glyphosphate/simazine, mowed three times
annually between rows, and fertilized annually
with a 15-15-15 NPK formulation (100 Ibs/acre)
beginning in 1985. In 1989, these cultural
practices were discontinued and crown vetch was
introduced into the plantation. One annual
mowing in the fall was continued to control
woody plant seedling invasion in the understory.
Trees in the plantation were terminally and
laterally (to 13 ft) pruned annually, and the
plantation was thinned in fall 1990. Only nurs-
ery-run spacer trees were removed, resulting in a
20 by 20 ft spacing between trees.

Growth and form measurements were taken in
fall 1987, 1991, and 1995. Twenty-five Purdue
grafts existed in the plantation and all were
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measured. To keep sample size among the
sources approximately equal, 40 seed orchard
and 40 nursery-run trees were sampled. Stem
diameter was measured as 4.5 { {d.b.h.) above
the ground. Total height was measured to the
nearest 1/2 ft, using measuring poles in 1987
and 1991, and with a clinometer in 1995, Stem
form was determined by counting the number of
terminal shoots in 1987 and by a 5-point rating
scale for stem straightness in 1991 and 1995
(Beineke 1984). Differences in growth and form
measurements for the three sources were ana-
lyzed by analysis of variance (p<0.05). One-way
ANOVA and Duncan’s multiple range test proce-
dures were used to test variable means (Norusis
1992).
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Figure 1.—Plantation design for the patented
Purdue #1 grafts (solid squares), TVA seed
orchard seedlings (solid triangles), and
Missouri nursery-run seedings (open dia-

monds).



RESULTS

Diameter (d.b.h.), height, and form measure-
ments for the three walnut sources at ages 4, 8,
and 12 years are presented in Table 1. Compari-
son of the growth measurements for the three
sources at the various time intervals follows.

showed a -2% d.b.h. growth differential when
compared to the Missouri nursery-run stock.

HEIGHT GROWTH RESPONSE

Height growth was significantly different among
the three sources of planting stock at all three

Table 1.—Average diameter (d.b.h.), height, and stem form for patented graft, seed orchard, and nursery-run stock in a black
walnut plantation of ages 4, 8, and 12-year (1987, 1991, and 1995, respectively)

Diameter (in.) Height (ft) Form

Planting Stock N 1987+ * 1991 1995 1987**  19971** 1995%* 1987 1991 1995*
Patented graft 25 1.36a 4.01 6.08 10.82a 23.48a 35.64a 148 1.52 1.52a
Seed orchard 40 1.37a 4.18 6.45 1004a 21.51b 34.23a 1.48 1.83 1.78ab
Nursery-run 40 1.06b 3.82 6.20 8.28b 20.13b  32.18b 1.63 2.08 2.05b
Percent differential

between patented

grafts and nursery-

run stock 28 5 -2 31 17 11 10 37 35
Percent differential

between seed

orchard and

nursery-

run stock 29 9 4 21 7 6 10 14 15

* Significant difference at 0.05 level.
**Significant difference at 0.01 level.

Means by year of evaluation followed by different letters are significantly different at 0.05 level, Duncan multiple range

test.

DIAMETER GROWTH RESPONSE

Diameter after 4-years of growth (1987) was
significantly different (p<0.01) between the two
genetically improved sources (grafts and seed
orchard stock) and the nursery-run seedlings.
However, there was no significant difference
between the two genetically improved sources
(p<0.05). The Purdue #1 grafts out performed
the nursery-run seedlings by a d.b.h. differential
increase of 28.3%, and the TVA seed orchard
material showed a d.b.h. improvement of 29.2%.

After 8 and 12 years of growth, there was no
significant difference (p<0.05) among the three
sources for d.b.h. The percent of d.b.h. improve-
ment of the genetic sources over the nursery-run
material decreased considerably with age of the
plantation. After 12 years, the Purdue #1 grafts

age intervals (Table 1 and Fig. 2). The Purdue
grafts were taller than the nursery-run material
after all three periods, while the TVA seed or-
chard trees were significantly taller after two of
the three time periods.

The Purdue grafts and TVA seed orchard trees
showed height improvements over the Missouri
nursery-run trees after 4-years of 30.7 and
21.3%, respectively. Although these percent
differentials decreased over the 8- and 12-year
periods, the pattern of differences remained
constant during the time periods (see line graphs
in Fig. 2). The Purdue grafts continued to show
faster height growth over the other two sources,
with 17 and 11% differentials over the nursery-
run stock after 8 and 12 years, respectively.

65



Feet HEIGHT
40

20

10

Seed orchard

I £3 10878 1001 Bl 1995]

Purdue gra

Nursery-run

HEIGHT
Feet

40

|/
W/

5 1 1 1
1987 1991** 1995°"

Purdue grafts - Seed orchard - Nursery-run

Using one-way ANOVA, ** p<.01

Figure 2.—Height measurements for grafted, seed orchard, and nursery-run stock in a black walnut
plantation at ages 4, 8, 12 years (1987, 1991, and 1995, respectively).

TREE FORM EVALUATION

The methodology for evaluating tree form was
changed between ages 4 and 8 years. However,
neither of these time periods revealed a signifi-
cant difference in form among the three planta-
tion sources. A significant difference (p<0.05)
was observed after 12 years only between the
Purdue grafts and the nursery-run material. The
Purdue #1 grafts have better tree-bole form after
12 years of growth, showing a 35% improvement
over the nursery-run trees. Form has remained
quite constant for each of the sources during the
12-year period. However, the trees have been
terminally and laterally pruned on an annual
basis, which has reduced the amount of natural
variation in form among the three sources.

DISCUSSION
The growth differentials of the two genetically

improved sources over the nursery-run stock at
66

age 4 years are quite similar to previous results
(Beineke 1982). The 28% increase in d.b.h. and
31% in height of the Purdue #1 grafts over the
nursery-run stock are within the 15 to 30%
growth differentials projected for genetically
improved material by Rink and Stelzer (1982).
However, the growth differences between the
genetic sources and the nursery-run stock
decreased considerably after 8 and 12 years of
growth. This was particularly true for diameter,
where no significant differences between the
sources were evident at the two later time peri-
ods. It should be pointed out that although the
genetic selections did not maintain the early
growth improvements, the average annual d.b.h.
and height growth of 0.5 in. and 2.7 to 3.0 ft,
respectively, for all three sources is comparable
to Beineke's data (Beineke 1984).

Past research on the correlation of juvenile
growth to later plantation growth for black
walnut is mixed. Kung (1973) and McKeand
(1978) have shown through age-to-age correla-
tions that the height growth and cubic foot



volume correlations for black walnut tend to
stabilize around ages 3 to 4. For example, Kung
found the correlation between juvenile height
and cubic foot volume at 30 years reached a
plateau at age 3. However, Rink et al. (1982)
stated that black walnut heights at 1- or 2-years
of age are not good predictors of future tree size.
Phenotypic age-age correlations between indi-
vidual tree height at age 20 and at earlier vears
show that by age 8 the correlations remain fairly
stable, indicating “that selection of black walnut
for improved height growth could be carried out
with a high degree of confidence beyond age 8
(Rink and Kung 1995}.” Further research shows
that “tree size at 5 years is a poor predictor of
later tree growth, but performance at age 15 is
more reliable (Bresnan et al. 1992).”

The inability of the Purdue grafts to maintain the
growth advantage over the nursery-run stock
may be partially explained by the geographic
origins of the nursery-run seedlings. The origin
of the Missouri nursery-run stock was approxi-
mately 200 miles southwest of the southwestern
Ohio plantation, while the Purdue grafts origi-
nated approximately 60 miles north of the plant-
ing site. Previous research has suggested the
selection of walnut seed sources within 200 miles
south of planting sites in central parts of the
species range will result in the largest growth
gains (Bey 1980, Bresnan et al. 1992, Deneke et
al. 1980). Bey et al. (1971) found that northern
trees completed 90% of their height growth by
the end of July, 15 days before the southern
trees had completed 90% of their growth. The
longer growing season for the Missouri nursery-
run stock may partially account for the lack of
growth differential of the grafts over the nursery-
run stock. However, it does not explain the lack
of growth difference of the TVA genetic material
over the nursery-run material, as the TVA seed
orchard stock originated approximately 200
miles south in Tennessee and Northern Alabama.
It should be pointed out that the TVA trees were
planted as nuts, as opposed to the 1-0 aged
seedlings and grafts, making them technically 1
year younger than the other two sources.

One of the major attributes of the Purdue #1
grafted stock has been terminal dominance,
leading to excellent stem form (Beineke 1982)
and increased height growth. Stem-form gains of
37 and 35% have been maintained at ages 8 and

12 years for the grafts as compared to the nurs-
ery-run material. The strong terminal domi-
nance of the grafts also generate a pyramidal-
shaped tree crown and perhaps accounts for the
significant differences in height between the
grafts and nursery-run trees at each of the three
measurement periods.

