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4:30–5:30 p.m. ............................................................ CC 319

Pomology (POM) and Growth Regulators in Fruit and
Nut Production (PGR) Business Meeting
Chairs: Michael L. Parker (POM) and James Schupp (PGR)

3:45–4:15 p.m. .................................................... CC Ballroom
Networking Coffee Break

4:30–5:00 p.m. ............................................................ CC 301
Floriculture (FLOR) Business Meeting
Chair: Terri Woods Starman

4:30–5:00 p.m. ............................................................ CC 304
Production and Harvest Mechanization (MECH)
Business Meeting
Chair: Fumiomi Takeda

4:30–5:00 p.m. ............................................................ CC 316
Viticulture and Small Fruits (VSF) Business Meeting
Chair: Mark Ehlenfeldt

4:30–5:00 p.m. ............................................................ CC 105
International Topics of Concern (ITCH) Business
Meeting
Chair: John Griffis

4:30–6:00 p.m. ............................................................ CC 303
Crucifer Crop Germplasm Committee Meeting
Chair: Mark W. Farnham

5:00–5:30 p.m. ............................................................ CC 304
Computer Applications in Horticulture (COMP)
Business Meeting
Chair: Timothy Rhodus

5:00–5:30 p.m. ............................................................ CC 301
Floriculture Education (FLED) Business Meeting
Chair: E. Jay Holcomb

5:00–5:30 p.m. ............................................................ CC 316
Herbs, Spices, and Medicinal Plants (HSMP) Business
Meeting:
Chair: Robert J. Dufault

5:00–5:30 p.m. ............................................................ CC 205
Crop Physiology (CRPP) Business Meeting
Chair: James P. Syvertsen

5:00–5:30 p.m. ............................................................ CC 202
Fruit Breeding (FRBR) Business Meeting
Chair: David M. Hunter

5:30–6:30 p.m. ............................................................ CC 304

ASHS Database Imaging Seminar
Chair: Timothy Rhodus

5:30–7:00 p.m. ............................... Hyatt Regency Ballrooom
Alumni Happy Hour/Networking

Celebrate great friends, great memories, and good times at this
ASHS Homecoming and Networking event. Don your alma mater
apparel and have some fun with your colleagues during our compli-
mentary reception held at the Hyatt Regency. Free admission; cash
bar. Pre-registration is required.

6:30–9:00 p.m. ....................................... Heidrick Ag Museum

Extension Division Dinner
Buses will depart from the Convention Center at 6:30 p.m.

Held at the Heidrick Ag History Center, this dinner recognizes ASHS
membership involved in extension work. Network with your col-
leagues and honor the Extension Division Award recipients. Prereg-
istration and prepayment required.

Wednesday · 25 July 2001

8:00 a.m.–5:00 p.m. ........................................ CC West Lobby
Registration Open

8:00 a.m.—1:00 p.m. ............................................ CC 101/102

Placement Service

9:45 a.m.–2:00 p.m. .......................................... CC Ballroom
Exhibit Hall Open

8:00–10:00 a.m. ................................................... CC 203–204

ASHS PRESIDENTIAL ADDRESS and
ANNUAL BUSINESS MEETING

ASHS Presidential Address

A Changing American Society for
Horticultural Science

—Paul L. Smeal, July 2001

In a review of previous Presidential Addresses,
especially those relating to our Society, they all
discussed changes and how we must be prepared
to meet these changes. One wonders what their
comments may be today if they were to review the
changes taking place in the methods of research
and information dissemination. It was reported at

one time information doubled every seven years, and as we work
with the electronic media, it appears to be doubling at a faster
rate.Our Society is aware of these electronic advances, and are
incorporating them into the management. Some may think the new
technology is not being adapted fast enough, and there are others
that feel it is being adapted too fast. In adopting any changes, the
total membership must be considered. Membership has changed
in that 25% of the membership are international members from 70
countries. This number can be projected to increase because
information on the Society is readily available world wide though
our web page and the Internet.These members must be welcomed
and the needs for horticultural research, technology and informa-
tion made available to them in a timely and costly manner. Another
major change in recent years is the number of non-land-grant
universities, colleges, and community colleges that are teaching
horticulture, and the number is growing yearly. We need to reach
out to these educators and invite them into membership along with
their students.The Annual Conference and publications, the major
reason for membership, must be continually evaluated and changes
adopted to meet the present membership needs.The participation
and offering of leadership in national and international horticultural
matters in one of the Society purposes, and it is important to
develop leaders for our own organization, but to have leaders to
serve in other professional societies, trade associations, and in the
political and policy making arena.The present and future Society
leadership and headquarters staff should be evaluating the present,
but always spending time and effort to look toward the future. In
celebrating the Centennial year in Providence, Rhode Island,
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September 30 to October 4, 2003, it will be interesting to look back
over the last hundred years, but it will be most important to look to
the future. It is important for all members to look towards the future,
and to share their thoughts. Changes are coming, and to know or
expect what the changes may be, and how to adjust to them, will
show a strong and viable Society. It is an exciting time to be a
horticulturist, and there are unlimited opportunities to be made to
the production, harvesting, marketing, and utilization of fruits,
vegetables, and ornamentals, to the environment and overall
quality of life. Horticulture is with us every day.

Paul L. Smeal was born in Clearfield, Pennsylvania and worked
at a local greenhouse throughout high school and freshman year of
college at the DuBois Center, a branch of The Pennsylvania State
College. He received his BS degree in horticulture-floriculture from
The Pennsylvania State University, and a commission in the U. S.
Army in 1954. Dr. John G. Seeley was his undergraduate advisor,
and this is when he met and married his wife Gladys, Dr. Seeley's
secretary. His military time was served at Fort Benning, Georgia,
Fort Leonard Wood, Missouri, and Camp McCoy, Wisconsin. He
attended graduate school at the University of Maryland under the
guidance of Drs. Conrad B. Link and James B. Shanks, and he was
a research associate and the resident greenhouse manager. He
received his MS in 1958 and PhD in 1961 on studies on greenhouse
roses and hydrangeas under the direction of Dr. James B. Shanks.
In 1960, he joined the faculty as Assistant Professor at Virginia
Polytechnic Institute with responsibilities in floriculture extension
and research. He was promoted to Associate Professor in 1961
and to Professor in 1967 and named Emeritus Professor in 1992.
In the mid sixties, his assignment was shifted from research to
teaching and from floriculture to nursery production and manage-
ment. His extension accomplishments were the organization of
several area nursery and grounds management organizations and
meetings that are still active today, and continue to grow. He was
President of the College of Agriculture and Life Sciences Associa-
tion in 1981, and served on the University Faculty Senate, 1981–
87, President for two terms, 1984–86. Initiated the Academy of
Faculty Service. President of Gamma Sigma Delta, 1990–91, and
was the chair and host for the International Flower Judging Contest
in 1970.

He was active in the International Plant Propagator's Society–
Eastern Region, serving as President in 1993, and named a Fellow
or he organization in 1994. He is a Life Member of the National
Association of County Agricultural Agents, received the NACAA
Distinguished Service Award and was Vice Chair of the NACAA -
Southern Region Scholarship Committee. He as a Horticulture
Instructor for The National Council of State Garden Clubs, Inc., and
taught in their Flower Show Schools and Symposiums in several
states, Mexico and Brazil.

Paul has been actively involved in ASHS since the mid 1970's,
and the Southern Region–ASHS since 1961. He attended his first
ASHS meeting in 1958, and when combining the membership and
actively in both organization, he has contributed 82 years of
service. His specific activities have been the following: President
2000–01; President-elect 1999–2001; Membership Committee
94–99, Chair 94–98: Fellows Screening Committee 94–97, Chair
96–97; Virginia's Membership Rep. 80–94, recruited 260 mem-
bers; Advisory Council. Chair 88–90; Public Relations Committee
88-90: Horticulture Hall of Fame Committee., Chair 87–88; Exten-
sion Division Vice President, 86–87; Board of Directors, 86–87;
Membership Committee, 82–85, Chair 84–85; Local Arrangement
Chair, ASHS 82 annual meeting at Virginia Tech, 85; Nominations,
Elections and Appointment Committee, 81–83; Public Affairs Com-
mittee 79–82; L.C. Chadwick Outstanding Senior Award and D.C.
Kiplinger Outstanding Senior Award Committee, 79–82, Chair, 82;
Commercial Extension WG, Chair 81–82; Public Affairs Commit-
tee, 79–79; and Resolution Committee, Chair, 79 and 80 annual
meetings. Charter and Patron Member of Endowment Fund.

ASHS Awards: Fellow of ASHS 85; Membership Recruitment

Award, 80, 87, 88, 91 and 92 and was second in 89, 90, 93 and 94;
Distinguished Achievement Award for Nursery Crops, 90 and Carl
S. Bittner Extension Award, 84.

Southern Region–ASHS Activities: Secretary–Treasurer, 89 to
present; Planning & Scheduling Committee Chair 89–90; State
Membership Representative, 88–90; Nominations Committee, 87–
89: Covington Extension Award Committee, 82–84; President, 79–
80; President-elect, 78-79; Executive Committee, 72–79; Ander-
son Graduate Student Award Committee 81–82, Chair, 82; Flori-
culture & Ornamentals Section Chair, 71 and local Chair for annual
meeting, 71. H. M. Covington Extension Award, 91.

Other recognitions: Received the American Association of Nurs-
erymen L. C. Chadwick Educator's Award, 88 and the Nursery
Extension Award, 90: VPI & SU academy of Faculty Service,
86;Epsilon Sigma Phi, Alpha Gamma Chapter Individual Outstand-
ing Achievement Extension Award, 84 and their State Team
Award, 91; honorary member of Virginia Nurserymen's Associa-
tion, 92, and honorary member of The Virginia Federation of
Garden Clubs, Inc., 65.

Paul and Gladys live in Blacksburg, Virginia, where he is involved
with several Town of Blacksburg committees, and they both enjoy
the senior activities and trips of Blacksburg, Christiansburg, and
Montgomery County. Physical activities of walking, aerobics, weight
lifting and swimming is part of their daily routine. They have three
grown children, Lester, Gwen Woods, and Tracy McLean. Paul is
forever grateful for his undergraduate and graduate advisors and
faculty, the faculty and administrators at Virginia Polytechnic
Institute and State University, and most importantly all the mem-
bers and past members of our Society, including the Southern
Region, who have been most cooperative and gracious of their time
to make his career with ASHS possible. It has been his pleasure to
serve you, and to work with you.

PLENARY SESSION
98TH ANNUAL BUSINESS MEETING

Presiding: John W. Kelly (Clemson Univ.),
Chair of the ASHS Board of Directors

Agenda
(to be included in the registration materials with related
reports) will include:

· Board of Directors Report

· Observation of a moment of silence for

deceased Members

· Open discussion on matters of importance

to Members

· Association of Collegiate Branches Report

· Presentations in recognition of services to ASHS

· Introduction of the 2001–02 ASHS President and

Board of Directors

9:45–10:30 ......................................................... CC Ballroom

Networking Coffee Break

10:00 a.m.–12:00 noon .............................................. CC 318
Scholarship Awards Committee Meeting
Chair: Anne K. Carter

10:00 a.m.–12:00 noon .............................................. CC 317

Continuing Strategic Planning Committee Meeting
Chair: A.K. Yadav

Wednesday 25 July · Morning
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Loren D. Israelson

President, LDI Group, Inc.

Horticulture and use of medicinal plants are among
mankind’s oldest endeavors, says Loren D. Israelson.
Today, a multibillion dollar global industry is seeking
new ways to more efficiently grow and manufacture
herbs that are fast becoming a leading form of self-

medication. A greater utilization of horticultural practices is now needed
to assure a sustainable supply of high-quality plant material.

Israelsen has been deeply involved in the ongoing political and
regulatory issues facing the herbal supplement industry. He writes,
advises, and lectures extensively on the emerging issues facing
the phytomedicine, functional foods, and dietary supplement in-
dustry in addition to his major involvement in commercial develop-
ment of phytomedicines and functional foods.

Israelsen was also a leader in the introduction and passage of
the Dietary Supplement Health and Education Act of 1994, legis-
lation that has had a significant influence on the growth of the
herbal supplement industry. In addition, Israelsen is a recognized
expert in the field of botanical medicines, having written and
lectured extensively in the United States and Europe, including at
a National Institutes of Health-sponsored international workshop to
evaluate the research needs on the use and safety of medicinal
plants.

Currently, Israelsen is president of LDI Group, Inc., a specialized
consulting firm that deals exclusively with dietary supplements,
functional foods, and phytomedicine issues. Since 1992, he has
also served as Executive Director of Utah Natural Products Alli-
ance, which includes the nation’s largest manufacturers of dietary
supplements.

His career began as general counsel of Nature’s Way Products,
Inc., and over a 10-year span with the company he served in
various positions, including president. While acting as Vice Presi-
dent/Strategic Development, he engineered agreements with
Efamol Ltd., Madaus AG, and Dr. Willmar Schwabe GmbH to bring
the world’s leading phytomedicines to the United States. These
products included EGb 761 Ginkgo biloba extract, Lagalon milk
thistle extract, echinacea extract, evening primrose oil, and saw
palmetto extract.

Israelsen is also a founding member of the International Alliance
of Dietary/Food Supplement Associations Executive Committee.

Thomas A. Fretz

Dean and Director, College of Agriculture and
Natural Resources, University of Maryland,
College Park

From 1862 and the enactment of the Morrill Land Grant
Act, our public land grant universities have served our

nation by providing educational opportunities, research that has
provided much to our lifestyles of the 21st century, and an outreach/
delivery system that has moved technology to the marketplace and
to the consumer, says Thomas A. Fretz, dean and director of the
College of Agriculture and Natural Resources, Univ. of Maryland,
College Park (UMCP). What will be our role in a new century? What
are the evolving areas of investigation that horticulturists and plant
scientists must face in an ever growing and complex world, where
issues other than increased food production loom?

Thomas Fretz received his undergraduate degree from the Univ.
of Maryland in horticulture, and his MS and PhD degrees from the
Univ. of Delaware in horticulture and plant science. Before coming
to UMCP, Fretz had many years of experience at various academic
institutions, including the Univ. of Georgia, Georgia Experiment
Station; Ohio State Univ., Columbus; Kansas State Univ.; and
Virginia Polytechnic Institute and State Univ., Blacksburg. In 1989,
he became Associate Dean of the College of Agriculture and
Associate Director of the Iowa Agriculture and Home Economics
Experiment Station at Iowa State Univ. Primary responsibilities
included the direction of research programs and coordination of
budgets for the experiment station. During his five years of service,
his office was involved with the statewide effort to double state
appropriations to research, resulting in the growth of state appropria-
tions from $17 million to $32 million.

In Sept. 1994, Fretz assumed responsibilities as Dean of the
College of Agriculture and Natural Resources, Director of both the
Maryland Agricultural Experiment Station and Maryland Coopera-
tive Extension Service, at UMCP.

Fretz has served ASHS on numerous committees and boards,
including Chair of the Board of Directors (1992–93), President
(1991–92), Vice President Education Division (1988–89), Publica-
tions Committee (1978–81), Finance Committee (1984–90), Pro-
gram Committee Co-chair (1979), and Annual Meeting General
Chair (1985). He was co-recipient of the Kenneth Post Award in
1979, and was elected an ASHS Fellow in 1986.

10:00 a.m.–12:00 noon ....................................... CC 203–204

B.Y. MORRISON LECTURES

ASHS is especially pleased to offer two B.Y. Morrison Lectures at this year’s Conference in Sacramento.

Last year’s speaker, Loren D. Israelson, was forced to
cancel his lecture in Orlando due to illness, but was able to
reschedule to appear this year to speak on horticulture’s role
in the production and manufacture of phytomedicines.

This year’s B.Y. Morrison Lecturer, Thomas A. Fretz, will
be familiar to many ASHS Members, as he has served ASHS
in numerous roles, including ASHS President. Fretz will speak
on new perspectives of the land grant university.

The B.Y. Morrison Lecture was established in 1968 by
ARS to honor the memory of Benjamin Y. Morrison (1891–
1966) and to recognize scientists who have made outstanding

contributions to ornamental horticulture and other environ-
mental sciences, to encourage the wide application of these
sciences, and to stress the urgency of preserving and enhanc-
ing natural beauty. B.Y. Morrison was the first director of the
USDA’s National Arboretum in Washington, D.C., and a
pioneer in ornamental horticulture. A scientist, landscape
architect, plant explorer, author, and lecturer, Morrison ad-
vanced the science of botany in the United States. His legacy
to the American public includes dozens of new ornamental
plants, including the Glenn Dale azaleas. The Lecture is on a
scientific or policy topic of the Lecturer’s choice.

From12:00 noon until 12:30 p.m., a reception for the B.Y. Morrison lecturers will be held in CC 203–204
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10:00 a.m.–12:15 p.m. ............................................... CC 205

Workshop 23: Root Exudates, Their Fate, and
Consequences
Working Group Sponsor: Root Growth and Rhizosphere Dynamics

(RHIZ)
Presiding: Thomas Björkman, Cornell Univ., Geneva, N.Y.
Summary: Roots profoundly change the rhizosphere through exudates.

This workshop will explore how these exudates change physical and
chemical attributes of the soil, the microbial community near the root
surface, and competition from other plants. Efficient crop management
exploits these processes.

10:00 Introduction Thomas Björkman

10:05 Are Plant Interactions with Bacteria Manipulated by Signal-
mimic Compounds?

Wolfgang D. Bauer*, Horticulture and Crop Science, Ohio
State Univ., Columbus

Both lower and higher plants make compounds that are able to
act like bacterial quorum sensing signals, even though the plant
compounds differ chemically from the bacterial N-acyl
homoserine lactones (AHLs) whose activity they mimic. Since
many bacteria rely on AHLs to regulate the expression of genes
involved in host infection, these findings raise interesting
questions about the role that the plant AHL signal-mimic
compounds might play in plant-bacterial interactions.
Kjelleberg’s lab was the first to discover AHL signal-mimic
compounds from plants, showing that marine algae can
powerfully manipulate the kinds and numbers of surface
colonizing bacteria by secreting a diversity of halogenated
furanones that block AHL signaling in various bacteria. Our lab
has recently shown that various higher plants, including legumes,
rice and tomato, likewise secrete AHL signal-mimic compounds
(of unknown structures). Some of the mimic compounds from
higher plants stimulate AHL receptors in bacteria, while others
inhibit responses to AHL signal molecules. Our studies indicate
that wildtype bacteria are affected by plant mimic compounds
and that the concentration of mimic compounds on seedling
surfaces is high enough to stimulate quorum sensing reporter
strains. Studies are in progress to purify and identify the plant
mimic compounds, to determine whether their synthesis is
induced by exposure of the plant to pathogens or elicitors of
defense responses, to identify the genes responsible for mimic
synthesis, and to characterize the responses of Sinorhizobium
meliloti to AHLs and to AHL signal-mimic compounds from its
host plant, Medicago truncatula.

10:30 Allelochemicals: Managing Plant Competition

Leslie A. Weston*, Dept. of Horticulture, Cornell Univ., Ithaca
NY 14886

Living plant roots actively exude numerous organic compounds
including sugars, growth regulators, and other secondary
products. Certain plants release large quantities of bioactive
secondary products into the rhizosphere as droplets of
concentrated exudates through their living root hairs. One well
known example of allelochemical release by roots which
influences the composition of surrounding plant populations is
the black walnut tree (Juglans nigra) which exudes juglone, a
potent respiratory and plant growth inhibitor. We have focused
our recent research on developing an understanding of the
localization, release, mode of action and gene regulation of
exudate production in monocot species. Many of these crops or
weeds, including Sorghum, Festuca, Secale and Triticum spp.
have strong allelopathic potential and may ultimately be used
for weed management in annual or perennial cropping systems.
We have discovered that the chemical nature of the secondary
products released is dependant upon species and accession
as well as environmental conditions. Many of these plant
growth inhibitors exhibit novel modes of action as far as plant
growth inhibition, and persist in the soil rhizosphere to further

reduce weed seed germination and seedling growth. A thorough
understanding of the biosynthetic pathways and genes
regulating production of root exudates will enhance our ability
to develop crops which produce increased levels of exudates,
thereby selectively suppressing surrounding weed populations,
and resulting in reduced need for additional chemical weed
control measures.

10:55 Phytosiderophores: Managing Nutrient Availability

David Crowley, Univ. of California, Riverside

Iron is a commonly limiting trace element for plants and
microorganisms, and is one of the most expensive and persistent
problems for plants cultivation in neutral to alkaline pH soils.
Microorganisms and certain iron-efficient graminaeous plants
respond to iron deficiency by the production of iron chelating
substances, termed siderophores and phytosiderophores,
respectively. The specific role of microbial siderophores in
plant nutrition, however, remains controversial, despite many
studies showing that these compounds can be used by plants
and can supply physiologically relevant quantities of iron when
present at 5-50 micromolar concentrations that are used by
bacteria and fungi. Two points of contention have been the
inability to extract such concentrations of siderophores from
soils and the relatively low rate of iron uptake from most of these
compounds as compared to synthetic iron chelators such as
EDTA. Experiments reported here used an ice nucleation
reporter fused to the promoter for the siderophore pyoverdin to
examine the potential for siderophore production in the
rhizosphere. Results suggest that bacterial demand for iron in
the plant rhizosphere may be relatively low, especially in the
rhizosphere of iron-efficient plants. Nevertheless,
measurements of microbial growth using other reporters suggest
that siderophores may accumulate at localized microsites in
the rhizosphere at levels that could greatly influence the
availability of iron and other trace metals. Microbial siderophores
are also be produced during the degradation of organic matter
and have been used as iron fertilizers. Current models suggest
that the relative contributions of phytosiderophores and microbial
siderophores to plant nutrition will depend on the types of
microorganisms that are present, the relative lability of these
compounds with respect to degradation, and the microbiological
activity of the soil. Another aspect is the ability of the plant iron
stress to alter the microbial community composition of the
rhizosphere. Our current understanding of the biochemical
ecology of these compounds suggests that soil inoculation with
siderophore producing microorganisms will probably not be
useful for enhancing plant iron nutrition. Nonetheless, the
ability to manipulate the plant rhizosphere to increase
siderophore accumulation and thereby enhance plant iron
uptake remains an attractive possibility for alleviating this
important nutritional problem.

11:20 Mucilage: Managing Soil Structure, Hydrology, and
Microbes

Derek Read*1, Peter Gregory1, and Glyn Bengough2;
1Department of Soil Science, University of Reading, Reading,
UK; 2Scottish Crop Research Institute, Invergowrie, Dundee,
UK

In many plants, mucilage permeates the interface between root
and soil, yet little is known about its influence on the physical
and chemical properties of the rhizosphere. Recent experiments
with maize, lupin and wheat seedlings have shown that mucilage
behaves as a viscoelastic gel, with detached root cap cells
forming an integral part of the polysaccharide matrix. At low
displacements, mucilage viscosity is more than 100 times
greater than that of pure water. High viscoelasticity at the root
surface facilitates the formation of stable soil aggregates and
coherent rhizosheaths, maintaining root-soil contact and
hydraulic continuity in drying soils. Increased viscosity also
affects water uptake, nutrient diffusion and microbial movement

Wednesday 25 July · Morning
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near to the root surface. Powerful lipid surfactants, that reduce
the surface tension of pure water by 40%, have been isolated
from axenic maize, lupin and wheat mucilages. These surfactants
modify the water release characteristics of the rhizosphere by
increasing the matric potential at a given water content. Nutrient
solubilities are also affected, for instance phosphate adsorption
can be decreased (and hence the solution concentration
increased) by 10% in the presence of lipid surfactants. Our
experiments have also shown that a reduction in surface tension
can affect the rate of microbial processes such as N-mineralisation
and nitrification. The rhizosphere may occupy a small volume
relative to the bulk soil, but all plant-soil interactions are mediated
through this zone. These experiments provide further evidence
that the rhizosphere is a dynamic region where the physical,
chemical and microbial environment is continuously modified by
the plant root and by the mucilage it actively secretes.

11:45 Business Meeting of the RHIZ Working Group

Presiding: Brian A. Kahn

10:00 a.m.–12:45 p.m. ................................................. CC 202
Workshop 24: Sharing Germplasm in an Intellectual
Property Rights World
Working Group Sponsor: Intellectual Property Rights (IPR)
Presiding: Janice Strachan, USDA, Beltsville, Md.
Summary: “Germplasm is being tied up. The small breeders are being

locked out by the big companies. How did they get a patent on that
plant?” These sentiments are voiced and debated within the plant
breeding community, but is it true? Are intellectual property rights
(IPR) blocking active breeding programs? Based on questions that
were asked at the ASHS-2000 Conference, we have drawn together
experts to give us answers. Learn how to protest patents and how to
work with licensing agreements. Also, hear news about the U.S.
Supreme Court hearing on double protection and a new germplasm
policy being adopted in Canada. We are living in an IPR world. What
should we do about it?

10:00 Introduction Janice Strachan

10:05 Strategies for Challenging the Validity of Issued U.S. Patents

Richard C. Peet; Foley and Lardner

10:30 Plant Variety Licensing: The Operation of an International
Public Sector Program

Michael Carriere*, Univ. of California, Office of Technology
Transfer, Oakland, Calif.

The Univ. of California (UC) licensing program for strawberry
cultivars, implemented in the late 1970’s, has been successful.
The program has adapted to the ever-changing international
plant-patent environment, with the development of improved
cultivars, and in response to the experiences of UC scientists and
licensing administrators. Although UC strawberry cultivars are
developed to suit production systems in California, many UC
cultivars are coincidentally adapted to other temperate
environments worldwide. Consequently some UC strawberry
cultivars are tested for performance outside of California and
subsequently licensed in those regions where cultivar
performance warrants the cost of obtaining variety protection.
The international licensing program for strawberry cultivars is
operated entirely from California by employing international
business partners, or master licensees. Foreign licensing has
suffered occasionally from problematic master licensees, but
has generally been cost-effective, and royalties from abroad now
comprise the largest share generated. The UC strawberry royalty
rate structure is three-tiered with preference given to fruit-
growers in California who fund a portion of the UC breeding
program and the rate structure has recently been modified to
direct a portion of strawberry royalties into the breeding program
at UC Davis. Many of the strategies developed for licensing of UC
strawberry cultivars have been extended to licensing of other

horticultural crops at UC although few programs have been as
effective as the strawberry licensing program. Operational details
of the successful UC strawberry licensing program will be
presented including rate structures, cost/income, foreign licensing
considerations, distribution of income, research sponsorship
issues, test agreements, and directions for the future.

10:55 Germplasm, PVPA, and Utility Patents: Who Needs Them?

Carl W. Johnson; California Cooperative Rice Research
Foundation

The Plant Variety Protection Act and the Utility Patent provide
different forms of protection for the breeder. The need for
protection is determined by organizational policy and objectives
of the breeder. In this era of large multinational corporations, an
abundance of lawyers, evolving intellectual property rights,
lawsuits, and administrators who think every variety is a pot of
gold for their special projects, the wise choice is to have both
Plant Variety Protection and Utility Patent. The Plant Variety
Protection Act is necessary for negotiating in most foreign
countries (particularly the European Economic Community)
where utility patents are not recognized. The Plant Variety
Protection Act does not give the breeder the tools to negotiate in
the USA when they want to insert a patented gene and then claim
the variety. The Utility Patent provides a bargaining tool in these
procedures. The principle of Utility Patent is to claim all you can.
Once the patent is obtained, then any rights can be distributed to
anyone who signs the material transfer agreement. The biggest
challenge is to write a law which adequately describes a unique
living changing organism. The Plant Variety Protection Act’s
biggest limitation is that it requires a homozygous variety, to
which I say homogenity is stupidity in the Nth degree!

11:20 Germplasm Release from Agriculture Canada

Bert Innes, Agriculture and Agri-Food Canada

11:45 Discussion

12:15 Business Meeting of the IPR Working Group

Presiding: Janice Strachan

10:00–11:30 a.m. ......................................................... CC 301

Oral 26: Vaccinium: Propagation/Production/
Postharvest
Presiding: Fouad M. Basiouny, Dept. of Agricultural and Environmental

Sciences, Tuskegee Univ., Tuskegee, Ala.
10:00 a.m.

Rooting of Micropropagated Black Huckleberry
Danny L. Barney*; Plant, Soil, & Entomological Sciences Dept., Univ.
of Idaho, Sandpoint, ID 83864

Black huckleberry (Vaccinium membranaceum Douglas ex Hooker)
microcuttings grown on woody plant medium (WPM) were rooted in
vitro and ex vitro using indole-3-butyric acid (IBA) and its potassium
salt (KIBA). Adding 1 to 5 mg/L IBA to WPM delayed rooting, increased
root and callus dry weights, and did not increase survival after
transplanting into potting soil, compared with controls. Dipping
microcuttings into 100 to 1,000 mg/L KIBA and returning them to
unamended WPM significantly reduced the time to in vitro rooting and
increased root and callus dry weights, compared with controls. Dip-
ping microcuttings into 300 to 1,500 mg/L KIBA immediately before
transferring them to a peat moss-based potting soil did not increase
the percentage of ex vitro rooting. Untreated microcuttings had an
average ex vitro rooting percentage of 92%. Micropropagated black
huckleberry can be rooted either in vitro or ex vitro with acceptable ex
vitro survival. For in vitro rooting, dipping cuttings into 1,000 mg/l KIBA
and returning them to unamended WPM gave better results than
growing the microcuttings on IBA-amended WPM.

10:15 a.m.
Lingonberries—A Great New Crop for the Pacific Northwest
Ross Penhallegon*; Oregon State Univ./Lane County Extension
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Service, 950 West 13 Avenue, Eugene, OR 97402-3918
Since 1995, there has been a resurgence of interest in lingonber-

ries as an ornamental crop and as a potential commercial crop in the
Pacific Northwest, and northeastern United States, and Canada.
Lingonberries, widely known in Europe, are classified into two
general areas. The wild lingonberry is Vaccinium vitis-idaea L. var.
minus Lodd and the European varieties being used in commercial
production are Vaccinium vitis-idaea.[Fernald, 1970] To date there
are seventeen varieties being grown of the European type lingonber-
ries. This presentation will discuss, among other topics, the range,
uses, distribution, and propagation of Lingonberry, and its value as
a new crop for the Pacific Northwest.

10:30 a.m.
Water and Fertilizers for Remediation of Salt Affected
Cranberry Soils
J.R. Davenport*1, C.J. DeMoranville2, and T.R. Roper3; 1Washington
State Univ. Irrigated Ag. Research and Extension Center, Prosser,
WA; 2UMASS Cranberry Experiment Station, E. Wareham, MA; 3Univ.
of Wisconsin, Madison, WI

In southeastern Massachusetts, cranberry bogs adjacent to roads
can show damage due to contamination from salt (NaCl) applied to the
roads for deicing. Soils that have been characterized as having salt
levels beyond those acceptable to cranberry production are likely to
require some type of remediation. In saline-sodic soils in arid regions
of North America, either gypsum, calcium chloride, or sulfur, plus
leaching are used in combination to remediate affected soils. Cranber-
ries grow in a higher precipitation area so that natural rainfall will help
ameliorate a saline or sodic situation. However, in a severe situation,
additional remediation may be needed. To evaluate potential
remediation treatments, three characteristic cranberry soils were
collected and placed into columns as intact cores. The soils were
treated with NaCl at different levels to develop a salt affected chem-
istry. The salt treated soils were then subjected to remediation
treatments with low to high levels of a calcium-potassium-magnesium
sulfate fertilizer blend and leached with water ranging from ranges
commonly applied during the season for production to rates equiva-
lent to a winter flood. After remediation, both the soils and any leachate
from the columns were analyzed for pH, cation (Na, Ca, K, Mg) and Cl
content. Overall, adding the calcium-potassium-magnesium sulfate
fertilizer blend decreased Na in the soils and leachates when com-
pared to using water alone. These results suggest that use of the
fertilizer blend would be more favorable than using water alone to
remediate salt affected cranberry soils.

10:45 a.m.
Integrated Management of Cranberry Pests Using Fall and
Spring Floods
Carolyn J. DeMoranville*, Hilary Sandler, Anne Averill, Martha Sylvia,
and Dan Shumaker; Univ. of Massachusetts Cranberry Experiment
Station, East Wareham, MA 02538

Preliminary observations and previous research have shown that,
in the integrated control of cranberry (Vaccinium macrocarpon Ait.)
pests, post-harvest floods have less impact than spring floods on yield
while seeming to offer at least some control of pests. In order to extend
our knowledge of the impact of flooding on certain key pests and on
cranberry crop and plant growth, flooding (postharvest or 2–3 week
spring) was implemented at paired (with unflooded control) sites. In
1998 and 1999, postharvest floods were shown to eliminate cranberry
fruitworm hibernacula (overwintering stage) and to suppress Rubus
sp. growth (≈30% less growth than in unflooded beds). A three-week
flood was sufficient to control fruitworm, but at least four weeks were
required for effect on Rubus. To date, no adverse effect on yield has
been found, but reduced fruit set in the year following the flood bears
further study. A fall flood followed by a spring flood reduced yield with
no additional pest control benefit. Shortened spring floods (≈2.5
weeks) were significantly less effective than 4-week floods in sup-
pressing cranberry fruitworm.

11:00 a.m.
Postharvest Quality of Cranberries as Affected by Controlled
Atmospheres
Gurbuz Gunes* and Christopher B. Watkins; Cornell Univ., Dept. of
Horticulture, Ithaca, NY 14853

Cranberries (‘Pilgrim’ and ‘Stevens’) dry-harvested at two different
occasions were stored at 3 °C under CA conditions at 98% relative
humidity. Ten atmospheres were tested involving combinations of 2,
21, 70 kPa O2 with 0, 15, 30 kPa CO2, and 100 kPa N2. Effects of 1
µL·L–1 MCP were also evaluated. Respiration rate, firmness, decay,
and weight loss were evaluated during storage. High rates of decay
were observed in these experiments, possibly due to high humidity in
the storage atmospheres. The 30 kPa CO2 plus 21kPa O2 atmosphere
resulted in best keeping quality, with 15% decay compared with 75%
decay under a CO2-free atmosphere after two months of storage.
Respiration rates decreased as pCO2 increased, by as much as 15%
to 20% in 30 kPa CO2.Weight loss decreased with increasing pCO2.
High pCO2 resulted in small but significant decrease in firmness.
Atmospheres with high p O2 caused increased decay (>80%) with
extensive tissue damage and leakage. Respiration rates were de-
creased by the 70% O2 treatment. Generally, fruit quality at 21 kPa O2

was better than at 2 or 70 kPa O2. There was great variation in
response of both cultivars due to harvest time, but generally ‘Stevens’
stored better than ‘Pilgrim’. MCP did not affect respiration, ethylene
production, or firmness. The results indicated that 30 kPa CO2 plus 21
kPa O2 was the best among the atmospheres tested for cranberry
storage. Reduced humidity may further increase storage life.

11:15 a.m.
Relationship between Folacin and Anthocyanin Levels in
Rabitteye Blueberry at Two Stages of Harvest Maturity and
Cold Storage
Fouad M. Basiouny*; Dept. of Agricultural and Environmental Sci-
ences, Tuskegee Univ., Tuskegee AL 36088

Extracts of lowbush blueberry exhibited potential anticarcinogenic
activity as evaluated by in vitro screening tests. The relationship
between anthocyanin levels in blueberry and their antioxidant capac-
ity has been established recently. Folacin level, an important vitamin
plays an important roles in human health, has not been determined in
blueberry. An experiment has been conducted to quantify folacin level
and evaluate its relationship with anthocyanin in blueberry fruits,
hand-picked at mid-June and mid-July, and kept under cold storage.
The data revealed variable differences in both compounds at the two
stages of harvest maturity.

10:00–11:30 a.m. ......................................................... CC 316

Oral 27: Fruits/Nuts: Tissue Culture/Propagation
Presiding: Kirk W. Pomper, Atwood Research Facility, Kentucky State

Univ., Frankfort
10:00 a.m.

Regeneration and Shoot Multiplication of Macadamia
tetraphylla L. Johnson
Prem L. Bhalla* and Richard M.S. Mulwa; Plant Molecular Biology
and Biotechnology Laboratory, Institute of Land and Food Resources,
The Univ. of Melbourne, Parkville, Victoria 3052, Australia

Macadamia, Macadamia tetraphylla L. Johnson, is a highly valued
nut tree grown in tropical and sub-tropical parts of Australia and the
United States. A protocol for rapid in vitro shoot multiplication of
macadamia using single node segments from 2 year old grafted plants
and 4 month old seedling plants is described. Cultures were estab-
lished by placing node segments on half strength of MS medium. Of
the six levels of 6-benzylaminopurine tested, 2 mg/L BA produced the
highest percentage bud break, mean shoot numbers per explant and
shoot length. Levels above 2 mg/L BA in the medium produced
stunted and vitreous shoots. Combining 2 mg/L BA with varying levels
of gibberellic acid (0.0, 0.125, 0.25, 0.5, 0.8, and 1.0 mg/L) in the
medium further improved bud break, shoot numbers, and shoot length
significantly from explants of both types of plants. Highest shoot
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numbers and shoot length were achieved in the medium containing 1
mg/L GA3+2 mg/L BA. A 12-fold shoot multiplication was achieved in
a culture period of 12 weeks. In addition, shoot regeneration from
Macadamia cotyledons was also achieved. This study demonstrates
that macadamia nodes are amenable to produce high quality multiple
shoots in vitro and hence are suitable material for clonal multiplication
and genetic transformation studies.

10:15 a.m.
Successful In Vitro Rooting of Mature Walnut Cultivars
Kourosh Vahdati*, Charles Leslie, and Gale McGranahan; Dept. of
Pomology, Univ. of California, Davis, CA 95616

Walnut, particularly Juglans regia, is a difficult-to-root species.
Many standard procedures in use for propagation of other trees are not
successful in walnut. In this work, micro-cuttings from in vitro cultures
of three cultivars of Persian walnut (Sunland, Chandler1 and Vina)
and one of the varieties of ‘Paradox’ hybrid (PX1) were used. Rooting
procedures were divided into two phases: induction and development.
The influence of different concentrations of IBA during the induction
phase was investigated. ‘Sunland’, ‘PX1’, ‘Chandler1’ and ‘Vina’
rooted at 75% to 100%, 0% to 100%, 13% to 50%, and 0% to 63%,
respectively, after treatment in different concentrations of IBA (1, 1.5,
2, 3, 4, and 5 mg/L). Increasing the aeration by adding vermiculite to
the medium during the development phase had a positive effect on
rooting. A high positive cross-correlation between the root length, root
diameter, and number of roots indicates that the rooted micro-cuttings
have a healthy root system. Acclimatization of rooted plants is under
investigation.

10:30 a.m.
Rooting and Survival of Hybrid Hazelnut Shoots Produced In
Vitro
Mehmet Nuri Nas* and Paul E. Read; Dept. of Agronomy and Horti-
culture Univ. of Nebraska, Lincoln, NE 68583-0724

In order to induce rooting of in vitro generated hybrid hazelnut
shoots, basal ends of shoots were dipped in a 1000 ppm IBA (indole-
3-butyric acid) solution for 5 or 10 seconds and cultured on Woody
Plant Medium (WPM, Lloyd and McCown, 1980) containing no plant
growth regulators, or dipped in IBA stock solution for 10 seconds and
then placed directly in Jiffy-7 peat pellets in a closed 100% relative
humidity environment. Seventy-six percent and 70% of shoots sub-
jected to IBA for 10 seconds and 5 seconds, respectively, rooted within
two weeks, and 98% of shoots in the Jiffy-7 peat pellets rooted
between 15 to 45 days. The rooting rate was also genotype depen-
dent, varying from 30% to 100%. After acclimatization, survival rates
of rooted shoots placed in the greenhouse were 53%, for the 10-
second IBA treatment and 62% for the 5-second IBA treatment.
Survival rate was 98% for shoots dipped in 1000 ppm IBA solution for
10 seconds and rooted in Jiffy-7 peat pellets. The acclimatization
process and ex vitro growth performance of plants will be discussed
in further detail.