CONCLUSIONS

Although the 4-year growth measurements
showed the two genetically improved sources to
be significantly better than the nursery-run stock
and to approximate growth gains projected by
forest geneticists, these growth differentials were
not maintained at ages 8 and 12 years. The data
supports previous research that suggests early
juvenile growth is a poor predictor of later tree
growth in black walnut. It should be pointed out
that the nursery-run stock was sorted at the time
of planting so that only the larger 1-0 seedlings
were planted at the crop tree spacings. This may
have led to the planted seedlings going through
an early period of transplant shock. Once the
seedlings overcame the transplant shock they
recovered the growth “lost” during the period of
shock and are approximating growth rates
similar to the two genetic sources.

It is also concluded that the growth differentials
of this study should not be compared with
Beineke’s growth data for Purdue #1 grafts and
nursery-run stock, since the geographic origin
and associated growth-season influences of the
nursery-run stock between the studies are not
comparable. However, the annual average d.b.h.
and height data for the grafted stock are compa-
rable with previous studies (Beineke 1984). It
appears that the genetic selections did not
decrease growth during the 12 years but rather,
the nursery-run stock increased in relative rate
of growth.
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ALLOZYME VARIATION WITHIN AND AMONG SEVERAL JUGLANS L. SPECIES
AND THEIR HYBRIDS

Victor B. Busov, George Rink, Scott E. Schlarbaum, and Jinghua Zuo!

ABSTRACT.—Allozymes are primary products of structural genes and
represent direct translations of the genes. They are abundant in all
living tissues and can be analyzed by simple biochemical techniques,
thus providing easily accessible and readily available information about
many genes. Allozyme data for 10 loci from 7 enzyme systems were
compared for discriminating potential between butternut, heartnut, and
black walnut. The loci for ATT-3 (asparate amino transferase), ACP-2
{acid phosphatase), and 6PG-2 (6-phosphogluconic dehydrogenase)
appear to be monomorphic in butternut and heartnut and polymorphic
in black walnut. An additional locus (6PG-3) not present in black walnut
was found in the 6PG enzyme system of butternut and heartnut. Differ-
ences were also found in the allelic frequencies of the polymorphic loci
common to the butternut/heartnut hybrid complex and black walnut.
The loci for 6PG-1 and PGI-1 (phosphoglucose isomerase) appear promis-
ing for discrimination between butternut and heartnut. Calculated
outcrossing rates suggest substanial inbreeding for both heartnut and
butternut. In contrast, the mating system for their hybrids seemed to be
predominantly outcrossing. High heterozygosity was assessed for butter-
nut-heartnut hybrids. Despite high rates of inbreeding in butternut and
heartnut, no deficiency of heterozygosity was observed. High heterozy-
gotic estimates were assessed for the butternut trees from North Caro-
lina. These trees are putative butternut canker resistant individuals,
possibly because they are products of natural hybridization with intro-
duced heartnuts.
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BLACK WALNUT VEGETATIVE PROPAGATION: THE CHALLENGE CONTINUES

Mark V. Coggeshall and Walter F. Beineke'

ABSTRACT.—Vegetative propagation techniques commonly employed for
black walnut include rooting, grafting, and budding. Predictable propa-
gation rates can be characterized as being somewhat elusive, regardless
of technique. Reports of successful rooting trials indicate the importance
of utilizing axillary bud-origin shoots. Grafting and budding success is
dependent upon proper scionwood collection and handling, in addition to
a knowledge of the effects of callusing temperature and the physiological
condition of the rootstock. Micropropagation techniques for mature, elite
trees remains an area of investigation that holds great promise for this
species. Successful rooting of shoot tip cultures continues to be the
limiting factor that prevents practitioners from fully utilizing this tech-

nology.

INTRODUCTION

Black walnut (Juglans nigra L.) is a tree species
cultivated for its valuable nuts and desirable
wood. While it is commonly grown from seed for
reforestation purposes, many individuals have
propagated the species by a number of tradi-
tional vegetative techniques to either maintain
unique nut cultivars and ornamental varieties, or
to produce selected clones for high quality timber
purposes.

It is unfortunate that such a valuable tree spe-
cies is so problematic, in regards to ease of
propagation. Black walnut enjoys a well de-
served reputation of being a “challenging” species
to propagate, regardless of technique. Results
from rooting of hardwood or softwood stem
cuttings, grafting and budding in the field or a
greenhouse, and even micropropagation tech-
niques, have all proven to be less than optimal
compared to many other North American hard-
wood tree species. However, progess in plant

1 Mark V. Coggeshall, Tree Improvement Special-
ist, Indiana Department of Natural Resources,
Division of Forestry, Vallonia State Nursery,
Vallonia, IN 47281 and Walter F. Beineke,
Associate Professor of Forest Genetics, Depart-
ment of Forestry & Natural Resources, Purdue
University, West Lafayette, IN.
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propagation has always been dependent upon
the sharing of collective experiences by many
individuals and indeed, some new insights are
available for the species. The purpose of this
paper is to describe several propagation tech-
niques that have been used for walnut, with
respect to both the physiological conditioning of
the plant part used in propagation and the
environmental conditions that are required to
maximize propagation success.

ROOTING

The capacity of a woody plant to form
adventitous roots (or “shoot borne” roots), is
dependent upon a highly complex series of
factors and their interactions. In general, rooting
success is controlled by the following physiologi-
cal and biochemical factors: plant genotype,
stem maturation, and physiological status,
including carbohydrate reserves, water relations,
and hormonal levels (Puri and Khara 1992). The
successful manipulation of these various compo-
nents can only be gained through experience.
Despite the inherent limitations to stem cutting
propagation of black walnut, which has been
described as a difficult-to-root species, some
successful examples can be cited.



The physiological condition of the donor plant
can have a profound influence on rooting success
and subsequent outplanting survival. For diffi-
cult-to-root species, it has been demonstrated
that cuttings with a high leaf:shoot ratio (thin
stems) will root in higher percentages versus
cuttings with thick stems. Thin stemn cuttings
have a reduced carbohydrate demand for stem
maintenance and therefor, will have a greater
potential for survival and allocation of carbohy-
drates to the rooting zone during propagation
(Howard 1993). Manipulation of the donor plant
by means of hedging (MacDonald 1986) and/or
etiolation treatments (Bassuk et al. 1986) have
been shown to result in a greater number of thin
shoots that have a reduced carbohydrate de-
mand for stem maintenance. Farmer (1971)
obtained some rooting success in black walnut
by subjecting seedling stock plants to etiolation
and girdling treatments. Such pretreatment of
walnut stock plants is an area of study worthy of
future research.

Shreve (1972) was successful in rooting black
walnut softwood cuttings by utilizing shoots
derived from adventitous buds, which were
obtained by cutting limbs during the dormant
season to force shoot growth in the spring. Truly
adventitious shoots arise from unexpected
locations, such as from a leaf, or from internodal
stem tissue. It is much more probable that the
adventitous shoots described by Shreve, arose
from dormant axillary buds, which are produced
at the base of each leaf as the shoot originally
developed. Farmer (1973) stated that true
adventitous buds do not arise from the apical
meristem, or any tissue recently derived from it.
More likely, the shoots utilized by Shreve,
Farmer, and others were actually derived from
dormant axillary buds. Both axillary and
adventitous origin buds act as truly juvenile
material and should be utilized in walnut stem
cutting propagation of mature trees (Shreve and
Miles 1972).

Softwood cuttings propagated by Shreve (1972)
were made by taking cuttings when leaves were
approximately 9/10th full size and the stems
were at least 8 in. long. The cuttings were
wounded at the base, quick dipped for one
second in 8,000 ppm IBA in 95% ethanol, and
stuck in a peat:perlite medium (1:1 by volume)
under mist in a greenhouse. Cuttings obtained
from visible buds formed callus but did not root,

while those from adventitous buds rooted suc-
cessfully (100%) and intiated new shoot growth
within 28 days.

An explanation for the success of “adventitous
bud” {dormant axillary bud) cuttings versus
cuttings from visible buds was offered by Shreve
et al. {1974). IBA was found to remain in the
rooting zone for a longer period of time in the
adventitous cuttings, while it was rapidly trans-
ported away from the rooting zone for the visible
bud cuttings. Hess (1965) observed that while
walnut softwood cuttings will root in low percent-
ages, large amounts of callus tissue are normally
formed. This callus tissue represents unorga-
nized, yet partially differentiated cells that are
common to difficult-to-root species, and may
suggest the presence of a naturally occuring
compound that interacts with IBA to prevent the
formation of root primordia. For successful
rooting to occur, callus tissue must first undergo
dedifferentiation to form root primordia. This
capacity to form root primordia provides the
basis for classification of difficult versus easy-to-
root species (Davies 1983).

A simple approach to walnut softwood cutting
propagation in Texas was described by Shreve
(1990) for Texas walnut (Juglans microcarpa).
Adventitous shoots were forced from limbs cut
during the dormant season and grown in con-
tainers under 50% shade. Cuttings were col-
lected when 8 to 10 in. long when the stem base
was beginning to harden. The cuttings were
quick dipped in 7,000 ppm IBA in ethanol and
inserted into a peat:perlite medium (1:1 by
volume) to a depth of 2 in. The containers were
1/2 gal plastic milk cartons with a bottom hole
for drainage. Humidity was maintained by
means of a plastic bag over the top of the carton
secured by a rubber band. The cuttings rooted
in approximately 35 days. The plastic bag was
removed after new shoot growth had reached 1 to
3in.