10:45 a.m.
A New Method for the Development of a Tissue Culture
Medium
Mehmet Nuri Nas* and Paul E. Read; Dept. of Agronomy and Horti-
culture, Univ. of Nebraska, Lincoln, NE 68583-0724

We have devised a new method for developing a suitable tissue
culture medium that requires less labor, a smaller number of explants
and reduces the requisite experiment size. Based on kernel compo-
sition, we have developed a new tissue culture medium [Nas and
Read (NR1)] for hybrid hazelnuts. Growth of explants cultured on the
new medium was compared with that of explants cultured on WPM
(Lloyd and McCown, 1980), NN (Nitsch and Nitsch, 1969), DKW
(Driver and Kuniyuki, 1984) and MS (Murashige and Skoog, 1962)
media. Mean shoot lengths observed on the new medium were
significantly longer than mean shoot lengths observed on any other
media, and mean shoot lengths observed on WPM were significantly
greater than those observed on NN, DKW, and MS media. Shoot

lengths observed on NN, DKW and MS media were not significantly
different from each other. The number of shoots produced on the new
medium that were long enough to be rooted was higher than for any
of the other media. Potential multiplication rates (auxiliary buds)
observed on the new medium and on WPM were higher than those
observed on NN, DKW and MS media, and potential multiplication rate
observed on NN medium was higher than those observed on DKW
and MS media. Shoots derived from explants cultured on the new
medium, NN medium and WPM had healthy-looking leaves with
green color, and produced more callus at their basal ends. Explants
cultured on DKW and MS media were usually chlorotic and produced
little callus on their basal ends. The method described in this research
may be applicable for medium development for other species.

11:00 a.m.
Determination of the Optimal Rate of Slow-release Fertilizer
for Early Growth and Development of Container-grown
Pawpaw Seedlings
Kirk W. Pomper* and Eddie B. Reed; Land Grant Program, Ken-
tucky State Univ., Atwood Research Facility, Frankfort, KY 40601-
2355

The pawpaw [Asimina triloba (L.) Dunal] is a native American tree
fruit with potential as a new fruit crop and as an ornamental plant.
Development of optimal slow-release fertilizer rate recommenda-
tions to facilitate rapid container production of seedlings would be
desirable to many nurseries. A greenhouse experiment was con-
ducted with treatments that included four levels of slow release
fertilizer at 0, 23, 63, 125, 251, or 502 g of 14N–14P–14K Osmocote
per cubic foot of medium. Seeds were sown in Promix growing
medium that contained the slow release fertilizer treatment levels in
Rootrainers that were placed in a whitewashed greenhouse. A
replicate block design was used with three replicate blocks, with 10
replicate seedlings per treatment in each block. After 8 weeks, plants
were destructively harvested. Seedlings were ≈1.5-fold greater in
leaf number and 2-fold greater in height in the 63 and 125g Osmocote/
cu. ft. treatments than in control plants. Total shoot dry mass was
about 2.3-fold greater and total plant dry mass ≈1.5-fold greater for
seedlings in the 63, 125, and 251g Osmocote/cu. ft. treatments
than in control plants. Total root dry mass was similar for seedlings
in all treatments, with the exception of the 502g Osmocote/cu. ft
treatment, where seedlings produced about half the dry root mass
of control plants. The root : shoot ratio was 1.49 in control plants
and only ≈0.7 for seedlings in the 63, 125, and 251g Osmocote/cu.
ft. treatments. Overall, the best seedling growth was achieved
using the 63g of Osmocote/cu. ft. treatment.

11:15 a.m.
The Effect of Nutrition and Cuttings Position of ‘Zard ‘Olive
on its Rooting System
Ali Reza Talaie* and A. Esmati; Hort. Dept. Tehran Univ., Karaj,
Iran

Mass production of saplings has always been inevitable for the
supply of the requirements of the new olive orchards in Iran,
therefore an experiment was conducted in order to determine the
effect of mother plants leave nutrition and cuttings of olive cultivar
Zard. This experiment was carried out during Summer and Autumn
1996 in Roodbar District and in research greenhouses of Hort.
Dept. of Tehran Univ. The mother plants were sprayed with
different concentration of complete nutrients, i.e. Phosyn with 100,
44, and 70 gr./lit. of N, P, K, plus Mg, Cu, B, Zn and Mn, 45 days prior
to cuttings preparation in 15 days intervals during Sept. and semi-
hard wood cuttings were chosen from basal, intermediate, and
upper parts of their shoots. The results indicate that leaves nutrient
spray with 3% concentration increases the rooting percentage and
roots elongation in semi-hard woodcuttings. Besides the cuttings
from upper parts of the shoots produced the highest number of
roots, root density, and longer roots. This experiment was carried
out with a completely randomized block design with factorial
treatment.
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10:00–11:45 a.m. ........................................................ CC 319

Oral 28: Fruits/Nuts: Development & Physiology/
Photosynthesis
Presiding: Mark Rieger, Dept. of Horticulture, Univ. of Georgia,

Athens
10:00 a.m.

Almond Flower Initiation and Development
Vito S. Polito*1, Bridget M. Lamp1, Joseph H. Connell2, Roger A.
Duncan2, and Mario Viveros2; 1Univ. of California Davis, Dept. of
Pomology; 2Univ. of California Cooperative Extension

Flower differentiation in almond (Prunus dulcis) has not been
examined since the classic work of Tufts and Morrow (1925) and a
morphological investigation by Brooks (1940), both of whom stud-
ied a single cultivar in one location. Our objective in the present
work was to examine the phenology of flower bud development
among California growing areas and cultivars using current tech-
nologies. Our intent was to apply contemporary understanding of
the relationships between floral initiation and organogenesis on
one hand and their morphological manifestations on the other. A
second important objective was to develop an understanding of the
extent of variation in floral development among and within cultivars,
locations and years. To this end, we studied three cultivars (‘Non-
pareil,’ ‘Carmel’ and ‘Butte’) growing in four California almond-
growing areas covering a north to south range of 522 km (4°15'
latitude) over 3 years using scanning electron microscopy. We
describe floral bud development and organogenesis in eight stages,
and report three major results: First, extensive variation exists in
the timing of progress of buds through these stages, not only
among locations and years, but within cultivars in any given
location and year. This variation is noted for calendar date, days
from bloom, or accumulated degree-days from bloom. Second, our
results contrast markedly with the classical determinations regard-
ing the timing of floral initiation, which had been the standard used
by researchers and orchard managers for estimating the timing of
floral initiation and developmental events. And third, by using hull-
split as a biofix standard, we show consistent differences in the
timing of floral bud differentiation among cultivars.

10:15 a.m.
Growth, Respiration, and Carbohydrate Metabolism during
‘Encore’ Peach Fruit Development
Riccardo Lo Bianco* and Mark Rieger; Dept. of Horticulture, Univ.
of Georgia, Athens, GA 30602

Sorbitol and sucrose are utilized in peach [Prunus persica (L.)
Batsch] for source to sink carbon transport, yet their specific
functions in fruit growth and development remain unclear. Growth
rate (GR), respiration rate (R), carbohydrate content, and the
activities of sorbitol dehydrogenase (SDH), sorbitol oxidase (SOX),
sucrose synthase (SS), acid invertase (AI), and neutral invertase
(NI) were determined in ‘Encore’ peach fruit to study the specific
functions of sorbitol and sucrose during the three phases of fruit
development. Fruit growth and respiration rates were always
positively correlated, but the growth coefficient relating them was
significantly higher during cell division, when maintenance respira-
tion was nearly absent. Sorbitol and sucrose appeared to partici-
pate equally in growth and maintenance respiration. The contents
of sorbitol and sucrose both correlated positively to GR, and their
rates of accumulation increased from early to late growth stages in
similar fashion. SDH activity was always positively correlated with
sink strength and GR, but with R only during pit hardening. Sorbitol
oxidase activity was correlated with sink strength and GR in the
early and late growth phases, but not at pit hardening, and was
correlated with R during two of three growth phases. Among
sucrose cleavage enzymes, AI activity was positively correlated
with sink strength, GR, and R only during cell division and cell
expansion periods. SS activity was correlated with sink strength
and R only during pit hardening, and NI activity was generally not
correlated to sink strength, GR or R. We concluded that sorbitol and

sucrose play similar roles in peach fruit development. However,
among the enzymes studied, SDH represented the best indicator
of sink strength in ‘Encore’ peach fruit.

10:30 a.m.
Effects of Crop Load and Surround WP Application on
Whole Canopy Photosynthesis and Fruit Quality
Characteristics in Apple Trees
Leonardo Lombardini*1, Don C. Elfving1, and Jim R. McFerson2;
1WSU-Tree Fruit Research and Extension Center, Wenatchee, WA
98801-1299; 2Washington Tree Fruit Research Commission

Effects of crop load and Surround WP application on photosynthe-
sis and fruit quality of 4-year-old ‘Fuji’/M.26 and of 3-year-old ‘Fuji’/
B.9 were examined in two separate orchards during the 2000
growing season. In the ‘Fuji’/B.9 trial, trees were manually thinned to
two different crop loads: regular (5 fruit/cm2 TCSA) and high (7-8
fruit/cm2 TCSA). In the ‘Fuji’/M.26 trial, naturally nonbearing trees
were used for the no-crop treatment. In both trials, Surround WP was
sprayed weekly in May-June and biweekly during July-September at
a concentration of 0.5 lb/gal. Measurements of whole-canopy pho-
tosynthesis were repeated every four weeks on 3–4 trees/treatment.
Whole canopy chambers were set up on the trees at 9:00–10:00 a.m.
and taken down at 3:00–4:00 p.m. In ‘Fuji’/M.26, June, July and
September measurements indicated that photosynthetic rate was
similar in bearing and non-bearing trees. However, at the time of the
August measurement, carbon assimilation peaked at 6.64 g CO2/m

2

leaf area in bearing/unsprayed trees and was significantly higher
than the photosynthesis in the other three treatments (nonbearing/
unsprayed, bearing/Surround, nonbearing/Surround). The seasonal
results showed that bearing trees assimilated more carbon than non-
bearing trees, and that usually their photosynthetic activity was not
influenced by the presence of Surround WP. In ‘Fuji’/B.9, the amount
of carbon assimilated was similar in trees with normal and higher
crop load and there were no interactive effects between crop load
and Surround WP application. However, fruit were smaller in control-
high crop trees and were less firm in the Surround WP-high crop
trees. Moreover, fruit from Surround WP trees had lower soluble
solids/titratable acids ratios and lower starch content.

10:45 a.m.
Photosynthetic Characteristics of Eight Prunus Species
Relative to Sorbitol Content and Sorbitol-6-phosphate
Dehydrogenase Activity
Bedri Karakas, Ricardo Lo Bianco, and Mark Rieger*; Dept. of
Horticulture, Univ. of Georgia, Athens, GA 30602

It has been hypothesized that sorbitol formation in mature,
exporting leaves of Rosaceous tree fruits may be partially respon-
sible for the relatively high photosynthetic capacity observed in
these species compared to plants that do not form polyols (i.e.,
sorbitol, mannitol). To test this hypothesis, greenhouse-grown
plants of eight Prunus species (P. fasciculata, P. persica, P.
maritima, P. fremontii, P. cerasifera x P. munsoniana ‘Marianna’, P.
havardii, P. mexicana, and P. ilicifolia) having various sorbitol-
sucrose ratios and photosynthetic rates were studied to determine
whether a systematic relationship between photosynthetic poten-
tial and sorbitol exists. Photosynthesis was measured at varying
CO2 levels under laboratory conditions, along with leaf sorbitol
content and sorbitol forming capacity, i.e., the specific activity of the
primary sorbitol-forming enzyme, sorbitol-6-phosphate dehydro-
genase (S6PDH). We found a negative correlation between photo-
synthesis, at both ambient and elevated CO2, and S6PDH enzyme
activity among the eight species. Similarly, carboxylation efficien-
cies and CO2 compensation points also negatively correlated with
S6PDH activity. However, there was no correlation between sorbi-
tol content and photosynthetic parameters or S6PDH enzyme
activity. There was a significant change in leaf sorbitol and sorbitol
: sucrose ratio throughout the day. Leaf sorbitol and sucrose
contents were usually lowest at sunrise and sunset, and highest
late in the afternoon. The negative relationship between S6PDH
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activity and photosynthetic potential, and the lack of relationship
between sorbitol content or sorbitol : sucrose ratio and photosynthetic
rate do not support the theory that sorbitol production enhances
photosynthesis in Prunus.

11:00 a.m.
Crop Load Affects Sweet Cherry Whole-canopy Gas
Exchange, Fruit Quality, and Subsequent Growth
Matthew D. Whiting*1, and Gregory A. Lang2; 1IrrigatedAgriculture
Research and Extension Center, Washington State Univ. Prosser,
WA, 99350; 2Dept. of Horticulture, Michigan State Univ., East Lansing,
MI 48824

In 2001, ≈35% to 40% of sweet cherry trees sold from Washington
State nurseries will be on Gisela rootstocks. Several selections from
this series (e.g., Gisela 5, 6, 12) induce precocious and abundant
fruiting in the scion. Often this has led to overcropping and reduced
fruit size compared to fruit from trees on standard rootstocks (e.g.,
Mazzard, Mahaleb). We investigated the effects of crop load on whole-
canopy net CO2 exchange rate (NCER) and transpiration (using an
automated whole-canopy gas exchange system), as well as vegeta-
tive and fruiting characteristics of 7-year-old ‘Bing’/Gisela 5 sweet
cherry trees. Crop load treatments were imposed by manually remov-
ing dormant fruit buds completely (no fruit, NF), thinning to one bud/
spur (T), or no thinning/control (C). Mean whole-tree fruit-to-leaf area
ratios at harvest were ≈0, 20, and 84 fruit/m2 for NF, T, and C,
respectively. Seasonal means of daily whole-canopy net CO2 ex-
change rate were approximately 2.84, 3.65, and 3.88 mmol·m–2·s–1 for
NF, T, and C, respectively. For all treatments, NCERs peaked prior to
harvest and declined to approximately 1 g CO2/m

–2 at 155 days after
full bloom. Mean shoot length was inversely proportional to crop load:
47, 43,and 41 cm for NF, T, and C, respectively. Between May 1 and
September 30, mean trunk cross-sectional area increased by 30, 25,
and 20% in NF, T, and C, respectively. Experimental bud thinning
increased fruit weight 25%, fruit soluble solids 20%, and large fruit
(10.5 row-size or larger) 315%. Treatment effects on winter storage
reserves, as well as subsequent flower bud formation and fruiting, will
also be presented. These results provide a foundation for continued
studies of balanced cropping (i.e., yield vs. quality) and carbon budget
development in sweet cherry on vigor-controlling Gisela rootstocks.

11:15 a.m.
Sorbitol and Sucrose Partitioning and Metabolism in the
Peach Fruit
Riccardo Lo Bianco* and Mark Rieger; Dept. of Horticulture, Univ. of
Georgia, Athens, GA 30602

The peach [Prunus persica (L.) Batsch] fruit is a sink organ
composed of different types of tissue, each undergoing developmen-
tal changes during the growth season. The objective of this study was
to characterize sorbitol and sucrose metabolism during peach fruit
development to see whether the two forms of translocated carbon play
a different role in the various tissues. Sorbitol catabolic activity was
defined as the sum of sorbitol dehydrogenase (SDH) and sorbitol
oxidase (SOX) specific activities, whereas sucrose catabolic activity
was defined as the sum of sucrose synthase (SS), acid invertase (AI),
and neutral invertase (NI) specific activities. Partitioning of total
activities in each tissue was calculated as percentage of total sorbitol
or sucrose activity in the entire fruit. During cell division, sorbitol
catabolic activity was similar in the pit and flesh, but lower in the seed.
However, total sorbitol activity was mostly partitioned into the flesh.
SDH was more specifically active in the flesh, while SOX in the pit.
Sucrose catabolism was most active and partitioned into the pit.
During pit hardening, both sorbitol and sucrose catabolic activities
were higher in the seed, but only total sucrose activity was mostly
partitioned in the flesh. At cell expansion, sorbitol and sucrose
catabolism was still more active in the seed, but mostly partitioned into
the flesh. Sorbitol and sucrose contents were generally higher in the
tissues that exhibited lower catabolic activities. During the cell division
phase, sorbitol and sucrose activities and contents were partitioned
differently in the flesh and pit. However, during pit hardening and cell

expansion, sorbitol and sucrose metabolism underwent similar changes
within the peach fruit.

11:30 a.m.
Elevated CO2 Alleviates the Growth Depression of Mycorrhizal
Citrus Seedlings Grown at High Phosphorus
John L. Jifon*, James H. Graham, Diana L. Drouillard, and James P.
Syvertsen; Univ. of Florida, Citrus Research and Education Center,
Lake Alfred, FL 33850

Mycorrhizal symbiosis enhances phosphorus (P) uptake and plant
growth when soil P is limiting, but root colonization at high P supply can
result in growth depression presumably due to the high carbon
utilization in mycorrhizal roots. We hypothesized that enhanced
carbon supply at elevated CO2 would mitigate this growth depression
and increase whole plant carbon gain. Sour orange (Citrus aurantium
L.) seedlings were grown in greenhouses at ambient or 2x ambient
CO2 in autoclaved sandy soil amended with P. Half of the seedlings
were inoculated with the arbuscular mycorrhiza Glomus intraradices
Schenck and Smith, and the other half were not inoculated. Canopy
gas exchange, rhizosphere respiration, biomass and nutrient content
were measured at two-week intervals for 11 weeks. About 12% of the
root lengths were colonized by mycorrhizae and this level of coloniza-
tion was maintained throughout the study. Roots of nonmycorrhizal
(NM) seedlings remained free of mycorrhizal infection. CO2 did not
affect root colonization. Mycorrhizal (M) and NM plants had identical
tissue P concentrations but nutrient (N– P–K) concentrations were
reduced by greater growth at elevated CO2. Net CO2 assimilation rates
of M plants were significantly higher than those of NM plants at
elevated CO2. At ambient CO2, photosynthetic rates were similar.
Specific root respiration of M plants was 29% (at ambient CO2) and
14% (at elevated CO2) greater than that of NM plants at 11 weeks after
inoculation. Elevated CO2 increased fibrous root starch similarly in M
and NM seedlings. Total biomass of M seedlings grown at ambient
CO2 was 18% less than the biomass of NM plants. At elevated CO2,
however, M plants accumulated 40% more biomass than NM plants.

10:00 a.m.–12:00 noon ................................................ CC 304

Oral 29: Floriculture/Foliage: Crop Production/Nutrition
Presiding: Donglin Zhang, Dept. of Animal and Horticultural Sciences,

Univ. of Maine, Orono
10:00 a.m.

Response of Zantedeschia rehmannii Engl. ‘Rubylite Rose’
tubers to GA3 treatments
Donglin Zhang*1 and Worth Brown2; 1Dept. of Animal and Horticultural
Sciences, Univ. of Maine, Orono, ME 04469-5722; 2Golden State
Bulbs Growers, 1260 Highway 1, Moss Landing, CA 95039

Zantedeschia rehmannii Engl. ‘Rubylite Rose’ (Rubylite Rose Calla)
is a very popular plant in both container production and garden-
planting because of its hot pink, long lasting flowers. To increase its
container appearance, two-inch tubers were treated with gibberellin
acid (GA) (0, 100, 200, 300, 400, 500 ppm) on three positions (top,
bottom, and both) right before they were planted into 6" standard pots.
GA had significant influence on flowering and growth of Rubylite Rose
Calla. The total number of flowers per treated plant increased five
times than untreated one. The highest number (10 flowers per plant)
occurred under the 300 ppm GA applied on both sides of the tubers.
No significant difference was observed among the different GA
concentrations and application positions. The total number of shoots
per treated plant (10) was significantly higher than untreated tubers
(8). GA also significantly increased the plant height. All treated plants
were 1 to 5 cm taller than untreated plants (49 cm). Plants with GA
treatments emerged one or two days earlier than untreated ones,
which subsequently shortened the flowering time by 6 to 10 days. The
overall appearance was significantly affected by GA concentrations.
Plants had much better appearance under 200ppm or higher concen-
trations. The application positions had no significant effect on plant
performance. To produce better container Rubylite Rose Calla, the
tubers should be treated with 200 or 300 ppm Gibberellin Acid before
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they are planted. Further studies should be carried out for controlling
the plant height in order to produce suitable container plants.

10:15 a.m.
Height Control of Euphorbia pulcherrima ‘Freedom’ Using
Paclobutrazol Drenches
Genhua Niu*, Royal Heins, and Will Carlson; Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824-1325

Late-season height control of poinsettia is difficult since most
chemical growth retardants adversely reduce bract size when applied
after first bract color. Bonzi (paclobutrazol) controls late stretch in
poinsettia, but can excessively reduce bract size if improperly applied.
Two experiments were conducted to quantify how Bonzi drenches
influenced height and bract-size of poinsettia (Euphorbia pulcherrima
Willd. ‘Freedom’). In the first experiment, Bonzi was applied at 0.12 mg
per pot (1 ppm drench, 120 mL per pot) weekly from the initiation of
short days until one week before anthesis. Compared with that of
untreated plants, plant height and bract size decreased linearly as
Bonzi application time was increasingly delayed from initiation to
anthesis. In the second experiment, Bonzi was applied weekly after
first color either as a drench or by subirrigation at various dosages.
Plant height and bract size were reduced by ≈30% and 15%, respec-
tively, when Bonzi was applied at first color at 0.12 (1 ppm) to 0.24 (2
ppm) mg per pot, compared with untreated plants. The effect of Bonzi
on height and bract-size reduction decreased as application time was
progressively delayed. No substantial differences in height and bract
size reductions were observed between 0.12 and 0.24 mg per pot, and
doses less than 0.12 mg per plant had no significant effect on height
or bract size, regardless of application time or method. The combined
results indicate that Bonzi drench applications after flower initiation
concomitantly reduce internode extension and bract size. Therefore,
drench applications should be delayed as long as possible to avoid
significant reduction in bract size.

10:30 a.m.
Stormwater and Water from Irrigation Runoff Used for the
Production of Foliage and Bedding Plants
Jianjun Chen*, Richard C. Beeson, Russell D. Caldwell, and C.A.
Robinson; Univ. of Florida, Mid-Florida Research and Education
Center, 2725 Binion Road, Apopka, FL 32703

Growth of the ornamental industry, along with increased population
and urbanization in Florida, has stimulated the search for alternative
water sources for the irrigation of containerized plants. In this study,
a collection basin collected irrigation water runoff from a landscape
plant production bed and stormwater from greenhouse roofs. Col-
lected water and water from an on-site well were used for irrigation of
foliage and bedding plants by overhead and ebb-and-flow systems.
Both basin water and well water quality were monitored over time and
plant growth quantified. Over a 2-year period, a total of 22 foliage and
8 bedding plant species/cultivars were produced. Basin water quality
parameters such as alkalinity, hardness, electrical conductivity, con-
centrations of nutrients, were within acceptable ranges for green-
house crop production. Turbidity and pH were relatively high from
algal growth in the collection basin. However, pH in media irrigated by
both water sources remained between 6 to 7 throughout the produc-
tion periods. All plants at the time of harvest were of marketable sizes
and saleable quality independent of water source. No disease inci-
dences or growth disorders related to water sources were observed.
Results suggest that collected irrigation runoff and storm water can be
alternative sources for irrigating greenhouse ornamental plants in
production.

10:45 a.m.
Quantifying the optimum pH range for Petunia x hybrida and
Impatiens wallerana
Brandon R. Smith* and Paul R. Fisher; Univ. of New Hampshire,
Dept. of Plant Biology, Durham, NH 03824

The objective was to quantify how the pH of a soilless growing
medium, and the micronutrient concentration in a water-soluble

fertilizer affected plant growth and nutritional status for two floricultural
crop species, Petunia x hybrida ‘Priscilla’ and Impatiens wallerana
‘Rosebud Purple Magic’. A 70% peat : 30% perlite growing medium
was amended with a microfine dolomitic hydrated limestone to achieve
five media-pH’s that averaged 4.4, 4.7, 5.1, 6.0, and 7.0 over the
duration of the experiment. All plants were hand-irrigated with a
fertilizer containing (in mg·L–1) 210 N, 31 P, 235 K, 200 Ca, and 49 Mg
from 5 mM CaNO3, 5 mM KNO3, 2 mM MgSO4, and 1 mM KH2PO4.
Micronutrients were applied using an EDTA-chelated micronutrient
blend, at 1x, 2x, and 4x concentrations of (in mg·L–1) 0.075 B, 0.04 C,
0.01 Mo, 0.025 Zn, 0.50 Fe, and 0.25 Mn. Plants were grown in 10-cm-
diameter pots in a greenhouse at 19 °C for four weeks. Optimum-pH
as measured by leaf chlorophyll content, Minolta SPAD (“greenness”)
Index, and plant dry weight depended on micronutrient level, espe-
cially at the highest two media-pH’s. Growth, chlorophyll content, and
plant appearance of both species was acceptable between pH 4.4 to
5.1 at all micronutrient concentrations. At pH 6.0, chlorosis occurred
except at the 4X micronutrient rate. At all micronutrient concentra-
tions, chlorosis of both species occurred at pH 7.0, and dry mass of
petunia declined. Results showed that to quantify the optimum pH
range for a floricultural crop, evaluation is necessary under different
micronutrient levels. Nutrient availability varies because of both pH-
regulated solubility and the total nutrient load applied to the soilless
medium.

11:00 a.m.
An “Iron-Out” Nutritional Program for Geraniums and Other
Crops Prone to Iron and Manganese Toxicity at Low Media-pH
Paul R. Fisher*1, William R. Argo2, Linda Bilodeau1, and Brandon R.
Smith1; 1 Univ. of New Hampshire, Dept. of Plant Biology, Durham, NH
03824; 2Blackmore Co., Belleville, MI 48111

Iron/manganese toxicity at low media-pH is a common problem in
production of bedding plant species including geraniums and mari-
gold. An extension program, called “Iron-Out”, was developed to
package research on managing the pH of soilless media and avoiding
Fe/Mn toxicity. The extension program focuses on prevention of
toxicity symptoms, including regular monitoring of pH and
electroconductivity (EC). The importance of maintaining pH and EC
was emphasized in research with Pelargonium x hortorum ‘Ringo
Scarlet’ grown in a 70% peat : 30% perlite medium with five pre-plant
rates of hydrated lime that provided media-pH’s between 4.1 and 5.6.
Plants were also grown with four rates of a complete water-soluble
fertilizer that included EDTA-chelated micronutrients. Iron/manga-
nese toxicity symptoms and tissue levels of Fe and Mn increased with
decreasing media-pH. Toxicity also worsened as fertilizer concentra-
tion increased from (in mg·L–1) 75N–0.375Fe–0.188Mn to 300N–
1.5Fe–0.75Mn. Recommendations for correcting low media-pH were
developed based on research of basic chemical applications to
soilless media. Flowable limestone at 1:100 dilution, or KHCO3 at 2.4
g·L–1, were recommended when media-pH was below 6.0. These
concentrations, applied at 60 mL per 606-size bedding plant cell,
provided an increase of 0.8 to 0.9 pH units after one week, averaged
across six commercial soilless media. Flowable lime and KHCO3 were
found to have a more reliable effect in rapidly raising media-pH
compared with single applications of KOH or the supernatant of
Ca(OH)2

11:15 a.m.
Foliar Analysis Standards and Symptoms for N, P, K, Ca, Mg,
S, Fe, Mn, Cu, Zn and B Deficiencies in Marigold, Vinca, and
Zinnia
Dharmalingam S. Pitchay*1, Paul V. Nelson1, James L. Gibson1,
Brian E. Whipker1, and C. Ray Campbell2; 1North Carolina State
Univ., Dept. of Horticultural Science, Campus Box 7609, Raleigh, NC
27695-7609; 2North Carolina Dept. of Agriculture, Agronomic Div.,
4300 Reedy Creek Road, Raleigh, NC 27607-6465

Current foliar analysis standards for these crops consist of values
associated with acceptable growth, but do not indicate boundary
values between deficient and acceptable growth. Deficiency symp-
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toms do not exist for many nutrients in these crops. Plants were grown
hydroponically in a glass greenhouse. Treatments consisted of a
complete nutrient solution and 11 additional solutions, each devoid of
one essential nutrient. Symptoms and plant size were chronologically
recorded for shoots and roots. Youngest fully expanded leaves were
analyzed for nutrient content. In the absence of N, P, K, Ca, Mg, S, Fe,
Mn, Cu, Zn, and B, the minimum critical levels on a dry weight basis
were: 1) 1.52%, 0.07%, 0.55%, 0.30%, 0.11%, and 0.09%; 40.9, 11.3,
2.1, 9.7 and 10.9 (mg·kg–1) in marigold ‘Safari Series Gold’ (Tagetes
patula L.); 2) 2%, 66%, 0.07%, 0.73%, 0.32%, 0.11%, and 0.09%,
29.0, 9.3, 1.4, 12.3 and 10.5 (mg.kg-1) in vinca ‘Blue Pearl’ (Vinca
rosea L.); and 3) 0.66%, 0.10%, 0.89%, 0.53%, 0.10%, 0.11%, 47.0,
10.8, 0.9, 9.2 and 23.4 (mg·kg–1) in zinnia ‘Benary’s Giant Orange’
(Zinnia elegans Jacq.), respectively. The absence of N reduced the
uptake of P, K, Ca, Mg, and S; P reduced the uptake of N, K, Ca, Mg
and S; S reduced the uptake of N, P and K. However, K deficiency
increased the uptake of Ca, Mg, Mn, Cu, Zn and B; Ca increased the
uptake of Mn, Fe, Cu, Zn and B; Mg increased the uptake of P, K, Ca,
S and Mn; Fe increased the uptake K, Mn, Cu, Zn, and B. A severe
reduction in the dry weight of all taxa was also noted under N, P, K, Ca,
Fe and B free environments.

11:30 a.m.
Effects of Fertilizer Salinity on Growth and Quality of Petunia
Plug Seedlings
Jinsheng Huang* and Paul V Nelson; Dept.of Hortcultural Science,
North Carolina State Univ., Raleigh, NC 27695-7609

Salinity recommendations for plug seedling production are adapted
from general greenhouse crop guidelines and are not based on
seedling research data. Experiments were conducted to evaluate
fertilizer salt effects on growth and quality of plug seedlings. Fertilizer
was formulated from NH4NO3, KNO3 and NH4H2PO4 (40% NH4–
N:60% NO3–N) to simulate commercial 20N–4.4P–16.6K. Test plants
were petunia (Petunia X hybrida ‘White madness’). Substrate con-
sisted of 3 sphagnum peat moss : 1 perlite (v/v). Fertilizer salts were
applied overhead or through sub-irrigation. Overhead fertilization
treatments consisted of a factorial combination of two to three sub-
strate bases (substrate equilibrated with fertilizer concentrations of 50,
150, and 250 mg N/L) and three to five fertilizer concentrations (from
50 to 550 mg N/L). With sub-irrigation, 13 fertilizer concentrations in
the range of 50 to 2050 mg N/L (EC = 0.52 to 10.70 dS/m) were applied
with every irrigation after plants developed two true leaves. The
minimum overhead fertilizer concentration that caused injury was 250
mg N/L (1.28 dS/m). Fertilizer concentration was more important than
salt base. High overhead fertilizer impacted leaf burn more than plant
growth. Increasing sub-irrigated fertilizer level first stimulated and later
inhibited growth. Water uptake and root growth were more highly
impacted than shoot growth. Progression of symptoms was smaller
shoot, greener foliage, wilting on sunny days, chlorosis of young
leaves, browning and necrosis of root tips, leaf necrosis, and plant
death. No fixed substrate EC values were associated with any
symptom of injury. Salt injury related to an inverse relationship
between rising salt levels and exposure time. Plants adapted to salt
within two to three fertilizations through adjustment of osmotic content,
as seen in maintenance of constant turgor pressure.

11:45 a.m.
Use of Aluminum-Charged Zeolite for Blue Hydrangea
G.B. Opena* and K.A. Williams; Dept. of Horticulture, Forestry and
Recreation Resources, 2021 Throckmorton Hall, Kansas State Univ.,
Manhattan, KS 66506-5506

Blue hydrangea production is traditionally achieved through the labor
intensive, manual application of soluble aluminum (Al) several times
during the production cycle. Experiments were conducted to determine
the ability of Al-charged zeolite, incorporated pre-plant into the root
medium, to provide Al for blue sepal coloration. If successful, this
method might simplify and reduce the cost of production. The zeolite
was charged with Al, oven-dried and incorporated into a peat/perlite root
medium at rates ranging from 0% to 40%. In two experiments, ‘Kuhnert’

was grown either as mini-pot hydrangea (6-month production cycle) or
following the traditional 12-month production cycle. Data collected
included sepal color measured with a colorimeter, sepal analysis of Al;
foliage analyses of Al, Na, K, Ca, Mg, Fe, Mn, Zn, and Cu; and root
medium solution analyses. Zeolites released a significant amount of Al
(300–1400 ppm) in the media during the first 2 weeks of greenhouse
forcing, after which the Al concentration was maintained at <50 ppm. A
high amount of Na was released while K level was reduced by the
zeolite. Aluminum content of the foliage in the zeolite treatments was not
significantly different from the commercial control (manual application).
Sepal Al content increased with increasing rates of zeolite, and the sepal
Al content in the 20% and 30% zeolite treatments was significantly
higher compared to the commercial control. Sepal color was signifi-
cantly affected by the different treatments. The 20% and 30% zeolite
treatments produced blue sepals that were comparable with the control.
Results of this research suggest that pre-charged zeolite can be used
for blue hydrangea production.

10:00 a.m.–12:00 noon ................................................ CC 305

Oral 30: Vegetable Crops: Tomato Production
Chair: Steven E. Newman, Dept. of Horticulture and Landscape

Acrhitecture, Colorado State Univ., Fort Collins
10:00 a.m.

Ways to Improve the Efficiency of Greenhouse Tomato
Production by Endless Reuse of the Growing Medium and
Better Heat Distribution
H.Y. Hanna*, K.D. Henderson, and D.T. Smith; Louisiana State Univ.
Agricultural Center, Red River Research Station, P.O. Box 8550,
Bossier City, LA 71113

Greenhouse tomato production has become marginally profitable
for the small grower because of the rising cost of labor, supplies, and
fuel. One of the most significant changes that helped growers achieve
the current remarkable yield increase is the shift from using soil to
soilless growing medium. Perlite is a well-known medium for growing
a profitable tomato crop if replaced every year with a new material. Like
any other soilless medium, perlite becomes contaminated with tomato
roots, pest organisms, and residual fertilizer after the first year of use.
Replacing used perlite with a new material every year is costly and
may not be feasible because of minimum purchase requirements and
shipping difficulties. We designed and built a hopper cart to be used
for separating and removing tomato roots from old perlite. The
screened perlite can be further treated with hot water using a steam
cleaner to leach out excess salt and kill pest organisms. The process
of cleaning and sterilizing perlite may cost less than one third of the
expense to buy new perlite and the old perlite was as productive as the
new one. Further details of this process will be discussed. Heating cost
is the second leading investment for producing greenhouse tomatoes
during winter months. Traditionally, growers use suspended heaters
to raise temperature to the desired level for optimum production. The
suspended heaters are not efficient in heating the growing medium,
fertilizer solution, and the lower part of the tomato plant. A redesigned
heating system to improve efficiency will be discussed.

10:15 a.m.
Increased Fruit Weight of Greenhouse-grown Garden
Tomatoes after Treatment with IBTA and NBMA
Steven E. Newman*1 and Ronald A. Harkrader2; 1Dept. of Horticulture
and Landscape Architecture, Colorado State Univ., Fort Collins, CO
80523-1173; 2Camas Technologies, Inc., P.O. Box 1357, Broomfield,
CO 80038-1357

Novel bioactive compounds from a large family of amino ethers or
substituted tertiary amines have been promoted to enhance plant
development, increase total biomass, and increase plant quality. Two
of these compounds, IBTA (2-[diethylaminoethyl]-2-methylpropylether)
and NBMA (2-[N-methylbenzylaminoethyl]-4-methylbenzylether) were
applied to the garden tomato cultivars Bush Big Boy, Sweet 100,
Fourth of July, and Better Boy to determine their influence on fruit yield.
IBTA was applied in a 3 x 3 factorial design at three rates, 0, 2 or 10
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ppm, as either a seed soak, foliar spray at the 2–3 leaf stage, or foliar
spray at first fruit color. Similarly, NBMA was applied in a 3 x 3 factorial
design at three rates, 0, 0.5 or 1 ppm, as either a seed soak, foliar spray
at the 2–3 leaf stage, or foliar spray at first fruit color. The plants were
greenhouse grown and the beefsteak tomato cultivars were thinned to
three fruit per cluster. Fruit fresh weight of IBTA treated ‘Better Boy’
plants was not greater than those not treated with IBTA. Fruit fresh
weight of NBMA treated ‘Better Boy’ plants was greater than those not
treated with NBMA when applied as a seed soak at both rates and as
a foliar spray at first fruit color at 1 ppm only. Application of NBMA to
‘Better Boy’ tomatoes at the 2–3 leaf stage was not effective in
increasing fruit yield.

10:30 a.m.
Lycopene Content and Fruit Development Effects on the
Germination and Longevity of Tomato (Lycopersicon
esculentum Mill.) Seeds
G. Ramírez-Rosales*, M. Bennett, M. McDonald, and D. Francis;
Dept. of Horticulture and Crop Science, The Ohio State Univ., Colum-
bus, OH 43210

Lycopene is a naturally occurring antioxidant found in tomato and
is responsible for the characteristic deep-red color of ripe tomato fruits
and tomato products. As a result of the their demonstrated qualities as
free radical scavengers, tomato breeders are now developing mate-
rials with high lycopene content. However, low germination has been
reported in tomato genotypes in which lycopene content is much
higher (2–3x) compared to normal tomato genotypes. This study was
conducted to determine whether the effect of fruit development on
seed quality differs in high lycopene genotypes compared to tradi-
tional varieties. Four tomato genotypes, ‘Floradade’ ‘OH9242’, ‘T4099’
and ‘dg9245’, varying in lycopene synthesis and content were used in
this study. The genotypes were planted for fruit and seed production
at the Vegetable Crops Branch of the Ohio State Univ. (Fremont) and
the Ohio Agricultural Research and Development Center (Wooster)
during Summer 2000. Tomato fruits were harvested at four maturation
stages; mature green, breaker, red mature, and over-ripe. Seeds were
extracted by hand and fermented during 48 h at room temperature.
Standard germination, saturated salt accelerated aging, and germina-
tion index tests were used to assay seed quality. There were signifi-
cant differences in standard germination value for genotype, maturity
and for the interaction of genotype x maturity. Mature green fruit stage
affected more the germination of ‘Floradade’, ‘OH9242’, and ‘dg9245’
than the germination of “T4099.” High lycopene genotypes might
follow a different pattern of fruit and seed development as measured
by maximum seed quality.

10:45 a.m.
Increasing Root/Shoot Ratio of Tomato Transplants as a
Method to Improve Their Performance under Heat Stress
Conditions
Michael Raviv*1, Shlomit Medina1, Arkady Krasnovsky1, and Ido
Seginer2; 1Agricultural Research Organization, Dept. of Ornamental
Horticulture, Newe Ya’ar Research Center, Ramat Yishay, Israel;
2Faculty of Agricultural Engineering, Technion, Haifa, Israel

Summer-planted greenhouse transplants are exposed to harsh
conditions. Their leaf area covers small fraction of the ground and its
cooling effect is limited. The dry surroundings of each plant contribute
to its energy load via micro-advection. The resulted high transpira-
tional demand may lead to water stress and canopy over-heating. The
objective of this study was to test specific transpiration rates (STR) of
partly defoliated plants, having higher root/shoot (R/S) ratio, intended
to lower leaf temperature. Four-week old tomato plants (cv. Daniella)
were either transferred to a growth chamber (35 °C, 80% ± 5% relative
humidity (RH), 180 mmol·m–2·s–1) or to an uncontrolled greenhouse,
where summer conditions around noontime were 34 to 38 °C, 30–40%
RH. Half of the plants were partly defoliated by removing their 2–3
lowermost leaves. Within each group, half of the plants were irrigated
to container capacity. Withholding water from the other half for 3 days
created drought conditions. Leaf area was measured at the beginning

and at the end of each experiment. The pots were located on load cells
and their weight was recorded. Leaf temperature was measured using
thermocouples glued to the lower side of the upper leaves. Leaf net
carbon exchange rate (NCER) was determined using LI-COR 6200
photosynthesis meter. After calculating daily leaf area, STR was
calculated, based on weight loss data. Root area was measured at the
end of each experiment. When compared with the controls, irrigated
high R/S plants in both growth chamber and greenhouse exhibited
higher RGR and similar STR values, and lower leaf temperatures.
Under imposed drought conditions, RGR, STR and NCER of high R/
S plants were higher than those of low R/S plants. Leaf temperatures
of low R/S plants went up, once the moisture content fell below 50%
of total porosity. It can be concluded that under normal water supply
and high water atmospheric demand, partial defoliation will moderate
water stress damage. The predicted cost to the development of the
plant should be minimal due to the higher RGR. When water supply
is limited partial defoliation is even more beneficial.