Hess (1969) reported on the unsuccessful rooting
of black walnut hardwood cuttings. Fall col-
lected cuttings were soaked in 200 mg/L IBA
(200 ppm) for 24 hours and callused in moist
peat at 70°F in 4 weeks. The cuttings were then
stored for 3 months at 41°F to break dormancy.
New shoot growth developed, but no rooting
occured. This procedure was modeled after
traditional hardwood cutting methods for apples
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and pears, and has the advantage of not requir-
ing any greenhouse structure. Carpenter (1975)
used Ethephon (an ethylene-releasing compound)
in attempting to root hardwood cuttings from
mature black walnuts. A 6 hour soak in 5,000
ppm Ethephon was the most successful treat-
ment (60%). However, shoot elongation was
difficult to obtain, despite additional treatments
of gibberellic acid, which should have promoted
shoot growth initiation following rooting.

Air layering of actively growing shoots is an
additional rooting method that has been used
successfully for walnut (Dirr and Heuser 1987).
A girdling cut is made on the stem 1/4 to 1/2 in.
wide, and root inducing plant growth regulator
(such as IBA) is applied, followed by moist peat
and a wrapping of aluminum foil. The layering
period lasts 6 weeks and the cuttings are then
severed from the plant. A high percentage of
these layered cuttings will then root. This propa-
gation method is limited due to the labor involved
and the presence of suitable shoot cutting mate-
rial, but it may be useful in maintaining small
numbers of desirable clones.

GRAFTING & BUDDING

Perhaps the most popular, large scale, propaga-
tion method currently being employed for black
walnut in the Midwest is the use of spring graft-
ing onto potted seedling rootstocks in a green-
house, as outlined by Beineke (1984). Predict-
able grafting success using this propagation
method still remains somewhat elusive, as
illustrated by the results obtained by member
states of the North Central Fine Hardwoods Tree
Improvement Cooperative (Table 1). This varia-

tion in results further indicates how the effects of

personnel, greenhouse environments, plant
genotypes, and scionwood handling can influence
grafting success. Despite these inherent limita-
tions, the procedure addresses the unigue prob-
lems associated With this species namely, the
tendency for rootstocks to “bleed”, and the higher
than normal temperatures that are required for
successful callus formation,

Scionwood collection and storage is a critical
component to grafting success. In Indiana,
scions are collected during the months of Janu-
ary or February and stored dry in a refrigerator.
It is critical that the scions are dry when placed
into storage to avoid bud damage due to disease.
No condensation showuld be allowed to form
within plastic storage bags. In fact, scions can
be stored in paper bags for up to 3 monthsina
cooler. Freezer storage is also possible for up to
6 months, provided that temperatures are main-
tained between 20 to 3 1°F and the scions are in
plastic bags, closed with a twist tie. Prior to
grafting, it is advisable to allow the scionwood to
warm up in the greenhouse for approximately 1
hour, which will minimize any condensation
beneath the Parafilm.

Beineke (1984) describes the following propaga-
tion method for spring grafting in a greenhouse.
Large sized black walnut seedlings are potted up
in February and approximately 1/3 of the shoot
is removed. The rootstocks are watered in when
potted but receive no further irrigation until after
grafting, which can be up to 8 weeks. Grafting
commences when buds on the rootstock begin to
swell. One or two days prior to grafting, the top
2 in. of the rootstock are removed and observed
for the presence of bleeding. If no bleeding
occurs in 24 hours, then grafting can proceed.

Table 1.—Greenhouse grafting results for black walnut (Juglans rigra L.} by members
of the North Central Fine Hardwoods Tree Improvement Cooperative

Year I
State 1988 1989 1990 1991 1992 1993
------ % Success - - - - -~
IN 59 79 21 36 57 86
MN 43 64 63 45 45 85
MO 55 82 43 64 54 36
OH 30 72 48 67 - -
Wi 30 65 - - - -
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Graft carpentry is somewhat dependent upon the
propagator’s skill. Cleft, inlay bark, whip and
tongue, and modified side grafts have been used
successfully (Lowe and Beineke 1969). A recent
innovation that has been employed for walnut
grafting is the use of a mechanical top grafting
tool, which makes smooth, wedge shaped cuts
for cleft or side grafting. Less skill is required
since no grafting knife is needed and more grafts
can be made in a single day. Single bud scions,
using healthy lateral buds from the previous
growing season, are made and inserted into the
corresponding cut on the rootstock. Budding
rubbers are firmly (not tightly) wrapped around
the graft union and Parafilm is used to com-
pletely cover all cut surfaces and the entire scion
piece. Care must be exercised when wrapping
the Parafilm over the scion bud, due to the
tendency of walnut buds to be easily dislodged.

A nearly constant temperature within the green-
house is one of the most important factors for
success. Black walnut grafts require a higher
than normal temperature regime to promote
rapid callusing of the graft union, with 82°F
being optimum (Sitton 1932). Daily variable
temperatures between 65 and S0°F are accept-
able. Disbudding of any sucker shoots arising
from the rootstock should be conducted every 3
to 4 days. Under the temperature regime de-
scribed, bud break of the scion should occur
within 10 to 14 days. If a side graft technique is
used, the remaining portion of the rootstock
above the scion can be removed 10 days after
grafting. The first watering of the graft since
potting up is made when the leaves on the scion
are approximately 1/4 full size. Weekly fertiliza-
tion with an appropriate water soluable fertilizer
can begin when the leaves are fully expanded. In
Indiana, a time release fertilizer, such as
Osmocote 17-6-12 NPK (3 to 4 month), is applied
at a rate of 1 tsp per graft.

Budding rubbers are normally cut with a razor
blade prior to moving the grafts outdoors after
the danger of spring frosts. Grafts are hardened
off under 50% shade for a period of 2 weeks,
after which the shade cloth can be removed.
Watering is provided on an as needed basis
throughout the summer. If possible, overwinter-
ing in pots is desirable and should be in refriger-
ated storage at 40°F. An alternative overwinter-
ing method is to place the containers horizontal
on the ground in the shade and cover with wheat
straw and/or micro-foam insulated cloth and
white polyethylene sheeting.

Spring bench grafting in a greenhouse is used by
Hammons Products Company {(Jim Jones, per-
sonal communication). Cleft grafts are made
onto bareroot understocks just prior to potting
up. Rootstock suckering is avoided by making
the graft 3/4 in. below the root collar.

The successful use of chip budding onto potted
rootstocks in a greenhouse was also reported by
Tubesing (1989). During the month of May,
temperatures were maintained at 75°F for callus-
ing. Rootstocks were severely pruned when
potted up and also decaptitated while in the
greenhouse 4 to 6 in. above the union to force
bud break. These measures helped to promote
rapid callusing and growth while avoiding the
problem of rootstock bleeding.

Winter bench grafting was also shown to be an
effective propagation technique for Juglans nigra
and Juglans regia, especially in Europe (Cerny
1965, 1969; Tsurkan and Chebotar 1972;
Pieniazek 1968; Millikan 1972). Rootstocks were
lifted in late fall and whip or splice grafted with
scions collected in early winter. The grafts were
placed in a heated bin filled with moist sawdust
for a period of 3 to 4 weeks for callusing. Tem-
peratures were maintained at 80°F. The grafts
were then moved to cold storage above freezing
for a period of 3 months to satisfy cold dormancy
requirements. Grafts were then lined out in the
field or potted up in early spring. Since both the
scion and rootstock are dormant in early winter,
the graft could be subjected to the high tempera-
tures of the callusing bin without initiating bud
or root growth (Cerny 1965, Harrison 1978).

Bench grafting operations have also been con-
ducted in conjunction with a hot callus device, as
developed by Lagerstedt (1981a). This device
allows for rapid callusing through the use of a
hot water pipe system which localizes heat only
at the graft union, while both the scion and
rootstock are exposed to ambient temperatures.
A series of experiments using English walnut
(Juglans regia) were made during the winter in
Australia (Deering 1991). Splice grafts were
made over a series of months and the best
treatment incorporated the use of cooler stored
scions with 4 buds in late winter. No significant
differences were detected between the use of
woody versus pithy scions. These results con-
firmed work by Avanzato and Tamponi (1988},
who also used a hot callus device for bench
grafting English walnut in Italy. The best timing
for grafting was during the month of March. 73



A variation on the use of heated bins or a hot
callusing device to promote callusing on winter
bench grafts was conducted at the Arnold Arbo-
retum in 1952 (R. Coggeshall, personal commu-
nication). Scions (5 to 6 in. length) were col-
lected in December and whip grafted onto fall
lifted rootstocks in early March. The completed
grafts were placed in deep boxes filled with moist
sawdust in a cellar for callusing. Temperatures
during the callusing period ranged from 33 to
45°F. At such low temperatures, the callus
development was retarded and required 8 weeks.
Grafts were lined out in rows in late April. By
planting the grafts to a depth of 4 in. above the
graft union, no suckering occured. This propa-
gation technique mimics work done with apples,
and has the economic advantage of avoiding the
need for a greenhouse and circumvents the
rootstock bleeding problem inherent with spring
season propagation.

Field grafting of walnut onto established
rootstocks has been described by Kidd and
Krause (1991). Two year old rootstocks are
crown grafted in May to June. The rootstocks
are cut 12 in. above the soil line 3 to 4 days prior
to grafting to control any bleeding that may
occur. Scions are collected in December and
stored at 34°F in damp excelsior. In California,
successful long term storage of scionwood for
field grafting operations is dependent upon
maintaining cooler temperatures between 33 and
35°F (Graves 1965). Whip and tongue grafts are
made and wrapped with masking tape. The
entire graft is covered with aluminum foil “tent”,
which allows for an extended grafting season into
early July if needed. The aluminum tent is
vented 14 days after grafting and is re-wrapped if
the graft is still dormant. Grafts are inspected
every 4 days and the foil is completely removed 3
to 4 days after venting. Aluminum foil prevents
tissue dessication prior to healing of the graft
union.

The use of single buds for propagating black
walnuts in field situations is very popular for
hobbyists and nurserymen alike. Both dormant
and actively growing lateral buds may be em-
ployed and there have been numerous types of
budding operations described, such as chip,
patch, shield or T-buds (Jaynes 1981b). Suc-
cessful outdoor propagation requires waiting
until springtime day temperatures stabilize at
approximately 80°F. In addition, rootstock
bleeding can be problematic in certain years
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{Harrison 1978). For these reasons, it is com-
mon to expect highly variable results from year to
year. To avoid poor success rates due to un-
stable springtime temperature fluctuations,
walnuts can be budded in June by using green-
wood buds (Davie and Davie 1977). Long (2 in.),
shield buds are made as soon as growth is
available, and inserted into either a T bud or coin
purse cut on the stock. It is important to orient
the bud on the southwest side of the rootstock
for maximum heating by the afternoon sun. A
portion of the leaf is retained with the bud (up to
4 leaflets). Tie in with a budding band, or waxed
string, and cover with plastic sheeting or
Parafilm. Inspect the bud daily and remove any
dead foliage. The rootstock can be severed 4 in.
above the bud if callusing has occured. Open the
plastic wrapping at the bottom after callusing
begins and remove the plastic wrapping after 3
weeks. Rootstock suckers should be removed as
they may arise. The budding rubber may be
removed after 4 weeks.

The importance of budding early in the season
has been reported by several authors who state
that if the bud is not forced to grow in the same
year, it may die during the winter (Jaynes
1981b). In Indiana however, dormant buds can
be successfully overwintered and forced to grow
the following year (J. Harrell, personal communi-
cation).

TISSUE CULTURE

The use of various tissue culture technologies to
produce walnut propagules continues to be an
area of intense study. Sterile shoot tip cultures
have been successfully produced from mature
black walnuts by obtaining forced shoots from
grafted trees grown in a greenhouse (Preece et al.
1989), from branch tips (Khan et al. 1995}, or
epicormic sprouts from branch segments (Van
Sambeek et al. 1997).

Microshoot rooting of these shoot tip cultures
remains a problem for walnut. It is partially
successful when using material from juvenile
stock plants (Heile-Sudholt et al. 1986, Long et
al. 1995), but the rooting of explants from ma-
ture trees remains elusive, and seems to be
dependent upon the actual age of the shoot tip
cultures (Van Sambeek et al. 1997). To circum-
vent this rooting problem, acclimated micro-
shoots can be successfully grafted onto seedling



rootstocks (Stephan and Millikan 1987). How-
ever, this is a very expensive alternative to tradi-
tional graft propagation. Research into the
factors required to induce rooting of shoot tip
cultures either in vitro or ex vitro remains the
ultimate objective of ongoing studies.

In contrast to these results with black walnut,
McGranahan et al. {1988) reported that mature
clones of Persian walnuts are much easier to
manipulate in tissue culture, and in fact have
been successfully produced in a commercial
laboratory. This variation in response to tissue
culture technologies for two different Juglans
species further illustrates the unique challenges
that black walnut presents to all propagators.

SUMMARY

This review of the traditional propagation tech-
niques employed for black walnut should illus-
trate a need to focus on the condition of the plant
before, during, and after propagation. Itis
normal for this species to behave in an unpre-
dictable manner, despite the measures taken by
the propagator. It has been said that experience
is the best teacher for a propagator, and while
the “challenging” nature of this species is well
founded, success is possible as long as attention
is given to its unique requirements.

There are several promising approaches to
walnut vegetative propagation. The rooting of
softwood cuttings derived from axillary buds is
quite successful (up to 100%), and can simply be
accomplished using with ordinary milk contain-
ers and plastic bags to maintain humidity levels.
Bench grafted walnuts will callus in high per-
centages, provided that attention is given to the
timing of rootstock lifting and scionwood collec-
tion and storage. The use of a hot callus device
that delivers heat only to the graft union, and not
the roots or scion, should definitely increase the
ability of the propagator to produce large num-
bers of grafts during the winter season.

Greenhouse grafting success is mostly dependent
upon accurate temperature controls and proper
scionwood handling. The use of a mechanical
top grafting tool provides for increased efficiency
in making black walnut scions and can be
utilized in all types of grafting operations. Graft-
ing or budding in field situations remains diffi-
cult, due to a reliance on suitable callusing
temperatures. Perhaps more that any other
technique, the success of this approach will be

dependent upon the propagator’s skill and
location. Tissue culture technologies are being
rapidly developed for the species, and while the
promise of high multiplication rates for mature
trees is closer to reality, additional refinements
are still required at this time.
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IN VITRO ESTABLISHMENT OF TISSUES FROM ADULT BLACK WALNUT

J. W. Van Sambeek, Lisa J. Lambus, Sagib B. Khan, and John E. Preece!

ABSTRACT.—Three greenhouse and laboratory techniques were used to
produce softwood shoots from adult tissues of black walnut (Juglans
nigra L.) for in vitro establishment. The first technique involved grafting
scionwood from adult trees to seedling rootstocks. Although easier to
maintain, cleft grafts into the taproot of quiescent seedlings were less
successful and produced slightly shorter softwood shoots than stem side
grafts. The second technique involved forcing 40 cm long quiescent
branch tips in half-strength DKW or LP medium supplemented with 1
mM 8-HQC and various plant growth regulators to produce 1 to 2 cm
long softwood shoots. The third technique involved forcing 3 to 7 cm
long epicormic sprouts from latent buds on 3 to 10 cm diameter branch
segments cut from the basal portion of lateral branches. Softwood
shoots from all three techniques were surface-disinfested and estab-
lished on DKW or LP medium supplemented with varying concentrations
of BA, TDZ, and IBA. Using LP medium, less than 30% of the softwood
explants produced visible exudates during in vitro establishment. With
weekly to biweekly transfers to fresh medium, the terminal bud of most
explants slowly elongated over a 2- to 4-month pericd before axillary
shoots began to proliferate. The forcing of epicormic sprouts on branch
segments gave the widest window of time for collecting materials. It was
also the least expensive way of producing softwood shoots with little or
no explant exudation thus reducing the need for rapid transfers during

in vitro establishment.

INTRODUCTION

In vitro clonal propagation of elite black walnut
trees (Juglans nigra L.) could have several advan-
tages over the more traditional processes of
budding and grafting on rootstocks of unknown
genetic potential. In vitro propagation and
establishment of phenotypically superior walnut
trees on their own root systems would give
growers genetically uniform trees with no possi-
bility of rootstock buds replacing the selected
scions as can occur with grafting or budding.

1 J. W. Van Sambeek, Research Plant Physiolo-
gist, and Lisa J. Lambus, Biological Technician,
North Central Forest Experiment Station,
Carbondale, IL 62901-4411; Saqgib B. Khan,
Research Assistant, and John E. Preece, Profes-
sor, Department of Plant and Soil Science,
Southern Illinois University, Carbondale, IL
62901-4415.
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Also, trees propagated from tissue taken from
adult {flowering) walnut trees frequently initiate
nut production sooner than trees grown from
seed and seedlings. Finally, planting stock
established in containers would allow for nearly
year around planting (Van Sambeek et al. 1991).
The major disadvantage to clonal propagation is
the narrowing of the genetic base if too few
unrelated clones (10 or fewer clones) are included
in future plantings (Libby 1982).

Previous attempts to micropropagate tissues
from adult trees of black walnut have been
largely unsuccessful (Cummins and Ashby 1968,
Lenartowicz and Millikan 1977, Somers et al.
1982, Huetteman et al. 1986). Several laborato-
ries have reported on methods for in vitro propa-
gation of black walnut with embryos from dor-
mant seeds or shoot tips from greenhouse-grown
seedlings (Caruso 1982, Somers et al. 1982,
Heile-Sudholt et al. 1986, Stefan and Millikan
1987, Van Sambeek et al. 1989, Pence 1990).