11:00 a.m.
Winter-grown Cover Crop Mix of Vetch and Peas Influence
Tomato Yield and Rainfall Run-off
G.M. Miyao*, P. Robins, M.D. Cahn, L.E. Jackson, T.K. Hartz, and L.J.
Schwankl; Univ. of California Cooperative Extension, Woodland, CA
95695; Yolo Resource Conservation District, Woodland, 95695, UC
Coop Extension, Yuba City, 95991, and UC Davis, 95616

Fall planting of a winter-grown vetch and pea mix increased
processing tomato yield from 5% to 10% in field tests conducted over
a 3-year period. In addition, the cover crop reduced rainfall run-off in
the late winter and early spring by as much as 70% compared to the
conventional vegetation-free, fallow-bed practice. The tomato yield
benefit from the cover crop occurred after a single planting of the
cover. While nitrogen fixed by the cover crop was between 100 to 200
pounds of N per acre, the N status of tomato tissue samples reflected
marginal N contribution from the leguminous covers. Yield increases
from the cover crop plantings occurred only when tomatoes suc-
ceeded a previous crop of tomatoes in the rotation.

11:15 a.m.
Alternative Systems to Methyl Bromide for Weed Management
in Tomato (Lycopersicon esculentum) and Cucumber
(Cucumis sativus)
J.A. Leindecker*, D.W. Monks, and D.C. Sanders; Dept. of Horticul-
tural Science, North Carolina State Univ., Raleigh, NC, 27695

Alternative systems to methyl bromide were evaluated for their
potential to control weeds in tomato and cucumber in 2000. Crops
were treated with no fumigant, metam-sodium (Vapam), or 1,3-
dichloropropene/chloropicrin (Telone C-35) as main plots in a split plot
design. For tomato, weed management systems (subplots) were
bensulide (preemergence), halosulfuron (preemergence and post-
emergence), hand weeded, metribuzin (PRE, two rates), napropamide
(PRE, two rates), napropamide (PRE) followed by metribuzin (POST)
plus sethoxydim (POST) (grower standard), nontreated, paraquat
middles, and pebulate (PRE). Cucumber subplots were bensulide
(PRE), bensulide (PRE) plus naptalam (PRE), ethalfluralin (PRE),
halosulfuron (PRE and POST), hand weeded, napropamide (PRE,
two rates), naptalam (PRE), naptalam (PRE) followed by naptalam
(POST) plus induce (POST) (grower standard), nontreated, and
paraquat middles. Telone C-35 treatment marketable yields were
15% greater than Vapam and 20% greater than no fumigant. Market-
able yield in the napropamide 2.2 kg·ha–1 ai treatment was greater than
napropamide 1.1 kg·ha–1 ai , and had the lowest cull (%). Grower
standard had the lowestnumber of weeds, and was different from
napropamide (both rates), nontreated, paraquat middles, pebulate,
and bensulide treatments. Marketable and total cucumber yields were
greater in Telone C-35 or Vapam systems. Vapam treatments yielded
18% more marketable fruit than Telone C-35 treatments. There were
no differences among fumigants for weed number or cull (%). Average
weight of no. 1 fruits did not differ between Vapam and Telone C-35.
Telone C-35 caused more crop injury than Vapam. Weed number did
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not differ across cucumber treatments. The hand weeded system had
only 3% greater marketable yield than the nontreated. Halosulfuron
(PRE) was the subplot with the least weeds. These studies will be
repeated in 2001.

11:30 a.m.
Silver Reflective Plastic and Cover Crop Mulches for Pest
and Disease Control in Fresh Market Tomato Production
Systems
J.P. Mitchell*1, C. Summers2, J.J. Stapleton3, and L.M. Roche1;
1Univ. of California, Davis, Dept. of Vegetable Crops and Weed
Science; 2Univ. of California, Davis, Dept. of Entomology; 3Univ. of
California, Davis, Statewide Integrated Pest Management Project

We compared the effectiveness of silver reflective plastic and
triticale/ryegrain/vetch cover crop mulches for pest and disease
control as well as productivity relative to a standard bare ground
fresh market tomato mulch system in Parlier, California in 1999 and
2000. The cover crop mix was planted in mid-October of each year
preceding the tomato crops, and then chopped and sprayed with
glyphosate in the following March in each study. ‘Shady Lady’
tomato transplants were then set out in mid-April. Drip irrigation
and fertigation was used for each system. Yields of marketable fruit
were increased in the silver plastic mulch plots relative to the
standard system by 1.6 and 1.1 in 1998 and 1999, respectively.
Tomato yields over the cover crop mulch were 1.14 and 0.91 those
of the standard system in the two years of the study. Both the silver
reflective plastic and the cover crop surface mulch systems thus,
provide the possibility to sustain productivity relative to current
standard off-season fallow systems. The two alternative produc-
tion systems will require different management, equipment and
scheduling considerations in order to be successfully adopted.

11:45 a.m.
Tomato Plant Growth and Yield as Affected by Root Zone
Temperature Under Colored Mulches
Juan C. Diaz-Perez*, D. Batal, D. Bertrand, and D. Giddings; Dept.
of Horticulture, Coastal Plain Experiment Station, Univ. of Georgia,
Tifton, GA 31794

Increased soil temperatures are one of the benefits associated
with the use of plastic mulches. Warmer soils in the spring allow for
a faster plant growth and earlier harvests. However, under high
temperature conditions, as in the summer of the southeast USA,
mulches warm the soil to levels that might be deleterious to plants.
In this study, we evaluated the effect of root zone temperature, as
modified by plastic mulches, on the growth and yield of tomato
plants. Drip-irrigated tomato plants were grown in the field under
eight colored mulches during the spring and the fall seasons. Our
results indicated that in the spring, when soil temperature augmented
as the season progressed, plant growth and yield were directly
related to root zone temperature. Highest values of plant dry mass
and yield were found in plants grown under mulches with a high soil-
warming ability (e.g. black, gray). In the summer and fall, as soil
temperature decreased as the season advanced, plant growth and
yield were inversely related to root zone temperature. Plant dry mass
and yield were highest in plants grown under mulches with a low soil-
warming ability (e.g. white, silver reflective). In both seasons, the
response of tomato crop to colored mulches was dependent on the
soil temperature conditions under the mulch. Plant growth and yield
were highest when the mean soil temperature over the season was
near the optimum temperature for tomato roots. Probably, some of
the inconsistencies reported with the use of colored mulches could
be explained, by examining the degree of divergence of the root zone
temperature under certain mulch, relative to the optimum tempera-
ture for the crop.

10:30–11:30 a.m. ........................................................ CC 103
Citrus Crops (CITR) Business Meeting
Chair: Mark Freeman

11:30 a.m.–12:30 p.m. ............................................... CC 301

Oral 31: Small Fruit/Viticulture: Crop Physiology
Presiding: Alan N. Lakso, Dept. of Horticultural Sciences, Cornell

Univ., Geneva, N.Y.
11:30 a.m.

Effects of Irrigation and Pruning on Concord Grape Root
Dynamics: Seasonal Patterns of Root Production in
Relation to Vine Carbon Status
Alan N. Lakso*1, Louise H. Comas2, Laurel J. Anderson2, Richard
Dunst1, and David M. Eissenstat2; 1Cornell Univ., Dept. of Horticul-
tural Sciences, New York State Agricultural Experiment Station,
Geneva, NY 14456; 2The Pennsylvania State Univ., Dept. of
Horticulture, Univ. Park, PA 16802

A trial of balanced vs. minimal pruning with and without supple-
mental irrigation was established in a mature Concord (Vitis
labruscana Bailey) vineyard in Fredonia, N.Y. in 1990. Clear bu-
tyrate minirhizotron tubes were installed in Fall 1996, and seasonal
root production patterns were observed with remote video monitor-
ing at 2-week intervals in 1997–99. In the main trial, minimal pruning
gave significantly higher and more stable yields than with balance
pruning, but fruit Brix levels were lower. Irrigation had its most
positive effects in the minimal pruning treatment, and few long-term
effects on the balance pruning treatment. Root production varied
from season to season, with only a single mid-season peak in the
cool , wet 1997, but several peaks of production in warmer years.
Root production was not apparently affected by pruning, but was
strongly impacted by drought, or irrigation. In irrigated vines, total
new root production varied from year to year; the variation in total
numbers appeared to be best related to the amount of August root
growth as influenced by crop level. In nonirrigated vines, total new
root production declined dramatically from the wet 1997 season, to
60% as many in the dry 1998 season, to 30% as many the very dry
1999 season. Differences in new root production due to drought
were primarily related to the lack of a pre-veraison August peak of
root growth in the dry treatments. Computer simulations of carbon
supply from the canopy and demands of the shoot and crop growth
suggest that the pre-veraison period would provide the most avail-
able carbon for root growth.

11:45 a.m.
Effects of Irrigation and Pruning on Concord Grape Root
Dynamics: Root Physiology and Longevity in Relation to
Vine Carbon Status
David M. Eissenstat*1, Laurel J. Anderson1, Louise H. Comas1,
Astrid Volder1, and Alan N. Lakso2; 1The Pennsylvania State Univ.,
Dept. of Horticulture, Univ. Park, PA 16802; 2Cornell Univ., Dept.
of Horticultural Sciences, New York State Agricultural Experiment
Station, Geneva, NY 14456

There is little understanding of how horticultural practices such
as irrigation and pruning affect grape root physiology and longevity.
The effects of minimal or balanced pruning with and without
irrigation on root dynamics were studied in Concord grape vines in
Fredonia, N.Y. using minirhizotrons. Clear butyrate minirhizotron
tubes were installed in Fall 1996 and root pigmentation and
longevity were monitored from 1997–99. Median lifespan of Con-
cord grape roots ranged from 60 to >200 d. Small diameter roots
(<4mm) and roots with many neighboring roots (>5 within 1 cm)
died about sooner than coarser roots and roots with fewer neigh-
bors. Finer roots, however tended to be more efficient, however, in
terms of nitrate acquisition per unit C respired. In 1998, a fairly dry
growing season, vines that had lower yields the previous year
(1997) had roots of longer longevity than those of vines with high
yields the previous year. Irrigated vines tended to exhibit greater
longevity in 1998, especially in vines that had low yields in 1997.
Minimal pruning tended to increase root longevity, especially in
roots born before bloom in the early spring. Minirhizotron images
were also used to assess declines in root function with root age
based on patterns of pigmentation. Root respiration and capacity
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for uptake of nitrate declined with root age and with greater root
pigmentation. In 1998, higher yielding vines extended the duration
roots remain unpigmented for roots born around veraison. Minimal
pruning and irrigation can also extend the duration a root is more
efficient in nitrate acquisition. Integration of vine carbohydrate
dynamics into a better understanding of root dynamics will be
discussed.

12:00 noon
Photoperiodic Influences on Flower Bud Initiation in
Vaccinium Species
Timothy Spann*, Jeff Williamson, and Rebecca Darnell; Horticul-
tural Sciences Dept, Univ. of Florida, Gainesville FL 32611

Two cultivars of southern highbush blueberry (Vaccinium
corymbosum L. interspecific hybrid) and one genotype of V. darrowi
were grown under long days (LD, 16-h photoperiod), short days
(SD, 8-h photoperiod) or short days with night interrupt (SDI, 8-h
photoperiod + 1 h night interrupt) to determine photoperiod effects
on flower bud initiation. V. darrowi is an evergreen species native
to the southeastern United States. Southern highbush blueberries
(SHB) are complex hybrids comprised primarily of V. corymbosum
and V. darrowi. Flower bud initiation in cultivated species of
Vaccinium (V. corymbosum, V. ashei, V. angustifolium) has been
shown to be a SD response. However, field observations suggest
that flower bud initiation in V. darrowi may not be as sensitive to
photoperiod as cultivated Vaccinium species. The hypothesis
tested is that the contribution of V. darrowi to the germplasm of SHB
makes SHB less photoperiodically sensitive with respect to flower
bud initiation compared with cultivated Vaccinium species. Plants
were grown under photoperiod conditions for 8 weeks, then all
plants were moved to LD for 8 weeks to observe flower develop-
ment. Shoot growth in both species was reduced under SD and SDI
compared with LD conditions. Flower bud initiation occurred under
SD in both species, averaging 10 flower buds per plant for V.
darrowi and 70 flower buds per plant for V. corymbosum. No flower
bud initiation occurred under either LD or SDI photoperiods in
either species. In V. darrowi, flower buds were present on plants at
the beginning of the photoperiod treatments. These existing flower
buds continued to develop under LD but not under SD or SDI
photoperiods. These data suggest that SD photoperiods are con-
ducive to flower bud initiation in both SHB and V. darrowi, but LD
photoperiods are required for optimum development of initiated
flower buds. The inhibition of initiation under SDI photoperiod
indicates that flower bud initiation is mediated via phytochrome in
the Vaccinium species studied.

12:15 p.m.
Use of Lysophoshatidylethanolamine (LPE), a Natural Lipid,
to Mitigate Undesirable Effects of a Fungicide (Bravo) on
Cranberries
Mustafa Ozgen* and Jiwan P.Palta; Dept. of Horticulture, Univ. of
Wisconsin, Madison, WI 53706

Fruit rot is a major problem for cranberries. Number of fungicide
applications are necessary to overcome significant loses espe-
cially for the cranberries cultivated in Massachusetts and New
Jersey. Bravo is one of the widely used fungicides to control
cranberry fruit rot. However, application of Bravo has been re-
ported to cause a reduction in fruit set, yield and fruit color. We
investigated the potential use of LPE to reduce undesirable effect
of Bravo on cranberry (Vaccinium macrocarpon Ait. cultivar Stevens)
fruit yield, fruit set and size. For this purpose 1 m x 2 m plots were
established in cranberry beds at four separate locations with five
replications. Plots were sprayed with recommended dosage of
Bravo and LPE (100 and 200 ppm) combinations at 20% and 80%
bloom. Cranberry fruits and flowers on the uprights were counted
from a part in the plot to determine the fruit set. Flooded plots were
harvested with a hand rake to determine total yield and other fruit
quality parameters. Bravo applications resulted in 10% to15% less
fruit set while combination of LPE prevented fruit set decline by

Bravo. LPE alone applications showed 15% to 20% and ≈5% more
fruit set compared to Bravo alone and untreated control respec-
tively as well as an increase in fruit size. Bravo and Bravo LPE
combinations showed 10% to 40% less fruit rot compared to
control. The result of the present study shows that applications of
LPE may result in improved fruit set, higher yield and larger fruit
while maintaining the effectiveness of Bravo for fruit rot

1:00–2:00 p.m. ..................................................... CC Ballroom
Poster Session 26: Genetics/Breeding/Biotechnology
Poster 74

Poinsettia Customers are Attracted by Novelty Cultivars
C.C. Pasian*1, T. Rhodus1, and Steve Carver2; The Ohio State Univ.,
Columbus, OH 43210; 2Ohio Florists’ Association

Forty-seven cultivars, including those available for 1 or 2 years,
some experimentals, and a few traditional cultivars used for compari-
son, were evaluated by poinsettia buyers. Plants were grown by five
growers from different Ohio locations. One plant per grower per
cultivar was sent to the Ohio State Univ. greenhouses for evaluation
by the public on 30 Nov. to 2 Dec. The evaluation was held in
conjunction with a poinsettia sale held by horticulture students, so the
272 evaluators were poinsettia buyers. Consumers were asked to
participate in two evaluations, one ranking for “general preference”
and the other ranking for the cultivar they would actually buy. For the
general ranking, they rated each cultivar with a scale from 5 (excel-
lent), to 1 (poor). For the “would buy” ranking, they were asked to select
no more than three of their favorite cultivars—the few they would buy
first if they found them in a store. In the general preference category,
eight of the top 10 selections were red cultivars, with a near red and
a novelty, being the exceptions. Typically, red cultivars rated higher
than non-reds and novelties. On the other hand, in the “would buy”
ranking, three of the top four “would buy” selections were novelties;
only three of the top 11 cultivars were red. ‘Sonora White Glitter’ was
the top “would buy” pick, but only in the middle of the ratings pack
(rating 3.5). A hint of the meaning of these observations can be
gleaned by looking at the standard deviations (SD). For example,
‘Sonora White Glitter’ had the largest SD. This cultivar. trial supports the
results of other studies that red is the poinsettia color of preference.
This work also indicates that some customers are willing to buy novelty
plants even though they are not their favorites. There is a distinct
segment of consumers for whom novelty plants hold great appeal.
Equivalent results were found in a similar trial in 1999 with other
cultivars.

Poster 75
Establishing Breeding Methodologies for Gazania (Gazania
sp.)
John P. Siemon*, and Shoba Venkatanagappa; The Univ. of Sydney,
Plant Breeding Institute, Cobbitty, Private Bag 11, Camden, NSW
2570, Australia

The genus Gazania, a member of the Asteraceae family, is an
attractive ornamental plant grown for its hardiness and diverse range
of phenotypes. Despite being one of the largest plant families in the
world, with more than 25,000 species, the Asteraceae family has very
few members that have been bred extensively for commercial pur-
poses. The Gazanias, to a limited extent, have been bred for the
purpose of improving specific attributes including flower color, plant
health and appearance and daylength sensitivity. However, the
breeding programs have been limited by the breeder’s ability to
generate seed in a large-scale and in a cost effective manner to enable
screening of populations for a range of desirable attributes. Studies
were conducted to explore the possibility of large-scale seed produc-
tion via both full-sib and polycross matings utilizing honey bees in
enclosed tunnel houses. Crosses were conducted manually by hand
as well. Crossing efficiency was measured in terms of numbers of
seed produced per cross. Seed weight, germination counts, and a
range of phenotypic characters were also analyzed with a view to
establishing a rapid and cost effective breeding program. The implica-
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tions of this work will be discussed in future publications. This Project
was funded by JARIT Aust. Pty Ltd in association with the Univ. of
Sydney, Plant Breeding Institute, Cobbitty.

Poster 76
Dalea Species: Field Performance, Growth Habits and Seed
Germination
Dale T. Lindgren* and Daniel M. Schaaf; Univ. of Nebraska, West
Central Research & Extension Center, North Platte, NE 69101

Dalea (prairie clover) is a large genus of plants of the western
hemisphere consisting of herbaceous and shrubby plants. As
many as 200 species of Dalea have been reported in northern
Mexico and the United States. Dalea species can be annual or
perennial. The forage value of Dalea for livestock is well known.
Ornamentally, Daleas are valuable for their foliage as well as for
their delicate flowers. Their value as a legume can also contribute
to sustainable landscapes. Field studies have been conducted with
Dalea species for use as ornamental plants in western Nebraska
since 1988. Growth habit varied greatly both within and between
species. Of the six species evaluated, three were selected to
determine differences for variation in growth habit, survival and
adaptation to west central Nebraska. Plant height ranged from 25
to 61 cm for Dalea villosa, 25 to 56 cm for Dalea purpurea and 33
to 81 cm for Dalea multiflora. Seed germination studies indicated
that cold stratification for 6 weeks significantly increased germina-
tion for Dalea purpurea and Dalea multiflora, but not for Dalea
villosa. Seed production also varied extensively between species.
Based on these studies, two seed propagated selections of Dalea
will be released, one of Dalea purpurea and one of Dalea villosa.

Poster 77
Seed Germination Requirements in Minnesota Populations of
Gaura coccinea
William Peters* and Neil O. Anderson; Dept. of Horticultural Sci-
ence, Univ. of Minnesota, 1970 Folwell Avenue, St. Paul, MN 55108

The increased popularity of Gaura as an herbaceous perennial
has arisen due to its showy flowers, heat/drought tolerance, and
continuous flowering throughout the growing season. A primary
objective of the Univ. of Minnesota Gaura breeding program is to
create winter-hardy (Z3–Z10) Gaura. The current species on the
market, G. lindheimeri, is only marginally hardy in Z5. To facilitate
this goal a native North American species, G. coccinea, has been
collected from ten populations growing on the hill prairies of
western Minnesota. Fifty-two plants were clonally propagated and
≥1,000 open-pollinated seeds were collected. Reproductive stud-
ies are currently being conducted with G. coccinea to select fertile
parents with high combining ability for interspecific hybridization
with G. lindheimeri. Seed germination is an important criteria for the
breeding program, either for germplasm maintenance or for seed
propagation. Experiments were conducted to determine the seed
germination requirements of G. coccinea. Seeds were tested in
light and dark for imbibition with/without scarification, GA3 applica-
tion or stratification in replicated trials repeated over time. Initial
tests indicated that no seed scarification is necessary for imbibi-
tion. Seed weight increased an average of 116% during the first 24
hours without scarification. The conditions necessary for optimum
germination of G. coccinea will be presented.

Poster 78
Assessment of Gray Mold, Botrytis cinerea, Resistance in
Regal Pelargonium
Andrea Lyn Murphy*, Loren Perewiznyk, and Richard Craig, Penn-
sylvania State Univ., 335 Oakwood Ave., State College, PA 16803

Pelargonium xdomesticum (L.H. Bailey)—the regal pelargo-
nium—is a beautiful potted plant. Resistance to Botrytis cinerea-
gray mold is a primary objective of the Pennsylvania State Univ.
breeding program. Twenty-eight greenhouse grown cultivars of P.
xdomesticum were evaluated for resistance to gray mold disease.
Seven of the cultivars were also grown outdoors and included in the

evaluations. Pathological evaluations were based on replicated
detached-leaf assays maintained under growth chamber condi-
tions. In the detached-leaf assays the average area of the lesion
and the area under the disease progress curve (AUDPC) were
calculated for individual leaf samples inoculated with B16-an
isolate of Botrytis cinerea. The detached-leaf assays exhibited
significant differences in resistance levels among P. xdomesticum
cultivars. Among the evaluated cultivars, Debutante, Maiden Pet-
ticoat, Tiara, and Rapture exhibited a greater level of resistance to
isolate B16 whereas ‘Fascination’, ‘Excalibur’, and ‘Brilliance’
exhibited a lower level of resistance. The seven cultivars grown
outdoors demonstrated no significant difference in levels of resis-
tance to the B. cinerea isolate compared to those cultivars grown
in the greenhouse. Among the seven cultivars grown outdoors,
‘Debutante’ exhibited the highest level of resistance.

Poster 79
Flower Color Inheritance in Eustoma
Jamal Uddin, A.F.M*, F. Hashimoto, and Y. Sakata; Kagoshima
Univ., Ornamental Horticulture Lab., Korimoto 1-21-24, Kagoshima
890-0065, Japan

The main focus of this study was to determine the inheritance of
flower pigmentation in eustoma cultivars. By self and cross-pollina-
tion using four eustoma cultivars and a number of their traits, a clear
genetic segregation in the progenies were found to define their
genotypes. The influence of three major anthocyanidin; delphinidin
(Dp), pelargonidin (Pg) and cyanidin (Cy) synthesis pattern that
express color demonstrated with their dominant and recessive
alleles. In all the traits of eustoma flower exhibited an assortment of
petal pigmentation patterns. The number in their progeny in geno-
type statistics were expressed as a ratios arranged by common
mendellian rule. Based on these findings, the inheritance and the
flower color expression, the probable genotype of ‘Mickey Rose’,
‘Royal Violet’, ‘Asuka no Kurenai’ and ‘Mellow Lavender’ are de-
signed as PgpgCycyDpdp, PgpgCycyDpDp, PgPgCycyDpdp and
PgpgCyCyDpDp respectively. Dp was found as dominant over Pg
and Cy.

Poster 80
Stomatal Index and Senescence Symptom as Correlated
Traits to Cutflower Postharvest Longevity of Antirrhinum
majus L.
William J. Martin* and Dennis P. Stimart, Dept. of Horticulture,
1575 Linden Drive Madison, WI 53706

Cutflowers of Antirrhinum majus L. (Snapdragon) exhibit senes-
cence symptoms of wilting or browning/drying. Inbreds, P1 and P2,
exhibiting extremes for cutflower postharvest longevity (PHL) and
wilting and browning/drying senescence symptoms respectively,
were hybridized. A derived F2 population of 630 individuals and 100
derived F3 families, created through F2 self-pollination, were evalu-
ated for stomatal index (SI). The F3 families were additionally
evaluated for PHL and senescence symptom. Data will be pre-
sented on heritability of SI, relationships of SI to PHL, and the
correlation of senescence symptom to PHL.

Poster 81
Inheritance of Bar Gene in Petunia Transformed with
Agrobacterium
Young-Min Ha, Yoon-Ja Moon, Sang-Mi Park*, Sang-Woo Lee,
Jong-Cheol Kim, Hyun-Jin Chun, Young-Gul Shon, and Zhoo-
Hyeon Kim; Dept. of Horticulture, Gyeongsang National Univ.,
Jinju 660-701, Korea

Transgenic petunia plants with bar gene were developed to use
in basic studies like as gene expression and gene function, espe-
cially to assess the expression of exotic gene over generations,
and to fine the difference of level in homozygous and heterozygous
genotypes of exotic gene. Cotyledon explants of petunia inbred line
538 were co-cultivated with Agrobacterium tumefacience EHA105
strain containing NPTII and bar gene for transformation. Transgenic
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plants were selected on the medium with 200mg/L kanamycin in
vitro and then were reselected by 0.1% Basta (v/v) spraying. The
presence of both NPTII gene and bar gene from the transgenic
plants, in T1, T2, BC1, and F1 progeny, was confirmed with PCR
amplification by the gene specific primers and Southern blot
analysis. Progenies of transgenic plants in T1 generation were
segregated with a 3 resistant: 1 sensitive ratio to Basta herbicide.
Segregation ratio of transgenic progeny from the backcross with
normal petunia susceptible to Basta herbicide was a 1 resistant: 1
sensitive. In sequential experiments, stable expression of bar gene
over generations, except a few case of abnormal segregation, was
confirmed with application of 0.1% of Basta herbicide in T2, T3, and
T4 progeny. Our data support that herbicide resistant gene, bar,
was stably transmitted into petunia genome, and inheritable over
generations like as Mendelian inheritance. The homozygous (RR)
and heterozygous (RS) progeny in bar genotype were obtained in
T2 and T3 generations and treated with 0.2, 0.4, 0.6, 0.8 and 1.0%
Basta herbicide for detecting their resistant strength to Basta
herbicide. The difference of resistant level between RR and RS
genotypes was not so much large, but which is more stronger
between RR genotype and RS genotype to Basta herbicide was
decided by their original transgenic lines.

Poster 82
Effects of Inbreeding in a Recombinant Inbred Line
Population of Brassica rapa
Federico Luis Iniguez Luy*1, James Nienhuis*1, and Thomas
Osborn*2; 2Dept. of Horticulture, 2Dept. of Agronomy, Univ. of
Wisconsin, Madison, WI 53706

Theoretically, if inbreeding is initiated in a random mating popu-
lation, the expectations are that genetic variation will increase but
that gene frequencies will not change. In a previous study on the
effects of inbreeding in a “Wisconsin Fast Plants” Brassica rapa
population we observed that overall gene (marker) frequency
significantly changed (c2 = 1842.96, P < 0.05) from a random mated
to an inbred (six cycles of full sib mating) population. Twenty six
(26) out of sixty nine (69) RAPD markers either increased or
decreased significantly (P < 0.005) in gene frequency. The change
in gene frequency as well as the differentiation of one population to
another has been attributed to natural selection (no intentional
selection was applied to the population during the inbreeding
process) and genetic drift. To better understand the unexpected
changes observed during inbreeding of the Brassica rapa popula-
tions, we initiated a study of intermediate cycles of inbreeding to
determine if trends in the changes in gene frequency could be
observed. The F3 and the F6 generations were characterized with
100 polymorphic RAPD (molecular marker) bands. Thus, the effect
of inbreeding could be traced back through generations of the
same line. Genetic diversity was calculated using the variance of
the binomial distribution. Changes in gene frequency were ob-
tained using a chi-square test. A genetic distance matrix for both
generations was obtained using the city block estimator approach.

Poster 84
Using Differential Display PCR to Study Symbiont-induced
Changes in Orchid Gene Expression
Jonathan I. Watkinson and Gregory E. Welbaum*; Dept. of Horti-
culture, Virginia Tech, Blacksburg, VA 24061

With increasing growth in the perennial sector of the nursery
industry, it has become important to evaluate novel plants for crop
worthiness and select plants that satisfy consumer demands.
Orchids have long been in demand as houseplants, but there is an
array of temperate terrestrial orchids that would be suitable for
home gardens as well. Though consumer demand for hardy
orchids is high, the production potential of orchids does not make
them suitable crops for growers. One problem with orchid produc-
tion is seed propagation. In nature, many temperate orchid species
require a fungal symbiont to induce or aid in germination. Though
methods to germinate native species asymbiotically have been

developed, production remains limited. To improve the production
potential of temperate, terrestrial orchids, a non-targeted approach
to gene discovery was employed to identify genes that are neces-
sary to the orchid-fungus symbiotic mycorrhizal relationship. This
approach is termed differential display. Prior to differential display
analysis, RNA must be extracted. Several extraction methods were
tried before a successful protocol using an acid-phenol with lithium
chloride precipitation was discovered. Differential display was
performed on mRNA from roots of Cypripedium parviflorum var.
pubescens grown in the presence or absence of a fungus
(Thanatephorus pennatus). The differential display protocol uses
AFLP technology to target coding regions of transcribed RNA. PCR
products labeled with P33 were separated by PAGE and visualized
on exposure to X-ray film. Differentially expressed bands were cut
from the gel, reamplified, cloned, and sequenced. To date, one
clone has been identified: trehalose-6-phosphate synthase/phos-
phatase. The use of differential display analysis is promising for the
identification of genes involved in the orchid fungus mycorrhizal
relationship.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 27: Genetics/Breeding/Biotechnology
Poster 84

DNA Fingerprinting of Cultivated Liripogons
E.W. Bush*, D.R. LaBonte, and D.S. Fajardo; Dept. of Horticulture,
Louisiana State Univ. Agricultural Center, Louisiana Agricultural
Experiment Station, Baton Rouge, LA 70803

Genetic analyses were conducted on five commercially available
liripogon selections: ‘Big Blue’ (Liriope muscari) and ‘Variegated’
liriope (L. muscari ‘Variegata’), Mondograss (Ophiopogon japonicus)
and ‘Variegated’ Mondograss (O. japonicus ‘Variegata’) and ‘Aztec
grass’. ‘Aztec grass’ has been classified in the literature and nursery
trade as both Ophiopogon and Liriope. A total of 184 genetic markers
were amplified by the Amplified Fragment Length Polymorphisms
(AFLPs) method and the data were analyzed using the Dice-
coefficient of similarity and unweighted pair-group mean analysis
(UPGMA) to determine relatedness. Genetic distances estimated
from the molecular maker data showed variegated selections were
genetically similar to, but distinguishable from, their nonvariegated
counterparts. ‘Aztec grass’ showed a closer relationship to
Ophiopogon sp., than to Liriope sp.

Poster 86
The Hybrid Origin of Syringa xpersica is Reaffirmed Using
AFLP DNA Markers
Jianhua Li1, Donglin Zhang*2, and John H. Alexander III1; 1Arnold
Arboretum of Harvard Univ.; 2Dept. of Animal and Horticultural
Sciences, Univ. of Maine

Syringa xpersica originated probably more than 340 years ago
and has been considered to be derived from hybridization because
of its sterility. However, the parentage is unknown. Green (1989)
suggested that S. xpersica might be of the parentage of S. vulgaris
x S. x laciniata s.s. Nevertheless, S. xlaciniata is rarely fertile. An
alternative theory is that S. xpersica s.s. was a hybrid of S.
protolaciniata and S. vulgaris, and has been supported by a molecu-
lar study using RAPD markers. In this study, we further assess the
origin of S. xpersica using DNA AFLP markers, finer fingerprinting
techniques that have been used for the identification and parentage
determination of cultivars. Fourteen samples were used represent-
ing S. protolaciniata, S. xpersica ‘Alba’, S. oblata var. dilatata, and S.
protolaciniata x S. oblata var. dilatata, S. protolaciniata x S. vulgaris
‘Heneri Robert’, and S. protolaciniata x S. vulgaris ‘Geheimrat
Singleman’. The latter two hybrids were created artificially at the
Arnold Arboretum. Banding patterns were analyzed using an ABI
377 Automated DNA Sequencer and an ABI Gene Analysis Kit.
Three primer pairs were used, generating 419 bands, which were
scored as 0 and 1 for the absence and presence of each band in each
sample. The Neighbor-Joining method was used to build a phyloge-
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netic tree showing relationships of those samples. The results show
that S. xpersica ‘Alba’ is clustered with hybrids of S. protolaciniata x
S. vulgaris, supporting the hypothesis that S. xpersica is of a hybrid
origin from S. protolaciniata and S. vulgaris. The remaining samples,
including S. xoblata var. dilatata and S. protolaciniata x S. oblata var.
dilatata form a group, which is sister to S. xpersica plus S. protolaciniata
x S. vulgaris.

Poster 87
Identification of Camellia Species Using Randomly Amplified
Polymorphic DNA (RAPD) Markers
S.O. Park, A.S. Bhagsari*, J. Carter, J.P. Jackson, and R.S.
Mentreddy; Agricultural Research Station, Fort Valley State Univ.,
Fort Valley, Georgia 31030

Camellia is an important ornamental and landscape plant in the
United States. The current practice of Camellia cultivar/flower regis-
tration by the American Camellia Society is based on morphological
traits. The application of molecular markers in cultivar identification
and registration is also becoming popular. Research was conducted
with 10 Camellia species and 16 random primers to test the feasibility
of identifying Camellia species using randomly amplified polymor-
phic DNA (RAPD). An average of 7.6 amplified DNA fragments,
ranging from 200 bp to 2072 bp in size, was generated per primer.
A total of 134 RAPD markers were identified in the ten species using
15 primers. This indicates that RAPD generates sufficient polymor-
phisms for identifying Camellia species. Each of 38 molecular
markers was present only in one species and absent in the remaining
nine species. Thirty of the 134 molecular markers distinguished
between C. rusticana and C. japonica, indicating that these markers
could be useful to identify the two species. The 10 Camellia species
were completely distinguished by the 134 RAPD markers. Molecular
markers generated by any one of the three primers (OPAB-01,
OPAB-04 or OPAG-15) could distinguish the ten species. The 10
species were also characterized easily by the 38 RAPD markers.
Camellia sinensis possessed 11 unique markers that were present
only in this species. The data suggest that each of the 10 species
have unique genomic regions. The molecular markers found in this
study could be utilized to distinguish species, identify cultivars,
develop dendrograms for determining genetic relationships, and
conduct taxonomic studies in Camellia.

Poster 88
Tagging Genes for Cold Hardiness in Rhododendron
Chon-Chong Lim1, Rajeev Arora*1, and Stephen L. Krebs2; 1Division
of Plant and Soil Sciences, West Virginia Univ., Morgantown, WV
26506; 2The David G. Leach Research Station at the Holden
Arboretum, Madison, OH 44057

In previous research, we assessed genetic variation for cold
hardiness (CH) in a segregating F2 population derived from a super
cold hardy (R. catawbiense) x moderate cold hardy (R. fortunei)
cross. The objective of this study was to identify DNA markers that
are linked to and cosegregate with the CH trait in these populations
using bulked segregant analysis (BSA). We used 7 to 8 F2 progeny
comprising the “tails” of the hardiness distribution, which resulted in
two bulks separated by an average 14.7 °C in CH phenotype. RAPDs
were used to compare for presence vs absence differences in our
CH bulks. Data indicate a 800 bp band from primer UBC #29 to be
present more often in the “low” cold-tolerance bulk than the “high’
bulk, suggesting that this marker is associated with genes from the
less hardy R. fortunei parent. Interestingly, these results illustrate a
case where selection of super–cold-hardy offspring could result from
selecting against the presence of this DNA marker. Our data also
indicate that in selecting those 15 progenies for cold hardiness using
presence/absence of this marker as a predictor, there is a 63%
chance (11/15) of making a correct assignment, and a 27% probabil-
ity (4/15) of making an incorrect one. Possible reasons for this
inexactness and alternative approaches for tagging cold hardiness
genes will be discussed.

Poster 89
Production and Characterization of Three Clethra
Interspecific Hybrids
S.M. Reed*1, M.S. Roh2, and Y. Joung3; 1Floral and Nursery Plants
Research Unit, USDA-ARS, McMinnville, TN; 2Floral and Nursery
Plants Research Unit, USDA-ARS, Beltsville, MD; 3Korea Research
Institute of Bioscience and Biotechnology

An interspecific hybridization project was undertaken in Clethra
with the goal of producing cold-hardy, adaptable cultivars with
superior ornamental characteristics. Reciprocal crosses were made
between C. alnifolia L. and C. acuminata Michx., C. fargesii Franch.,
and C. pringlei S. Wats. Clethra alnifolia is the most cold-hardy and
adaptable of these four species, whereas C. acuminata and C.
fargesii have attractive exfoliating bark and C. pringlei has glossy,
evergreen foliage. Viable plants were obtained from reciprocal
crosses between C. alnifolia and C. fargesii, and from crosses
between C. alnifolia and the other two species when C. alnifolia was
used as the maternal parent. Random amplified polymorphic DNA
(RAPD) markers were used to verity hybridity by comparing putative
hybrids with their parents. P-distances and RAPD banding pattern
similarities between plants obtained from reciprocal crosses pro-
vided evidence of hybridity. In all cases, neighbor-joining analysis
indicated that the putative hybrids had more RAPD markers in
common with C. alnifolia than with their other parent. Leaf, flower
and inflorescence measurements of the putative hybrid and paren-
tal plants were also made. The morphological resemblance of C.
alnifolia x C. acuminata and C. fargesii x C. alnifolia plants to their
paternal parent indicated that these plants were of hybrid origin.
The C. alnifolia x C. pringlei plants resembled C. alnifolia in many
respects, but they stayed green much later in the year than did C.
alnifolia and their leaves remained on the plants throughout the
winter. These foliage characteristics were presumed to reflect the
contribution of the evergreen C. pringlei, and thus were regarded
as evidence of hybridity. Future work will emphasize field evalua-
tion of the ornamental value of the interspecific hybrids, develop-
ment of advanced filial and backross progeny, and the production
of additional Clethra interspecific hybrids.

1:00–2:00 p.m. ................................................... CC Ballroom
Poster Session 28: Propagation/Tissue Culture
Poster 114

PS Priming to Improve Emergence of Garland
Chrysanthemum, Chrysanthemum Coronarium
H. Miura*, Y. Yamato, M. Hamano, and H. Yamazaki; National
Research Institute of Vegetables, Ornamental Plants and Tea, 360
Kusawa, Mie, 514-2392 Japan

Garland chrysanthemum is grown as green in Japan, China and
Taiwan. The percentage of emergence from the seeds is not high.
We have developed new seed treatment, post-sown (PS) priming.
So we examined whether PS priming improved the emergence of it.
The seeds were sown in flats packed with a plug-nursing mixture
(Yosaku N-140, Japan) adjusted to 40%, 45%, and 50% moisture
(water/wet weight), and the flats put into plastic boxes to maintain the
moisture of the mixture were incubated at 15 °C for 3, 5 and 7 d, and
at 25 °C for 3 and 5 d. Then the flats were fully watered and
transferred into growth-cabinets to induce emergence and growth.
Among 15 treatments, the treatments of 40% moisture for 3 d at 15
°C, 40% moisture for 5 d at 15 °C and 40% moisture for 3 d at 25 °C
were chosen as suitable treatments for PS priming. In another
experiment with these three treatments, seeds in the only treatment
of 40% moisture for 5 d at 15 °C emerged at the rate of 11% at 0 d
(the end of treatment), and the percentage of emergence was always
higher from 3 to 10 d in the treatment of 40% moisture for 3 d at 15
°C than in that of 40% moisture for 3 d at 25 °C. After the most suitable
treatment of 40% moisture for 3 d at 15 °C, flats were transferred into
a glasshouse. The emergences began at 3 and 1 d, and attained 52
and 73% at 15 d, and top fresh weights per seedling were 190 and
330 mg at 15 d in the control (nontreated) and the treatment,
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respectively. It became evident that SP priming for garland chrysan-
themum seeds was very useful for improvement of their emergence.

Poster 115
Effect of Simulated Wavelength Colors on Tissue Culture
Regeneration and Development of Daylily (Hemerocallis
fulva L.)
Johnny Carter*, and Ashkea J .Askew, Agricultural Research Sta-
tion, Fort Valley State Univ., Fort Valley GA 31030

During Summer 2000, a study was conducted to determine the
effect of different stimulated wavelength colors on tissue culture
regeneration and development of daylily. The wavelength colors
used were simulated with cubical boxes contructed from colored
transparency plastic sheets. Red, yellow, violet, green, blue and a
control were the simulated wavelength color treatments observed.
Each treatment was replicated four times in a complete random-
ized block design. Two cultivars (‘E.L. Stout’ and ‘Amadeus’) were
used. Daylily explants were cultured on a MS + BAP (3.0 mg/L) +
IAA (0.5 mg/L) medium under the simulated wavelength colors.
After six weeks of culture, the results showed that the two cultivars
responsed similarly to different light treatments. The yellow and
violet treatments significantly promoted embryo regeneration and
development when compared to the control. However, the red,
green, and blue treatments significantly suppressed embryo re-
generation and development.

Poster 116
Use Of Digital Analysis of Radicle Extension Of Impatiens
Seedlings as an Early Indication of Seed Vigor
Kay Oakley*, Sharon Kester, and Robert Geneve; Dept. of Horticul-
ture, Univ. of Kentucky, Ventura, KY 93001

Vigor level of six seed lots of Impatiens walleriana Hook was
predicted using computer analysis of radicle emergence. Seed was
tested for percent germination and vigor level upon receipt from
PanAmerican Seed. Germination tests were performed under AOSA
rules and vigor was measured by the saturated salt accelerated
aging test. There were no statistical differences in seedlot standard
germinations. Aged seed revealed statistical differences between
the highest and the lowest vigor seed lots. Seedlot vigor levels,
ranked from high to low, were #5, 89.5%; #6, 89%; #4, 89%; #8, 85%;
#7, 83%; and #3, 77%. Unaged seed was used in computer aided
vigor assessment and germinated using a transparent cellulose film
as growth substrate. Seeds were scanned at 24 h post-sowing using
flatbed scanning technology. Scanning resumed upon radicle pro-
trusion and every 24 h thereafter for 4 days. Day of radicle protrusion
varied with germination temperature. Length and area of seedlings
were analyzed using MacRhizo software. Differences in seed size
were eliminated by subtracting hydrated seed from germinated seed
measurements. Mean adjusted seedling lengths at day 4 post-
germination at alternating germination temperture of 15/25 °C ranked
the seedlots from high to low, #5, 1.09 cm; #6, 0.87 cm; #7, 0.64 cm;
#8, 0.58 cm; #4, 0.49 cm; and #3, 0.43 cm. Statistical differences
were found between seedlots except mid-level vigor seedlots, #7, #8
and #4. Radicle emergence analysis was more sensitive to differ-
ences in vigor than the saturated salt accelerated aging vigor test.
Using computer imaging as a tool for measuring seedlot vigor is an
accurate, simple, economical and reproducible method. Further
studies will correlate digitally analyzed rate of radicle emergence
with greenhouse emergence tests.

Poster 117
Measuring Speed of Germination Using Computer-aided
Machine Vision
Sharon Kester*, Erin Wilkerson, Richard Gates, and Robert Geneve;
Dept. of Horticulture, and Dept. of Biosystems & Agricultural
Engineering, Univ. of Kentucky, Lexington, KY 40546

When a population of seeds is graphed as the number of seeds
that germinate per unit of time, the curve roughly follows a normal
distribution. This is central for mathematical models that predict the

time to seedling emergence. Time to radicle protrusion is also an
important indicator of seed vigor. However, accurate measures of
radicle protrusion can be difficult to collect because of the time
required to access growth. It is a large investment in time for the
seed technician to count germinated seeds every few hours. A
computer-aided machine vision system was developed to assess
petri dish germination every 30 minutes. The system captures
digital images using a flat-bed scanner with lighting provided above
and below the petri dish. Software was developed to capture
images at specific time intervals and process those images to
determine if individual seeds had germinated as indicated by an
increase in pixel area. Seeds were germinated in petri dishes using
a clear, cellulose medium that permitted images to be captured by
the flat-bed scanner. Utilizing top and bottom lighting produced
crisp images that were obtained without removing the petri dish lid
even when the lid had significant condensation. Utility of this
system will be demonstrated by comparing precise germination
rates from tomato mutants and tobacco transgenics that show
differences in time to radicle protrusion.

Poster 118
Influences of Calcium Hypochlorite and Benzyladenine on
Seed Germination and Protocorm Growth of Showy Lady’s-
Slipper Orchid (Cypripedium reginae) In Vitro
Keun Ho Cho* and Chiwon W. Lee; Dept. of Plant Sciences, North
Dakota State Univ., Fargo, ND, 58105

The efficacy of using calcium hypochlorite [Ca(ClO)2] and
benzyladenine (BA) during seed germination and protocorm cul-
ture in vitro of the showy lady’s-slipper orchid (Cypripedium reginae
Walt.) was investigated. Seeds pretreated with 0%, 0.5%, 1%, and
5% calcium hypochlorite solution for 6 h showed germination of 23,
95.9, 68.9, and 58.4%, respectively, on a half-strength Phytamax
(Sigma Co.) agar medium. When 0, 10, 20, or 40 µM BA was used
in the full-strength Phytamax medium with or without agar, the
medium containing 10 µM BA gave the highest fresh protocorm
weight. As BA concentration in the agar medium increased, the
length of protocorm roots decreased, while slightly increasing the
root diameter. The number and length of protocorm shoots in-
creased as BA concentration increased. Growth of shoots and
roots form protocorms cultured in liquid medium was poor, espe-
cially at 20 and 40 µM BA.

Poster 119
Fractional Disinfection Procedure for Huperzia lucidulum
Explants
Alice Spurlin-Waegel*, Neumann College, Aston, PA 19014

The shining club moss, Huperzia lucidulum, can be propagated
in tissue culture, but it is difficult to obtain sterile explants. To
facilitate surface sterilization of H. lucidulum, a fractional disinfec-
tion procedure was developed. Based on the principle that vegeta-
tive microbial cells are more easily destroyed than spores, frac-
tional disinfection induces spore germination before the treatment
of explants with a sodium hypochlorite solution. This study com-
pares the effectiveness of fractional disinfection to standard disin-
fection methods for club moss explants. When standard methods
were used, 100% of H. lucidulum apical tips disinfected for 10, 20,
or 30 minutes with 1% sodium hypochlorite/0.15% Tween 20 either
quickly showed evidence of microbial contamination or turned
brown. In contrast, when one 24 h cycle of fractional disinfection
was used to surface sterilize H. lucidulum explants, 22% remained
contamination free for over 5 weeks. Even better, when club moss
explants were treated with two consecutive 24 h cycles of fractional
disinfection, 50% remained contamination free for over five weeks.
Because the fractional disinfection procedure was more effective
than standard disinfection methods, it was applied to the original
club moss explants, 81% of which had remained contaminated
even after multiple standard disinfections. Applying the fractional
disinfection method to these contaminated cultures produced an
additional 15.6% contamination free club moss apical tips. After
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successful surface sterilization, H. lucidulum apical tips and gem-
mae established in vitro grew normally compared to conventionally
propagated club moss cuttings and gemmae in nature.

Poster 120
Shoot Proliferation of Exochorda racemosa
Guochen Yang* and Marihelen Kamp-Glass; Dept. of Natural Re-
sources & Environmental Design, North Carolina A&T State Univ.,
Greensboro, NC 27411

In vitro cultures of Exochorda racemosa was established using
softwood explant materials. The cultures were initiated and main-
tained in Woody Plant Medium (WPM) supplemented with 0.1 mg/L
BA, 3% sucrose and 0.7% agar with the pH adjusted to 5.8. All
cultures were transferred onto fresh media every 4 weeks and
incubated under a 16-h photoperiod and a photo flux density of 12.8
± 4.8 µmol·m–2·s–1 light provided by cool-white fluorescent tube at 23
± 3 °C. The shoots were then cut and transferred to media containing
BA, CPPU or thidiazuron (TDZ) at different concentrations. The best
shoot proliferation was achieved from cultures containing TDZ.

Poster 121
In Vitro Culture of Cogongrass, Hairawn Muhly, and
Narrowleaf Silkgrass
J.H. Aldrich*1, O.U. Onokpise2, and J.G. Norcini1; 1Univ. of Florida,
North Florida Research and Education Center, Rt. 4 Box 4092,
Monticello, FL 32344; 2Florida Agricultural and Mechanical Univ.,
Division of Agricultural Sciences, Room 303 South Perry-Paige
Building, Tallahassee, FL 32307

Hairawn muhly [Muhlenbergia capillaris (Lam.) Trin.; MG] and a
dicot, narrowleaf silkgrass [Pityopsis graminifolia (Michx.) Nutt.; PG]
in the St. Marks National Wildlife Refuge, St. Marks, Fla. have shown
a tendency to inhibit the spread of cogongrass [Imperata cylindrica (L.)
Beauv.; CG], a highly invasive exotic weed. An in vitro study of
possible allelopathic and interplant competitive activities of MG or PG
on CG would necessitate initiation of explants, seedlings, and or callus
tissues of these species. Freshly collected CG and MG caryopses and
PG seed (the latter two sp. imbibed for 24 h) germinated in vitro on
Murashige and Skoog basal medium + 0.3% (w/v) Phytagel + 10% (v/
v) coconut milk + 3% (w/v) sucrose and adjusted to pH 5.8 (GM). CG
caryopses, PG seed, and MG immature inflorescences cultured on
GM + 13.6 µM 2,4-D resulted in callus tissues.

Poster 122
Warm Stratification and High Germination Temperatures
Improve Seed Germination of Cordia boissieri
U.K. Schuch*1, E. Davison1, and J. Kelly2; 1Plant Sciences Dept., Univ.
of Arizona, Tucson, AZ 85721; 2Pima County Coop. Extension,
Tucson, AZ 85719

Cordia boissieri (Texas olive) is a popular woody landscape plant in
the Southwestern United States and has recalcitrant seeds. The
objectives of this study were to determine optimum conditions for
germination of C. boissieri seeds. In the first experiment, seeds were
subjected to five treatments: 1) no clean, no stratification; 2) clean, no
stratification; 3) no clean, warm stratification (WS); 4) clean, WS; and
5) no clean, WS followed by cold stratification. Seeds from each
treatment were then germinated for 21 d at 25, 30, or 35 °C. WS or WS
followed by cold stratification and a germination temperature of 35 °C
resulted in the highest germination, 33% to 43%. Germination was not
affected by the presence or absence of the fleshy pericarp before
stratification. Germination temperatures of 25 and 30 °C resulted in
0% to 6.6% germination, regardless of previous treatments. In the
second experiment, treatments 2, 3, 4, and 5 were repeated and
seeds were exposed to germination temperatures from 30 to 45 °C.
Germination of 70% to 100% was recorded for seeds that were
cleaned, warm stratified, and germinated for 14 d at temperatures of
35 to 42 °C. Seeds that were not cleaned and warm stratified had 90%
germination at 40 °C, and 50% to 70% germination at temperatures
from 33 to 38 °C. Less than 30% germination was observed for the
other two treatments (2 and 5). These results suggest that WS

followed by germination temperatures of 38 to 40 °C will yield 70% to
100% percentage of seed germination of C. boissieri within 14 days.

Poster 123
Development of Ovule Culture Techniques for Breeding
Interspecific Hybrids Among Abelia Species
S.M. Scheiber* and Carol D. Robacker; Dept. of Horticulture, Georgia
Station, Univ. of Georgia, Griffin, GA 30223

Flowering evergreen shrubs that are compact and resistant to pests
are in great demand in the nursery and landscape industries. The
genus Abelia contains 30 species that vary in many traits including
flower color, growth habit, and hardiness. Interspecific hybridization
among species of Abelia offers the potential for new cultivars. Inter-
specific hybridization can be difficult or impossible due to a number of
factors such as failure of endosperm development or failure of viable
seeds to germinate. Seeds from interspecific hybridization between A.
xgrandiflora ‘Francis Mason’ x A. schumannii failed to germinate.
Examination of the seeds revealed brown, shriveled ovules. To
circumvent the problem, ovule culture was employed. Ovules were
dissected from the fruiting structure 4, 5, and 6 weeks after pollination
and placed in petri plates containing either Woody Plant Medium
(WPM) or Linsmaier and Skoog (LS) Medium. In addition 0, 2, or 8 mg/
L 2iP was added to both media. All media contained coconut water
(5% v/v), sucrose (30 g/L), agar (8 g/L), and MS vitamins (1 mg/L).
Data was collected on embryos recovered, spontaneous embryo
germination, embryo survival following transfer to standard green-
house conditions, and final plant survival following the hardening off
process. A significant effect due to number of weeks following pollina-
tion was found for all parameters examined. The best harvest date
was 5 weeks after pollination. Plant growth regulator rate and basal
salt media were only significant for final plant survival following the
hardening off process. Woody Plant Medium and 0 mg/L 2iP produced
the best results. Plant survival reached 80% when ovules were
cultured 5 weeks after pollination on WPM containing no growth
regulator.

Poster 124
Micropropagation of Recultured Shoots of Adult Eastern Black
Walnut (Juglans nigra L.)
Susan Pearson*, John E. Preece, and J.W. Van Sambeek; Dept. of
Plant, Soil and General Agriculture, Southern Illinois Univ., Carbondale,
IL 62901-4415 (SP, JEP) and USDA Forest Service, 202 Natural
Resources Building, UMC, Columbia, MO 65211-7260 (JWVS)

The object of this study was to enhance axillary shoot multiplication
from shoot explants that were excised from 16–18 month-old adult
shoot cultures of Juglans nigra. Growth regulators, media and gelling
agents vs. liquid medium were tested. The proliferating shoot cultures
from which shoot explants were excised were on stationary liquid
Driver-Kuniyuki Walnut (DKW) medium with either 1.0 µmol
benzyladenine (BA), 0.3 µmol thidiazuron (TDZ) plus 0.5 µmol
Indolebutryic acid (IBA) or 10.0 µmol BA plus 0.5 µmol IBA. Every 2-
3 weeks the stock cultures were transferred to fresh medium and
alternately, the cultures were on medium for 2 weeks with the TDZ
combination and 4 weeks with the BA and IBA combination. Shoot
proliferation has been excellent using stationary liquid DKW medium
when black walnut shoots are fully acclimatized to in vitro conditions
and shoot multiplication has stabilized. The growth regulator combina-
tion for optimum shoot proliferation of the recultured shoots was 0.03
µmol TDZ, 1.0 µmol BA plus 0.5 µmol IBA. On this medium, callus
formation was minimal and a mean of 3 shoots per explant had
elongated to a mean of 14 mm long after 8 weeks of reculture.
Although initially there were more shoots that elongated when the TDZ
was at 0.3 µmol, after 11 weeks in reculture, callus formation was
excessive. This callus must be excised each month for better shoot
growth. This additional step is not necessary when there is only 0.03
µmol TDZ in the medium.

Poster 125
Forcing and Rooting Softwood Cuttings of Hydrangea
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quercifolia
Donna I. Ledbetter* and John E. Preece; Dept. of Plant, Soil and
General Agriculture, Southern Illinois Univ., Carbondale, IL 62901-
4415

The objective of this study was to obtain leafy softwood cuttings of
Hydrangea quercifolia (oakleaf hydrangea) from large woody shoots
and to root the cuttings. In Mar. 2000, large stems of oakleaf hydran-
gea were harvested from outdoor-grown plants and cut near the
ground line. Theses stems were then cut into 40-cm long segments
and placed horizontally into plastic flats filled with perlite and placed
under intermittent mist. Within 1 month, shoots were excised with
sizes ranging from 3.0 to 10.0 cm long (mean length 5.7 cm). Each
stem segment produced a mean of 7.3 softwood shoots over a 6-
month period. For the rooting study, softwood shoots were also taken
from outdoor plants with the same range of shoot lengths for compari-
son in the different rooting treatments. The bottom 2 cm of the
softwood shoots dipped in solutions containing 0, 1000, 5000, or
10,000 mg/L potassium salt of indolebutyric acid (KIBA) and planted
1 vermiculite : 1 perlite (v/v) and placed under mist. About 5 weeks
after treatment, the number of roots and root length data were
collected. Rooting was high in this experiment with 89%, 83%, 75%,
86% rooting for cuttings treated with 0, 1000, 5000, or 10,000 mg/L,
respectively. The mean number of days for rooting was 35 with an
overall mean of 10 roots per cutting. The mean root numbers were 9.3,
10.1, 11.7, and 10.5 for cuttings treated with 0, 1000, 5000, or 10,000
mg/L, respectively. There were no differences in rooting between
cuttings from forced stem segments or from outdoor plants.

Poster 126
Self-felting Wool Pellets as a Means of Weed Control for
Propagation and Liner Production
D. Bradley Rowe* and R. Thomas Fernandez, Michigan State Univ.
Dept. of Horticulture, East Lansing, MI 48824

Three experiments examined timing of Wulpak wool pellet appli-
cation and use of Wulpak and herbicides in liners for five herbaceous
perennials and two woody species: Brunnera macrophylla, Os-
munda regalis, Lamium maculatum ‘White Nancy’, Buddleia davidii,
Papavar carneum, Hydrangea serrata ‘Blue Bird’ and Itea virginica
‘Henry’s Garnet’. Flats were inoculated with three species of weeds:
hairy bittercress (Cardamine hirsuta), liverwort (Marchantia
polymorpha), and yellow woodsorrel (Oxalis sp.). The propagation
timing study consisted of three treatments: an application of Wulpak
(155 g/ft2 of surface) prior to sticking, an application during the
transition from propagation to growing-on, and a control consisting
of no Wulpak. The other two experiments examined effects of
Wulpak and herbicides on weed control and plant growth and
consisted of five treatments applied to rooted liners: wool pellets
(155 g/ft2 of surface), wool pellets treated with SpinOut, the herbi-
cides Gallery 75 DF (isoxaben) and Factor 65 WG (prodiamine), and
a control. Applications of Wulpak suppressed weeds, but its use is
questionable during propagation of cuttings. Once cuttings were
rooted, the application of Wulpak + Spinout and Wulpak alone
enhanced shoot and root dry weight accumulation in all species. The
negative effect of Wulpak was higher plant mortality. Lower survival
and limited growth during propagation for cuttings stuck in flats
already containing a Wulpak mulch layer was probably caused by
high substrate moisture levels.

Poster 127
Rooting of Viburnum Stem Cuttings As Affected by Hormone
Treatment
Houchang Khatamian*, Dept. of Horticulture, Forestry and Recre-
ation Resources, Kansas State Univ., Manhattan, KS 66506-4002

Southern or Rusty Blackhaw (Viburnum rufidulum Raf.) is a worthy
specimen with lustrous green foliage that turns deep burgundy in
autumn. It reaches 10 m high and, because of its excellent drought
and cold tolerance, is well suited for the Midwest landscape. Soft-
wood stem cuttings of Viburnum rufidulum and V. ‘Emerald Triamph’
were collected from specimen plants grown at J.C. Pair Horticultural

Res. Center in Wichita, Kans. Uniform cuttings 12–15 cm long were
dipped for 10 s in 0, 5000, 10,000, 15,000, and 20,000 ppm IBA
solution and Hormodin™ No. 2 rooting powder. Cuttings were stuck
in a rooting mix of 30% Canadian sphagnum peat and 70% perlite (v/
v) placed in a greenhouse at Kansas State Univ. High humidity was
achieved using a fog generator (Humidifan, turbo XE 1000), which
was operated for 12 h/day. After 5 months, cuttings were lifted and
evaluated for rooting. Cuttings of ‘Emerald Triamph’ rooted 100%
except for the 10,000 ppm IBA treatment, which had 75% rooting.
Viburnum rufidulum cuttings rooted 100% regardless of the IBA
treatment. Control cuttings rooted at 83%. Roots of V. ‘Emerald
Triamph’ were long, extensive, and fibrous vs. the fleshy, short, and
uniform roots of V. rufidulum. The high IBA concentration resulted in
short and stubby roots.

Poster 128
Influence of Soil Water Potential on Rooting Stem Cuttings of
Loblolly Pine
A.V. LeBude*, B. Goldfarb, F.A. Blazich, J. Frampton, and F.C. Wise,
Dept. of Forestry, NCSU Loblolly and Slash Pine Rooted Cutting
Program, North Carolina State Univ., Raleigh, NC 27695-8002

A study was conducted in June 1999 to determine effects of xylem
pressure potential, soil water potential, and insertion depth on
adventitious rooting of stem cuttings of loblolly pine (Pinus taeda L.).
A range of soil water potentials was created by applying three
different amounts of mist to five media consisting of the following
ratios of peat : perlite: 1:0, 3:1, 1:1, 1:3, and 0:1 (v/v). Two mist
treatments were controlled by individual soil tensiometers preset at
threshold levels of –1.3 kPa (high mist) and –2.3 kPa (low mist),
respectively. When the 1 peat : 3 perlite medium for both the high and
low mist treatments dried past the pre-set thresholds, mist was
reapplied. The third mist treatment (control) was our normal com-
puter activated program using relative humidity and time of day to
control frequency of mist application. Softwood stem cuttings treated
with 2.5 mM naphthaleneacetic acid were inserted to a 2 or 4 cm
depth into each medium. Soil water potential and xylem pressure
potential were measured weekly in each plot for 5 weeks. Rooting
percentage was 45% in the control treatment followed by 33% in the
low mist, and 23% in the high mist after 12 weeks. There was no
significant difference between sticking depths for rooting percent-
age. A weak relationship was noted between soil water potential and
rooting percentage, with a moderate, quadratic relationship between
xylem pressure potential and rooting percentage (r2 = 0.33). The
highest rooting percentages occurred between a xylem pressure
potential of –0.5 and –1.1 MPa. Outside this range of xylem pressure
potentials, cuttings rooted poorly. Previous reports indicate that
reduced rooting in stem cuttings is highly correlated with extreme
water stress, and our research adds that moderate water stress may
be stimulatory.

Poster 129
Effects of Foliar Auxin and Ringing on Stooling of Corylus
avellana ‘Contorta’
Brian K. Maynard* and William A. Johnson; Dept. of Plant Sciences,
Univ. of Rhode Island, Kingston, RI 02881

An ongoing study is underway to assess new uses for commer-
cially based scion- and cutting wood stock plants that are no longer
being used for propagation. Twenty-four 27-year old stock plants of
Corylus avellana ‘Contorta’, Harry Lauder’s Walking Stick, were cut
back to a height of 6 inches in 1998 and have been maintained as a
stool bed for three seasons. In June 2000 a 3 x 2 factorial of foliar
auxin sprays [20:1 or 10:1 Dip-N-Grow (DNG; 500 ppm IBA+ 250
ppm NAA, and 1000 ppm IBA+ 500 ppm NAA, respectively), or a
water control] and ringing the base of young shoots with hog ring
pliers, was applied to plants selected at random (n = 4). Elongating
stems within a 12" high wooden enclosure were mounded twice with
wood shavings. After 5 months, stool shoots were harvested and
scored for percent rooting and root number per rooted shoot. Neither
hormone treatment nor ringing significantly affected rooting percent-
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age (range 53% to 79%, mean 67%). Hormone did not affect the
number of roots produced on ringed shoots (10.7), but non-ringed
shoots treated with 10:1 DNG produced more roots (19.9) than either
20:1 DNG (9.2) or the water control (5.5). Both roots and leaves
showed symptoms of auxin phytotoxicity at 10:1 DNG. Ringed
shoots were easy to harvest and yielded well-developed root sys-
tems. It appears that while ringing is advantageous to stooling
Corylus avellana ‘Contora’, foliar hormone applications are unnec-
essary and may injure new shoots. Similar studies are in progress
with stock plants of Hamamelis xintermedia ‘Arnold Promise’ and
Cotinus coggygria ‘Royal Purple’.

Poster 130
Grafting Grevilleas for Introduction to Non-native Soils
Jason Julian, Wesley Hackett, and Michael Reid*; Dept. of Envi-
ronmental Horticulture, Univ. of California, Davis, CA 95616

Species and hybrids of the Grevillea genus are flowering shrubs
with beautiful flowers and interesting foliage. The use of Grevilleas
in the landscape is often limited by soil conditions, with symptoms
of nutrient disorders and toxicities occurring at relatively moderate
pH values and salt concentrations. Some Grevillea species are
tolerant of higher pH values and nutrient concentrations, notably
Grevillea robusta (‘Silky Oak’). Using seedlings of G. robusta as a
rootstock, ≈400 total top wedge grafts were made using nine
different hybrids and species. Leaves were removed from the
scions, grafts were sealed with Parafilm® then the scions were
covered with clear, re-sealable plastic bags. Experimental condi-
tions included covering the bags with foil to exclude light, and
inclusion of a rootstock leaf inside the plastic bags. Successful
unions were formed to varying degrees by eight of the nine scions.
Greatest success was found using the hybrids ‘Ruby Clusters,’
‘Robyn Gordon,’ ‘Constance’, and ‘Ivanhoe’. Total exclusion of
light to the scions decreased rate and percent of successful grafts,
often associate with the development of fungal infections. Higher
humidities in the plastic bag appear to increase rate and percent of
successful grafts for the majority of the scions tested. Successfully
grafted plants were watered as needed with a half-strength
Hoagland’s solution and repotted in 3 U.C. Mix : 1 Perlite as
dictated by growth. Several potential incompatibilities may exist
but replications have yet to corroborate this. The role of seedling
variability is also being considered as a potential source of variation
in graft success. Little if any effect of increased pH and nutrient
concentration on the health of the grafted individuals has been
noted, suggesting the increased tolerance to such conditions by
the G. robusta rootstock. In vitro cultures of G. robusta and several
hybrids have been established for future investigation into the
viability of micrografting as a means of commercial propagation.

Poster 131
The Influence of Seed Maturity, Cold, and Gibberellic Acid
Treatments on Germination and Physiological Changes in
Styrax japonicus Seeds
Mark S. Roh*1, Paul Wang2, Ercheng Li2, and Masaji Koshioka3;
1USDA, ARS, USNA, Floral and Nursery Plants Research Unit,
Beltsville, MD 20705; Howard Univ. Hospital, Dept. of Radiology,
Washington, D.C.; 3MAFF, NIVOT, Dept. of Floriculture, Mie, Japan

The effect of seed maturity, low temperature (5 °C), and gibberellic
acid (GA3) treatment on seed germination of Styrax japonicus was
investigated. Seed maturity and physiological changes were studied
using nondestructive magnetic resonance imaging (MRI). According
to Dirr (1990), Styrax seeds may exhibit a double dormancy that
requires 2 years to germinate following repeated warm and cold
treatments. However, fresh seeds may germinate in 1 year. In our
studies, seeds harvested 10 weeks from the time of flowering
showed some structural development when imaged by MRI. Those
harvested before 12 weeks after flowering did not germinate, al-
though seed structures were clearly imaged. Germination did not
occur in seeds harvested more than 12 weeks after flowering without
any treatment. Those treated with 3000 and 6000 ppm of GA3 failed

to germinate. After 6-month storage at 20 °C, seeds that subse-
quently received 1 or 3 months of 5 °C treatment germinated equally
well. Results of germination of fresh and stored seeds as influenced
by warm and low temperature treatment will be presented. Further,
changes in water status analyzed by MRI using an inversion recov-
ery imaging technique to construct a map of T1 relaxation time and
in endogenous gibberellins by using combined gas-chromatogra-
phy/mass spectrometry during seed storage and as influenced by
low temperature treatment will be presented.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 29: Crop Production
Poster 186

Influence of Different Growing Media on Tomato Seedling
Production
Nusret Ozbay*1 and Ahmet Isbeceren2; 1Dept. of Horticulture and
Landscape, Colorado State Univ., Fort Collins, CO 80523; 2Dept. of
Horticulture, Gaziosmanpasa Univ., Tokat, 60100 Turkey

The objective of the present study was to evaluate the effects of
20 growing media on tomato seedling production under lower plastic
tunnel. Twenty growing media were prepared from topsoil, sand,
farmyard manure, perlite, and sawdust by mixing them in different
ratios by volume. A standard nutrient mixture was added to each
combination. These materials are abundant, affordable and obtain-
able easily in Turkey. Experiment was conducted under lower plastic
tunnels on the trial plots of Gaziosmanpasa Univ., Turkey. In this
study, randomized complete blocks design with 3 replicates was
used as an experimental design. Tofacilitate interpretations, germi-
nation rate, number of leaves, stem length, stem diameter, stem
fresh weight, stem dry weight, root length, root fresh weight, and root
dry weight of tomato seedlings grown in different growing media
were compared. The results of the study have shown how the use of
different growing media significantly influenced growth and quality of
tomato seedlings. The best mixture consisted of 1 topsoil : perlite :
1 manure (v/v/v) including a standard nutrient mixture.

Poster 187
Evaluating Effects of Different Growing Media on Cucumber
Seedling Production Under Lower Plastic Tunnel
Nusret Ozbay*1 and Ahmet Isbeceren2; 1Dept. of Horticulture and
Landscape, Colorado State Univ., Fort Collins, CO 80523; 2Dept. of
Horticulture, Gaziosmanpasa Univ., Tokat, 60100 Turkey

An experiment was carried out with 20 different growing media
prepared from topsoil, sand, farmyard manure, perlite, and sawdust to
evaluate their effects on growth and quality of cucumber seedlings.
Twenty growing media were prepared from topsoil, sand, farmyard
manure, perlite, and sawdust by mixing them in different ratios by
volume. A standard nutrient mixture was also added to each combi-
nation. These materials are abundant, affordable and obtainable
easily in Turkey. Experiment was conducted under lower plastic
tunnels on the trial plots of Gaziosmanpasa Univ., Turkey. In this
study, a randomized complete-block design with 3 replicates was
used as an experimental design. To facilitate interpretations, germina-
tion rate, number of leaves, stem length, stem diameter, stem fresh
weight, stem dry weight, root length, root fresh weight, and root dry
weight of cucumber seedlings grown in different growing media were
compared. The results of the study have shown that the differences
among the growing media were statistically significant in respect to
root and stem development of cucumber seedlings. The best mixture
consisted of 1 topsoil : 1 perlite : 1 manure (v/v/v) including a standard
nutrient mixture.

Poster 188
Treatments of Fluctuating Temperature Under Continuous
Light Enabled the Production of Quality Transplants of
Tomato, Eggplant and Sweet Pepper
Y. Omura*, Y. Oshima, C. Kubota, and T. Kozai; Chiba Univ.,
Matsudo, Chiba 271-8510, Japan
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In transplant production under artificial lighting conditions, continu-
ous lighting is desired to achieve high production efficiency while
potentially reducing costs. However, such physiological disorders as
chlorosis and necrosis on leaves are often observed under continuous
light. Tomato (cv. Momotaro), eggplant (cv. Senryonigo), and sweet
pepper (cv. Kyomidori) seedlings were grown for 14 days either under
a 12-h photoperiod with a photosynthetic photon flux (PPF) of 300
µmol·m–2·s–1 at 24/24 °C (temperature in photo-/dark period), or under
a 24-h photoperiod (continuous light) with a PPF of 150 µmol·m–2·s–1

under one of three temperature regimes: 24/24 °C, 28/20 °C and 32/
16 °C (temperature in the former (12 h)/latter half (12 h) of each day).
The average temperature was 24 °C and daily integrated PPF was
13.0 mol·m–2 for all treatments. The dry masses of tomato, eggplant,
and sweet pepper seedlings under a 24-h photoperiod were 1.1, 1.5,
and 1.6 times, respectively, greater than that under a 12-h photoperiod
at 24/24 °C. Chlorosis was observed on leaves under a 24-h photope-
riod for tomato at 24/24 °C and eggplant at 24/24 °C, and 28/20 °C; but,
it was not observed for tomato at 28/20 °C and 32/16 °C, and eggplant
at 32/16 °C. For all three species, the stems of the seedlings were
shorter on day 14 and the seedlings set the first flower at lower nodal
positions when grown under a greater diurnal range of air temperature
in the 24-h photoperiod. Fluctuating the air temperature under continu-
ous lighting enables the production of tomato, eggplant and sweet
pepper transplants of quality (i.e., having accelerated growth and early
flowering) without causing undesirable chlorosis on leaves.

Poster 190
Seed Germination and Seedling Vigor of Gourd (Lagenaria
siceraria) as Affected by Dry-Heat Treatments
Soo-Jung Hwang*, Hae-Jeen Bang, Ji-Young Hong, and Jung-Myung
Lee; Dept. of Horticulture, Kyung Hee Univ., Youngin, 449-701,
Republic of Korea

Dry-Heat treatment (DHT) of vegetable seeds has been recognized
as one of the indispensable methods to inactivate some notorious
seed-borne diseases and viruses. Most commonly accepted DHT
method is to expose the seeds to 75 °C for 3–5 days while gradually
reducing the seed moisture content. Seeds treated with dry-heat,
however, frequently exhibit reduced seed and seedling vigor, higher
rate of phytotoxicity, decreases in seed longevity, and others. Three
different DHT methods were compared to find out the response of
seeds of five gourd cultivars. Seed germination was considerably
affected by DHTs even though all DHTs showed reduced germination.
The percentage of healthy seedlings, which can be successfully used
for grafting as watermelon rootstock, was significantly decreased by
DHT in most tested cultivars. Cultivars showed different response to
DHTs. The characteristics of seedlings, such as seedling fresh weight,
hypocotyl length, etc. were also considerably influenced by DHT.
Phytotoxicity expression and decrease in seed vigor can be success-
fully minimized by carefully monitoring the DHT procedure even
though the maximum temperature was fixed at 75 °C.

Poster 191
Muskmelon Maturity and Yield as Influenced by Mulch Color
Helen C. Harrison* and Richard Rittmeyer; Univ. of Wisconsin,
Madison, WI 53706

Numerous research studies have demonstrated the value of
plastic mulches in influencing the underlying soil temperature in
which a crop is growing. Recent years have seen the development
of various colors of plastic that are now available for use in horticul-
tural settings. Colors range from the traditional black to green,
yellow, white, red, and silver to some that have two colors molded
together such as white on a black base among many others. Since
some colors of plastic mulch can have a significant warming effect
on the soil, many Northern growers of high value horticultural crops
that need considerable heat units are exploring not only using the
traditional black plastic mulch types, but also are interested in
determining if other colors of plastic might indeed further increase
both their crop’s earliness and total yield. For this study, we grew
three replications of an early muskmelon cultivar on eight color types

of plastic mulch at each of two locations in Wisconsin, one having an
extremely sandy soil with less than 1% organic matter and the other
being a heavy, praire loam soil with ≈4% organic matter. Our intent
was to determine if color, ultraviolet light transmission abilities, and
plastic embossing would affect total yield, melon number, average
fruit weight, and average dried vine weight along with earliness.
There were five plants transplanted into each color type resulting in
eight rows of five melon plants per replication. The plastics used
included: 1) white/black (meaning that the plastic resembles a
double thickness with the black stamped or glued over the white—
this plastic was embossed and was 1.25 mL thick; 2) red, 1 mL with
IRT light transmission properties; 3) green,1 mL embossed; 4) a
black/silver combination with the bottom layer being black and the
top a silver color—this was 1 mL embossed; 5) red, embossed, 1ml
plastic with IRT properties; 6) a silver embossed, 1 mL plastic with
IRT properties; 7) traditional black embossed, 1 mL plastic; and 8) a
yellow embossed, 1.25 mL IRT plastic. We found few differences
although on the heavy soils the highest yields came using both black
embossed and the red IRT plastics. On the sandy soils the red IRT
gave the significantly highest yields, by over 33%. Total fruit number
was highest with black and red mulch types on the heavy, praire soil
and the red IRT alone produced in excess of eight fruit per five plant
plot on the sands, followed by a rather substantial drop to around 6.5
fruit per plot with three plastics, black/silver embossed,red IRT
embossed, and silver IRT embossed.

Poster 192
Influence of Transplant Age and Cell-Size on Early Production
of ‘Athena’ Muskmelon
Harry A. Riddle*, S. Alan Walters, and Michael E. Schmidt; Dept.
Plant, Soil, and General Agriculture, Southern Illinois Univ., Carbondale,
IL 62901-4415

Different transplant ages and cell-sizes were evaluated to deter-
mine their influences on early muskmelon (Cucumis melo L.) produc-
tion on black plastic mulch. ‘Athena’ muskmelon was used to compare
three transplant ages (one, two, and four weeks after emergence) and
two cell sizes (72 cell-pak, 4.45 cm x 4.45 cm; and a 6 cell-pak, 6.35
cm x 6.35 cm). Muskmelon transplants were planted during the first
week of May for 1999 and 2000. Generally, there was no interaction
(P < 0.05) of transplant size by year or transplant age by year for
numbers and weights of small (<1.35 kg), medium (1.35–2.03 kg),
large (>2.03 kg), marketable (sum of small, medium, and large) or total
(marketable and culls) melons. The large cell-size tended to produce
greater marketable and total numbers as well as weights per hectare
during early-season production (first four harvests) compared to the
small cell-size, regardless of transplant age. For the large cell-size,
two and four week-old transplants tended to produce greater market-
able and total melon numbers and weights for early and total (9
harvests) season production compared to one week-old transplants.
Considering all harvests, marketable melon numbers and weights for
the transplants grown in the large cell-size were not influenced by
transplant age; however, for the transplants grown in the small cell-
size, one week-old transplants yielded lower marketable melon num-
bers and weights compared to the two and four week-old transplants.
Cell-size appeared to be an important consideration in early season
melon production with the larger cell-size producing greater market-
able yields. Four week-old transplants did not provide any advantage
over two week-old transplants for early season yields; however, a two-
week or four-week old transplant tended to give higher early season
yields compared to a one week-old transplant.

Poster 193
Colored Plastic Mulches Increase Fruit Production in Tomato
and Pepper
Robert E. Gough*; Montana State Univ., Bozeman, MT 59717

In 1999 and 2000, ‘Sweet Banana’ and ‘Jingle Bells’ pepper
(Capsicum annuum L. [Grossum Group]) and ‘Prairie Fire’ and
‘Celebrity’ tomato (Lycopersicon esculentum L.) plants were grown
under clean cultivation or with red, silver, or black polyethylene
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selective reflecting (SMR) mulches. The three plants in each of three
replications per treatment were field-set in mid-June of each year.
Tomato and pepper plants grown under red and silver mulches set fruit
earlier, produced more ripe fruit, and had a greater number of fruit per
plant than plants grown under black mulch or no mulch. On 22 Sept.
1999 and 29 Sept. 2000, tomato plants were excavated and their root
systems examined using a trench profile method. The total number of
roots of each plant at depths of 5–25 cm and 10–60 cm from the plant
stem were recorded. Distribution and architecture of the root systems
were also examined. Tomato plants grown under clean cultivation
developed significantly fewer roots than those grown under plastic
mulch. Plants grown under silver and black mulches produced the
most roots. No plants had vertical roots. Root system architecture was
similar among treatments, with 40% of the roots in the upper 10 cm of
soil and 70% in the upper 15 cm. Thirty percent of the roots were within
20 cm, 50% within 30 cm, and nearly 75% within 50 cm of the stem.
Root numbers decreased with increasing depth and distance from the
stem. Colored mulches influenced the total number of lateral roots but
not the root system architecture of tomato plants.