Seed, even that from superior trees, shows
substantial genetic variation and most of the
seed will not carry all the desired traits of the
mother tree. Cotyledons of immature black
walnut seeds have been used for successful
somatic embryogenesis and ocrganogenesis
{Corniu 1988, Neuman et al. 1993, Long et al.
1995). Besides the inherent genetic variation
from using seed, additional genetic variation can
occur when adventitious embryogenesis or
organogenesis (Skirvin et al. 1894).

Several reports of successful micropropagation of
adult tissue from species related to black walnut
do exist (McGranahan et al. 1988, Rodriquez et
al. 1989, Preece et al. 1989). Failure to propa-
gate adult black walnut has primarily been
because of microbial contamination of field-
grown tissues (Stefan 1989, Preece et al. 1989)
and the production of toxic exudates within
hours of in vitro establishment (Heile 1985,
Huetteman 1988, Preece and Compton 1991).
Other causes have included latent contamination
by slow growing bacteria or a slow decline of
established cultures resulting from an improper
balance of nutrients and plant growth regulators
(Lenartowicz and Millikan 1977, Rodriguez et al.
1989, Meynier and Arnould 1991, Preece 1995).

Production of toxic exudates is thought to occur
primarily in response to wounding, handling
during surface disinfestation, the disinfesting
agent, nutrient imbalance, sucrose concentra-
tions, or the incorrect choice of plant growth
regulators (Preece and Compton 1991). Although
presoaks in sterile water or medium for 1 to 12
hours have been used to reduce exudation, it has
done little to solve the problem (Rodriguez 1982,
Compton and Preece 1986, McGranahan et al.
1987, Stefan and Millikan 1987). A high salt
culture medium such as Driver-Kuniyuki-Walnut
(DKW) medium has been shown to be superior to
a low salt medium like Woody Plant Medium
(WPM] for in vitro establishment of most Juglans
spp. (Somers et al. 1982, Driver and Kuniyuki
1984, Tuleke and McGranahan 1985,
McGranahan et al. 1987, Pijut 1993). Recently,
Khan et al. (1995) showed that Long-Preece
medium (LP), a medium with equal proportions of
DKW and WPM salts, was far superior in reduc-
ing exudation than either DKW or WPM. Several
studies have shown a strong correlation between
nutrient balance and plant growth regulator
concentrations essential for the successful
establishment of black walnut and other hard-
woods (Rodriguez et al. 1989, Preece 1995, Khan
et al. 1996). Other studies show that rapid

transfers to new medium is more effective than
the use of antioxidants like polyvinylpyrrolidone
(PVP), ascorbic acid, 8-HQC or Na-DIECA for
controlling toxic exudates (Somers et al. 1982,
Compton and Preece 1986, Stefan and Millikan
1987).

The early development of trees grown from seed
includes a juvenile phase during which time
flowering cannot occur (Hackett 1985). Most
trees eventually undergo a transition from a
juvenile to an adult phase characterized by
progressive physiological changes leading to the
regular production of flowers under natural
conditions. Phase change may be controlled by
many factors including genetics, growth rate,
size, nutrition, and environmental conditions.
The loss of juvenile characteristics also results in
decreased ability to form adventitious roots, a
condition needed to vegetatively propagate most
woody plants. Growth regulators such as gibber-
ellins or cytokinins may also influence phase
change. One of the most effective plant growth
regulators for hardwood micropropagation has
been thidiazuron (TDZ), a cytokinin-analog
associated with meristematic activity and delayed
senescence (Huetteman and Preece 1998).

Successful in vitro establishment of plant tissue
from adult trees normally involve selecting
tissues that exhibit juvenile characteristics or
that can revert to a more juvenile condition
{Hackett 1985, Thorpe et al. 1991). Research
has shown that tissue near the base of plants
retain more juvenile characteristics than tissue
near the periphery of the plant (Shreve 1974).
Cuttings taken on branches in the upper part of
the crown show less juvenility than those from
the lower part of the crown. Epicormic shoots
produced from latent buds near the base of the
trunk and primary branches often possess more
juvenility than other tissue on adult trees (Bonga
1987). Recently, branch segments were used to
produce epicormic sprouts for in vitro establish-
ment and rooting of several recalcitrant hard-
woods (Ikemori 1987, Cameron and Sani 1994,
Vieitez et al. 1994). Techniques for rejuvenation
include hedging (Leslie and McGranahan 1992),
partial etiolation (Ballester et al. 1990), applica-
tion of plant growth regulators (Ballester et al.
1990), grafting to juvenile rootstocks (Francelet
et al. 1987, McGranahan et al. 1988, Juncker
and Favre 1989, Leslie and McGranahan 1992),
and in vitro propagation with horizontal subcul-
turing (Navarrete et al. 1989, Ballester et al.
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Our objectives for this paper are to describe
recent experiments designed to obtain explants
from grafted seedlings, from forced branch tips,
or from epicormic sprouts on branch segments
for subsequent in vitro establishment and prolif-
eration. We conclude this review paper on adult
black walnut micropropagation by discussing
problems that still need to be addressed before
we can successfully clone elite black walnut.

EXPLANTS FROM GRAFTED SEEDLINGS

Scionwood was obtained from 11 adult black
walnut cultivars selected for their growth, nut, or
wood property characteristics. Seedlings {45 to
60 cm tall) for rootstocks were obtained from a
wholesale nursery in Tennessee. Half of the
seedlings were planted in 15- x 60-cm long
stovepipes filled with a 1:1:1 mix of decomposed
hardwood bark mulch, pinebark mulch and
Promix® and placed in the greenhouse on May 9.
The other half of the seedlings were packed in
moist sphagnum peat and refrigerated (4 to 10°C)
until June 2 when all seedlings were grafted.

For each cultivar, two to eight seedlings were side
grafted using procedures described by Bieneke
(1983) or Van Sambeek (1989). The basal 3to 5
cm of an 8- to 10-cm long piece of scionwood was
cut to form a wedge below two quiescent buds. A
3 to 5 cm long cut was made into the stem of the
rootstock in a region of similar diameter as the
scionwood. The scionwood was forced into the
slit, matching cambiums on both sides before
wrapping the union with a budding band and the
entire graft with Parafilm®. New rootstock growth
was retained for 2 weeks before the stem was cut
off 3 to 5 cm above the graft union. Thereafter,
emerging lateral buds on the rootstock stem were
removed weekly until a lateral bud from the scion
pushed through the stretched film.

For the 11 test cultivars, scionwood of each was
also cleft grafted into the taproot of 2 to 13
quiescent seedlings. For this graft, the stem and
root collar were removed 1 cm below the root
collar before making a 5-cm deep vertical cut into
the top of the taproot. An 8- to 10-cm long,
wedge-shaped piece of scionwood with two
quiescent buds was forced into the slit so that
cambiums matched along one side of the taproot.
Graft unions were tightly closed with a budding
rubber and completely covered with Parafilm®.
Grafted taproots were planted in stovepipes so
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the graft union was 1 cm deep in the same soil
mix as the rootstocks for the stem side grafts.

Each graft was watered with 250 ml of a ROOTS®
solution (1 oz concentrate in 4 L water) to en-
hance early root development (James E. Jones,
personal communication). Grafts were placed
under a greenhouse mist system set to provide 1
hr of daily misting at sunrise. Misting was
stopped 8 weeks after grafting. Pots were then
watered from below to keep the surface of the
scionwood shoots dry and reduce the growth of
bacteria and fungi on elongating shoots.

Eight weeks after grafting, the percentage of
grafts with elongating shoots was similar for
scionwood from adult (nut-producing) trees and
for transitional (beginning to produce flowers and
nuts) walnut trees (Table 1). The percentage of
successful grafts was higher for stem side grafts
{46%) than for the taproot cleft grafts (38%). In
addition, the softwood shoots on the stem side
grafts were nearly twice as long with nearly twice
as many leaves as the shoots on the taproot cleft
grafts. On most of the unsuccessful taproot cleft
grafts, failure was related to settling of the
potting medium leaving the graft union above the
soil line or storing the completed grafts overnight
in a cooler before planting.

Statistically, no differences were found in shoot
growth between scionwood from adult and
transitional walnut trees. The major advantage
of the taproot cleft graft was that only the suc-
cessful grafts produced softwood shoots, thus
eliminating the possibility of mistaking growth
from the rootstock as growth from the
scionwood.

On August 3, 10, and 30, scionwood shoots
greater than 3 cm long were excised between the
second and third basal leaf. In addition, elongat-
ing shoot tips on unsuccessful grafts were cut to
serve as a seedling control. Leaf tissue, exclud-
ing 0.5 cm of the petiole, was excised before
placing shoots individually in labeled culture
tubes containing sterile LP liquid medium for 1 to
2 hours (Lloyd and McCown 1981). Shoots were
surface disinfested for 15 to 30 minutes in 0.6%
sodium hypochlorite with two drops Tween 20®
per liter, followed by three 5 minute rinses with
sterile distilled water before the addition of
sufficient sterile LP liquid medium supplemented
with 3% sucrose, 0.3 mM TDZ, 0.05 mM IBA,
and 1 mM BA to cover all but the terminal bud.