Poster 194
A Foam Mulch System Provides Weed Control in Tomatoes
and Basil
John Masiunas*, Elizabeth Wahle, and Albert Morgan; Dept. of
Natural Resources and Environmental Sciences, Univ. of Illinois,
Urbana, IL and C&A Country Gardens, Clinton, IL

Mulches are widely used in the production of herbs and veg-
etables. Mulchs can control weeds within the crop row and improve
crop growth and yield. Plastic mulches are most commonly used in
commercial production but removal and disposal can be difficult.
Mulches from natural materials such as wood chips or straw are
difficult to apply, can immobilize nitrogen, and cool the soil, delaying
crop growth. A foam mulch system has been developed that over-
comes some of the problems with plastic and natural mulches. The
objectives of our study were to evaluate the effect of foam mulch on
weed control and yield of tomatoes and basil along with determining
the effect of mulch color. The study was conducted in 1999 and 2000
at the Cruse Tract Vegetable Crop Research Farm in Champaign.
The experiment was a split plot design with mulch as the main plot
and crop as the subplot. The mulch treatments included a bare
ground hand-weeded control, black plastic mulch, black, red, green,
and blue foam mulch. Each plot consisted of four rows; two guard
rows of tomatoes, a data row of basil and a data row of tomatoes. A
bed-shaper was used to create raised beds and to lay the black
plastic mulch. The basil and tomato were transplanted and the foam
mulch applied. The black plastic and foam mulches prevented
weeds within the crop row. Foam mulch had the advantage of being
able to be repaired if damaged during cultivation and after the
experiment was completed it could be incorporated into the soil.
None of the mulch treatments effected basil stand or growth. Tomato
plants were killed by fermenting foam mulch in 1998, requiring
replanting. Neither the replanted tomato nor plants in 2000 were
effected by the foam mulch. The greatest tomato yield was in the blue
foam mulch.

Poster 195
The Penn State Center for Plasticulture High Tunnel Research
and Education Facility
William James Lamont Jr.*, Michael D. Orzolek, and Nymbura Mbugua;
Penn State Univ., University Park, PA 16802

At The Pennsylvania State Univ. High Tunnel Research and
Education Facility located at the Horticulture Research Farm, Rock
Springs, PA, there are 24 (17 x 36 ft) research high tunnel units. The
Penn State high tunnels were re-designed so that the endwalls can be
raised up to facilitate easy access into the tunnel for a small tractor,
rototiller and other machinery. The Penn State system of production
differs from the New Hampshire system in that it utilizes individual 18-
inch wide raised plastic mulch covered beds with drip irrigation tape
buried 2-3 inches beneath the bed instead of a solid piece of 6-mL thick

black poly, which covers the entire inside soil surface of the high
tunnel. The raised mulch beds are 44 inches apart, which allow 4 rows
in a 17-ft wide high tunnel. Research objectives are focused on
measuring environmental conditions, evaluating high tunnel compo-
nents, horticultural crops and production systems. An on-site weather
station monitors outside environmental conditions that are compared
to environmental conditions inside the high tunnels. Different types of
plastic coverings, plastic mulches, row covers and low tunnels are
being evaluated for their ability to maintain optimum temperatures.
The following crops have been evaluated in the high tunnels: veg-
etables, small fruits, and cut flowers. Future work will include the
evaluation of tree fruit production in high tunnels.

Poster 196
Plastic Mulch Produces Variable Response on Early Yield of
Tomato
Marietta Loehrlein*; Western Illinois Univ., Macomb, IL 61455

Plastic mulches have been recommended for use in tomato
production for earlier harvests and for production of larger quality
fruit. Prices for fresh-market tomatoes are significantly higher early
in the season when tomatoes are often shipped in from other areas.
Early tomato production in Illinois could provide fresh-market pro-
ducers increased profit realized during early summer sales. For this
study, ‘Celebrity’ tomato plants were grown on four different colors
of plastic mulch and evaluated for early yield. The colors used were
clear, black, red and silver. A control treatment was included in which
plants were grown without mulch. The research was conducted in
two consecutive years and results varied between years. In the first
year, plants grown on silver mulch produced the earliest and the
greatest early yield. Clear plastic was latest and produced the lowest
yield. In the second year, clear mulch produced the earliest yield, but
by the third harvest at the end of July, black and red mulch had both
produced greater yields than did the clear plastic mulch.

Poster 197
Tomato Production Under Organic and Synthetic Mulch with
Drip Irrigation
Manuel C. Palada*, Stafford M.A. Crossman, and A.M. Davis; Agri-
cultural Experiment Station, Univ. of the Virgin Islands, Kingshill, VI
00850

Field experiments were conducted during the winter-spring sea-
sons (1998–2000) to compare the yield and water use of tomato
(Lycopersicon esculentum L. cv. ‘Celebrity’) grown with grass straw
and white on black plastic mulch under three levels of drip irrigation
(40, 60, and 80% of pan evaporation). Data were collected on total
number of fruits, total weight of fruits, total number and weight of
marketable fruits and fruit size. In the first season, the effects of
mulch and irrigation regime on all measured parameters were not
significant (P > 0.05). Although not significant, marketable fruit yield
in plots with no mulch increased at higher irrigation level (80% PE),
whereas, yields in plots with mulch did not increase with increasing
irrigation levels. Mean irrigation water use was almost similar, but
highest irrigation water use was measured in bare plots at the
highest irrigation rate. Similar results were obtained during the
second season; however, the main effects of mulch on plant height
and fruit size were highly significant (P < 0.01). Fruit size in plots with
straw mulch was significantly larger than those with plastic mulch
and bare. Fruit size increased with increasing levels of drip irrigation.
Results indicated that the use of either plastic or grass straw mulch
did not benefit tomato production in the first season, but in the second
season, there was an indication that grass straw mulch improved
fruit size. Increased drip irrigation level also improved tomato mar-
ketable yield.

Poster 198
Comparison of Sub-surface Seepage and Drip Irrigation
Methods for Chip Potato Production in Florida
Chad M. Hutchinson*; Univ. of Florida/IFAS, Hastings Research
and Education Center, P.O. Box 728, Hastings, FL 32145
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Best management practices are being implemented to reduce
potential nitrate run-off from the 23,000 potato acres in St. Johns,
Flagler, and Putnam counties of Florida. Currently, all potatoes are
grown with a raised water table, sub-surface, seepage irrigation
system using conventional granular or liquid fertilizers. Fertigation
through drip irrigation is a potential method that could mitigate nitrate
loss. A field experiment was conducted at the Hastings REC to
determine if drip irrigation and fertigation could produce a satisfac-
tory chip potato crop. The irrigation main plots were seepage and
surface drip tape irrigation. Nitrogen split plots were 0, 168, 224, and
280 kg N/ha. Phosphorus and potassium were applied at 40 and 168
kg/ha P and K, respectively. ‘Atlantic’ potatoes were planted on 24
February and harvested 3 June 2000. Seepage irrigation plots were
fertilized in a split application. Total fertilizer in the drip irrigation plots
was divided into eight treatments and applied on a weekly schedule
starting at hilling. Soil moisture tension in the root zone was main-
tained near –10 kPa with both irrigation methods. Irrigation method
did not influence total potato yield, marketable production, size
distribution, or tuber quality. Nitrogen rate did influence total potato
yield and marketable yield averaging 17.0 and 15.8 MT/ha across
fertilized plots, respectively. Drip irrigation used ≈2/3 less water than
the traditional sub-surface seepage irrigation. Water use costs and/
or gains in tuber production/quality are not sufficient at this time to
offset costs of drip irrigation.

Poster 199
Nitrogen Treatments for Greenhouse Galia Muskmelon
(Cucumis melo L.) Grown in Soilless Media
Juan C. Rodriguez* and Daniel J. Cantliffe; Horticultural Sciences
Dept., Univ. of Florida, IFAS, PO Box 110690, Gainesville FL 32611

Galia muskmelons, produced in Spain, Turkey, Morocco, and
Israel and exported to Europe, have been a high priced staple in
Europe for 25 years. Extensive research has been carried out on the
nitrogen requirements for growing Galia melons in soil and protected
culture systems, but very little research has been conducted for
growing Galia under soilless culture in the greenhouse. Galia melon
production in soil relies on the technique of alternating nitrogen
levels (increasing then decreasing) throughout the season. The
present experiment evaluated yield and fruit quality from plants
grown at 4 different nitrogen levels (120 ppm, 160 ppm, and 200
ppm) supplied continuously throughout the growing season each
time the plants were irrigated and the standard recommended
practice of altering N at 120 (14 days; from transplant) 200 ppm N (60
days; vegetative stage to fruit maturation) and a reduction to 160ppm
N (45 days; maturation to harvest), during the growing season.
Plants were grown in polyethylene bags filled with a medium grade
of perlite (3 plants per bag). Early and total yields, as fruit per plant
and fruit quality (as soluble solids) were similar regardless of N
treatment. Total fruit weight per plant was greater in the 200 ppm
treatment than those from other three N treatments. Using a constant
fertility level (120, 160 or 200 ppm N) may be a more favorable type
of system for growing Galia melons in soilless media, instead of the
standard recommended practice of alternating N throughout the
season, by eliminating changes in management practices during the
growing season.

Poster 200
Automated Monitoring of Growth and Water Use by Tomato
Plants
David L. Ehret*1, Tom Helmer1, Shabtai Bittman1, Anthony Lau2, Tim
Shelford2, and Wei Lin1; 1Pacific Agri-Food Research Centre, Agri-
culture and Agri-Food Canada, Agassiz BC Canada; 2Chemical and
Bio-Resource Engineering, Univ. of British Columbia, Vancouver,
BC Canada

A simple method to continuously and automatically record the
growth and water use by indeterminant tomato vines (Lycopersicon
esculentum, ‘Rhapsodie’) has been developed for use in research
and commercial greenhouses. Two S-beam load cells, suspended
from above, measure the mass of the plants while two balances (load

cells) placed beneath the growing medium measure the mass of the
medium plus roots. We have used up to 18 plants with a single set
of load cells and even larger numbers are possible. Data from the
load cells is recorded once per minute by a datalogger. We have
developed a series of calculations that automatically converts the
load cell output to values of water uptake, transpiration and growth.
The daily magnitude of crop stress may also be inferred from the
data. The weight of harvested fruit and non-plant parameters such
as leachate volume may also be automatically calculated and
recorded. These instantaneous measurements of crop performance
may prove helpful to growers in adjusting greenhouse climate and
irrigation control settings. Potential use of the system with other vine
crops is discussed.

Poster 201
Drip Irrigation Management for Optimizing the Quality of
Processing Tomatoes
M.D. Cahn*1, E.V. Herrero1, B.R. Hanson2, T.K. Hartz3, and R.L.
Snyder4; 1Univ. of California, Cooperative Extension, Sutter/Yuba
Counties, Yuba City, CA 95991; 2Univ. of California, Dept. of Land,
Air, and Water Resources, Davis, CA; 3Vegetable Crops Dept., Univ.
of California, Davis, CA; 4Dept. of Land, Air, and Water Resources,
Univ. of California, Davis, CA

Using subsurface drip irrigation (SDI), California processing to-
mato growers have been able to save on water, energy and labor
costs while often attaining equal or higher fruit yields than under
furrow or sprinkler irrigation. In addition, SDI has allowed growers to
produce tomato crops on clay and sand textures soils that previously
could not have been successfully irrigated with furrow systems.
However, despite these benefits, lower fruit brix levels obtained
under SDI than under furrow and sprinkler irrigation, has limited the
adoption of drip irrigation for processing tomato production. Repli-
cated trials were conducted in commercial fields to identify irrigation
management practices for drip systems that could improve fruit
quality during the 1998, 1999, and 2000 seasons. Irrigation treat-
ments consisted of cutting back and early cut-off of irrigation during
fruit maturation and ripening. Results of trials demonstrated that Brix
levels of fruit could be significantly improved both by early cut-off of
irrigation and by cutting back irrigation to less than the evapotrans-
piration requirements of the crop. Site-specific factors, such as soil
texture and depth to water table, limited the amount that the irrigation
treatments affected Brix levels.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 30: Crop Production
Poster 202

Yield and Quality of Field Grown Celosia and Gomphrena
Everlasting Cut Flowers
Sabine Whitley* and Marisa Wall; Dept. of Agronomy and Horticul-
ture, New Mexico State Univ., Las Cruces, NM 88003

Four species of everlasting cut flowers were grown in southern
New Mexico at four plant spacings. Celosia argentea, Celosia
spicata, Gomphrena globosa and Gomphrena haageana were trans-
planted into a field in Las Cruces, N.M. in April 2000. The Celosia
species were placed at 15 or 20 cm plant spacings with two or three
rows per bed. The Gomphrena species were transplanted at 25 or 30
cm spacings with two or three rows per bed. Plots were drip irrigated
and fertigated. Data collected for each harvest period included fresh
and dry weights, number of stems, length of stems, stem caliper
thickness, and flower color. There were four harvests for each
species. G. globosa had the highest dry weight yield among the four
species. Total dry yields were 124.3, 56.0, 21.6, and 4.5 t/ha for G.
globosa, G. haageana, C. argentea, and C. spicata, respectively.
For both Gomphrena species, the highest yields were produced at
the 25 cm plant spacing with three rows per bed. C. argentea had
highest yields at either the 15 or 20 cm plant spacings with three rows
per bed. C. spicata yields were low at all plant spacings.
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Poster 203
Performance of Angelonia angustifolia Cultivars as a
Summer Greenhouse Cut Flower
Robert G. Anderson*; Horticulture Dept., Univ. of Kentucky, Lexing-
ton, KY 40456

Angelonia cultivars were grown as a greenhouse cut flower in the
summers of 1999 and 2000. Plants were grown in 10-cm pots at a
density of 97 plants/square meter with daily ebb-flood irrigation with
a fertilizer solution with an EC of 1.0-1.2 mS/cm from a 20N–4.4P–
16.6K fertilizer. Greenhouse average daily temperatures ranged
from 24 °C to 29 °C each year. Cut stems were harvested twice per
week. In 1999, 270 plants of the non-patented purple and white
cultivar produced 632 stems/square meter from week 27 to 48. Cut
stems were harvested from 36 to 98 cm long and over 60% of the cut
stems were over 50 cm long. In 2000, 90 plants of non-patented
cultivars (purple and white, white, purple, and pink) were compared
to the patented AngelMist cultivars (purple and white, white, purple,
pink, lavender, and deep plum) from Ball FloraPlant. Cut stems were
harvested from week 21 to week 41. AngelMist purple had the
highest yield, 1285 stems/m2, AngelMist deep plum had the lowest
yield, 629 stems/m2, and the average yield of all cultivars combined
was 841 stems/m2. Harvest was concentrated during weeks 22–23,
weeks 27–28 and weeks 36–38.

Poster 204
A Comparison of Four Production Systems for Dutch Iris (Iris
hollandica) in a Tobacco Transplant Greenhouse
Carl E. Niedziela Jr.*1, Christopher D. Mullins1, and T. David Reed2;
Virginia Cooperative Extension; 1Virginia State Univ., PO Box 9081,
Petersburg, VA 23806; 2Southern Piedmont Agricultural Research
and Extension Center, 2375 Darvills Rd., Blackstone, VA 23824

Bulbs of two Dutch iris cultivars, ‘Ideal’ and ‘White Wedgewood’,
were planted on 19 Oct. and 20 Oct. 2000, respectively, in four
production systems in a tobacco transplant greenhouse. The pro-
duction systems were lily trays, lay flat bags, pots, and polystyrene
trays. Treatments were randomized in a Latin-square design with
four replications of each system. Each treatment was planted into a
1.4 m x 1.1-m plot at a mean plant density of 125 bulbs/m-2. The lily
trays were 60 cm x 40 cm x 15 cm. The lay flat bags were 114 cm x
30 cm x 3 cm. The pots were 25-cm bulb pans. The polystyrene trays
were 67 cm x 34 cm x 5 cm and contained 32 square cells. All of the
containers were filled with the same tobacco germination media. The
plants in the lily trays, lay flat bags and pots were irrigated weekly
with a Ca(NO3)2 solution at 400 mg·kg–1 N. The plants in the
polystyrene trays were floated on a Ca(NO3)2 solution at 50 mg·kg–

1 N, which were monitored and adjusted weekly for volume and
fertilizer concentration. Individual stems were harvested from each
plot at the showing color stage of development beginning on 20 Dec.
2000. The weight and length of individual stems were recorded. Rate
of growth and maturation differed between production systems and
locations in the greenhouse. Data will be presented.

Poster 205
A Dynamic Simulation Model of Growth and Flowering of
Hydroponic Tulips
Katsuhiko Inamoto*1, Sumiya Sakoda1, Takanori Hase1, Kenzo
Katsukawa2, Motoaki Doi1, and Hideo Imanishi1; 1Graduate School
of Agriculture and Biological Sciences, Osaka Prefecture Univ.,
Sakai, Osaka, 599-8531, Japan; 2Kansai Tech Co. Yamasaki, Shiso,
Hyogo 671-2532, Japan

A dynamic growth simulation model applicable to the production
of cut tulips in a plant factory was developed using the simulation
software EX¥TD. This model can predict the number of forcing days
and cut flower quality from period of bulb chilling at and forcing
temperatures. Data for calibration were collected from the hydro-
ponic forcing experiments in 1996–97 using ‘Gander’. In the model,
translocation of dry matter from the mother bulb scales to newly
developing component parts, i.e., shoot, floral organs, and daughter
bulbs was simulated via the effects of the periods of bulb chilling and

the forcing temperatures on dry weights at planting and relative
growth rates of component parts, and days from planting to anthesis.
This simulation model was verified by data obtained from other
forcing experiments using the same cultivar. In the experiment in
1993–94, the simulated values for the number of days from planting
to anthesis, shoot (cut flower) fresh weight, perianth length, and dry
weight of the component parts at anthesis were well correlated with
the observed values. In the experiment in 1998–99, shoot fresh
weight, and perianth length at anthesis were underestimated by the
model when the bulbs were chilled for a long period. These differ-
ences presumably caused by yearly fluctuation in bulb properties
can be diminished by inputting measured dry weights of the mother
bulb and daughter bulbs observed at planting into the model.

Poster 206
Development of a Production Management Tool for
Scheduling Cut Flower Roses
J. Heinrich Lieth* and Carola González Kessler; Environmental
Horticulture, Univ. of California, Davis, CA 95616

The recent dramatic increase in energy costs in the United States
has caused greenhouse growers to seek ways to reduce energy
usage. As growers change temperature set-points, they find that
their crops are no longer timed correctly for particular target dates.
This is particularly problematic for cut-flower roses as these are
frequently marketed for specific holiday dates. In this project, we
sought to calibrate a model for cut flower rose development for
several rose varieties and to provide a software tool that growers can
use to time rose crop production. The model is a heat-unit model
which predicts occurrence dates for the unfolding of the first and last
leaves, visible bud, and harvest date. This tool can be used in
conjunction with particular temperature set-points to determine
dates on which particular crop events will occur. It can also be used
to assist the grower in determining temperature set-points needed to
target a particular harvest date.

Poster 207
Relative Minimum Energy to Produce a Cut Rose Flower
Found by IIncorporating a Richards Function Routine into
GHISM
Douglas A. Hopper*; Achieving Solutions, Fort Collins, CO 80521

A previously devised nonlinear Richards function integration
method was incorporated into the GHSIM Excel spreadsheet model
to predict stem length and flowering for the cut rose ‘Royalty’ (Rosa
hybrida L.). Environmental factor values change on each iteration to
predict growth rates daily. The Richards function assumes
nonconstant daily growth rates are proportional to current size; Euler
integration accumulates these values. Energy accumulated as degree
days (°C) and µm–2 was compared for the 15 unique treatment
combinations of irradiation as photosynthetic photon flux (PPF: 50 to
300 µmol·m–2·s–1), day temperature (DT: 15 to 25 °C), and night
temperature (NT: 12 to 22 °C) under constant growth chamber
conditions. Combinations were according to the rotatable central
composite design. The comparison determined relative energy
needed to produce a cut rose flower over the range of conditions
studied. A minimum-energy combination was found which repre-
sents the low-cost production method. Feasibility of using the low-
cost strategy was discussed for various seasonal production periods.

Poster 208
Quantifying Flower Development Rate in Phalaenopsis
Taisuco Smile
Kari Robinson* and Royal Heins; Michigan State, Univ., East Lan-
sing, MI 48824

Producing flowering plants for a specific market date requires
knowledge of the relationship between temperature and flower
development rate. Although Phalaenopsis orchids are now the fifth
largest flowering potted plant according to 1998 USDA statistics,
little specific quantitative information is available on the plant relating
plant development to the environment. The objective of this investi-
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gation was to quantify the effects of temperature on time from spike
emergence to flowering. Two hundred Phalaenopsis Taisuco Smile
(Phalaenopsis Taisuco Bright x Phalaenopsis equestris) plants were
received from Taiwan, potted, then held at 25 °C day/20 °C night for
4 weeks after plant arrival to initiate flower spikes. Once flowering
spikes were visible, plants were placed in one of five greenhouse
compartments with constant temperature set points of 14, 17, 20, 23,
or 26 °C in natural photoperiods. Time to appearance of each node
on the inflorescence spike, time to visible flower bud, and time to
flower were recorded as were flower size and flower number.
Average time to flower increased from 9 weeks to 14 weeks as
temperature decreased from 26 to 20 °C. A thermal-time model
relating developmental stage and flowering will be presented.

Poster 209
Protocols for Flowering of Six Herbaceous Perennial Species
Amy Enfield*, Royal Heins, and Arthur Cameron; Michigan State,
Univ., East Lansing, MI 48824

Experiments to develop protocols for producing six vegetatively
propagated herbaceous perennials as flowering plants without the
traditional overwintering period were conducted. Stock plants for
Achillea ‘Moonshine’, Campanula ‘Birch Hybrid’, Gaura lindheimeri
‘Whirling Butterflies’, Leucanthemum xsuperbum ‘Snowcap’, Phlox
paniculata ‘Mt. Fuji’, and Veronica longifolia ‘Red Fox’ were estab-
lished and maintained at 20 °C under a 12-h photoperiod. The
general concept was to control stock-plant photoperiod so plants
neither went dormant from short-days, nor prematurely flowered
from long-days. Tip cuttings were propagated at 23 °C air and 25 °C
bottom heat for three weeks, then bulked for three weeks, all under
a 12-h photoperiod. Plants were cold treated at 5 °C for 0, 1, 2, 3, 4,
or 5 weeks, then transplanted and forced to flower under a 16-hour
photoperiod at 20 °C. Achillea ‘Moonshine’ did not require a cold
treatment and flowered in 6 weeks (12-week production time,
propagation to flower). Campanula ‘Birch Hybrid’ required a 5-week
cold treatment at 5 °C for uniform flowering and flowered in 9.5
weeks (20.5-week production time). Gaura lindheimeri ‘Whirling
Butterflies’ did not require a cold treatment and flowered in 6 weeks
(12-week production time). Leucanthemum xsuperbum ‘Snowcap’
flowered without a cold treatment, however, a 5-week cold treatment
at 5 °C was required for uniform crop flowering. After a 5-week cold
treatment, plants flowered in 6 weeks (17-week production time).
Phlox paniculata ‘Mt. Fuji’ did not require a cold treatment and
flowered in 11 weeks (17-week production time). Veronica longifolia
‘Red Fox’ required a 5-week cold treatment at 5 °C and flowered in
6 weeks (17-week production time).

Poster 210
Easter Cactus Flowering Under Varied Temperature,
Daylength, and Light Conditions
Charles L. Rohwer* and Royal D. Heins; Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824

Non-uniform, unreliable flowering plagues early-season Easter
cactus (Hatiora xgraeseri) crops. Low light, plant age, and vernaliz-
ing temperature and duration may be related to poor flowering. This
research was performed to elucidate causes of the poor flowering.
Plants of two different ages (10 and 20 weeks from propagation) of
four Easter cactus cultivars (Evita, Jan, Rose, and Rood) were grown
in controlled-environment growth chambers at 10/10, 10/15, or 15/
10 ºC day/night temperatures under high or low daily light integrals
(9 or 3 mol·m–2/day), followed by 16-h long days at 20 ºC under
greenhouse conditions. Separately, the same four cultivars and
plant ages were “pre-vernalized” in a greenhouse under high or low
daily light integrals (9 or 3 mol·m–2/day) and long or short days (16 or
10 h) for 6 weeks at 20 ºC. The plants were then vernalized for 4 or
8 weeks at 7.5, 10, 12.5, 15, 17.5, or 20 ºC under high or low light
conditions (12 or 2.5 mol·m–2/day) and natural short days, followed
by 16-hour long days at 20 ºC. Generally, plants exposed to a long
duration of short days prior to or during low temperature treatment
formed buds most rapidly and uniformly. Older plants flowered more

readily than younger plants under short duration low-temperature
treatments. Temperatures below 15 ºC were the most effective at
vernalization. Absolute response depended on cultivar; Jan was
most floriferous while Rose was least.

Poster 211
Light and Vernalization Temperature Influence Growth and
Flower Development of Several Herbaceous Perennials
Genhua Niu*, Royal Heins, Arthur Cameron, and William Carlson;
Dept. of Horticulture, Michigan State Univ., East Lansing, MI 48824

The influence of daily light integral (DLI) before vernalization and
vernalizing temperature and duration on growth and flower develop-
ment of Aquilegia hybrida ‘Remembrance’, Coreopsis grandiflora
‘Sunray’, and Lavandula angustifolia Mill. ‘Hidcote Blue’ was deter-
mined. Plants were grown under two daily light integral (DLI, 4 or 14
mol·m–2/day) before vernalization at –2.5, 0, 2.5, or 5 °C for 2, 4, 6,
or 8 weeks. ‘Remembrance’ and ‘Sunray’ plants were cooled in the
dark, while ‘Hidcote Blue’ plants were cooled in light at 5 µmol·m–2·s–

1 for 9 h/day. Plants were then forced under a 16-h photoperiod in the
greenhouse at 20 ± 2 °C. ‘Remembrance’ plants flowered uniformly
when vernalized at 0 to 5 °C for 2 or more weeks, and time to visible
bud or to flower, flower number, and plant height were generally not
influenced by vernalization temperature and duration. ‘Sunray’ plants
flowered better when vernalized at 0 to 5 °C for 6 to 8 weeks. No
‘Sunray’ plants flowered without a cold treatment, and only a low
percentage flowered after 4 or fewer weeks of cold. High DLI before
vernalization delayed flower by 7 to 20 days in ‘Remembrance’
compared to low DLI, but no substantial differences in flowering
characteristics of ‘Sunray’ were observed. ‘Hidcote Blue’ plants were
best vernalized in the light at 5 °C for 8 weeks to obtain rapid and
uniform flowering with highest flower bud number. Flowering and
survival percentages of ‘Hidcote Blue’ were much lower overall on
plants bulked with high than low DLI.

Poster 212
Growing Ornamental Peppers as a Container Crop under
Far-red Absorbing Filters
Jennifer Webb* and Margaret McMahon; Dept. of Horticulture and
Crop, The Ohio State Univ., Columbus, OH 43210

The ornamental pepper (Capsicum annum, L.) ‘Pretty in Purple’
has the potential to be grown as an ornamental and culinary crop in
containers. As a culinary crop the use of chemical growth regulators
would be prohibited. However for aesthetic purposes some method
of growth regulation would likely be required. Our experiments were
designed to determine how far-red (FR) absorbing filters would
affect plant characteristics. The plants were grown during late
summer through fall in a poly-covered quonset greenhouse. One
half of the greenhouse was fitted with far-red absorbing plastic as an
internal overhead shading material that absorbed nearly all FR and
reduced photosynthetic photon flux (PPF) by ≈40%. The other half
had no shading material. Difference in time to flower and fruit was
less than 2 days between treatments. Plant height, internode length,
number of branches, and fruit number and weight were evaluated
when the plants became heavily fruited. There were no differences
in height, branching, or average internode length per branch. Fruit
number was 18% greater and fruit weight was 6% greater for shaded
plants. During the growing season, the plants in the unshaded areas
required more frequent watering and at times experienced some
drought stress. These factors decreased the attractiveness of the
plants and may have contributed to reduced plant and fruit size and
fruit number. Some type of shading during the growing period would
have been beneficial. The effects of a non-FR-absorbing filter as
compared to FR-absorbing shade on plant are unknown, but it is
likely that stem elongation would occur as a result of reduced PPF
and decreased red : FR.

Poster 213
Photoperiod, Plant Growth Regulator, Supplemental
Lighting and Limited Inductive Photoperiod Effects on
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Seven Vegetative Annual Cultivars
Terri W. Starman*1, Amy L. Bartel2 and Hope K. Onken2; 1Texas
A&M Univ.; 2Univ. of Tennessee

The goal of our research was to define the reproductive and
vegetative responses of seven cultivars of vegetative annuals to
treatments designed to facilitate early flowering and compactness
for potted plant production. Treatments included photoperiod light-
ing, methods of applying long day (LD) photoperiod with plant
growth regulators, supplemental irradiation with high intensity
discharge lighting (HID), and limited inductive photoperiod (LIP).
The cultivars included Angelonia angustifolia ‘Blue Pacific’,
Argyranthemum frutescens ‘Sugar Baby’, Asteriscus maritimus
‘Compact Gold Coin’, Calibrachoa hybrid ‘Cherry Pink’, Heliotropium
arborescens ‘Fragrant Delight’, Orthosiphon stamineus ‘Laven-
der’, and Scaevola aemula ‘New Wonder’. Critical photoperiod
treatments included 8 to 16 h at 2-h intervals. Irradiation treatments
were ambient plus supplemental HID lighting, ambient, or ambient
plus 50% shade. Methods of applying long day were HID daylength
extension, incandescent daylength extension, or incandescent
night interruption. Growth retardants included daminozide and
uniconazole, but varied with cultivar. A. frutescens ‘Sugar Baby’, C.
hybrid ‘Cherry Pink’ and S. aemula ‘New Wonder’ were facultative
long day plants flowering faster with increased daylength. Plants
stayed more compact when LD photoperiod was applied with HID
daylength extension compared to other LD treatments. Growth
retardant treatment kept plants compact when incandescent LD
methods were used. Short day photoperiod treatment following a
limited number of night interruption treatments reduced stem
elongation compared to continuous night interruption treatments.
A. angustifolia ‘Blue Pacific’ and A. maritimus ‘Compact Gold Coin’
were less responsive to photoperiod therefore LIP did not benefi-
cially affect these cultivars. H. arborescens ‘Fragrant Delight’ was
day neutral and O. stamineus ‘Lavender’ was a facultative short
day plant. Six of the seven cultivars had increased compactness
and plant mass and decreased time to flower with HID supplemen-
tal lighting.

Poster 214
More Uniform Development and Height with Growth
Regulators in Rudbeckia Hirta ‘Toto’
Meriam Karlsson* and Jeffrey Werner; Dept. of Plant, Animal, and
Soil Sciences, Univ. of Alaska Fairbanks, AK 99775-7200

Seven weeks after seeding Rudbeckia hirta ‘Toto’ was trans-
planted into 10-cm pots filled with Premier Pro-Mix BX (Premier
Horticulture, Premier Brands, Inc., Red Hill, Pa.). Either the medium
surface or the plants were sprayed with growth regulator at the time
of transplant. Paclobutrazol at a concentration of 20 mg/L or
uniconazole at 10 mg/L was used. The surface of the medium was
treated with 1.6 mL of solution resulting in 0.032 mg active ingredient
(a.i.) paclobutrazol and 0.016 mg a.i. uniconazole per pot. Spray
treatments in addition to paclobutrazol and uniconazole included
daminozide at 5000 mg per liter. The amount sprayed on each plant
was 10 mL solution resulting in 0.2 mg a.i. paclobutrazol, 0.1 mg a.i.
uniconazole or 50 mg a.i. daminozide per plant. At flowering, plants
treated with growth regulators were more uniform in height and
development than untreated plants. The height was similar indepen-
dent of treatment method. Plants treated with paclobutrazol were 6
cm and uniconazole 4 cm shorter than the 22 cm average height of
control plants. Daminozide resulted in 3 cm shorter plants. Rate of
development was similar for all plants. Average rate of flowering was
98 days from seeding.

Poster 215
Benzyladenine Influences Branching, Plant Height, and
Flowering of Osteospermum
Hyeon-Hye Kim*, William H. Carlson, and Royal D. Heins, Dept. of
Horticulture, Michigan State Univ., East Lansing, MI 48824-1325

Well-branched, compact plants are aesthetically important for the
sale and shipment of many potted flowering plants. Benzyladenine

(BA) is used to promote shoot development in tissue culture, and
less often to stimulate axillary shoot development of plugs or pot
plants. The objective of this study was to determine the effects of BA
applications on the growth and development of Osteospermum. A
foliar spray of 0, 100, 1,000, or 5,000 mg·L–1 BA was applied 6, 7, or
8 weeks after sticking (small, medium, or large plugs, respectively)
to two Osteospermum cultivars (‘Cream Symphony’ and ‘Lemon
Symphony’). At 4 weeks after treatment, shoot numbers were similar
to or greater than that of the control. Compared with the control, 100
mg·L–1 BA treatment significantly increased shoot numbers in me-
dium-sized ‘Cream Symphony’ (by 35%) and small and large ‘Lemon
Symphony’ (by 27% and 35%, respectively). Increasing BA to 1,000
and 5,000 mg·L–1 further increased shoot numbers of medium-sized
‘Cream Symphony’ (by 50% and 53% of control, respectively) and
increasing BA to 5,000 mg·L–1 further increased shoot numbers of
small ‘Lemon Symphony’ (by 36% of control). In addition to the
increase of shoot numbers, plant height was similar to or shorter than
that of the control, resulting in more compact plants. Compared with
the control, 100 mg·L–1 BA treatment significantly reduced plant height
in the large ‘Lemon Symphony’ (by 17%). The 1,000 mg·L–1 BA
treatment reduced plant height of medium-sized ‘Cream Symphony’
(by 8%) and all sizes of ‘Lemon Symphony’ (by 16% to 26%). BA
treatment at 5,000 mg·L–1 reduced plant height (by 20 % to 59 %) of
all sizes and cultivars. However, 5,000 mg·L–1 BA treatment delayed
flowering by up to 13 days. Therefore, BA sprays at 1,000 mg·L–1 could
be used to produce well-branched, compact Osteospermum without
a subsequent delay in flowering. Chemical name used: N-6-
benzyladenine.

Poster 215
Composts as Growing Media and Nitrogen Sources for Drip
and Overhead Irrigated Bedding Plants
Rita L. Hummel*, Washington State Univ. Puyallup Research and
Extension Center, Puyallup, WA 98371-4998

Rooted cuttings of Fuchsia alba and Pelargonium x hortorum
‘Americana Light Pink’ and plug-grown seedlings of Impatiens wallerana
‘Accent Cranberry’ were transplanted into 10-cm containers filled with
the following media: 100% Douglas-fir bark (bark), 100% biosolids
compost (bc), 50% bc : 50% bark (v/v), 100% recycled yard debris
compost (rydc), 50% rydc : 50% bark (v/v), and a commercially
formulated soilless mix. Plants were watered by drip or overhead
sprinkler irrigation. A liquid fertilizer solution of 100ppm P and 200ppm
K was applied at two N rates, 0 and 200ppm N, every 10 days.
Treatments were applied in factorial combination with 8 replications.
Plant height and width were measured at about 2-week intervals and,
at the end of production, plant quality and root growth were rated and
shoot dry weight was measured. Nitrate-N, pH and electrical conduc-
tivity (EC) of leachate collected by pour-through from impatiens 3-
weeks after transplanting and at the end of production were mea-
sured. In general, plants in the 100% rydc and the 50% rydc : 50% bark
media were larger and of higher quality than plants in the other media.
There was a differential plant growth response to fertilizer treatments
in the growing media. Plants in the 100% rydc and 50% rydc : 50% bark
showed little or no benefit from the added N while plants in the growing
media with little initial N had the greatest growth and quality responses
to added N. Leachate EC and NO3 three weeks after transplanting
were highest in the 100% rydc and 50% rydc : 50% bark media.
Results of this research demonstrated that N in the 50 and 100% rydc
media was adequate to produce quality plants.

Poster 217
Growing Media Alternatives for Ornamental Plant Production
in Central México
O. García-Correa1, G. Alcántar1, R.I. Cabrera2*, F. Gavi1, and V.
Volke1; 1Especialidad en Edafología, Colegio de Postgraduados,
Montecillo, México 56230; 2Texas A&M Univ., Research and Exten-
sion Center, 17360 Coit Road Dallas, Texas 75252

Several agro-industrial byproducts were evaluated in this study as
cost-effective and environmentally friendly alternatives to the use of
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forest topsoil and peat moss in the container production of Epipremnum
aureum and Spathiphyllum wallisii ‘Viscount’. Growing media were
prepared with a 70% (v/v) organic fraction consisting of pine-bark,
composted rice hulls, coconut coir dust, peat moss or a green-waste
compost, all supplied either alone or in combination with others. The
inorganic fraction, consisting of either pumice or lava, accounted for
the remaining 30% (v/v) in the prepared media. The physical (bulk and
specific density, air-filled porosity, water holding capacity, total poros-
ity and particle size distribution) and chemical (pH, EC, total N, and
exchangeable P, K Ca and Mg) properties of the substrates were
evaluated at transplant. The growth and quality response of the two
foliage plants was significantly influenced by the organic component
in the growing media, but it was hardly affected by the inorganic
component. Overall, the best plant productivity and quality in both
species were found in those substrates based on coconut coir dust
and peat, including the control peat: perlite medium. All these sub-
strates proved to be far superior to the common forest topsoil-based
media used in México.

Poster 218
Comparison of Solless Media for Potted Anthuriums
R.A. Criley*; Dept. Tropical Plant & Soil Science, Univ. of Hawaii,
Honolulu, HI 96822

Export of potted anthurium plants from Hawaii into Japan requires
that the plants be in an approved soilless medium. An experiment
was designed to evaluate potted anthuriums in several soilless
media, both approved and not-yet-approved. Seven anthurium
varieties were grown for 9 months in 7 soilless media at the Univ. of
Hawaii research greenhouses. Tissue cultured plantlets or rooted
cuttings were grown in 15-cm or 3.7-L plastic pots containing one of
the following: coarse black cinder, fired clay aggregate (Aliflor),
coconut coir, perlite, coarse peat, 1 peat : 1 perlite (control medium)
or 3 mm styrofoam beads. To the media were added 120 gm 18-6-
12 Osmocote™ fertilizer, 120 gm 7–40–6 MagAmp™ fertilizer, 180
gm dolomite, 30 gm MicroMax™ minor element fertilizer per 28.3 L
medium. The plants were grown under 75% saran shade using a
constant feed fertigation system (200 ppm each of N and K). After 9
months, plant height and diameter, number of growing points,
number of presentable flowers, and top and root fresh and dry
weights were recorded. Anthurium andraeanum varieties Kozohara,
Tropic Ice, and Royal Red were too large to be good export items;
Pink Aristocrat and Nicolien produced a greater foliage mass than
floral mass and their display qualities were not satisfactory; and Pink
Small Talk and Nicoya were suitable for export with good compact
growth and good floral display qualities. The media in which all 7
varieties grew best as determined by total fresh weight, flower to
growing point ratio, and top to root ratio were the 1 peat : 1 perlite
(control medium), coarse peat, coconut coir, and black cinder media.
Under the Japan-Hawaii Burrowing Nematode Certification Pro-
gram, peat and volcanic cinder are approved growing media, while
the 1 peat : 1 perlite medium is not approved, and coconut coir has
come into the marketplace since the standards were approved.

1:00–2:00 p.m. ..................................................... CC Ballroom
Poster Session 31: Crop Production
Poster 220

Use of Floating Row Covers in Annual Hill Plasticulture
Strawberries
David G. Himelrick*, Robert C. Ebel, Floyd M. Woods, and Bryan S.
Wilkins; Dept. of Horticulture, Auburn Univ., Auburn, AL 36849

The response of strawberry plants in the annual hill plasticulture
system to the use of lightweight nonwoven rowcovers (17 g/m2) during
the fall establishment period, winter, and early spring was investi-
gated. These fabrics can provide some cold and wind dessication
protection and can also increase soil and air temperatures around the
plant. The increased temperatures under the cover may stimulate
increased flower bud formation during the short day induction cycles
in the fall and spring. Additionally, the covers may provide a protective

environment where leaves remain functional for longer periods and
crown and root development may be stimulated. In this study row
covers were installed and removed at various intervals from October
through March. In addition to the uncovered control plants the follow-
ing row cover timings were imposed: Oct.–Mar., Oct.–Feb., Oct.–
Dec., Oct.–Nov., Nov.–Mar., Oct.–Feb., Oct.–Jan., Oct.–Dec., Oct.–
Nov., Nov.–Mar., Dec.–Mar., Jan.–Mar., and Feb.–Mar. The weight of
marketable berries was affected by year and by treatment. Average
performance for the four year period showed the Oct.–Feb. treatment
to have the highest yields followed by Oct.–Nov. and Feb.–Mar. The
Jan.–Mar. performed worse than the control in terms of both yield and
berry size. Average berry weight was improved in the Oct.–Feb. and
Oct.–Nov. treatment. Row covers in the best treatment (Oct.–Feb.)
improved marketable yield by an average of 35% over the control.

Poster 221
Achene Development on the Berry of Strawberry Fruited in
Summer
Nobuaki Fujishige*, Hidenori Suga, Tomoko Ohhashi, and Kenji
Yamane; Faculty of Agriculture, Utsunomiya Univ., Utsunomiya
321-8505, Japan

 The night cooling and short-day treatment for flower bud induction
from July to August was made of the cultivar Raiho grown in modified
NFT system in greenhouse. The intensity of recurrent flowering trait
in this cultivar is poor, but fruit quality is stable in summer. The fruits
in September were small and over half of them were malformed and
unmarketable. These malformed fruits were formed of the different
size in achene. Measurements were made of achene and embryo
surface area on a longitudinal section using microscope and image
processing. Achenes on the berry in ‘Raiho’ strawberry fruit are
classified as unfertilized achene (UA), fertilized but poorly developed
ones (PA) and filled achenes (FA) according to their morphological
characteristics.The filled and unfilled achenes are easily distin-
guished by the size of them, that is achene under 0.4 mm2 area is the
unfilled. The UA and PA are differentiated anatomically because in
PA, remnant of embryo would be present and achene area be from
0.4 to 0.8 mm2. Fertilized achenes can be differentiated by area
above 1 mm2.

Poster 222
Strawberry Cultivar Evaluation in Southern Missouri
Martin Kaps*, Patrick Byers and Marilyn Odneal; Dept. of Fruit
Science, Southwest Missouri State Univ., Mountain Grove Campus,
9740 Red Spring Rd., Mountain Grove, MO 65711

Sixteen strawberry cultivars and four NJUS selections were planted
in a replicated trial in spring of 1996 in southern Missouri. All were
Junebearing cultivars grown in a matted-row production system. The
planting was maintained for three harvest seasons and renovated
following the second and third harvests by narrowing the plant row
to 30 cm. Drip and overhead irrigation were used to supply supple-
mental moisture and provide frost control, respectively. Nitrogen at
55 kg/ha was used on a yearly basis. Yield, marketable yield percent,
average berry weight, and leaf spot (Mycosphaerella fragariae)
ratings were taken. Mean yields were 22,140; 15,672; and 10,173
kg/ha for the respective years 1997, 1998 and 1999. Cavendish,
Chambly, Governor Simcoe, Honeoye, Marmolada, Seneca, and
Settler were highest yielding, above the overall means. Miranda,
Mohawk and Startyme were lowest yielding, below the overall
means. Annapolis, Delmarvel, Earliglow, Northeaster, Primetime,
and Sunrise were intermediate in yield, close to the overall means.
NJUS selections 8607-2, 8608-1, 8614-2 and 8826-11 were inter-
mediate to lower in yield. Mean marketable yield was 83% of total
yield for the three years. Mean berry weights were 11.5, 11.0, and 9.5
g for the respective years 1997, 1998, and 1999. Marmolada,
Miranda, and Startyme had the highest leaf spot ratings in 1997 and
1998. Annapolis, Chambly, Delmarvel, Governor Simcoe, Primetime,
Seneca, and Settler are recommended to Missouri growers for trial.
Earliglow and Honeoye continue to be recommended.
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Poster 224
Main and Interactive Effects of Cropping-Year Applications of
Nitrogen, Phosphorous, and Potassium Fertilizers on the
Yield Components of the Lowbush Blueberry (Vaccinium
angustifolium Ait.)
David Percival*1, Dianne Stevens1 and Jean-Pierre Privé2; 1Dept. of
Environmental Sciences, Nova Scotia Agricultural College; 2Agricul-
ture and Agri-Food Canada, Bouctouche, New Brunswick, Canada

The main and interactive effects of nitrogen, phosphorous, and
potassium fertilizer applications during the cropping phase of produc-
tion of lowbush blueberries (Vaccinium angustifolium Ait) was exam-
ined at a commercial field in Millvale, Nova Scotia in 2000. A rotatable
composite experimental design with four replications and sixteen
treatments was used with varying levels of nitrogen (0 to 30 kg·ha–1 of
actual N/ha in the form of urea), phosphorous (0 to 150 kg·ha–1 of
actual P2O5/ha in the form of triple superphosphate), and potassium (0
to 60 kg·ha–1 of actual K2O in the form of murate of potash). Plots were
arranged in a randomized complete-block design with a plot size of 6
x 8 m. A significant effect of the nitrogen and potassium fertilizers on
berry number per stem was present, and harvestable yield (g·m2) was
increased with the presence of both phosphorous and potassium
fertilizers. Therefore, the results from this experiment indicates that
yield increases can occur as a result of using cropping-year fertilizer
applications, and fertilizers containing a combination of nitrogen,
phosphorous, and potassium should be used to maximize yield
potential.

Poster 225
Hydrogen Cyanamide: A Possible Flower Thinning Agent for
Newly-planted Southern Highbush Blueberry Plants
Jeffrey G. Williamson* and E.P. Miller; Horticultural Sciences Dept.,
Univ. of Florida, Gainesville, FL 32611

Flower and fruit thinning of newly planted southern highbush (SHB)
blueberry (Vaccinium corymbosum hybrid) plants aids in their estab-
lishment. Current recommendations in Florida call for hand removal of
flowers and/or fruit of newly planted SHB blueberry plants. Hydrogen
cyanamide (H2CN2) sprays were applied during bloom to ‘Misty’ and
‘Santa Fe’ SHB blueberry to evaluate the potential of H2CN2 for flower
thinning. Sprays of H2CN2 were applied at 0, 10, and 20 g/L to both
cultivars during the early and later stages of flowering. Flower bud
mortality, shoot dieback and the number of growing vegetative buds
were measured 3 weeks after treatment application. Fruit was har-
vested weekly during the spring and whole plants were harvested and
partitioned into leaves, stems, and roots the following fall. Dry weights
were determined for these organs. Flower thinning increased with
increased H2CN2 concentration and was greater when H2CN2 was
applied at more advanced stages of flower bud development. After
one growing season, canopy volume and whole plant dry weight of
‘Misty’ was increased by H2CN2 sprays. H2CN2 may have potential for
aiding in the establishment of newly-planted, heavy-bearing, SHB
blueberry cultivars such as ‘Misty’.

Poster 226
Effects of Primocane Tipping on Bloom, Harvest Period, and
Yield of Primocane-fruiting Blackberry Germplasm
Chrislyn A. Drake* and John. R. Clark; Univ. of Arkansas, Dept. of
Horticulture, Fayetteville, AR 72701

Primocane-fruiting blackberry (Rubus subgenus Rubus Watson)
selections have recently been developed by the Univ. of Arkansas, but
proper field-management practices for the new germplasm have not
yet been determined. It was observed in previous trials that primocane-
fruiting selections flowered and fruited, beginning in late July and early
August, during the hottest part of the summer. This time of fruiting is
considered earlier than desired. Period of fruiting of primocane-fruiting
red raspberry (R. ideas L.) has been altered by cane tipping. Also,
there was an interest in increasing primocane yield, as the yields in
initial evaluations were much lower on primocanes compared to
floricanes. Therefore, the objective of this study was to determine the
effects of primocane tipping on bloom, harvest period, and yield. One-

year-old plants of APF-8 and APF-12 were used to apply four tipping
treatments. Treatments were: no tipping; tipping canes at height of 1
m; tipping at the appearance of the first inflorescence; and tipping 2
weeks after the appearance of the first inflorescence. Tipping was
defined as the removal of the top 15 cm of the primocane for all tipping
treatments. Preliminary results show that tipping delayed flowering
and fruiting, and the tipping resulted in the production of laterals (which
in turn lead to increased berry number). However, the last tipping
treatment resulted in decreased flowering due to the extreme heat (35
°C average) during flower initiation in August. Additional findings of
this study will be discussed.

Poster 227
Influence of Spur Quality/Density on Productivity and Fruit
Quality in Muscadine Grapes
Zhongbo Ren and Jiang Lu*; Center for Viticulture, Florida A&M Univ.,
Tallahassee, FL 32307

To understand the influence of spur quality to subsequent fruiting,
9-year old muscadine vines of ‘Alachua’, ‘Carlos’, ‘Nesbitt’ and ‘Noble’,
growing in the Viticulture Center, Florida A&M Univ., were used for this
investigation. Each cultivar consisted of five vines and twenty spurs
from each vine were randomly selected. Spur diameters were variable
among these cultivars, with an average of 38.3 mm, 46.2 mm, 41.2
mm, and 43.4 mm for ‘Alachua’, ‘Carlos’, ‘Nesbitt’ and ‘Noble’,
respectively. Spur diameters were highly correlated with yield among
all the cultivars investigated (R2 = 0.07**–0.28***). For example, when
spur diameter increased from 20 mm to 60 mm, production increased
to 134.5%, 137.2%, 56.0% and 173.4% for ‘Alachua’, ‘Carlos’, ‘Nesbitt’
and ‘Noble’, respectively. Correlation between spur diameter and
shoot/spur (0.01ns–0.2***), cluster/shoot (0.01–0.25***), fruit num-
ber/cluster (0.02ns–0.32***) and fruit size (0.01ns–0.33***) differed
among the cultivars. No significant influence was found of spur
diameter to fruit soluble solids content (SSC, R2 = 0.01ns – 0.04ns).
Correlation between spur density and yield/fruit quality was also
estimated for the same four muscadine cultivars. Results from this
study indicated that total fruit clusters per vine were linear to the total
number of spurs. Yields were proportionally correlated to spur density,
and correlation between yield and spur density was also cultivar
dependent. Total titration acid content varied with cultivars, but not
with the density of spurs. These data indicated that a large number of
spurs or clusters are critical for high yield, but higher spur density may
jeopardize the fruit qualities.

Poster 228
Viticultural Performance of Eleven Clones of ‘Chardonnay’
Grapevines
Rhonda J. Smith*; Viticulture Farm Advisor, Univ. of California
Cooperative Extension, Santa Rosa, CA 95403

Eleven clones of ‘Chardonnay’ (Vitis vinifera L.) wine grapes from
Foundation Plant Materials Service, Univ. of California, were evalu-
ated over a five-year period in a vineyard located in the Russian River
Valley of Sonoma County, California. All scion material was certified
as virus tested and true to type. AXR#1 rootings were field budded
in 1990 and 1991 and vine growth and yield component data
collected in 1994–98. Late season rains in 1997 caused severe
Botrytis cinerea (Pers.) bunch rot hence only pruning weight data
from that year were included in analyses. FPMS 4 and 16 had among
the highest and lowest yields each year averaging 11.7 kg/vine and
6.2 kg/vine respectively over four years (1994, 95, 96, 98), however,
those two clones did not differ significantly in cluster number in any
year (P > 0.05). FPMS 4 had the highest average cluster weights
each year and FPMS 16 and 15 had the lowest in three of the four
years. FPMS 14 always had the least amount of vegetative growth,
as measured by pruning weight (P < 0.0001), averaging 1.6 kg/vine
over five years. Clones were harvested within three consecutive
dates each year and °Brix, titratable acidity and pH were always
significantly different (P < 0.05). Orthogonal contrasts compared
performance of different groups of clones. In all years other than
1994, the Italian clones (FPMS 18, 20, 21,22,23) had significantly
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greater yields than the American clones (FPMS 4,6,14,15,17).
Yields of the single clone from Rauscedo, Italy (FPMS 18) did not
differ significantly in any year from those of four clones from
Conegliano, Italy (FPMS 20,21,22,23) (P > 0.05). Each year, the
Australian clone (FPMS 16) was significantly different from all other
clones evaluated for all parameters other than pruning weight and
°Brix.

Poster 229
Ginseng (Panax quinquefolius L.) Rust Spot
C. Campeau*1, J.T.A. Proctor1, D.P. Murr1, and J. Schooley2; Divi-
sion of Hort. Science, 1Dept. of Plant Agriculture, Univ. of Guelph,
Guelph, ON, N1G 2W1, Canada; 2Ontario Ministry of Agriculture,
Food and Rural Affairs, Simcoe

Rusty root is a term used to describe the formation of orange
coloured spots on ginseng (Panax quinquefolius L.) roots. These
spots may be caused by microbial pathogens or by environmental
stresses. This study focuses on the physiological disorder induced
by environmental conditions and will be called ginseng rust spot to
avoid any further confusion. Ginseng rust spot starts as an orange
spot on the surface of the root. The spot may eventually spread
resulting in the formation of a lesion. Small lesions, ≈5 mm in
diameter, were examined in detail using different microscopy tech-
niques. Pieces of root, ≈7 mm in length and containing a lesion, were
embedded in agar and sectioned using a vibratome. These sections
and hand sections, cut with a two-sided razor blade, were examined
using fluorescent microscopy. The 4–5 cell layers of the periderm
were destroyed in the area of the lesion and an orange substance
was deposited in and around the lesion. Sections were stained with
vanillin-HCl and viewed using bright field microscopy to confirm that
the orange substances were phenolic compounds. Samples of rust
spot were prepared for scanning electron microscopy (SEM) by
fixation in glutaraldehyde, freezing in liquid nitrogen, dehydration in
a graded ethanol series and then critically point dried. Under SEM
the periderm had pulled away from the root or was completely
destroyed in the area of the lesion. The smooth surface of the lesion
may indicate the deposition of phenolic compounds in surrounding
cells as a wound response.

1:00–2:00 p.m. .................................................... CC Ballroom

Poster Session 32: Storage/Quality/Postharvest
Poster 319

Quality Evaluation of ‘Valencia’ Orange Fruits (Citrus
sinensis) From Three Altitudinal Levels of Trujillo State,
Venezuela
Judith Zambrano*1 and Ibis Quintero2; 1Universidad de Los Andes.
Núcleo Universitario Rafael Rangel NURR-ULA, Departamento de
Biología y Química, 2Departamento de Ciencias Agrarias, Trujillo,
Venezuela

It was carried out a study in order to determine some quality
parameters of ‘Valencia’ oranges (Citrus sinensis) from three plan-
tations of Trujillo state, Venezuela, located on La Vitu, Caracoles and
Pampanito (zones A, B and C). Measurements of fruits were made
each week from anthesis until physiological maturity was reached in
order to do growth curves. Fruits were harvested at the mature state
and uniformly selected. In a sample of 50% of population the
following determinations were made: fruit weight, peel percentage,
juice percentage, total soluble solids and the ratio TSS/acidity. From
the first week until the third month growth was accelerated at rate of
1,57, 1,37 and 1,44 for zones A, B and C respectively. It was found
significantly differences in almost all the quality parameters.

Poster 320
Peel Injury of Grapefruit from Residual Quaternary Ammonia
used to Sanitize Bins
Mark A. Ritenour*1, Teofilo Ng-Sanchez2, and D. Frank Kelsey3;
1Indian River Res. & Ed. Center, Univ, of Florida, Ft. Pierce, FL
34945; 2FMC FoodTech, Ft. Pierce, FL 34946; 3FMC FoodTech,

Lakeland, FL 33802
During Fall 2000, there were occasional reports of quaternary

ammonia (QA) injury on citrus fruit in Florida. Though not a wide-
spread problem, with increased use of QA to sanitize equipment and
bins for canker control, the potential for injury to citrus fruit has also
increased. QA is not approved for direct fruit contact, but fruit may
contact residual QA used to sanitize bins. Even dry QA residue on
plastic surfaces (bins) can injure fruit if redissolved by condensate,
drenches or wet fruit. QA injury on fruit can develop within 24 to 36
hours of exposure with symptoms ranging from very slight peel
discoloration to visible depressions that are dark brown to black in
color. QA solutions of 0 (water alone), 100, 300, 500, 1000, and 2000
ppm were prepared from a commercial product and tested to
determine a concentration threshold for QA injury. When fruit were
placed on wet petri plates dipped in one of the QA solutions or fruit
were dipped directly into one of the QA solutions, no significant injury
was detected until QA concentration rose above 300 ppm. Higher
concentration usually resulted in successively greater injury. Placing
dry fruit in contact with dry QA residue resulted in no injury. Rinsing
QA-sanitized bins in the packinghouse generally reduced residual
QA concentrations to below the 300-ppm threshold.

Poster 321
Studies on New Techniques of Chestnut Storage
Wei Tang*1, Guoguang Xiao1, Xiaoming Wang2 and Shijun Tang2;
1Changsha Research of Mining and Metallurgy, 1# South Lushan
Road Changsha Hunan, P.R. China 410012; Dept. of Economical
Forestry, Hunan Forestry Institute, Changsha, Hunan, P.R China,
410004

Based on our study that Chestnut rotting during storage is mainly
due to physiologic degradation rather than pathogenic injury and
both aspects of damage are influenced by environmental factors, we
experimented new techniques in Chestnut storage. The new method
suits the natural geographic distribution of Chestnut in China and the
economic condition, technique, and skillfulness of the planters by
storing the chestnut without getting rid of the outer shells that can
offer protection, maintain temperature, keep water content, and
supply nutrients for the chestnut inside. In our studies, we conclude
the best time for using preservation techniques that maximize their
function. We also adopted batch-harvesting method based on the
chestnut maturity that we found that best suits room temperature
storage method. By studying the relationship between water content
and ratio of well preserved chestnut, We designed a systemic
approach that determine best harvesting time, developed methods
to control the water content and its relevant parameters at various
storage stage. In addition, We recommended simple storage room
construction and renovation standard for chestnut planters, range of
optimum storage temperature, humidity and methods to control
these parameters and timing and techniques of using preservations.
Our seven year testing results showed that after three to four months
the ratio of well preserved chestnut was kept at 92% to 95%, nutrient
content was comparable to that of harvesting time, and satisfactory,
flavor and color was maintained. Most characteristically, these
techniques are pure ecological, simple and cheap, convenient, have
no energy requirements, need no freezing facilities, and generate no
contamination to the environment.

Poster 322
Postharvest Water Content and Firmness on Bell Pepper
Fruits as Affected by Calcium and Carboxylic Acid Field
Applications
M. Baez-Sañudo*, J. Siller-Cepeda, and D. Muy-Rangel; Centro de
Investigacion en Alimentacion y Desarrollo, A.C. Unidad Culiacan.
Carretera a Eldorado Km. 5.5. Culiacan, Sinaloa, Mexico

Yellow bell pepper fruits (Ori cv.) were sprayed with calcium nitrate
(5000 ppm), carboxylic acids (Kleen a peal®, at 7500 ppm) or water
(control) solutions every 15 days from fruit set to harvest. At harvest,
fruits were manually picked up with at least 50% of yellow color.
Pepper fruits were stored at 20 °C and 80% RH for 15 days after
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harvest. Weight loss as a rate of transpiration, CO2 and ethylene
production was measured daily. Changes in water potential, cuticle
permeability to water vapor, firmness, pH, titratable acidity, and
soluble solids content were examined every three days. Fruits
treated with calcium kept a better appearance than carboxylic acids
treated fruits and controls. Weight loss after 12 days was 7.5% on
calcium treated fruits, while carboxylic acids treated fruits showed
first shriveling symptoms after nine days in storage with the same
percentage of weight loss. After 15 days, fruits treated with calcium
showed low permeability to water vapor per area unit with values
between 3 and 4 mg/cm2/hour. There was a gradual decline in rate
of firmness during storage conditions in all treatments. Deflections
up to 12 mm were still acceptable in our study. Respiration rates
showed a typical nonclimacteric pattern even when the color fruits
was changed. Fruits treated with calcium had less negatives water
potentials values, a lower transpiration rate and minor deflections in
firmness keeping better visual quality and shelf life than fruits from
other treatments. However, carboxylic acid treated fruits had more
accumulation of soluble solids (°Brix) during the experiment.

Poster 323
Effect of Harvest Date and Post-harvest Calcium Chloride
Treatment on Storage Life and Quality of Pears (Shahmiveh
cv.)
Ali Reza Talaie*1 and Majid Bassirat2; 1Tehran Univ., Iran; 2Tarbiat
Modarres Univ.

This work was conducted for finding a method for reducing post
harvest losses of Shahmiveh variety of pears (local cv.) during the
cold storage period and thus trend of changes of several qualitative
and quantitative characteristics were investigated. This experiment
was based on complete randomized block design with a factorial
framework with 24 tests and the results were analyzed in two levels
of 5% and 1% according to Duncan test. Two harvest times and one
calcium treatment with two concentrations of 2% and 4% were used
and then after the treated fruits were stored for two months. The
results indicate that the time of harvest has significant effect on
storage quality of Shahmiveh pears, while the effect of calcium
treatments were significant only in respect of certain qualitative and
quantitative characteristics. The fruit firmness, color, total sugar,
Tss, pH, fruit flavor, and taste indices and marketability were affected
by the calcium chloride treatments and there were significant differ-
ences and the other characteristics like fruit flavor and taste and
marketability were not affected by any treatments. Weight loss
during the whole period in 1% level was only affected by the time of
harvest. But the amount of absorption in fruit tissue was affected by
the time of harvest. When the amount of calcium absorption in fruit
tissue was affected by calcium treatments and was considerably
significant in 1% level (the amount of calcium absorption was less at
the second harvest).

Poster 324
The Effect of the Time of Harvest and Postharvest Calcium
Treatment on Controlling the Mealy Breakdown Disorder of
Red-Delicious Apple
Ali Reza Talaie*1, and Rahim Nagshiband-e-Hassany2; 1Tehran Univ.,
Iran; 2Tarbiat Modarres Univ.

The mealy breakdown disorder of apple fruit is a major production
and storage problem. The first indication is the softening of the flesh,
which subsequently becomes mealy and brown and the taste deterio-
rates as well. In advanced stages the skin at the calyx-end and later
other parts of the fruit become dull and brown. Sometimes, the skin
ruptures and the flesh splits open. In this experiment, the effects of
time of harvest and postharvest Calcium treatment on controlling of
mealy breakdown in ‘Red Delicious’ apple fruit during storage period
were studied. The study was conducted in the summer month (Sept.)
of 1996 on ‘Red Delicious’ apple fruit harvest of M26 rootstock which
were selected in Kosar orchard in Qazvin area. Three levels of
Calcium chloride treatment (0%, 2%, and 4%) were carried out on
picked fruits and they were stored in cold storage immediately. In this

study the qualitative and quantitative characteristics like total acidity,
pH, SSC, flesh firmness, incidence of mealy breakdown, weight loss,
dry matter content, Calcium, Potassium, total Nitrogen concentration
and the rate of red color of fruit surface during 3 months out of 6 months
of storage life were measured. Results showed that all Calcium
treated fruits of the first harvest had good storability and had the lowest
rate of incidence of mealy breakdown, but had poor red color. The
effect of high concentration of Calcium (4%) either on controlling of
mealy breakdown or increasing of Calcium content and flesh firmness
of fruit in the subsequent harvest was significant.

Poster 325
The Relationship between Expansin Expression and the
Development of Mealiness in Peaches
David Obenland*1, Carlos Crisosto2, and Jocelyn Rose3; 1USDA/
ARS, Fresno, CA 93727; 2Univ. of California, Kearney Agricultural
Center, Parlier, CA 93648; 3Dept. of Plant Biology, Cornell Univ.,
Ithaca, NY, 14853

Cold temperature storage is believed to cause the development of
mealiness in peaches by altering the activities of enzymes involved
in the solubilization of pectin. Expansin, a protein involved in fruit
ripening, may play a role in the occurrence of mealiness by modifying
the interaction of pectolytic enzymes with their substrates. These
experiments were conducted to examine the role of expansin in the
development of mealiness. Peach cultivars O’Henry and Summer
Lady were stored at 5 °C to permit the development of the disorder
and provide tissues with differing degrees of mealiness, quantified
by free water present in the tissue. During the initial period of storage
the fruit were juicy and generally had tissue free water percentages
in the 50% to 60% range. Fruit became visibly mealy and began to
have a dry, coarse texture at free water percentages of 38% and 46%
for ‘O Henry’ and ‘Summer Lady’, respectively. Expansin in indi-
vidual tissue samples of known free water percentages was quanti-
fied by Western blotting and probing the blots with LeExp1 expansin
antibodies. Expansin content was found to progressively decline as
free water levels decreased, the decline preceding the onset of
visible symptoms of mealiness. Expansin was not detectable in the
‘O’Henry’ samples containing 39% free water and below, while only
in the ‘Summer Lady’ 16% free water sample was there no expansin
evident. Within individual peaches the development of mealiness
was not uniform and separate juicy and mealy regions were often
present within a fruit. Western blot analysis of the different regions
indicated that the mealy portions of the fruit contained substantially
less expansin than juicy portions.

Poster 326
A Rapid and Simple Method to Analyze Starch Content in
Radish Root (Raphanus sativus L.) and Application to
Determine Its Inheritance of Commercial F1 Hybrid
Byoung-Ho Hwang and Jongkee Kim*; Dept. of Horticultural Sci-
ence, Chungang Univ., Ansung, Korea

Starch is one of the major storage carbohydrates in radish tissues
affecting quality of the root. A convenient and quick method to
determine starch concentration in the root was developed and
applied to relate firmness of radish cultivars. An authentic starch was
dissolved with 1.8% HCl up to 100 µg/mL solution and stained with
KI/I2 solution. The optical density at 665 nm and Hunter ‘b’ value of
the samples was highly correlated (r = –0.948). Incubating the tissue
slice in 60 °C water for 20 min followed by coloring with the iodine
reagent optimized starch staining and indexing of the radish root.
Hardness of root from 11 F1 hybrids was determined by dissecting
middle section of the root employing a texture meter. A high
correlation(r = 0.84) between tissue firmness and starch content was
observed. Tissue firmness of the F1 root was closer to their softer
parental lines. Estimates of broad-sense of heritability for starch
content from parental, F1, F2 and backcross generations 0.47 to 0.93
among three commercial cultivars. Heritabilities for tissue firmness
were similar to starch content, ranging 0.52 to 0.87.
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Poster 327
E-nose Assessment of Spring Onions Grown on Two Soils at
Three Sulfur Nutrition Levels
Lord Abbey1, Daryl Joyce*1, Julia Aked1, and Brian Smith2;1Postharvest
Laboratory, Cranfield Univ., Silsoe, Bedfordshire MK45 4DT, UK;
2Horticulture Research International, Wellesbourne, Warwick CV35
9EF, UK

There are few recognized internal quality discriminators for spring
onions (Allium cepa L.). The potential application of electronic (E)-
nose technology was investigated. Spring onion cv. White Lisbon was
grown in clay (Alluvial Gley) and sandy-loam (Brown Earth) soils in
pots in a glasshouse. Sulfur application rates were 0.0, 1.5 and 3.0
mmol·L–1 (0.0, 2.9 and 5.8 kg·ha–1). Headspace volatiles for edible
portions were assessed using a 32-conducting-polymer E-nose sen-
sor (A32/8S AromaScan). Differences in averaged sensor resis-
tances (%dR/R) for headspace volatiles of plants grown in clay versus
sandy-loam were small but significant (P < 0.05). However, sulfur
nutrition did not affect %dR/R in either soil. Nonetheless, 2D-Principle
Component Analysis (PCA) plots showed clear distinction of head-
space volatiles for different sulfur treatments in the clay but not in the
sandy-loam. Separation of data clusters for different treatments on the
2D-PCA plot by quality factor values (Mahlanobis distances) ranged
from 3.7 to 8.1 and 1.6 to 3.4 for clay and sandy-loam, respectively.
Differences for soil type were more evident at 0.0 than at either 2.9 or
5.8 kg·ha–1 S. Overall, these observations suggest that conducting
polymer E-nose sensors have potential for use to discriminate quality
in spring onions. Correlations among pyruvic acid concentrations and
dry matter and total soluble solids contents were relatively strong (r2

= ca. 0.62), but with %dR/R were poor (r2 = ca. 0.15). Accordingly, the
basis for E-nose discrimination remains to be identified.

1:00–2:00 p.m. ..................................................... CC Ballroom
Poster Session 33: Postharvest
Poster 328

Edible Films Reduce Anthocyanin Exudation From Individual
Quick Frozen Lowbush Blueberries (Vaccinium angustifolium
Ait.)
Dianne Stevens and David Percival*; Dept. of Environmental Sci-
ences, Nova Scotia Agricultural College, Truro, NS., Canada

A study examining the use of edible films to reduce anthocyanin
(ACN) exudation from individual quick frozen (IQF) blueberries was
conducted in 1997 and 1998. Six treatments were used consisting of
a control (no edible film) and five edible films. The edible films
examined included Colloid 911, Ticalose® CMC 2500 Standard Pow-
der, and Pre-hydrated® Ticalose® CMC 2500 Powder, Alanate 110,
and Alanate 310. Coating was achieved by rolling 50 g samples of IQF
berries in 0.50% w/v solutions of the various edible films and allowing
the coating to dry for 1 h. Exudation was examined by placing the
coated blueberries in either distilled water or uncooked muffin batter
that was later baked into a ready to eat product (i.e. muffins). A
significant effect of the edible films on anthocyanin exudation in
distilled water was observed with the Colloid 911 treated berries
having an exudation rate that was 23.9% lower than the control. The
Colloid 911 treatment had similar effects on the uncooked batter and
ready to eat product with the uncooked batter having a significantly
greater white to black ratio than the control (i.e., greater Hunter
Labscan 6000 spectrocolorimeter “L” values). The Colloid 911 treat-
ment also resulted in a reduced color shift in the ready-to-eat product
with a significantly higher red to green ratio being observed (i.e.,
greater Hunter Labscan 6000 spectrocolorimeter “a” values). There-
fore, edible films appear to be a viable and efficient means of reducing
anthocyanin exudation and the colour shifts (i.e., purple to green) in
IQF fruit, and should be examined for use in IQF lowbush blueberry
products.

Poster 329
Effect of Current Waxes and Temperature Management on
Chilling Injury of Different Grapefruit Varieties

Huating Dou*; Florida Dept. of Citrus, 700 Experiment Station Road,
Lake Alfred, FL 33850

In recent years, a significant number of packers have selected the
carnauba wax to coat Florida citrus to minimize postharvest pitting.
As a result, chilling injury (CI) has been reported in exported
grapefruit. In this paper, the effect of various wax formulations, and
their interaction with postharvest fungicides and storage tempera-
tures on CI incidence of white and red grapefruit was examined.
Commercially harvested red and white grapefruit were coated with
carnauba wax and each stored at 33 °F and 39 °F. The results show
that CI is more severe in white than red grapefruit, and higher in fruit
stored at 39 °F than at 33 °F. At 39 °F storage, CI was 32% in white
and 11% in red grapefruit examined after 14 weeks in storage. At 33
°F storage, CI incidence was approximately 17% in white and 4% in
red grapefruit. There was no difference on CI between fruit which
were cooled immediately or delayed cooling 24 h after packing. The
second study showed that the magnitude of wax application on CI
reduction is significantly greater than that of fungicide application.
The highest CI was found in fruit without any wax or fungicide
application. In the third study, shellac wax significantly reduced the
CI compared to carnauba wax. Low CI was found in red grapefruit at
39 °F if the fruit were waxed with shellac wax. The lowest CI was
found in 46 °F storage of waxed and non-waxed fruit from the fourth
study in which fruit were stored at 33 , 36 , 39 or 46 °F. In addition,
the wax formulations on fruit shine, color development, weight loss,
and internal gas concentrations are presented in the paper.

Poster 330
Analysis of Apple Antioxidant Levels using a Modified TOSC
Assay
D. MacLean*1, D.P. Murr1, and J.R. DeEll2; 1Dept. of Plant Agriculture,
Univ. of Guelph, Guelph, ON, N1G 2W1, Canada; 2Ontario Ministry of
Agriculture, Food and Rural Affairs, Vineland, ON, Canada

The basis of the Total Oxyradical Scavenging Capacity (TOSC)
assay is the oxidation of alpha-keto-gamma-methiolbutyric acid (KMBA)
by 2,2’-azobis-amidinopropane (ABAP) with the evolution of ethylene
as a product. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid), an antioxidant, scavenges the peroxyl radicals formed
from the thermal homolysis of ABAP, effectively inhibiting the activity
of reactive oxygen species (ROS) on KMBA, and thereby reducing the
formation of ethylene. Although the TOSC assay is a reliable method
for testing the antioxidant capacity of tissues, it also requires numer-
ous injections and the integration of several kinetic curves for analysis.
Therefore, the ‘traditional’ TOSC assay was modified and a simple
standard curve developed. The reaction was performed in septa-
sealed glass reaction vials at 39°C with a 90-minute incubation period.
Trolox concentrations in the vials ranged from 0–50 µM, yielding
headspace ethylene samples ranging from 0 to 30 ppm. Regression
analysis yielded a linear curve (R2 = 0.9857). In order to test the utility
of the standard curve for estimating apple skin antioxidant levels,
epidermal tissue was collected from ‘McIntosh’, ‘Delicious’ and ‘Em-
pire’ fruit which had been stored in air for 120 days (0–1°C, 90% to 95%
R.H.). The incorporation of a linear standard curve for analysis of apple
antioxidant levels in a modified TOSC assay resulted in quick quan-
tification of antioxidant levels in apple skin, and is an excellent
alternative to the “traditional” TOSC assay.

Poster 331
Antioxidant Phenolic Fatty-acid Esters in ‘Gala’ Apple Wax are
p-coumaryl Alcohol Derivatives
Bruce D. Whitaker*1 and Walter F. Schmidt2; 1Produce Quality and
Safety Laboratory, Plant Sciences Institute, 2Environmental Quality
Laboratory, Animal & Natural Sciences Institute, Beltsville Agricultural
Research Center, Agricultural Research Service, USDA, 10300 Bal-
timore Avenue, Beltsville, MD 20705-2350

Superficial scald is an oxidative stress-related storage disorder of
apple fruit. It is largely controlled by postharvest application of diphe-
nylamine, a lipophilic antioxidant. Endogenous antioxidants are thought
to delay or reduce scald development, and several reports have linked
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UV absorbance at 258 nm in hexane-dip extracts of apple fruit with
natural resistance to the disorder. Hexane extracts of epicuticular wax
from scald-resistant ‘Gala’ apples exhibit a broad absorbance maxi-
mum at ≈258 nm, which led us to isolate and identify the primary UV-
absorbing compounds. Column and thin-layer chromatography steps
yielded a fraction that gave a series of paired, 260-nm-absorbing
peaks on C18-HPLC. These were shown to be a family of phenolic
fatty-acid esters, for which retention times increased with increas-
ing fatty-acid chain length and paired peaks were esters of two
related phenolics with the same fatty-acid moiety. Alkaline cleav-
age of the esters released two water-soluble phenolics separable
by HPLC. Electrospray MS gave a molecular mass of 150 for both,
and proton-NMR plus UV absorbance spectra identified them as
trans and cis isomers of p-coumaryl alcohol (p-CA). Proton-NMR of
the HPLC-purified stearate ester of trans-p-CA indicated that fatty-
acid esterification occurs at the gamma-OH rather than at the 4-OH
on the phenyl ring. To our knowledge, this is the first report of fatty-
acid esters of monolignols as a natural plant product. The purified
p-CA esters showed moderate antioxidant activity in two different
assays. This is consistent with a role in scald resistance in ‘Gala’
apples, and suggests that they may be beneficial in the human diet.

Poster 332
Stimulation of Ripening of Fresh-market Tomato Fruit by a
Postharvest Dip in lysophosphatidylethanolamine (LPE), A
Natural Lipid
Ji Heun Hong*1, Lalit M. Arya1, James R. Altwies, Jr.1, and Jiwan P.
Palta2; 1Nutra-Park Inc., 3230 Deming way, Middleton, WI 53562;
2Dept. of Horticulture, Univ. of Wisconsin, 1575 Linden Dr., Madi-
son, WI 53706

For fresh market large quantities of tomato fruits (Lycopersicon
esculentum Mill.) are harvested at mature green stage. These fruits
are subjected to ethylene gas treatment prior to shipping for
commercial sales. Recent studies show that a pre- or post-harvest
treatment with a natural lipid, LPE, can stimulate fruit ripening. The
present study was conducted to investigate the potential use of
LPE as a post-harvest dip to stimulate ripening in fresh market
tomatoes. For these purpose mature green tomatoes (cv. ‘FL 47’®¯)
were obtained from West Coast Tomato, FL. Fruit were dipped in
solution containing sodium hypochlorite (150 ppm), citric acid (180
ppm) and LPE (0, 50 or 100 ppm) at 38 °C for 90 s. Fruit were air-
dried and stored at room temperature either under continuous dark
or fluorescent lamps. LPE treatment accelerated color develop-
ment regardless of fruit maturity at the time of dipping (MG2, MG4,
and breaker) under both dark and light conditions. Fifty ppm LPE
showed more effect as compared to 100 ppm. During 1 to 3 weeks
after dip treatment, 50 ppm LPE showed higher proportion of
ripened fruits as compared to control. These results suggest that
there is a potential for the use of LPE as post-harvest dip to
stimulate ripening of mature green tomatoes.

Poster 333
Respiratory Response and Volatile Evolution from Apples
Stored with Different Coatings at 20 °C
Robert Hagenmaier* and Jinhe Bai; Citrus & Subtropical Products
Lab, USDA/ARS, Winter Haven, FL 33881

In further work with experimental coatings, newly harvested
‘Braeburn’, ‘Granny Smith’, ‘Fuji’, and ‘Red Delicious’ apples were
treated with the following coatings, listed in increasing order of gas
exchange: shellac, shellac-carnauba wax, candelilla wax, polyeth-
ylene wax, and noncoated control. After 25 days at 20 °C, the
respiration rates, volatile gas evolution and internal gas concentra-
tions were measured. The O2 consumption decreased in order of
depression of internal O2 and/or increase of internal CO2. Respira-
tory Quotient Breakpoint (RQB) and high ethanol evolution was
most apparent with the shellac coating on ‘Braeburn’ apples with
internal O2 < 4% and CO2 >13%, and on ‘Granny Smith’ with O2 <
1% and CO2 > 15%. No obvious RQB showed on ‘Red Delicious’
and ‘Fuji’ apples; however, the rapid increase of ethanol evolution

occurred with O2 < 3% and CO2 >10% for ‘Fuji’, and O2 < 6% and
CO2 > 11% for ‘Red Delicious’. Evolution of ethyl esters increased
when ethanol was elevated.

Poster 334
Coating Selection for ‘Braeburn’ and ‘Granny Smith’ Apples
Jinhe Bai*, Robert H. Hagenmaier and Elizabeth A. Baldwin; Citrus
& Subtropical Products Lab, USDA/ARS, Winter Haven, FL 33881

Several experimental coatings with different gas permeances
were applied to ‘Braeburn’, ‘Granny Smith’, and ‘Red Delicious’
apples, which were held at 20 °C to simulate marketing conditions.
The coating treatments were shellac, shellac-carnauba, candelilla,
polyethylene, and uncoated control. Internal gases and other
quality measurements were made after 2 and 4 weeks of storage.
With the polyethylene and candelilla coatings, the internal O2 was
great than 3.5% and CO2 <11%, and there were no indications of
anaerobic metabolism for all three varieties. With ‘Granny Smith’
apples the O2 concentrations were <2% with all the shellac-
containing formulations, which is low enough to induce anaerobic
metabolism. For ‘Braeburn’ apples coated with these shellac
coatings, the internal O2 was somewhat higher (2% to 6%), but CO2

was as high as 25% and, there were signs of CO2 injury in the form
of internal browning. For ‘Red Delicious’ with the same coatings,
the internal O2 was ≈5%, and CO2 was ≈10%, which are fairly
moderate values. The candelilla wax coating was not shiny and
gave the apples a rather natural appearance. High gloss shellac
coatings were designed to enhance the appearance of ‘Red Deli-
cious’, but not necessarily the lighter-colored apple varieties.
Coatings developed for use on ‘Red Delicious’ apples form exces-
sive gas barriers and shiny surfaces that may not be appropriate for
‘Braeburn’ and ‘Granny Smith’ apples.