Table 1.—Grafting success, new shoot length, and number of leaves 8 weeks after grafting adult or transitional black walnut
cultivars using either stem side grafts or taproot cleft grafts

Maturity Stem side grafts Taproot cleft grafts

level and Number Shoot Number Number Shoot  Number

cultivar of grafts Takes length ofleaves of grafts Takes length of leaves

%o cm % cm

ADULT TREES

Purdue # 1 8 50 9.0 8.7 4 25 0.5 2.0

Tippecanoe #1 5 40 4.0 6.5 6 17 0.5 1.0

Thomas 2 50 1.0 6.0 3 100 2.5 4.7

Davidson 3 67 8.8 10.0 2 50 25 6.0

Sparks 127 3 67 7.7 8.0 2 0 — —

Cutleaf 2 0 — — 2 50 6.0 9.0

Average — 46 6.1 7.8 — 40 24 4.5

TRANSITIONAL

HRDA#1 5 60 4.3 6.3 3 0 —_ —_

HRDA #2 5 60 72 8.7 3 0 — —

FSL#1 7 29 1.8 5.0 5 60 3.5 4.0

FSL #2 5 40 33 8.0 6 33 1.8 6.0

FSL #3 5 40 7.2 9.0 13 85 3.5 5

Average — 46 4.8 7.4 — 36 29 52

Within 24 hours following in vitro establishment, grey precipitate to 3 for clear medium without a
nearly all explants were still yellow-green to precipitate), explants from seedlings produced
green and had produced a small amount of fewer visible exudates than explants from
exudate at the bottom of most culture tubes scionwood. Amounts of exudation were similar
(Table 2). When shoot color was scored (O for all for explants from transitional and adult trees and
tissues brown to black to 3 for green to dark for both types of grafts. Unlike past studies,
green tissues), explants from scionwood of exudates did not rapidly form causing explant
transitional and adult walnut trees showed less death and frequent transfers to fresh medium
discoloration than explants from 1-1 seedlings. were not necessary.

When precipitate color was scored (O for visible

Table 2.—Explant length, index of explant and precipitate color after 24 hours in vitro, number and combined length of new
leaves 2 and 4 weeks after in vitro establishment for explants from seedlings and grafts of transitional and adult walnut

trees
24 hr. in vitro 2 weeks in vitro 4 weeks in vitro
Typeof  Explant  Explant  Prec. No.of  Length No. of Length
Explant source graft length color color Leaves  ofleaves Leaves of leaves
cm mm mm
Seedlings None 43 24 1.8 2.7 32 53 108
Transitional Side 4.6 25 1.5 2.6 30 3.0 41
Transitional Root 4.1 25 1.6 1.9 19 29 47
Adult trees Side 49 2.6 1.2 2.0 18 2.5 45
Adult trees Root 4.6 2.6 L5 20 18 3.8 50
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After 2 weeks in culture, most explants had one
to three leaves with a combined average length
between 19 and 32 mm (Table 2). Explants from
grafts made from walnut trees in transition or
adult trees looked similar to those from seedlings
after 2 weeks in vitro; however, explants from
seedlings had developed more leaves with a
greater combined length than explants from
grafts after 4 weeks in vitro. No significant
differences were found for explants taken from
side grafts or taproot cleft grafts for either num-
ber or combined length of leaves after 2 or 4
weeks in vitro. Results suggest that rejuvenation
was sufficient to establish most explants in vitro
if established on LP medium.

Between 30 and 40% of the explants were dis-
carded within 1 week because they were rapidly
overgrown by fungal or bacterial contaminants
{Table 3}). Explants from taproot cleft grafts had
contamination rates similar to explants from
stem side grafts or seedling shoot tips. Between
20 and 40% of the explants were discarded
because exudation could not be controlled,
resulting in their death. With walnut, once
hrowning of the explant occurs, it is extremely
difficult to reverse further decline (Preece and
Compton 1991). After 4 to 6 weeks contamina-
tion-free explants were placed horizontally on
agar-solidified LP medium in GA7® culture boxes.
Two weeks later, a 2-to 3-mm deep overlay of
liquid LP medium was added to accelerate elon-
gation of lateral buds. Following the addition of
liquid overlays, small white halos developed at
the base of the explant if not transferred to new
medium for 2 weeks or more. Meynier and
Arnould (1989) observed similar endophytic
bacterial contaminants from established cul-
tures. We have been unable to eliminate the

bacterium with antibiotics sych as rifampicin
without death of the explan;

Our results showed that grafting of scionwood
from adult trees onto seedling rootstocks under
greenhouse conditions can be ysed to produce
softwood explants for in vitro establishment.
Although new shoot elongation is slower, we
recommend cleft grafting scionwood into the
taproot of quiescent seedlings because it requires
less aftercare in the greenhouse. Although grafts
were grown in the greenhouse, approximately 30
to 40% of the surface-disinfested explants from
the softwood shoots were quickly contamination
from fungi and/or bacteria. Likewise, approxi-
mately 30 to 40% of explants started to decline
within 4 weeks of establishment. Declining
explants initiated rapid exudate production
which eventually killed the explant. Of the
remaining explants, eventually all became visu-
ally contaminated within 2 to 8 weeks of estab-
lishment by a white, slow-growing, endophytic
bacterium and were discarded.

EXPLANTS FROM FORCED BRANCH TIPS

Quiescent branch tips 50 cm long were cut from
the lower and mid canopy of 11- and 23-year-old
black walnut trees from two nut-producing
stands with a crownvetch ground cover. Branch
tips were collected from November thru April,
wrapped in moist paper towels, and placed in
plastic bags. Branches were used the same day
or refrigerated at 5°C until needed. Before
placing branches in the test forcing solutions,
they were surface disinfested for 15 minutes in
0.8% sodium hypochlorite with 1 ml Tween® per
liter of distilled water, and rinsed prior to cutting

Table 3.—In vitro establishment length and percentage of explants lost to initial contamination, exudation, and endophytic

bacterial contamination

Average Percentage of cultures 1ost to:
number of Initial Decline Endophytic
Type of Number days till contamination and bacteria

Explant source graft of explants discarded exudation

Juvenile None 13 27 38 16 46
Transitional Side 15 25 33 40 27
Transitional Cleft 2 21 36 28 36
Adult Side 13 22 38 31 31
Adult Cleft 13 24 38 31 31
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under running water to 40 cm lengths to retain
an average of 25 to 30 quiescent buds. For most
forcing experiments, 0.5 L of the test solution (50
mm deep) was added to each 2-L glass jar. There
were five stems per jar with five jars per treat-
ment, test solutions were changed every 2 or 3
days at which time stems were recut under water
to remove a 1 cm long cross-section from the
basal end. Forcing studies were conducted in
the laboratory growth room under cool-white
flucrescent lights (50 umolm?sec'} with a 16-hr
photoperiod.

A series of experiments was completed testing
various combinations of water, half-strength
DKW medium, or half-strength LP medium
(without organics, iron, or sucrose) supple-
mented with 1 mM 8-hydroxyguinoline citrate (8-
HQC) and plant growth regulators at different
concentrations {Khan 1995}. Results from each
experiment with the same treatment were com-
bined.

Overall, branches forced in a half-strength DKW
medium produced longer terminal buds with a
higher percentage of elongating lateral buds than
branches forced in half-strength LP medium with
the same concentration of plant growth regula-
tors (Table 4). These differences may be due to

dormancy and the number of chilling degree
days. Branches forced in DKW medium were cut
in late spring when quiescent; branches forced in
LP medium were cut in late fall when dormant.
New growth on branches forced in solutions with
1 mM 8-HQC was usually longer and remained
green longer than new shoots forced on branches
in solutions without 8-HQC, especially if sucrose
had been added to the forcing solutions (data not
presented). Additions of sucrose proved unnec-
essary and usually resulted in cloudy forcing
solutions and greater microbial contamination of
plant tissue (Khan 1995).

Thidiazuron (TDZ) had a greater effect on termi-
nal shoot growth and number of elongating
lateral shoots than either BA, kinetin, or gibber-
ellic acid (GA)) (Table 4). The optimum concen-
tration was between 0.1 and 1.0 uM TDZ in the
forcing solution for dormant and quiescent
branches. Dormant branches cut in late fall or
winter also appeared to benefit from the addition
of 10 uM GA, to the forcing solution. The cytoki-
nins, kinetin, and BA had little effect when added
at 10 pM concentrations to the forcing solutions.

When terminal or lateral shoots on forced
branches exceeded 2.5 cm in length, these
shoots were excised and surface disinfested.

Table 4.—Effects of different forcing solutions and plant growth regulators on terminal and lateral bud growth of forced

branch tips from adult black walnut trees

Plant Growth Number of  Terminal Elongating  Percent of
Forcing growth regulator shoots shoot lateral all buds
solution regulator conc. treated length shoots elongating
uM cm # %o
Water None e 20 1.1 0.5 1.7
12 LP BA 10 uM 50 — 0.6 2.3
12Lp None ——n 400 0.5 0.5 1.5
12LP GA3 10 uM 240 1.0 09 33
12LP GA3 20 uM 40 0.5 0.8 37
12LP Kinetin 10 uM 50 —_— 0.1 04
121LP TDZ 1.0uM 100 R 05 1.7
12LP TDZ 10 uM 210 0.5 0.7 3.0
1/2 DKW None — 60 1.6 0.8 37
12 DKW TDZ 0.01pM 50 1.6 1.6 5.6
1/2 DKW TDZ 0.1 uM 50 1.7 1.7 59
1/2 DKW TDZ 1.0 uM 50 1.7 1.5 5.8
1/2 DKW TDZ 10 uM 50 1.6 1.7 6.4
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Shoots were placed on agar-solidified DKW
medium supplemented with 3% sucrose, 5 UM
BA, and 0.05 pM IBA or on agar-solidified LP
medium supplemented with 3% sucrose, 1 uM
TDZ, 5 uM BA, and 0.05 uM IBA. The same
medium was used to determine if plant growth
regulators in the forcing solutions had any
carryover effects during in vitro establishment.
After 6 to 8 weeks in culture, explants were
placed on medium supplemented with 1 pM TDZ
to stimulate axillary shoot proliferation and
growth. When 1 uM TDZ was not included in the
culture media, significant carryover effects of
TDZ in the forcing solutions were found (Table 5).
Shoots produced without TDZ in the forcing
solution rapidly declined when placed on the
culture medium without TDZ.

Our results show that forcing 40 cm long branch
tips from adult trees can produce terminal and/
or lateral shoots suitable for production of ex-
plants for in vitro establishment. Branch tips
were most responsive when cut in the spring
during the quiescent period. Results suggest
branch tips should be forced in LP medium
supplemented with 1 mM 8-HQC and 0.3 uM
TDZ without iron, organics, or sucrose. Results
also showed that forced shoots initiated in vitro
grow more rapidly on LP medium than on DKW
medium. There are several disadvantages of
forcing new growth on branch tips as a source
for in vitro explants. It is labor intensive because

branches need to be recut and placed in new
solutions 2 to 3 times a week. There is a narrow
window for collecting quiescent branches be-
cause dormant branches cut in the fall and
winter have chilling requirements that cannot be
met with refrigeration. The major advantages of
forcing new growth on branch tips were that
multiple explants could be produced from each
quiescent branch tip and harvesting a few
branch tips from an adult tree is unlikely to
adversely affect its growth.

EXPLANTS FROM EPICORMIC SPROUTS ON
BRANCH SEGMENTS

For a 12 month period, one primary branch was
pruned from the lower crown of three 30-year-old
walnut trees growing at the Tree Improvement
Center arboretum maintained by the USDA
Forest Service. All trees were planted as grafted
seedlings of the nut cultivars (‘Sparrow’,
‘Farrington’, ‘Stanbaugh’, ‘Vandersloot’, and
‘Victoria’). After removing secondary branches,
four 32 cm long branch segments were cut from
the basal end of each branch and labeled as to
tree and position on the branch. Branch seg-
ments were sprayed with a pyrethrin-based
insecticide and placed horizontally in shallow
plastic trays filled with horticultural grade perlite
(Fig. 1). Trays were maintained at 22°C with a
continuous photoperiod (30 umol'm?s) from

Table 5. —Carryover effect of forcing medium and plant growth regulators after 6 to 8 weeks for nodal segments cut from
elongating shoots on forced branch tips of adult black walnut trees

Number Green Number Length Number of
Forcing solution of explant of longest axillary Callus
Solution PGR Conc. explants _ length  leaflets leaflet buds volume
uM cm mm cm?

12LP TDZ 10.0 10 1.3 293 11.0 7.8 9.0
1/2LP None e 15 1.0 25.1 233 2.8 9.7
172LP T™Z 1.0 3 0.8 53.0 5.7 11.0 9.1
12LP GA3 10.0 7 1.8 25.6 20.0 3.1 93
121LP BA 10.0 2 1.0 7.5 7.5 2.0 5.0
12LP Kinetin 10.0 3 0 0 _ 6.0 32
1/2 DKW None —_ 17 0 0 e 0 0.2
1/2 DKW TDZ 0.01 18 0.5 n.d. n.d. n.d. 0.2
1/2 DKW TDZ 0.1 9 14 n.d. n.d. nd. 9.8
1/2 DKW TDZ 1.0 8 0.8 nd. nd. n.d. 0.6
1/2 DKW TDZ 10.0 17 1.0 n.d. nd. n.d. 3.1
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Figure 1.—Forced epicormic sprouts on branch
segments in trays of moist perlite.

cool white fluorescent lights. Branch segments
were soaked briefly each day with tapwater
taking care not to wet emerging or elongating
epicormic shoots from lateral buds. Data re-
corded from branch segments included collection
dates, days to emergence of first epicormic buds,
date of shoot excision, and epicormic sprout
length (Table 6).

Branch segments cut early in the dormant
season (October - December) exhibited dormancy
and produced few if any visible buds or epicormic

sprouts of sufficient length for use in in vitro
culture (Table 6). After 90 days of cold harden-
ing in the field, branch segments were quiescent
and started producing a small number of buds
that elongated slowly under laboratory condi-
tions. By March, most branch segments pro-
duced one or more harvestable epicormic sprouts
within 3 to 5 weeks. From March thru Septem-
ber more than 80% of the segments produced 1
to 5 harvestable shoots. Most epicormic shoots
were between 30 and 40 mm long before elonga-
tion rates declined and shoots were harvested for
in vitro culture. There was no significant differ-
ences in the number of epicormic shoots pro-
duced either for the walnut cultivar or position of
branch segments along the branch.

From May to August, branches were also cut
from three trees in the transition phase (FSL # 1,
FSL # 2, and FSL # 3). In general, branch seg-
ments with more juvenile characteristics were
more responsive than branch segments taken
from adult trees. Branch segments from transi-
tional trees tended to produce visible buds 9
days sooner than branch segments from adult
trees. The epicormic sprouts from the transi-
tional trees also produced longer and more
vigorous shoots before elongation rates declined
(data not presented). Unlike explants from the
adult cultivars, explants from transitional trees,
especially FSL # 2, produced visible exudates
making them more difficult to culture.

Table 6.—Number of visible buds, epicormic sprouts> 2 cm long, and of sprouts from previously harvested epicormic sprouts
from four 30-cm long branch segments cut monthly from three trees

Julian date Segments Emergent Harvestable  Primary Days to shoot
of harvest w/sprouts buds shoots shoot >20 mm in
>20 mm length length
---- Number - - - - mm
272, 1994 (Oct) 1 3 1 34 41
304, 1994 (Nov) 0 0 0 —_— —_—
335, 1994 (Dec) 0 0 0 _— —_—
03, 1995 (Jan) 5 5 9 32 50
34,1995 (Feb) 2 8 7 38 40
61,1995 (Mar) 8 32 18 37 32
89, 1995 (Apr) 6 24 25 45 29
123, 1995 (May) 11 21 22 40 26
157, 1995 (Jun) 2 5 0 _— —_—
186, 1995 (Jul) 9 21 16 32 25
216, 1995 (Aug) 9 22 11 34 28
249, 1995 (Sep) 7 16 12 39 30
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Epicormic shoots were harvested when they
exceeded 2.5 cm in length and daily elongation
rates declined. Shoots were excised above the
second leaf, leaving several basal buds for addi-
tional shoot development. Leaves were removed
from harvested shoots leaving 0.5 cm long peti-
oles prior to placement of shoots in 25 x 125 mm
culture tubes. Shoots were surface disinfested
for 20 minutes in 11% bleach followed by three
5-minute rinses in sterile water. Sterile LP liquid
medium supplemented with 3% sucrose, 0.3 pM
TDZ, 0.05 uM IBA and 1 uM BA was added to
each culture leaving 1 cm of the shoot tip ex-
posed above the liquid.

Forcing of epicormic sprouts on branch segments
in the greenhouse has several advantages over
other techniques for producing in vitro explants.
Forcing epicormic sprouts on segments from
branches in the lower crown makes it unneces-
sary to radically prune or fell selected trees to
force growth of epicormic or water sprouts on
coppiced stems. In addition, forcing is done in
the greenhouse reducing contamination of
explants. Shoots from branch segments possess
more juvenile characteristics than shoots from
grafted seedlings or forced on branch tips. In-
creased juvenility may enhance in vitro explant
establishment, axillary shoot multiplication, and
microshoot rooting.

IN VITRO EXPLANT ESTABLISHMENT
AND PROLIFERATION

Following surface disinfestation, explants from
grafted seedlings, forced branch tips, and
epicormic sprouts were placed in culture tubes to
initiate the establishment phase on one of three
liquid culture media supplemented with various
concentrations of TDZ, BA, and IBA. Liquid
medium was adjusted to a pH of 5.8 prior to
autoclaving at 121°C and 108 kPa for 20 to 60
minutes depending on volume of medium in each
vessel.

During initial establishment, explants were
transferred to new liquid medium every 2 days
over a period of 2 weeks. After that explants
were routinely transferred to new medium at
weekly intervals until explants began rapidly
growing. Depending on the source of the explant
and cultivar, explants remained in culture tubes
for up to 4 weeks. During this time cultures
were incubated in a constant temperature cli-
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mate-controlled laboratory at 22°C under cool-
white fluorescent lights (30 pmol'sm?) with a
16-hour photoperiod.