1:00–2:00 p.m. ................................................... CC Ballroom
Poster Session 34: Postharvest
Poster 335

Postharvest Life of Selected Fresh-cut Flowers and
Greenery
Rebecca J. Inch1 and Karen L.B. Gast*2; 1Plant Science Dept.,
Lincoln Univ., New Zealand, 2Dept. of Horticulture, Forestry and
Recreation Resources, Kansas State Univ., Manhattan, KS 66505

Fresh-cut bouquets are popular items at farmers markets. Attrac-
tive bouquets include flowers that provide specific design elements.
These include focal flowers that draw the eye, line flowers that help
the eye move around the bouquet, and lastly filler flowers that fill the
spaces attractively. Greenery is used frequently as a filler. Identify-
ing suitable plant material for filler was the object of this study.
Suitability means it is available cheaply, is attractive, and has an
acceptable vase life of at least 6 days. Nine species were identified
in the garden for evaluation: Horehound, Peppermint, Ribbon Grass,
Japanese Kerria, Artemisia, Globe Thistle, Tansy, Spearmint, and
Mexican Sage. Results showed that artemisia had a vase life of 10
days when held in floral preservative. However, Ribbon Grass and
Japanese Kerria had significantly better vase lives with the water
treatment, 7.2 days and 9.5 days, respectively. Spearmint had a
vase life of 10 days when held in water. Mexican Sage had a vase
life of 7 days. Tansy had an acceptable vase life of 6 days. Globe
Thistle also had an acceptable vase life of 6 days, and the flowers
retained a good color throughout the time period. Japanese Kerria
held in the floral preservative treatment had a shorter vase life of only
4 days, and the leaves turned brown, producing an undesirable floral
product. Both Peppermint and Horehound showed no significant
difference between water and floral preservative treatments and had
short vase lives of 4 days.

Poster 336
Effect of Lowered Vase Solution Temperature on the
Senescent Physiology of Cut Rose
K.C. Son* and M.K. Chang; Dept. of Horticultural Science, Konkuk
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Univ., Seoul 143-701, Korea
A small apparatus was developed that allowed reducing the vase

solution temperature as much as 3 °C, regardless of environmental
conditions and the effect of lowered vase solution temperature on
the postharvest senescense of cut roses was investigated. In cut
roses (cv. Red Sandra, 40-cm stems) maintained in low-tempera-
ture distilled water (LDW: 7 °C), water uptake and stem water flux
rate increased, enhancing the maintenance of fresh weight, water
balance, and flower diameter compared to that of ambient-tem-
perature distilled water (ADW: 23 °C). Leaf temperature was lower
in LDW than ADW treatments during the dark period (12 h light: 12
h dark). Leaf boundary layer resistance was lower during the light
period in the LDW treatment during at the early stages of vase life,
reducing transpiration. Roses held in a preservative solution con-
taining 200 ppm 8-hydroxyquinoline sulphate and 2% sucrose at
ambient temperature (AHQS) had a slightly decreased solution
uptake relative to that of LDW. Photosynthesis and transpiration
rates of harvested flowers with 4 compound leaves were lower than
flowers with 2 compound leaves in both ADW and LDW treatments.
Additionally, the longevity of flowers with 4 compound leaves was
significantly shorter than flowers with 2 compound leaves, due to
a substantially higher transpirational loss of water in both water
temperature treatments. The opposite was found in the low-
temperature preservative solution (LHQS), indicating that there
was no direct relationship between longevity and leaf number if the
availability of water and energy was sufficient. Conversely, transpi-
ration rate of cut roses was reduced slightly in LDW, but greatly in
LHQS compared with ADW. Stem flux rate in the neck position of
cut rose stems was constant, regardless of treatment and leaf
number, but differed at basal position of cut rose stem.

Poster 337
TDZ: A Novel Tool for Preventing Leaf Yellowing in
Alstroemeria Flowers
Antonio Ferrante1, Donald Hunter2, Wesley Hackett2, and Michael
Reid*2; 1Scuola Superiore di Studi Universitari e di Perfezionamento
S. Anna, Pisa, Italy; 2Dept. of Environmental Horticulture, Univ. of
California, Davis, CA 95616

The effects of dark, carbohydrate supply, and growth regulators
on leaf senescence was studied in 20 cut flower cultivars of
Alstroemeria. Incubation of Alstroemeria in the dark or with a floral
‘preservative’ containing 1.5% w/v sugar accelerated the senes-
cence of the leaves of all cultivars while continuous treatments with
gibberellins or cytokinins delayed the leaf yellowing. Of the 20
cultivars, the leaves of ‘Diamond’ most rapidly developed senes-
cence-associated leaf yellowing; those of ‘Rebecca’ senesced the
slowest. Although gibberellic acid (GA3) and benzyladenine (BAP)
provided a modest extension of leaf life, we discovered that
thidiazuron (TDZ); a substituted urea with cytokinin-like activity
sold as a defoliant for cotton (‘Dropp’) dramatically extended leaf
longevity. TDZ shows promise as a tool for manipulating leaf
senescence experimentally, and for commercial purposes.

Poster 338
Thidiazuron Reduces Leaf Senescence and Abscission in
Flowering Potted Plants
Ann King*1, Mingfang Yi2, Antonio Ferrante3, and Michael Reid1;
1Dept. of Environmental Horticulture, Univ. of California, Davis, CA
95616; 2Beijing Agricultural Univ., China; 3Scuola Superiore di Studi
Universitari e di Perfezionamento S. Anna, Pisa, Italy

At micromolar concentrations, thidiazuron, (1-phenyl-3-(1,2,3-
thiadiazol-5-yl) urea, TDZ), a compound that has been shown to have
a strong cytokinin activity in tissue culture systems, markedly inhibits
leaf senescence in ornamental plants. We report here the effective-
ness of TDZ in reducing leaf yellowing and abscission in Poinsettia
(Euphorbia pulcherrima ‘Red Velvet’). During 4 weeks in a simulated
interior environment, control plants lost as many as 30% of their
leaves, while the leaves of TDZ-treated plants showed no significant
yellowing or abscission. The effects of this interesting material on

other potted flowering and foliage plants will be described.

Poster 339
Sugar Metabolism during Floral Senescence
Shimon Meir*1, Donald Hunter2, Tim Gookin2, and Michael Reid2;
1Volcani Centre, Agricultural Research Organization of Israel;
2Dept. of Environmental Horticulture, Univ. of California, Davis, CA
95616

The opening and senescence of flowers is closely associated
with dramatic changes in their sugar content. Using the ephemeral
flowers of four o’clocks (Mirabilis jalapa) as a model system, we
have isolated genes encoding invertase, a key enzyme in sugar
metabolism that has been suggested to be involved in determining
the sink strength of plant organs. We report here changes in
expression of invertase genes and invertase activity during open-
ing and senescence of the M. jalapa corolla, and will discuss the
role of this enzyme in sugar metabolism in this ephemeral flower.

Poster 340
Evaluation of Mirabilis jalapa as a Model System for
Studying Floral Senescence
Tim Gookin*, Donald Hunter, Brian Steele, and Michael Reid; Dept.
of Environmental Horticulture, Univ. of California, Davis, CA 95616

Mirabilis jalapa (Four o’clock, Marvel of Peru) is a bushy peren-
nial that flowers prolifically, readily selfs, and has a very rapid seed
to seed cycle of 10 weeks under ideal conditions. The flowers open
in the early evening and collapse rapidly the next morning. Al-
though floral senescence was accelerated by treatment with ethyl-
ene, inhibitors of ethylene action (1-methylcyclopropene (1-MCP)
and silver thiosulfate (STS)) did not extend the life of the flowers
held in air. Respiration increased during flower opening and de-
clined as the flower senesced. We are using M. jalapa as a model
system for examination of non-climacteric senescence in a dicoty-
ledonous plant.

Poster 341
Temperature and the Postharvest Performance of Rose
(Rosa hybrida L. ‘First Red’) and Gypsophila (Gypsophila
paniculata L. ‘Bristol Fairy’) Flowers
Fisun Celikel1 and Michael S. Reid*2; 1Ataturk Central Horticultural
Research Institute, Yalova, Turkey; 2Dept. of Environmental Horti-
culture, Univ. of California, Davis, CA 95616

The respiration of cut flowers of rose (Rosa hybrida L. ‘First Red’)
and gypsophila (Gypsophila paniculata L. ‘Bristol Fairy’) increased
exponentially with increasing respiration, with a Q10 value between
0 and 10 °C of 3 for both flowers. The vase life of flowers held in dry
storage for 5 days at 0 °C was not distinguishable from that of the
initial controls, but vase life was negatively affected by simulated
transport at higher temperatures. There was a highly significant
linear relationship between respiration during storage and vase life
after storage for these important commercial crops, indicating the
importance of maintaining temperatures close to the freezing point
during commercial handling and transport. The vase life of ‘First
Red’ flowers held in wet storage (stem bases in DI water) at higher
than optimal storage temperatures was also reduced, although
less than for dry-stored flowers at 12.5 and 15 °C.

Poster 342
Influence of Cultivar and Seasonal Growing Environment on
Carbohydrate Content and Postharvest Longevity of Pot
Roses
Jose A.S. Grossi1, H. Brent Pemberton1*, and B. Greg Cobb2; 1Texas
A&M Univ. Agricultural Research and Extension Center, P.O. Box
200, Overton, TX 75684; 2Texas A&M Univ., College Station, TX
77843

Single-stemmed plants were grown in controlled environmental
chambers simulating summer (30 °C day/21 °C night with a 14-h
photoperiod) and winter (21 °C day/16 °C night with a 10-h photope-
riod) greenhouse growing conditions. At flower developmental stage
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2, the plants were placed in a continuously lighted simulated interior
evaluation room at 21 ± 1 °C under 15 µmol·m–2·s–1 PPFD from cool-
white fluorescent lamps for postharvest evaluations. Plants had
quicker flowering, smaller flower diameter, more compact growth, and
smaller leaf area when plants were grown under the summer environ-
ment compared to the winter environment. Stem carbohydrate con-
centration showed a direct relation with flowering shoot length. Rosa
L. cultivars Meiferjac and Ruijef exhibited higher flower longevity
under the summer environment vs. the winter environment, but
Ruirosora plants exhibited similar flower longevity under both environ-
ments. The ribose content in leaf tissue exhibited the same pattern of
differences seen for flower longevity between cultivars and growing
environments. The greater flower longevity under the summer envi-
ronment vs. the winter for Meiferjac and Ruijef cultivars may also be
explained by the higher petal starch concentration for plants grown
under the summer environment.

Poster 343
Light Levels in Influencing Production and Subsequent
Iinterior Performances of Ficus Cultivars
Jianjun Chen*1, Terril. A. Nell2, Richard. J. Henny1, Cynthia A.
Robinson1, and Russell D. Caldwell1; Univ. of Florida, 1Mid-Florida
Research and Education Center, 2725 Binion Road, Apopka, FL
32703; 2Dept. of Environmental Horticulture, Gainesville, FL 32611

Ficus benjamina ‘Common’ is one of the most popular and most
recognizable indoor trees and has been intensively studied in
relation to light acclimatization and interior performances. Two
problems, however, associated with its interiorscaping still remain:
leaf abscission and accelerated internode elongation. With the
selection of mutants and/or somaclonal variants, a series of new
Ficus cultivars have been recently introduced. This study was to
determine if other cultivars respond to light levels during production
and subsequent interiorscaping better than the original cultivar
“Common”. Plugs from seven cultivars of F. benjamina: 1) ‘Midnight’,
from tissue culture and ‘Midnight’ from cuttings; 2) ‘Midnight Prin-
cess’; 3) ‘Monique’; 4) ‘Indigo’; 5) ‘Wintergreen’; 6) ‘Florida Spire’;
and 7) ‘Common’, two cultivars of F. elastica ‘Cabernet’ and ‘‘Melany’,
and F. binnendijkii ‘Alii’ were grown under four light levels (467, 700,
933 and 1167 µmol·m–2·s–1) until reaching marketable size. After
growth parameter measurements and quality ratings, cultivars from
each light level were evaluated in interior rooms under 8 and 16
µmol·m–2·s–1 respectively. Generally, growth parameters including
height, trunk calipers, and internode numbers were larger when
grown under 700 µmol·m–2·s–1 across all cultivars. F. elastica
‘Cabernet™ CLP’ and ‘‘Melany’ had better leaf color at 467 and 700
µmol·m–2·s–1; leaf color of ‘Midnight’ cultivars showed no variation
relative to the four light levels. All other cultivars expressed better
leaf color at 467 µmol·m–2·s–1. Based on leaf drop numbers, intern-
ode elongation, changes in plant quality, all new cultivars exhibited
better interior performances than the original ‘Common’, suggesting
that exploiting the genetic potential of cultivars may identify better
interiorscaping Ficus cultivars.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 35: Crop Physiology
Poster 401

The Effect of CaCl2 Addition to Foliar Urea Sprays on Growth
of Apple Seedlings
Dariusz Swietlik*; USDA-ARS, Appalachian Fruit Research Station,
Kearneysville, WV 25430

The purpose of this study was to elucidate the effect of CaCl2
presence in urea foliar sprays on growth and N uptake by apple
seedlings (Malus xdomestica Borkh.). In previous work the applica-
tion of N in conjunction with CaCl2 was more efficient in eliminating
N deficiency in field-grown grapefruit trees than when the same rates
of N were applied without CaCl2. Greenhouse-grown ‘Red Delicious’
apple seedlings were pruned to a uniform height of 50 cm and
allowed to develop one single shoot. The plants were foliar sprayed

eight times at 10 day intervals with: 10 mM CaCl2·2H2O alone or, 83
mM urea with 0, 10, 20, or 40 mM CaCl2 ·2H2O. The control plants were
treated with deionized water. All the spray treatments contained
Tween 20 surfactant at 0.1% concentration. Compared to the
control, sprays with urea alone or in conjunction with CaCl2·2H2O
increased leaf number, total new leaf area and the area of individual
leaves, shoot growth, stem thickness, and leaf and stem dry weights.
However, addition of CaCl2·2H2O did not improve the effect of urea.
In fact some of the growth increases tended to be smaller when urea
was used in conjunction with CaCl2·2H2O. Sprays with CaCl2·2H2O
alone tended to increase shoot growth and total leaf area.

Poster 402
Effects of Foliar Urea Application in the Fall on N Reserve
and Cold Hardiness of Young Fuji/M26 Apple Trees
Shufu Dong1, Lailiang Cheng*2, Pinghai Ding1, and Leslie H.
Fuchigami1; 1Dept. of Horticulture, Oregon State Univ., Corvallis, OR
97331 2 Dept. of Horticulture, Cornell Univ., Ithaca, NY 14853

One-year-old Fuji/M26 apple trees were treated with foliar urea
twice (17 and 24 Oct. 1999) in the fall at rates of either 0, 1.5%, 3.0%,
or 4.5%. The trees were kept outside until being tested. Five trees
from each treatment were harvested on 27 Dec. 1999 and 25 Feb.
2000, and the stems were used for nitrogen analysis and cold
hardiness test. Total nitrogen was analyzed with Kejhdal method.
10-cm long stem pieces blocked in size were frozen at –10, –20, –
30 and –40 °C for 30 minutes with samples kept at 2 °C as control.
Viability and conductivity of the tissues were measured after freez-
ing. Index of injury and LT50 calculated based on data of conductivity
was used to evaluate cold hardiness. Total nitrogen in stem tissues
was increased by foliar urea application in the fall, and the content
of reserve N increased with the increase of the urea concentration.
No significant difference between treatments was found on cold
hardiness at two test dates, but tissues were 10 °C harder in
December than in February for all treatments.

Poster 403
Environmental Factors and Antioxidant Capacity Determine
Sunscald Susceptibility in Apple Fruit
James R. Johnson, Yongbing Yuan, Ricardo Diaz, and Preston K.
Andrews*; Dept. Hort & LA, Washington State Univ., Pullman, WA
99164

Sunscald of apple (Malus xdomestica Batsch. ‘Fuji’ and ‘Granny
Smith’) fruit was studied in Washington State. Some fruit were
continuously monitored for skin temperature and intensity of light
exposure on their SW surfaces and rated for sunscald through the
critical seasonal period. Fruit peel tissue was collected bi-weekly
from mid-July until harvest for biochemical analysis of oxidation
products, antioxidants, and pigments. Fruit discs were exposed to
varying light and temperature regimes under controlled laboratory
conditions. Results from both field samples and laboratory experi-
ments suggest that sunscald-like symptoms and oxidative damage
occur only when apple skin is exposed to both high light and high
temperatures. The contribution of ascorbic acid to the total antioxi-
dant activity (TAA) of apple fruit peel appears to be significant, but
variable, depending on developmental and environmental factors.
Mild to moderate sunscald symptoms resulted in elevated TAA in
damaged peel tissue, but tissue with severe sunscald had lower
TAA. In sunscald damaged tissue chlorophyll and anthocyanin
contents were reduced, but carotenoid contents were relatively
unchanged. Lipid peroxidation, measured by increases in
malondialdehyde, and protein oxidation, measured by carbonyl
content, both increased under conditions of high light and high
temperature. These results suggest that both high light intensity and
high temperatures are required to induce oxidative damage and
sunscald in apple fruit. This supports our hypothesis that sunscald is
the result of photooxidative injury of heated skin tissue.

Poster 404
Influence of NAA on Controlling Fruit Drop in the Apple
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Cultivar ‘Braeburn’
P.I. Garriz*, H.L. Alvarez, and G.M. Colavita; Facultad de Ciencias
Agrarias, Comahue National Univ., c.c. 85, 8303 Cinco Saltos, R.N.,
Argentina

Plant growth regulators are used for controlling fruit drop in late-
season apple cultivars, which often abscise before developing
adequate red color or maturity for harvest. However, the most
effective timing of spray is not well established. The effect of NAA (1-
naphthaleneacetic acid) at concentration of 10 mg·L–1 on fruit quality
and abscission of ‘Braeburn’/MM.111 apple (Malus domestica Borkh.)
trees was evaluated at the Comahue National Univ., Argentina (lat.
38°56’S, long 67°59’W). The experiment was conducted on eight-
year-old apple trees trained to palmette leader, in Summer 2000.
Treatments were: 1) unsprayed control; 2) NAA applied on 8 March,
7 days before commercial harvest (CH); and 3) NAA applied on 1
March, 15 days before CH, and on 8 March. There were four single-
tree replicates in a completely randomized design. Two similar
limbs, ≈2 cm in diameter, were selected on each tree and nine fruits
per limb were labeled. At 164, 171, 178 (CH), 185, and 192 days after
full bloom (DAFB), the cumulative per cent of retained fruit and the
maturity indexes were determined. NAA substantially controlled fruit
abscission; however, no significant differences in fruit drop were
found between one and two applications. The final cumulative
retention was 69.3, 89.4 and 94.7% for treatments 1, 2 and 3,
respectively. NAA sprays did not significantly affect fruit firmness at
178 DAFB (range 87.3-90.3 N) or starch index (range 4.5–4.9), and
compared with the control, two NAA applications reduced soluble
solids concentration by 0.8 °Brix. Consequently, our data indicate
that a single application of NAA effectively reduces preharvest fruit
drop of ‘Braeburn’ apples, with no effect on the maturity indexes.

Poster 405
Apple Root Lifespan in Nitrate-rich Patches
Liqin Wang*, David M. Eissenstat, Dora E. Flores-Alva, and Astrid
Volder; Dept. of Horticulture, The Pennsylvania State Univ., 103
Tyson Building, Univ. Park, PA 16802-4200

Nitrate concentration varies widely both in space and time for
natural soil resources. Apple roots respond to this heterogeneity with
morphological and physiological plasticity. Besides root proliferation
and uptake kinetics, root lifespan is very important in examining the
benefit of root foraging. Yet studies of nitrate-rich patches on root
lifespan have given mixed results. In this experiment, using a split-
pot design and apple (Malus pumila) seedlings, we separated roots
of the same plant equally into two pots and examined root longevity
with a homogeneous L/L (1.6 mM) and H/H (8 mM) or heterogeneous
H/L supply of nitrate. Root lifespan was determined using mini-
rhizotron and microvideo camera method. Longevity of roots in high
nitrogen soil (H*/H and H*/L) was longer than roots in low nitrogen
soil(H/L* and L/L*). Median root lifespan for H/L* was the lowest 34-
37 days, and for H/H* was the highest 60–63 days. This is in contrast
to several field studies, which found root longevity tended to be
reduced with an increase in site fertility. Patch duration also affect
optimal root lifespan. When roots were well established, a fertile
patch for H*/H and H*/L treatments was depleted rapidly and re-
supplied with low nitrate (H*/H - L*/H and H*/L - L*/L). Roots were
traced to 30 days after leaching. Patch disappearance shortened
median root lifespan ≈8 to 10 days.

Poster 406
The Potential Use of Plant Growth Regulators to Manipulate
Reproductive and Vegetative Growth of the ‘Hass’ Avocado
Lauren C. Garner* and Carol J. Lovatt; Dept. of Botany and Plant
Sciences, Univ. of California, Riverside, CA 92521

Despite the successful use of plant growth regulator (PGR) sprays
to increase yields of many fruit tree crops, few studies reporting the
use of this technique with avocado (Persea americana Mill.) have
been published. Therefore, a screening study was undertaken to
investigate the effects of several PGRs on California ‘Hass’ avocado
reproductive and vegetative growth. Using a randomized complete-

block design, branches measuring one meter from the apex were
sprayed with prohexadione-calcium (gibberellic acid [GA] biosyn-
thesis inhibitor; 250 or 1000 mg/liter), GA-3 (25 or 100 mg/liter),
aminoethoxyvinylglycine (AVG, ethylene biosynthesis inhibitor; 250
or 2000 mg/L), 6-benzyladenine (BA, 25 or 250 mg/L), DL-tryp-
tophan (0.0001 or 100 µmol) or a combination of PGRs (25 mg/L GA-
3, 250 mg/L AVG, 250 mg/L BA, and 0.0001 µmol DL-tryptophan).
Prohexadione-calcium was applied at full bloom (April). All other
sprays were applied at full bloom (April), before early fruit drop (May),
or during early fruit drop (June). In an additional set of treatments,
each of these sprays was followed with a second spray after early
fruit set (August). An additional treatment was the application of
0.0001 µmol DL-tryptophan on each successive spray date. This
combination of PGRs, concentrations and application dates resulted
in 58 individual treatments, including untreated control branches. In
addition to measuring percentage of fruit set several times during the
season, fruit size, vegetative growth, and effects on preceding and
succeeding years’ reproductive growth were also measured. There
were no significant differences in percentage of fruit set at harvest
(November) between the untreated controls and any of the treat-
ments. Further research is required to identify PGR spray regimes
that can be used commercially to manipulate avocado reproductive
and vegetative growth.

Poster 407
Fruit Development and Cracking in Cereus peruvianus (L.)
Miller—A New Cactus Crop
Yehoram Leshem*1, Avinoam Nerd1,2, and Yosef Mizrahi1,2; 1Dept. of
Life Sciences, 2Institutes For Applied Research, Ben-Gurion Univ. of
the Negev, P.O. Box 653, Beer-Sheva 84105, Israel

Cereus peruvianus is a subtropical columnar cactus, has recently
been developed as a fruit crop in Israel. The fruit is a medium-size
berry, with smooth red peel. Cracking of fruit still attached to the plant
(up to 90%) is a serious economic problem. In our study conducted
in the summer in an irrigated orchard planted on the southern coast
of Israel, fruit development and the cracking resistance of the peel
were investigated for five clones of C. peruvianus. Increase in fruit
dimensions and weight showed a double sigmoid curve with three
stages; a significant increase in the first and third stages and a
moderate increase in the middle stage. Peel and seed growth
occurred in the first two stages while pulp growth, maturation
processes, and peel color development took place in the final stage.
The clones differed in the rate of pulp growth, which lasted between
35 to 50 days after anthesis. Daily changes in fruit diameter mea-
sured (PhyTech, Yad-Mordechai, Israel) at close to full color showed
expansion during the day and contraction at night; cracking occurred
during day. Cracking tendency (days from anthesis to 50% cracking)
differed among the clones; 46 days for the most susceptible and 58
days for the least susceptible. Cracking tendency could not be
correlated with the cracking threshold turgor (resistance of the peel
to the pressure of injected nitrogen gas) but was positively correlated
with the relative growth rate of the pulp.

Poster 408
Acid Invertase Gene Expression and Enzyme Activity are
More Closely Related to Sink Activity and Fruit Growth in
Tart Cherry (Prunus cerasus) than either Sorbitol
Dehydrogenase or Sucrose Synthase
Zhifang Gao*, Sang-Dong Yoo, Steven van Nocker, and Wayne
Loescher; Horticulture, Michigan State Univ., East Lansing, MI
48824

Sorbitol and sucrose are the major translocated carbohydrates in
tart cherry fruit where they may be metabolized via sorbitol dehydro-
genase (SDH), sucrose synthase, and acid or alkaline invertases.
Here we determined sugar compositional changes and gene expres-
sion and enzyme activities for SDH, several invertases, and sucrose
synthase during fruit development. Glucose, fructose, and sorbitol
were the major sugars that accumulated late in fruit development.
Among the sorbitol- and sucrose-metabolizing enzymes, only acid
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invertase activity was highly correlated with hexose accumulation.
SDH activity was present but changed little throughout development.
Sucrose synthase activity and gene expression were relatively low
during maturation and mainly detectable only in young fruit prior to
pit hardening. Alkaline invertase activities were low. Acid invertase
activities, however, were highest during maturation and were prob-
ably primarily responsible for hydrolysis of incoming sucrose. The
mRNA of two acid invertase genes (AI-1 and AI-2) were highly
expressed only when sugar accumulation rates were high, sug-
gesting their importance in determining final fruit quality and also a
relationship to overall fruit sink activity. In contrast, SDH mRNA
was constitutively expressed throughout fruit development, and
enzyme activities were not correlated with sugar or sorbitol accu-
mulation. Regulation of these critical steps is still to be defined.

Poster 409
Expression of Several Expansins is Coordinately Regulated
with that of Other Cell Wall Softening Enzymes and is
Associated with Pectin-related Changes in the Cell Wall
during Ripening of Cherry (Prunus cerasus) Fruit
Sang-Dong Yoo, Zhifang Gao, Wayne Loescher*, and Steve
van Nocker; Pomology and Molecular Biology Lab., Dept. of Hor-
ticulture, Michigan State Univ., East Lansing, MI 48823

Expansins are plant proteins that have the capacity to mediate
extension of cell walls, at least in part through weakening of
interactions between hemicellulosic components and cellulose
microfibrils. It has been proposed that expansins have a prominent
role in tissue softening by facilitating access of hydrolytic enzymes
to specific cell wall polymers. We evaluated the potential for
coordinate action of expansins and several other cell wall modify-
ing enzymes during tissue softening in the nonclimacteric fruit of P.
cerasus (sour cherry). We describe the characterization of two
expansin genes, designated PcEXP1 and PcEXP2, expressed in
fruit mesocarpic tissue. PcEXP1 and PcEXP2 RNAs were rela-
tively highly expressed at an advanced stage of development when
fruit was undergoing simultaneous enlargement and softening, but
were only very weakly expressed early in development when the
fruit was growing rapidly but was not softening. From a collection
of expressed sequence tags (ESTs), we identified cherry orthologs
of several genes encoding proteins with known roles in cell wall
modification. The onset of expansin gene expression was coordi-
nated with the initiation of expression of genes encoding a potential
xyloglucan endotransglycosylase (PcXET1), pectin methylesterase
(PcPME1), pectate lyase (PcPEL1) and polygalacturonase
(PcPGA1). In contrast, genes encoding proteins potentially in-
volved in the hydrolysis of the cellulose-hemicellulose network
(i.e., b-1,3-glucanase, b-1,3-1,4-glucanase) were expressed at a
constant level throughout fruit development and exhibited no
significant upregulation at the onset of ripening. Consistent with
these molecular findings, compositional analyses revealed that
softening was correlated with a striking decrease in the content of
pectin, but not of cellulose or hemicellulose. Taken together, these
results suggest that expansins may act in tissue softening in P.
cerasus fruit through a coordinated process involving xyloglucan
endotransglycosylase and pectin-degrading enzymes.

Poster 410
Salinity Tolerance of Citrus Rootstock Seedlings is
Increased by Enhanced Growth at Elevated CO2

J.P. Syvertsen* and J.W. Grosser; Univ. of Florida, CREC, Lake
Alfred, FL 33850

At least part of the mechanism underlying the relatively low leaf
Cl accumulation attributable to some citrus rootstocks under salin-
ity stress may be related to their low growth vigor and low water use.
We hypothesized that increased plant growth and lower water use
at elevated CO2, would increase salt tolerance in seedlings of
Citrus. We examined the interaction between salinity stress and
elevated CO2 for several diploid (2X) and allotetraploid (4X) Citrus
cultivars chosen for their contrasting abilities to exclude Cl. El-

evated CO2 increased total plant growth, shoot/root dry mass ratio,
leaf dry mass / area, net assimilation of CO2 (ACO2) and water use
efficiency relative to seedlings grown at ambient CO2. Elevated
CO2 decreased stomatal conductance and decreased concentra-
tions of mineral nutrients in leaves including leaf chlorides (Cl)
perhaps by growth dilution. Overall, salinity reduced plant growth
and leaf transpiration rates. Elevated CO2 increased the negative
effects of salinity on growth but decreased salinity effects on leaf
transpiration and Cl accumulation relative to ambient CO2. Based
on Cl accumulation in leaves, seedlings of 4X somatic hybrids were
less sensitive to salinity than their diploid parent types. Since
Rangpur lime seedlings had relatively high transpiration rates but
low levels of leaf Cl, leaf Cl accumulation was not always linked to
water use.

Poster 411
A Study on the Physiological Effects of Different Soil Mulch
on Satsuma Mandarin
Qiuming Zhang*1 and Yusheng Zheng2; 1Dept. of Horticulture,
Hunan Agricultural Univ., Changsha, Hunan, 410128, P.R. China;
2Dept. of Botany and Plant Sciences, Univ. of California, Riverside,
CA 92521-0124

Citrus production in Southern China has long been affected and
limited by drought season, which lasted three months from July to
September, and by the shortage of irrigation. Therefore, we formu-
lated this project to search the effective soil mulch methods to
improve citrus production in the area. Five different soil mulch
treatments were conducted on 12-year-old Miyagawa Wase man-
darin (Citrus unshiu Marc.) during falls (from July to September) of
1995–98 in Teaching and Experimental Farm, Hunan Agricultural
Univ., to study the physiological effects of different mulch practices.
Results have shown that all soil mulch, burying grass, rice straw,
plastic film, perlite material, and growing grass, could effectively
keep water from evaporation compared to control. Analysis indi-
cated that water content for surface and 15 cm depth soil in treated
plots was 20-250% higher than control and that mulched with rice
straw, plastic film, and grass burying were the best. Treated trees
had higher leaf water potential, ranging from –1.02 to –0.47 MPa
for above three treatments, whereas control plants had water
potential ranging from -1.48 to –1.22 Mpa. Additionally, treated
trees had 2–3 fold more fall flushes which were primary bearing
shoots for the next year, 20% greater in shoot length and diameter
respectively. Fruit quality analysis showed that treated trees had
lower fruit splitting rate, larger fruit size, higher juice content and
yield. Overall evaluation, mulched with rice straw, plastic film, and
grass burying were most effective in soil water conservation and
had greater economic return for citrus orchards. The influence of
foliar anti-transpirants application was also tested and evaluated.

Poster 412
Differences in Endogenous Hormones between Normal and
Dwarfing Trifoliate Orange Rootstocks

Langtao Xiao*1, Carol J. Lovatt2, Isa Bertling2, and Zhenkun Liao3;
1Hunan Agricultural Univ., P.R. China; 2Univ. of California, River-
side, CA 92521; 3Hunan Provincial Dept. of Agriculture, P.R. China

‘Flying Dragon’® trifoliate orange (Poncirus trifoliata cv. monstrosa)
is a commercially important dwarfing rootstock widely used by the
citrus industry. However, the mechanism of its strong dwarfing
effect is still unknown. In an attempt to study the role of endogenous
phytohormones for the scion-rootstock interaction on tree vigor,
uniform 1 year-old seedlings of both the dwarfing Flying Dragon
and normal trifoliate orange (Poncirus trifoliata L.Raf.) rootstocks
were hydroponically grown directly from seeds in the greenhouse.
The endogenous indole-3-acetic acid (IAA), abscisic acid (ABA),
gibberellic acid (GA3) and isopentenyl adenosine (IPA) in different
parts of both rootstocks were analyzed using standard radioimmu-
noassay (RIA). It was found that the normal type contains signifi-
cantly higher IAA in shoots while the dwarfing type contains
significantly higher ABA in leaves and roots. No significant differ-
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ence for GA3 and IPA concentrations was found in any tissues
between both rootstocks. These results suggest an active role of
endogenous phytohormones in the rootstock influence on the
scion vigor. The phytohormonal balance and their seasonal change
patterns of both rootstocks were also discussed.

Poster 413
Correlation with Shoot Vigour and Primary Bud Necrosis in
‘Campbell Early’ Grapevines
In-Myung Choi*, Hee-Seung Park, Chang-Hoo Lee, Sung-Bok Kim,
and Soon-Kyung Chung; Research Planning Division Research
Management Bureau Rural Development Administration Suwon
441-707, Republic of Korea

Bud development was influenced by shoot growth vigor, climatic
condition and plant growth regulators at growing season, and
fruitfulness of bud which was determined by bud development
affects fruit yields and qualities in grapevines. Primary bud necrosis
(PBN) of grape occurred at 30 days after fool blooms, and sharp
increment at 50–60 days after FB, and slow increment continue until
rest stage. Also, secondary bud necrosis (SBN) showed a same
pattern with PBN, although rate of SBN were lower than PBN. PBN
occurred earlier and higher in the basal buds (1st to 3rd buds) than
the more distal buds on a shoot at 30–40 days after FB, as seasons
advanced, increased in the central buds (4th to 9th buds) position at
50–60 days after FB. At rest stage, the mean incidence of PBN was
28.6% in weak cane (cane diameter 8.0 mm), 58.0% to 77.6% in
moderate cane (8.1–11.0 mm), and 96.8% in very vigorous cane
(11.1 mm). In longitudinal bud sizes, incidence of PBN were 22.4%
in 4.1 mm–5.0 mm, 49.2% to 53.8% in 4.0 mm, and 60% in 5.1 mm.
Cane growth increased with vine age, thus PBN showed a tendency
of continuous increase with vine ages.

Poster 414
Analysis of Sugar and Potassium Contents in Individual
Parenchyma Cells of Fruit using Microdroplet of Cell Sap
Extracted by a Micropipette Method
Keizo Yonemori, Kazumi Kawabata, and Akira Sugiura; Graduate
School of Agriculture, Kyoto Univ., Sakyo-ku, Kyoto 606-8502,
Japan

In order to estimate sugar and potassium concentrations in each
cell of fruit, vacuolar saps from individual parenchyma cells of grape
berry ‘Neo Muscat’ and persimmon fruit ‘Hiratanenashi’ were ex-
tracted at maturity by a micropipette in a micromanipulator system,
using 300 µm sections of fresh berry/fruit prepared by a DSK-1000
microslicer (Dosaka EM, Kyoto, Japan). The concentration of each
sugar in individual cell sap was measured using a fluorescence
microscope equipped with a photometer by the intensity of fluores-
cence of NADPH after an enzymatic reaction of glucose, fructose, or
sucrose in microdroplet of the sap was performed. The concentra-
tion of potassium was measured by X-ray microanalysis using a
scanning electron microscopy (S-2150, Hitachi Ltd., Tokyo, Japan)
equipped with a model EMAX-2770 analyser (Horiba Ltd., Kyoto,
Japan) after the microdroplet of the same sap was dried. Measure-
ments of 30 parenchyma cells of ‘Neo Muscat’ berry showed a small
standard deviation for each sugar concentration, i.e. 407 ± 43 mM in
glucose, 387 ± 37 mM in fructose, and 75 ± 16 mM in sucrose,
indicating a relatively high uniformity of sugar accumulation among
parenchyma cells of the grape. In contrast, 30 parenchyma cells of
‘Hiratanenashi’ fruit showed a high value of the standard deviation
for each sugar content, i.e. 255 ± 128 mM in glucose, 133 ± 78 mM in
fructose, and 124 ± 92 mM in sucrose, indicating inequality of sugar
accumulation among the cells in persimmon. As for the potassium
concentration in the parenchyma cells, both ‘Neo Muscat’ grape and
‘Hiratanenashi’ persimmon showed variable amounts among the
cells. The homogeneity and heterogeneity of the parenchyma cells
in sugar accumulation are discussed.

Poster 415
Exotherm Characteristics in Relation to Bud Water Status

during Acclimation and Deacclimation of Grape Primary Bud
Cold Hardiness
Pinghai Ding*1 and Sanliang Gu2; 1Dept. of Horticulture, ALS Build-
ing, Oregon State Univ., Corvallis, OR 97331; 2Viticulture and
Enology Research Center, 2360 East Barstow Avenue M/S VR 89,
Fresno, CA 93740-8003

Exotherm characteristics and bud water status were dynamically
measured within the primary bud of grape (Vitis aestivalis ‘Norton’)
from late autumn to early spring. Differential thermal analysis (DTA)
indicated that bud cold hardiness and two exotherms, the high
temperature exotherm (HTE) and low temperature exotherm (LTE)
varied as bud water status at different period and can be divided five
stages in natural conditions. The first stage is from bud formation to
supercooling ability initiation. At the first stage only HTE can be
detected. The second stage is from both HTE and LTE could be
detected to only LTE could be detected, when water content be-
tween 40% and 50%. This stage was from October to November
before leaf fall. The Third stage is from no detection of HTE in early
winter to HTE can detected again in late winter. This period lasted for
most of the winter period, and water content usually lower than 40%.
Fourth stage is from HTE can be detected again to LTE disappears
before bud swell, when water content again falls between 40% and
50%. This period is very short and some times could not evidently
distinguish HTE and LTE. The fifth stage is from LTE disappearing
to budbreak. At that period only HTE can be detected.

Poster 416
Stimulation of NAD+ Dependent Sorbitol Dehydrogenase
Activity and Its Gene Expression by Some Sugars
N.A. Bantog, M. Iida, K. Shiratake, and S. Yamaki*; Graduate School
of Bioagricultural Sciences, Nagoya Univ., Chikusa, Nagoya 464-
8601, Japan

 NAD+ dependent sorbitol dehydrogenase (NAD-SDH) has been
ascribed a key role in the regulation of sink activity in sorbitol
translocating plants. The increase of its activity with fruit maturation
in loquat and other Rosacean fruits seemed to imply that it has
contributory role in sugar accumulation. Therefore, it is important to
make clear the regulatory mechanism of expression, especially
regulation by sugars, on the gene level of this enzyme. This study
investigated whether sugars promote NAD-SDH activity, and if so,
whether the enhanced enzyme activity are accompanied by enzyme
protein and RNA synthesis. NAD-SDH was induced on the gene
level after incubating the discs of loquat fruit for 24 h in 30 mM sorbitol.
Among sugars at 50 mM each, addition of sorbitol showed significant
enhancement of NAD-SDH activity, protein and mRNA compared
with those without sorbitol, and resulted in the highest upregulation
of NAD-SDH gene. The presence of sucrose and fructose also gave
significant stimulation while mannitol slightly enhanced the levels of
activity, protein and mRNA of NAD-SDH. The stimulation of NAD-
SDH activity by sorbitol addition was observed on the discs of
Japanese pear fruit. In this enzyme, the increased activity was
generally paralleled by increase in the corresponding protein and
mRNA indicating the absence of posttranslational modification and
posttrascriptional regulation, respectively. The regulation of this
activity is at the transcriptional level.

Poster 417
Effect of Shading Upon Vegetative and Fruit Growth in
Mango
R.G. Oosthuizen, G.J. Mthembu, and E.W. Pavel*; Dept. of Plant
Production & Soil Science, Univ. of Pretoria

Mango trees (Mangifera indica L. cv. Kent) were covered with white,
polyethylene shade cloth structures consisting of various mesh den-
sities (50, 75, 100, and 125 g/m–2) on a long-term basis, while control
trees remained uncovered. During the growing seasons of 1999–
2001, temperature, photosynthetic photon flux density, photosyn-
thetic rate, and fruit and vegetative growth were monitored in weekly-
monthly intervals, and fruit quality evaluated at harvest. Shade treat-
ments increased minimum temperatures by 0.7 °C and decreased
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maximum temperatures by 1.3 °C on average over the season in
comparison to ambient orchard temperatures. Light flux densities
were reduced in the different shade treatments by 22%, 33%, 41%,
and 45%, respectively, in contrast to the control. Leaf photosynthetic
rates were not significantly affected by the shade treatments indicating
that the observed reductions in light flux densities were apparently not
limiting photosynthetic capacity. In contrast to the first season, esti-
mated fruit dry matter was significantly reduced by shading above
33%. Mean tree height and trunk diameter were not influenced by the
shade treatments. Fruit damages, such as bacterial blackspot
(Xanthomonas campestris pv. mangiferaendicae) transmitted by wind
and sunburn caused by high UV radiation, were strongly reduced in
mango fruits of covered trees in contrast to the control, thus improving
fruit quality at harvest substantially.