To provide room for adequate leaf development
and discourage apical dominance, established
explants were placed horizontally on solid me-
dium in GA7® boxes. No new leaves were excised
from proliferating explants during transfers.
When leaves were partially or completely re-
moved, explants were less vigorous and showed a
greater tendency to produce callus than explants
without cut or damaged leaves. McGranahan et
al. (1988) also observed a similar occurrence with
J. regia shoots. We took care to keep wounding
of explants to a minimum, removing tissue only if
it were dead or when it could be easily separated
from the healthy tissue without wounding. The
periodic excision of shoots for subculturing was
not done because it resulted in a decline of the
explants in response to wounding. Callus was
removed biweekly; however, its removal did not
appear to affect the explant as much as removal
of leaves or axillary shoots. Cultures were
transferred weekly for the first 4 to 6 weeks, then
biweekly thereafter as the rate of toxic exudates
released into the liquid medium decreased.

The decision to maintain the cultures on agar-
solidified medium with liquid overlays was made
when the cultures maintained on agar-only
looked desiccated. Initially we tried to correct
the desiccation by decreasing agar concentration
to between 0.4 and 0.5%; however, over time this
did not correct the problem. To provide a means
of anchoring proliferating cultures in preparation
for the liquid overlay, 25 ml of LP medium
supplemented with 3% sucrose, 0.5% casein
hydrosylate, and 0.6 % Difco-Bacto® agar was
added to the GA7® boxes. The liquid overlay
consisted of LP medium with 3% sucrose and the
addition of various concentrations of TDZ, BA
and IBA depending upon the desired growth
response. The amount of liquid added to the
cultures was dependent on the size of the ex-
plant, best results were achieved if the liquid
covered the lower half of the proliferating mass of
shoots.

Shoot tip explants established on LP supple-
mented with TDZ usually initiated terminal shoot
growth before lateral bud enlargement and
elongation. Although lateral bud elongation and
axillary shoot proliferation rates were not deter-
mined; however, one shoot tip from the ‘Sparrow’



cultivar after 12 months in vitro had been propa-
gated into 16 GA7® boxes (Fig. 2). Each box
contained tissue masses with 10 to 30 axillary
shoots from 0.5 to 5 cm long. Most axillary
shoots, however, were relatively short (<2 cm
long) and frequently were faciated in response to
the high TDZ concentrations needed to induce
proliferation. Periodic pulses with BA in the
liquid overlay has shown promise in overcoming
apical dominance in proliferating cultures and
allowing more axillary shoots to reach lengths
suitable for in vitro rooting. With weekly trans-
fers to new medium, most cultures did not show
growth of any endophytic bacteria and appeared
contamination free for several months or more.
One explant from ‘Sparrow’ was maintained for
more than a year before visible white halos
formed in the agar solidified medium along the
tissue margins.

DISCUSSION AND FUTURE RESEARCH
DIRECTION

Cassells (1991) suggested endophytic microor-
ganisms eventually adapt to the in vitro environ-
ment by utilizing the nutrients that leak from the
tissues of the explant. This may explain the
occurance of “white halos” observed around
established black walnut explants in our experi-
ments. Both gram-positive (Agrobacterium,
Bacillus, and Corynebacterium spp.) and gram-
negative (Pseudomonas spp.) bacteria have been
reported as endophytic to certain plants (Meynier
and Arnould 1989, Cassells 1991). Although
most antibiotics are phytotoxic at concentrations
needed to achieve bacteriostatic effects, other
antibiotics such as rifampicin and imipenem are
effective on many bacteria showing little toxicity
to most plant cultures (Kniefel and Leonhardt
1992). Preliminary experiments, however, sug-
gest rifampicin is toxic to proliferating cultures of
black walnut at concentrations that will limit
growth of endophytic bacteria. Solution to
endophytic bacterial contamination of walnut
shoots may require identification of the bacteria
to facilitate future testing for antibiotic sensitivity
of bacteria and walnut explants. As it has been
found with other plants, combinations of antibi-
otics may be more effective than any single
antibiotic (Young et al. 1984, Kniefal and
Leonhardt 1992).

Of all the Juglans spp., Persian and black walnut
are considered to the most difficult to root
(Rodriguez et al. 1989). Most researchers have

Figure 2.—Proliferating mass of axillary shoots
on ‘Sparrow’ initiated as an epicormic sprout
from a branch segment cut from a 30-year-
old tree.

reported little success with in vitro or ex vitro
rooting of black walnut cuttings or microshoots
(Somers et al. 1982, Stefan 1989, Coggeshall and
Beineke 1996). A few studies have reported on
the successful rooting of black walnut cuttings
(Farmer and Hall 1973, Shreve 1974, Carpenter
1975, Stefan 1989). Likewise, several research-
ers have shown that juvenile black walnut
microshoots can be rooted. Caruso (1983)
reported in vitro rooting on 5 of 10 shoots cut
from embryos germinated in vitro. Seedlings
were grown for 9 weeks on medium containing a
conjugated auxin (indoleacetyl-phenylalanine)
before terminal shoots were harvested and
placed on half strength MS supplemented with
0.2 um IBA.

Heile-Sudholdt et al. (1986) reported in vitro
rooting on 4 of 13 axillary shoots using a 15-
second quick dip in 10 mM K*-IBA dissolved in
50% ethanol before inserting in sterile vermicu-
lite moistened with distilled water. More than
80% rooting was achieved in one replication {4 of
5 shoots) and 0% rooting in two other replica-
tions using the same methods. Long et al. (1995}
achieved 40% rooting of microshoots produced
by somatic organogenesis on immature cotyle-
donary tissues. They pretreated microshoots for
1 week on DKW medium with half the normal
nitrates, 50 g/L sucrose, and 1 mM IBA. Shoots
were quick dipped for 10 seconds in 2.5 mM IBA
and 1.25 mM NAA in 1% dimethyl formamide
and 3.9% ethanol {(1:20 dilution of Wood’s Root-
ing Compound® in water) before inserting in
sterile vermiculite moistened with LP medium. 87



The variability in rooting success suggests sig-
nificant research effort is still needed to learn
how to precondition plant cultures so that
microshoots consistently respond to rooting
treatments. Past rooting studies with black
walnut have used talc, ethanol, or dimethyl
formamide as the auxin carrier. Chong et al.
(1992} showed an interaction between the auxin
concentration and the auxin carrier needed to
root hardwood cuttings with propylene glycol
being more effective than either talc or ethanol.
Likewise, the in vitro rooting substrate has been
shown to affect root initiation and elongation of
walnut hybrids (Jay-Allemand et al. 1992).
Additional research is needed with walnut
microshoots to evaluate use of auxin pulses with
IBA and/or NAA to initiate in vitro rooting.
Auxin pulses have been successfully used on
other hardwoods {(Navarrete et al. 1989). Prelimi-
nary results suggest that genotype is also likely
to influence root initiation and in vitro root
growth. Genotypic influences have been found
for in vitro rooting of both white ash and white
oak (Van Sambeek 1988, Preece et al. 1991).

Because in vitro techniques may offer the best
chance for rooting black walnut microshoots,

rooted plantlets will need to go through acclima-
tization from the in vitro environment to green-
house conditions before field planting. During
acclimatization, plantlets need to make the
transition from a high humidity condition to a
state capable of normal photosynthesis and
transpiration under variable humidity (Preece
and Sutter 1991). In our studies, it has taken 2
years to produce container-grown walnut plant-
lets large enough for field planting. During the
first year in the greenhouse, plantlets developed
a large root system with little shoot growth.
During the second year under greenhouse condi-
tions, plantlets developed an extensive root
system with shoot growth similar to that of
germinating nuts. It is unclear if greenhouse
treatments can be found that will stimulate both
shoot and root development during the first
growing season.

Container-grown black walnut plantlets obtained
through in vitro culture have shown normal tree
growth. The first three micropropagated black
walnut trees (FSL#1, FSL#2, and FSL#3) show
strong apical dominance with above average
lateral branching (Fig. 3). The increased branch-
ing is thought to be a function of selection for

Figure 3.—The first three black walnut trees (FSL#1, FSL#2, and FSL#3, left to right) produced by
microculture 8 years after planting outside the USDA Forestry Sciences Laboratory on the South-

ern Illinois University campus.
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axillary shoot proliferation during in vitro cul-
ture. These three trees began to flower and
produce nuts 6 to 10 years after planting as 2-
year-old container-grown plants in 1986 in front
of the USDA Forestry Science Laboratory on the
Southern lllinois University campus.

In conclusion, we have made significant progress
in the last 15 years toward successful
micropropagation of elite black walnut trees.
Black walnut explants from nuts, seedlings,
transitional and adult trees can now be routinely
established in vitro with subsequent axillary
shoot proliferation on several media supple-
mented with TDZ. Future research is needed to
confirm these results and address problems
associated with endophytic bacterial contamina-
tion, unpredictable in vitro rooting, and slow
acclimatization of plantlets for production of
genetically improved planting stock from adult
black walnut.
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