Poster 418
Postharvest Application of Chelated- and Non-chelated
Clacium Dip Treatments to Commercially Grown Honey
Dew Melons: Effects on Peel Attributes, Tissue Clacium
Concentration, Quality, and Consumer Preference
Following Storage
Gene Lester*1 and Michael A. Grusak2; 1USDA-ARS, Kika de la
Garza SARC, 2413 E. Bus. Hwy. 83. Weslaco, TX 78596; 2USDA-
ARS, CNRC, 1100 Bates Street, Houston, TX 77030

Abscised honey dew fruit [Cucumis melo (Inodorus group)] were
evaluated for tissue attributes and consumer preference following
postharvest dipping in either amino acid-chelated calcium, ethylene-
diamine tetraacetic acid (EDTA)-chelated calcium, or calcium chlo-
ride, with each provided at three doses. Fruit were evaluated at
harvest, and after 14 or 22 d commercial and retail storage. Evalu-
ations were: peel surface changes (color and disorders), hypoder-
mal-mesocarp tissue calcium concentration, flesh firmness, soluble
solids concentration, and consumer preference of the edible flesh.
Peel color yellowed during storage for all fruit, with higher calcium
doses resulting in more intensely yellowed fruit. Hypodermal-meso-
carp tissue Ca concentration was 90 mg per g fresh wt. at harvest,
and declined in all fruit by 22 d storage. Peel disorders were none to
slight for all fruit by 14 d storage, but by 22 d storage disease
incidence ranged from none to severe, depending on the calcium
source and dose. Fruit firmness declined in all fruit throughout
storage, with the smallest declines measured in fruit treated with the
amino acid-chelated calcium. Soluble solids concentration of fully
ripe fruit was 12.3% at harvest, and showed slight declines with
storage among the treatments. Consumer preference was highest
for freshly harvested fruit, but fruit were well liked even after 22 d
storage across all treatments. Postharvest application of amino acid-
chelated calcium at <0.16 M, vs. EDTA-chelated calcium or calcium
chloride, slowed honey dew melon senescence so that after 22 d of
storage the fruit were of high marketable quality, and there was no
detrimental effect on consumer preference for the edible flesh.

Poster 419
Morphological Features of Young Roots in Size-Controlling
Peach Rootstocks
M.L. Salsman1, D.R. Bryla1, and T.M. Dejong2; 1USDA ARS, Water
Management Research Laboratory, 2021 S. Peach Ave., Fresno, CA
93727; 2Dept. of Pomology, Univ. of California, Davis, CA 95616

Root morphology influences a plant’s ability to acquire water and
nutrients from the soil environment. The purpose of this study was to
examine variation in morphology of young roots from five different
rootstocks—one standard rootstock (Nemagaurd) and four size-
controlling rootstocks (K119-50, P30-135, Hiawatha, and K146-43)—
grafted to 5-year-old Loadel peach trees. The relative effect of each
rootstock on canopy volume was as follows: Nemagaurd >> K119-50
≈ P30-135 > Hiawatha >> K146-43. In-growth containers filled with soil
were buried near the base of the trees for 4 weeks. Roots were then
collected from the containers, and length, diameter and tissue density
of the fibrous roots (<2 mm) were measured. Root growth rates
differed considerably among the rootstocks, ranging from 0.028 to

0.091 cm cm–3 soil/wk. Mean root diameters also varied from 0.42 to
0.62 mm and tissue density varied from 130 to 190 mg dry weight cm–

3 root. In general, rootstocks with the largest diameters and most rapid
root growth (i.e., Nemagaurd and K146-43) had the lowest root tissue
density, while those with the smallest mean diameters and slowest
root growth (i.e., Hiawatha and P30-135) had the highest root tissue
density. Root characteristics, however, were not correlated to size-
controlling characteristics of the rootstocks. It is apparent that the
rootstocks will vary in the total amount of carbon expended on
individual root growth; e.g., rootstocks with thinner roots or roots with
low tissue density will require less carbon per unit root length than
rootstocks with coarser roots or roots with high root tissue density.
Consequently, the efficiency (cost : benefit ratio) in which water and
nutrients are absorbed will differ among the rootstocks.

Poster 420
Size Control of Peach Trees Using Copper-Impregnated
Polypropylene Fiber Containers: A Field Study
Scott Maxwell*1 and Curt Rom; 1 316 Plant Sciences Bldg., Fayetteville,
AK 72701

Bare-root ‘Bounty’ peach trees were planted on 10 May 1999 in the
field with 3 volumes of Cu-impregnated non-woven polypropylene
fiber grow-bags (26.5, 37.9, and 56.9L) and a control treatment
traditionally planted directly in the ground to evaluate the effects of
root confinement on peach tree growth, flowering, gas exchange,
and leaf nutrient content in 1999 and 2000. Trunk cross-sectional
area, total leaf area, average leaf area, average leaf number,
assimilation, gas exchange, evapotranspiration, and dry weight of
pruned wood were reduced in root-confined treatments compared
with the control treatment. There was a significant linear correlation
between rooting volume and trunk cross-sectional area, stomatal
conductance, and evapotranspiration after four months, and re-
mained throughout the study. Large container treatments (56.9 L)
had higher assimilation rates than medium (37.9 L) and small (26.5
L) container treatments before the end of the first growing season,
and continued the following year. After the second growing season,
large containers (56.9 L) had higher total leaf area, average leaf
area, and average leaf number than medium (37.9 L) and small (26.5
L) containers. Tree mortality was 5% and included 4 trees in small
(26.5 L) containers and one tree death in a medium-size (37.9 L)
container. Root escape penetrating through the fabric containers
was observed in 29% of containerized treatments during the second
growing season. Growth and size control of peach trees is attained
through confinement of the roots, and the degree of growth control
is likely determined by rooting volume available to the tree.

Poster 421
Effects of Foliar Urea Application on Reserve N and Growth
Performance of Bartlett/OH*97 Young Pear Trees
Shufu Dong1, Lailiang Cheng*2, and Leslie H. Fuchigami1; 1Dept. of
Horticulture, Oregon State Univ., Corvallis, OR 97331, 2Dept. of
Horticulture, Cornell Univ., Ithaca, NY 14853

Two-year-old bench grafted Bartlett/OH*97 pear trees were used in
this study. Uniform trees (120) were selected, and randomly divided
into 4 groups and treated with either 0, 1.0%, 2.5%, or 4.0% foliar urea
twice, respectively, on 17 and 24 of October. After natural defoliation
plants were harvested. Five plants from each treatment were destruc-
tively sampled and analyzed for total nitrogen and amino acids, and
other plants were stored at 2 °C until re-potting in the spring. Plants
were planted into N-free medium (2 vermiculite : 1 perlite) on 12 April.
Half of the plants from each treatment received 250 mL 5 mM 15 N
labeled NH4NO3 in Hoagland solution and the other half received the
same amount of Hoagland solution without nitrogen at weekly inter-
vals till harvesting. The regrowth performance was evaluated based
on the dry weight of new shoots and leaves. Foliar urea spray in the
fall increased both total nitrogen and total amino acid levels. The
nitrogen level increased by 72.69%, 218%, and 231%, and total amino
acid level increased by 361%, 616%, and 670%, respectively, with
1.0%, 2.5%, and 4.0% foliar urea application. Unfortunately, pear
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trees with high levels of nitrogen and amino acids due to urea
treatments were experienced severe problems, and 50% and 75% of
plants were dead in the 2.5% and 4.0% urea treatments after two-
month regrowth. Plants treated with 1.0% urea did not show damage
and grew better than the control.

Poster 422
Formation and Distribution of Stone Cells in Pear Fruit
Wol Soo Kim* and Ji Eun Lee; Dept. of Horticulture, Chonnam
National Univ., Kwangju 500-757, South Korea

The studies have been carried out to investigate the influences of
stone cells on fruit quality through stone cells analysis in the fresh of
Asian pear ‘Niitaka’ and the change in stone cells weight of various
fruit development. When stained with acid fuchsin, stone cells in
flesh of pear fruit were clearly observed by optical microscope.
Under optical microscope, the shape of each stone cell unit was
nearly shown circular. And a lot of stone cells were structured to
cluster such as grape. In the experiment for difference in stone cells
weight of various fruit parts, stone cells weight and stone cells size
was higher in core part than in skin part for the breadth of fruit Niitaka
pear and the length differences were not affected by stone cells
weight. Fruit firmness was affected by stone cells weight. Soluble
solid content was not affected by stone cells weight. Negative
correlation was observed between fruit size and stone cells weight
per gram fruit weight. Negative correlation was recognized between
days after full bloom and stone cells weight per gram fruit weight.
Stone cells weight was not influenced by Niitaka pear and Bartlett
pear, but it was conspicuously lower in Laiyang pear. Sizes of stone
cells in flesh of Niitaka pear fruit were generally large and irregular
in flesh tissue, while sizes of stone cells in flesh of Bartlett and
Laiyang pear fruit were generally small and regular in flesh tissue.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 36: Crop Production
Poster 444

Allelopathy of Bermudagrass, Tall Fescue, Redroot Pigweed
and Cutleaf Evening Primrose on Pecan
Michael W. Smith*, Margaret E. Wolf, Becky S. Cheary, and Becky L.
Carroll; Dept. of Horticulture and Landscape Architecture, Okla-
homa State Univ., Stillwater, OK 74078

Two studies were conducted to determine if selected grass or dicot
species had an allelopathic interaction with pecan (Carya illinoinensis
Wangenh. C. Koch). Leachate from pots with established grasses or
dicots was used to irrigate container-grown pecan trees. Leachates
from bermudagrass [Cynodon dactylon (L.) Pers.], tall fescue (Festuca
arundinacea Shreb. cv. Kentucky 31), redroot pigweed (Amaranthus
retroflexus L.), and cutleaf evening primrose (Oenothera laciniata
Hill) reduced leaf area and leaf dry weight ≈20% compared to the
controls. In one study, bermudagrass, tall fescue, and primrose
leachate decreased pecan root weight 17%, trunk weight 22%, and
total tree dry weight 19% compared to the control. In the other study,
trees were 10% shorter than the control when irrigated with
bermudagrass or pigweed leachate.

Poster 445
Evaluation of New Herbicides and Application Timings On
Strawberry Plant Vigor, Productivity, and Weed Control
Diane Kaufman*1, Joe Defrancesco2, Gina Koskela1, and Ed
Peachey2; 1North Willamette Research And Extension Center, Au-
rora, OR 97002; 2Oregon State Univ., Corvallis, OR

Two field trials were established in 1999 at the North Willamette
Research and Extension Center in the North Willamette Valley of
Oregon. In both trials, ‘totem’ strawberries were planted on raised
beds on 13 May, and lightly irrigated. In the establishment trial,
herbicides were applied over the tops of the plants on 15 May, and
followed with one inch of irrigation. Treatments were as follows:
azafenidin; dimethenamid; fluamide; oxyfluorfen (chemical control);
rimsulfuron; sulfentrazone; thiazopyr; hand-weeded control; weedy

control. Treatments were applied again on 29 Jan. 2000. The only
signs of phytotoxicity were in oxyfluorfen, azafenidin, and rimsulfuron
treatments. Plants treated with oxyfluorfen or azafenidin exhibited a
few red spots on the first flush of leaves, with subsequent growth
normal. Rimsulfuron-treated plants had some yellowish discolora-
tion in newly emerged leaves and plants remained greenish-yellow
throughout the growing season. There were no differences in num-
ber of leaves, runners, or plant size among treatments in plants
measured on 14 July 1999. Azafenidin, thiazopyr, sulfentrazone,
and oxyfluorfen provided the best overall weed control during the
growing season of 1999 and winter/spring of 2000. In the fall timing
trial, plants were sprayed with napropamide herbicide on 15 May.
The following experimental herbicides were not applied until the fall:
azafenidin; dimethenamid; fluamide + isoxaben; fluamide +
sulfentrazone; isoxaben; simazine(chemical control); sulfentrazone;
thiazopyr. Azafenidin and thiazopyr provided the best overall weed
control of the fall-applied herbicides. Fruit was harvested in June,
2000 from a 5-ft length of row per plot. There were no differences
among treatments in yield, percentage of rot, or berry size in either
trial and yields in both trials were similar.

Poster 446
Year 2 of the Walnut Pest Management Alliance
J.K. Hasey*1, C. Pickel1, R. Buchner2, W. Olson3, W. Bentley4, T.
Prichard5, J. Grant5, N. Darby1, and T. Prather4; 1Univ. of California
Cooperative Extension, Yuba City, CA 95991; 2Univ. of California
Cooperative Extension, Red Bluff, CA 96080; 3Univ. of California
Cooperative Extension, Oroville, CA 95966; 4Univ.of California
Kearney Agricultural Center, Parlier, CA 93648; 5Univ. of California
Cooperative Extension, Stockton, CA 95205

The Walnut Pest Management Alliance (PMA) was established
with funding provided by California Dept. of Pesticide Regulation in
1998 to develop a statewide broad-based demonstration and imple-
mentation project designed to encourage adoption of reduced-risk
pest management programs in commercial walnuts. The PMA is a
cooperative group effort that includes the Univ. of California re-
search and extension, walnut growers and industry, Biologically
Integrated Orchard Systems, and pest control advisors. In year two
of the Walnut PMA, the program continued to promote reduced-risk
products and practices but the focus shifted from demonstration to
a statewide reduced risk research project. The Walnut PMA projects
evaluate economic control using reduced risk strategies for codling
moth, Cydia pomonella, and blight, Xanthomonas campestris, cover
crops to reduce run off and the economics of implementing these
programs. The codling moth research project included various
pheromone mating disruption treatments in six early cultivar walnut
orchards ranging from Fresno County to Tehama County. Blight was
evaluated in dormant buds and on nuts in May. The cover crops were
assessed in the spring to determine reseeding and survival. All
codling moth treatment blocks were under 2.5% damage at harvest.
The lack of spring rainfall resulted in very little walnut blight for
evaluations. Winter weeds were decreased in the cover crop plot
versus the resident vegetation plot. Summer weeds were not differ-
ent between plots. Growers have not readily adopted these reduced-
risk alternatives because of a higher risk and greater cost than using
conventional broad-spectrum insecticides. To gain the walnut grow-
ers confidence and to accurately study long-term effects, reduced-
risk programs require multiple years of teamwork, commitment and
implementation.

Poster 447
Leafroll-associated Virus-3 and Fleck Virus Infections in St.
Vincent and Vidal Blanc Affect Grapevine Productivity
Martin Kaps*, Laszlo Kovacs, Hideaki Hanami, and Marc Fortenberry;
Dept. of Fruit Science, Southwest Missouri State Univ., Mountain
Grove Campus, 9740 Red Spring Rd., Mountain Grove, MO 65711

Individual grapevines in commercial St. Vincent and Vidal Blanc
vineyard blocks were tested using enzyme-linked immunosorbent
assay (ELISA) for grapevine leafroll-associated virus-3 (GLRaV-3)
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and grapevine fleck virus (GFkV). Infected and non-infected St.
Vincent (GLRaV-3) and Vidal Blanc (GLRaV-3 and GFkV) vines
were identified in 1998. Pruning weight, yield, fruit characteristics,
and juice composition were determined in 1999. No reduction in
pruning weight and yield occurred with GLRaV-3 infection in either
cultivar. A small but significant reduction in soluble solids and berry
weight at harvest was associated with GLRaV-3 infection. For Vidal
Blanc with both GLRaV-3 and GFkV, a further reduction in soluble
solids and berry weight occurred. Bud cold hardiness was deter-
mined three times during the 1999–2000 dormant season using
differential thermal analysis (DTA). There was no significant differ-
ence in bud hardiness between GLRaV-3 infected and non-infected
St. Vincent. Vidal Blanc had reduced bud hardiness at the mid-winter
sampling period when co-infected with both GLRaV-3 and GFkV.
Buds taken from nodes shaded the previous growing season had
reduced hardiness compared to those taken from nodes sun-
exposed for the virus-infected cultivars. ELISA tests on multiple
samples from a GLRaV-3 infected St Vincent vine showed an
uneven distribution of virus in the plant with the virus apparently
spreading from basal to distal parts. Graft transmission of the viral
agents to Vitis vinifera cv. Cabernet franc and V. rupestris cv. St.
George indicator plants showed typical GLRaV-3 and GFkV leaf
symptoms. The absence of these symptoms on St. Vincent and Vidal
Blanc implied tolerance of the vine rather than low virulence of these
virus strains.

Poster 448
Occurrence of Anastrepha Species (Diptera: Tephritidae) in
Different Host Plants Surrounding Mango Commercial
Orchards by Trap System from La Huerta, Jalisco México
Rigoberto Rodríguez-Navarro*1, Vicente Hernández-Ortiz2, Roberto
Lezama-Gutiérrez3, Jaime Molina-Ochoa3, and Oscar Rebolledo-
Domínguez3; 1Comité Estatal de Sanidad Vegetal del Estado de
Jalisco (DGSV). Apartado postal 100, Guadalajara, Jalisco, México;
2Instituto de Ecología, A. C., Apartado postal 63, C.P. 91000,
Xalapa, Veracruz, México; 3Facultad de Ciencias Biológicas y
Agropecuarias, Universidad de Colima, Apartado postal 36, C.P.
28100, Tecomán, Colima, México

Mango is one of the most important fruit crops in Mexico. In the
municipality of La Huerta, Jalisco, is attacked by some Anastrepha
fruit fly species. Mangocommercial orchards have different surround-
ing hosts plant species for fruit flies. The occurrence of the different
fruit fly species in these host plants was determined, utilizing the
McPhail trap technique, during 2000. A total 4,630 adults in seven
different hosts plants (Citrus grandis Osbek, C. sinensis Osbek, C.
limetta Risso, Annona muricata, C. aurantium, C. medica L., Spondias
mombin, Mangifera indica L., and Psidium guajava L.) were captured.
Nine Anastrepha species, A. obliqua (Mcquart), A. striata Schiner, A.
ludens (Loew), A. acris Stone, A. spatulata Stone, A. serpentina
(Wiedemann), A. pallens Coquillett, A. chiclayae Greene and A.
bicolor (Stone) were found by host plant showed the fruit flies: in C.
grandis (A. ludens, A. striata, A. spatulata, A. serpentina, A. acris and
A. obliqua), on C. sinensis (A. ludens, A. obliqua, A. striata, A. acris,q
and A. spatulata.); on C. limetta (A. striata, A. ludens, and A. obliqua);
on A. muricata (A. striata); on C. medica (A. ludens, A. striata, and A.
obliqua); on M. indica (A. ludens, A. striata, A. obliqua, and A.
spatulata), and on P. guajava (A. striata, A. obliqua,A. ludens, A.
serpentina,and A. spatulata). The relative abundance of each fruit fly
species was: A. obliqua, 40.90%; A. striata, 31.05%; A. ludens,
25.57%; A. acris, 0.73%; A. spatulata, 0.43%; A. serpentina, 0.20%;
A. pallens, 0.07%; A. chiclayae, 0.03%; A. bicolor, 0.03%, and
Anastrepha sp., 0.99%. In Mango commercial orchards, four
Anastrepha species, A. obliqua, A. ludens, A. striata,, and A. spatulata,
were occurring. The two first most frequent species occurring were A.
obliqua and A. ludens These results showed a different abundance of
fruit flies species occurring on surrounding plants and mango com-
mercial orchards, and should be taking in account when a strategy of
integrated pest management is programmed.

Poster 449
Occurrence of Anastrepha Species (Diptera: Tephritidae) in
Different Host Plant Fruits from Surrounding Mango
Commercial Orchards from La Huerta, Jalisco, Mexico
Rigoberto Rodríguez-Navarro*1, Vicente Hernández-Ortiz2, Roberto
Lezama-Gutiérrez3, Jaime Molina-Ochoa3, and Oscar Rebolledo-
Domínguez3; 1Comité Estatal de Sanidad Vegetal del Estado de
Jalisco (DGSV). Apartado postal 100, Guadalajara, Jalisco, México;
2Instituto de Ecología, A. C., Apartado postal 63, C.P. 91000,
Xalapa, Veracruz, México; 3Facultad de Ciencias Biológicas y
Agropecuarias, Universidad de Colima. Apartado postal 36, C.P.
28100, Tecomán, Colima, México

The fruit flies complex of the genus Anastrepha, is one of the most
important insect pests of fruit crops in Mexico. In the La Huerta,
Jalisco municipality, these species attack mango commercial or-
chards, and are occurring also on different surrounding fruit from
plant hosts species. The occurrence Anastrepha species in fruits of
these host plants were determined by fruit sample technique, during
2000. A total 409 adults in six different fruit hosts (Citrus grandis
Osbek, C. sinensis Osbek, C. aurantium L., Spondia mombin,
Mangifera indica L., and Psidium guajava L.) were captured. Three
Anastrepha species, A. obliqua (Mcquart), A. striata (Schiner), and
A. ludens (Loew), were found. The fruit flies associated with each
fruit host were for: C. grandis (A. ludens, and A. obliqua); on C.
sinensis (A. ludens,); on S. mombin (A. obliqua); on Citrus aurantium
(A. ludens); on M. indica (A. ludens,and A. obliqua,); and on P.
guajava (A. striata,). The relative abundance of each fruit fly species
were: A. ludens, 51.34%; A. obliqua 31.54%; and A. striata, 17.12%.
In mango fruits from commercial orchards, three Anastrepha spe-
cies occurred, A. obliqua, A. ludens, and A. striata; the two first fruit
species were the most frequent species in mango fruits. These
results showed that the same fruit flies species attacking different
host plants surrounding commercial mango orchards, in La Huerta,
Jalisco, Mexico, are also attacking the fruits from mango commercial
orchards, and these should be considered into an integrated pest
management strategy.

Poster 450
Effect of Various Organic, Inorganic and Microbiological Soil
Amendments, Fertilizers, and Nematicides on Almond
Dormant Bud Drop
Roger A. Duncan*1, Ron Saylor2, Bruce Kirkpatrick2, and Michael
McKenry3; 1Univ. of California Cooperative Extension, 3800 Cornu-
copia Way Suite A, Modesto, CA 95358; 2Dept. of Plant Pathology,
Univ. of California, Davis, Davis, CA 95616; 3Univ. of California
Kearney Agricultural Center, Parlier, CA 93648

Dormant bud drop has emerged as a serious problem in many
young, replanted almond orchards growing in sandy areas of the San
Joaquin Valley. Ring nematode (Criconemella xenoplax) is often
present in high numbers and Pseudomonas syringae, the bacterium
associated with bacterial canker and bacterial blast, is often isolated
from affected buds. It is not known whether bud drop is a previously
unreported symptom of bacterial canker or whether both problems
occur under similar orchard conditions. Three field studies were
conducted to determine the effects of soil-applied fertilizers, foliar
nutrient sprays, nematicides, and organic, inorganic and microbio-
logical soil amendments on dormant bud drop. Treatments were
applied in randomized complete block designs with four - seven
replications per treatment. In two field trials, monthly soil applications
of calcium ammonium nitrate (CAN-17) at 33.6 kg N/ha plus monthly
foliar sprays of calcium chloride (12% Ca applied at 9.35 L/ha) from
April through September significantly reduced bud drop and in-
creased yield (P < 0.05). The nematicide Enzone (registered trade-
mark) (tetrathiocarbonate) applied in spring and fall also reduced
bud drop. Bordeaux sprays applied in October and January further
reduced bud drop when used in combination with other effective
treatments. Commercial applications of 22,413 kg or 44,826 kg of
composted green waste per hectare for 3 consecutive years did not
significantly increase soil organic matter in the top 30 cm, reduce
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pathogenic nematodes, reduce bud drop, or increase yields. Addi-
tion of gypsum and lime to increase soil calcium levels and soil pH
also was ineffective in reducing bud drop. Monthly applications of
three commercially available soil amendments containing liquid
suspensions of assorted microbial genera did not reduce bud drop,
reduce pathogenic nematodes, or increase yield during 3 years of
treatment.

Poster 451
Emulsion of Polar Lipids Reduces Powdery Mildew on
Cherries and Psylla on Pears
Yousheng Duan*1, Zhiqiang Ju1, Liye Ju1, Aixin Guo1, Zibo Wanquan1,
and Zhiguo Ju2; 1Shandong, China; 2USDA ARS Tree Fruit Research
Lab, 1104 N. Western Ave., Wenatchee, WA 98801

When applied to plants, vegetable oil or fatty acid soaps reduce
certain diseases or insect pests. Their application in agriculture,
however, is limited due to their low efficacy and phytotoxicities. We
found that polar lipids, such as mono- or di-acyglycerols, products
from hydrolyzation of vegetable oil, or phospholipids and glycolipids,
are more effective than vegetable oil in controlling powdery mildew on
cherries and psylla on pears. At the same concentration, the efficacy
of these lipids was in the order: lysophospholipids > phospholipids =
monoacylglycerols > diacylglycerols > triacylglycerols = vegetable oils
or fish oils. Their phytotoxicity, however, was in the opposite order. A
formulation was developed to maximize the efficacy and to minimize
the phytotoxicity of these lipids.

Poster 452
Biorational Based Cranberry Pest Management: Efficacy,
Economics and Grower Implementation
Kim Patten* and Steve Booth; Washington State Univ., Long Beach,
2907 Pioneer Road, Long Beach, WA 98631

The transition of the cranberry industry to new biorational pest
management strategies has been a function of research on the
efficacy of new products, and grower demonstration and education to
facilitate implementation. We trace this transition for the management
of one pest—blackhead fireworm. Use of biorational pesticides has
been slowed by high product costs, low commodity price, grower
unfamiliarity, zero tolerance for fireworm in fresh fruit, and the need
more exact application timing. Further, product efficacy, in the case of
whole farm effectiveness has been lacking. Numerous applications of
combinations and variations of Bt’s, tebufenozide and mating disrup-
tion phermone were less effective than traditional diazinon applica-
tions and may have resulted, on some farms, secondary pest out-
breaks. Grower surveys taken over the past several years indicate that
the bottom line for implementation is usually cost. Poor success with
initial transitional management has also impeded use of transitional
products in subsequent years. Nevertheless, use of tebufenozide has
increased markedly in the past three years as farmers seek pest
management alternatives that are environmental benign.

Poster 453
Study on the Virus Infection State of Citrus of Cheju-Do Area
and the Culture of Virus-free Stocks
Dae-Hyun Kim*, Jae-Wook Hyun, Suk-Chan Lee, Soon-Kyung Chung,
In-Myung Choi; Research Planning Division Research Management
Bureau, Rural Development Administration, Suwon, 441-707, Repub-
lic of Korea

This study was performed to investigate the virus infection state of
citrus plants in the citrus ochards on Cheju-do, Korea and to develop
the culture method of virus-free stocks. From 1995 to 1997, the virus
infection rate and infection symptoms of citrus plants in the citrus
orchard of 32 regions around Cheju-do were investigated. Three kinds
of viruses, such as Citrus Tristeza Virus (CTV), Citrus Tatter Leaf Virus
(CTLV) and Satsuma Dwarf Virus (SDV) were found as widly infected
viruses. The infection rates of CTV, CTLV and SDV were totally
69.2%, 14.0%, and 8.5% respectively. But according to cultivars there
were significant fluctuations in the infection rates. The infection rates
of CTV were highest in Early Satsuma mandarin, 80.9% and lowest in

Very Early Satsuma mandarin, 51.9%. Those of CTLV were highest
in Very Early Satsuma mandarin, 18.3% and lowest in Tangors, 7.3%.
And also those of SDV were highest in Very Early Stasuma mandarin,
23.1% and lowest in Early Satsuma mandarin 6.3%. The symptoms
of virus infected citrus were small, abnormal shape, such as narrow
boat and small spoon shapes of leaves, stem-pitting on the twig, bud-
union crease, swelling of the craft part, reduction of the vigor of the
plant, small sizing of fruit, and poor crops etc. The culture of virus free
stocks was successful with the heat treatment of virus infected plant
and shoot-tip grafting.

Poster 454
Antibiotic Sensitivity of Various Fire Blight Isolates in
Commercial Apple and Pear Orchards
S.R. Flanagan*, R.J. McCoy, and W.H. Olson; Davis, CA 95616

Spring 2000 saw ideal fire blight infection periods on apples and
pears in the Central and Northern Valleys of California. A series of
infected apple and pear trees were sampled and screened for sensi-
tivity to streptomycin and terramycin antibiotics at a range of antibiotic
concentrations. Antibiotic ammended Difco PDA auger petri plates
were prepared at concentrations from 50 to 200 ppm. Isolates were
then plated onto the amended plates and incubated to determine
antibiotic sensitivity. No isolates were insensitive to terramycin, how-
ever several commercial orchards showed varying levels of insensi-
tivity to streptomycin at various concentrations.

Poster 455
Efficacy of New Materials Against Fire Blight (Erwinia
amylovora) of Pome Fruit
S.R. Flanagan*, H.S. Aldwinckle, B.A. Holtz, and S.K. Bhaskara
Reddy; Davis, CA 95616

The biological fungicide Serenade, the SAR inducer Messenger,
and the copper material Phyton 27 were tested in replicated small plot
experiments in California and New York State. Experiments were
arranged in randomized complete blocks with plots consisting of
single trees and treatments consisting of Serenade, Messenger,
Phyton 27, terramycin, streptomycin, and untreated controls. Experi-
ments in California utilized natural infections, while the New York
experiment was artificially inoculated with Erwinia amylovora. In the
New York experiment, the best treatments of Serenade, Messenger,
and Phyton 27 all showed control of blossom infections statistically
equivalent to commercial antibiotic standards. In Central California
apple trials Serenade was applied at the 6 lb/acre rate to Granny
Smith, Fuji, and the highly susceptible Pink Lady varieties. Fire blight
was severe in California in 2000, but Serenade significantly reduced
disease severity and was comparable to streptomycin sulfate in the
Fuji and Granny Smith tests. Serenade at the 6lb/acre rate in the Pink
Lady trial again showed efficacy, but also provided control which was
significantly better than streptomycin sulfate. However, at the 8 lb/acre
rate Serenade failed to provide significant control. In a Northern
California pear trial various Serenade formulations provided statisti-
cally similar control to terramycin. Serenade (AgraQuest) is a novel
biological fungicide based on Bacillus subtilis, strain QST 713. Mes-
senger (Eden Biosciences) is a formulation of the harpin protein
originally identified in E. amylovora. Phyton 27 (Source Technologies)
is a formulation containing copper sulfate.

Poster 456
Occurrence of Trichoderma harzianum, T. virens, T.
longibrachiatum, T. atroviride, T. koningii and T.
minutisporum, in Mango Orchards from the Mexican States of
Guerrero and Colima Affected with Mango Malformation
A.C. Michel-Aceves*, O. Rebolledo-Domínguez, R. Lezama-Gutierrez,
J. Molina-Ochoa, M.E. Ochoa-Moreno, and J.C. Mesina-Escamilla;
Facultad de Ciencias Biológicas y Agropecuarias de la Universidad de
Colima, A.P. 36, C.P. 28100, Tecomán, Colima, México

Native populations of Trichoderma species from soils cultivated
with mango orchards affected with the mango malformation disease,
from the states of Guerrero and Colima were isolated and quantified.
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Twenty-five representative samples were obtained from the States,
15 from Guerrero, and 10 from Colima. Trichoderma species were
isolated from soil samples by dilution plating [1/1000 (v/v)] on
acidified V8-Agar [200 ml V8-juices; 25g Agar (Bioxon) 1000 ml
distilled water, 1 ml lactic acid before pouring]. The plate cultures
were incubated at 25 °C for 7 days, and the number of colonies was
counting. Four replicates were used. Isolates (105) were obtained in
22 of the 25 sampling locations, 59 are from Guerrero and 46 from
Colima. Populations of Trichoderma species varied significantly
among soils and States. The identified species were: T. harzianum,
T. koningii, T. longibrachiatum, T. minutisporum, and T. artroviride.
The T. species are well adapted to soils associated with mango trees
in Guerrero and Colima. Trichoderma is occurring in mango com-
mercial orchards in Guerrero and Colima and could be a valuable
available resource for their evaluation as biocontrol agents against
the mango malformation and other important plant diseases.

Poster 457
In Vitro Growth Inhibition of Black Sigatoka, Mycosphaerella
Fijiensis Morelet by the Metabolite 6-pentyl-alpha-pyrona
from Trichoderma harzianum, T. virens, T. longibrachiatum,
T. atroviride, and T. koningii
J.C. Mesina-Escamilla*, A.C. Michel-Aceves, O. Rebolledo-
Domínguez, R. Lezama-Gutierrez, J. Molina-Ochoa, and M.E. Ochoa-
Moreno; Facultad de Ciencias Biológicas y Agropecuarias de la
Universidad de Colima, A. P. 36, C.P. 28100, Tecomán, Colima,
México

The in vitro growth inhibition of the Black Sigatoka fungus,
Mycosphaerella fijiensis Morelet with the metabolite 6-pentyl-a-
pyrona obtained from liquid cultures of 18 isolates of Trichoderma
species was evaluated. They were isolated from soil cores collected
from banana commercial orchards affected with Black sigatoka in
the Mexican State of Colima. The conidia from both Trichoderma
species were isolated and grown on PDA and incubated in the
darkness at 25 °C during 7 days. The conidia were collected by
inundation of the media with sterile distilled water. The metabolite 6-
pentyl-a-pyrona was produced by liquid cultures, inoculating the
Dumas media with 1 ml of a 1 x 106 conidia/mL. The media were
incubated in darkness and shaken (180 rpm) during 5 days at 28 °C.
The media was centrifuged during 30 min at 10,000 rpm and later the
supernatant was filtered using 0.22 µm millipore filter and mixed with
PDA (5.9%) with a 1:1 (v/v) ratio. Petri dishes containing the media
were inoculated with a M. fijiensis mycelium 6 mm diameter disk
grown on PDA and incubated at 25 °C. Diameter of the colonies were
recorded 10 days during 40 days postinoculation, the bioassay was
replicated three times. T. harzianum (isolate 34) was able to inhibit
the growth of M. fijiensis mycelium about 4-fold (8.0 mm) compared
with the check diameter (30.6 mm). These results suggest that T.
virens have potential for controlling the black sigatoka considering
the mycelium growth inhibition, biologically.

Poster 458
Effect of 6-pentyl-a-pyrona Obtained from Trichoderma
harzianum and T. virens on the In Vitro Growth of Fusarium
oxysporum and F. subglutinans Fungi Involved on the
Mango malformation
A.C. Michel-Aceves*, O. Rebolledo-Domínguez, J. Molina-Ochoa,
R. Lezama-Gutierrez, M.E. Ochoa-Moreno, and J.C. Mesina-
Escamilla; Facultad de Ciencias Biológicas y Agropecuarias de la
Universidad de Colima, A. P. 36, C.P. 28100, Tecomán, Colima,
México

The effect of the secondary metabolite, 6-pentyl-a-pyrona, ob-
tained from liquid cultures of T. harzianum and T. virens on the
mycelium growth and reproductive potential of F. oxysporum and F.
subglutinans in vitro conditions was evaluated. The fungi T. harzianum
and T. virens were isolated from soil cores collected from mango
commercial orchards affected with mango malformation from the
Mexican states of Guerrero and Colima. The 6-pentyl-a-pyrona was
produced by liquid cultures, inoculating the specific media with 1 ml

of a 1 x 106 conidia/mL. Media were enriched with Castor oil 20%
(SIGMA C-7277) as Carbon source. The product had a previous
filtration for separating the excess of biomass and later was filtered
using 0.22 µm millipore filter and mixed with PDA (5.9%) with a 1:1
(v/v) ratio. Petri dishes containing the media were inoculated with a
mycelium disk (5 mm diameter) for both Fusarium species and
incubated at 25 °C. Diameter of the colonies were recorded using a
two day registration period until the check covered the Petri dish, the
bioassay was replicated three times. T. harzianum (isolates 17 and
28) was able to inhibit the growth of both F. oxysporum and F.
subglutinans, 42.8% and 43.4%, respectively; T. virens only inhib-
ited to F. subglutinans about 74.6%. T. harzianum isolate 17 reduced
the reproductive potential showing lower number of Fusarium conidia
from both species. These results suggest that both Trichoderma
species have potential as biological agents for controlling the plant
pathogenic fungi involved on the mango malformation.

Poster 460
Are Domestic Sweet Cherries Hosts for Codling Moths?
James D. Hansen*; USDA-ARS-YARL, Wapato, WA 98951

Domestic sweet cherries, Prunus avium (L.) L., exported to Japan
must be fumigated with methyl bromide to control codling moth,
Cydia pomonella (L.). This procedure is expensive, requires additonal
labor and time, reduces fruit quality, and causes health and environ-
mental concerns. If cherries can be shown not to be a host of codling
moth, then the postharvest treatment would be unnecessary. Recent
field and laboratory studies have examined the host status of cherry
for codling moth. Results reveal that adult male moths are uncom-
mon in cherry orchards, (under forced circumstances) eggs are
rarely laid on fruits, larval survival is very poor in cherries, and adult
female moths that emerge from cherries have lower weights and
fecundity than normal adult moths. Furthermore, the fruits frequently
deteriorate before the larvae can complete development. Thus,
these results demonstrate the poor host status of cherries for codling
moth and the postharvest fumigation is not needed.

1:00–5:00 p.m.

ACB Tour: Univ. of California, Davis Arboretum and
Student Farm

Advance registration required.
(On-site registration limited to space available)

2:00–3:00 p.m. ............................................................ CC 303
Industry Advisory Council Meeting
Chair: John Abbott

2:00–3:00 p.m. ............................................................ CC 302
Graduate Student Activities Committee Meeting
Chair: Anne Fennell

2:00–4:00 p.m. ............................................................ CC 318

Horticulture Certification Board Meeting
Chair: J. Benton Storey

2:00–6:00 p.m. ............................................................ CC 202
Colloquium 4: Wired for Green: E-Commerce in
Horticulture
Working Group Sponsors: Marketing and Economics (MKEC),

Commercial Horticulture (CHEX), Consumer Horticulture and Master
Gardener (CHMG), and Computer Applications in Horticulture
(COMP)

Presiding: Bridget K. Behe, Michian State Univ., East Lansing
Summary: Excellent examples abound to demonstrate the profitable

effect e-commerce is having on horticulture. This relatively “new”
industry has meant new, profitable businesses with a sole presence
on the web and a “new” outlet for existing businesses with an
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alternative window for customers to learn and buy. Speakers from
academia and industry show the full range of entities involved in
Internet exchanges. Daniel Sumner, the Frank H. Buck Jr. Professor
and Director of the Agricultural Issues Center at the University of
California, will introduce the colloquium by discussing the Internet’s
influence on agriculture, with specific application to the wine industry.
He will be followed by Juan C. Batista, Vice President of
tradingproduce.com, who will present some of the latest Internet
applications for the horticulture sector, with insight to possible
benefits and costs of those applications to the industry. From another
perspective, William Bomash will make a presentation based on his
experiences establishing the website “Access Minnesota Main Street,”
which helps small and/or rural farmers market products on-line.
Finally, Mike Barrington (growit.com) will conclude the colloquium.
He is among the Forbes 200 top business-to-business web sites and
has been working in web-based sales for about six years. His family
was in the nursery business, and he had developed this web-based
business considerably.

2:00 Introduction Bridget K. Behe

2:05 Emergent E-commerce in Agriculture, Especially the Wine
Industry

Daniel A. Sumner, Frank H. Buck Jr. Professor and Director,
Agricultura Issues Center, Univ. of California–Davis

2:55 Food for Future Thought: On-line Purchases of Food and
More

Juan C. Batista, Vice President, tradingproduce.com, Univ. of
California–Davis

3:45 Enhancing Rural Development Through E-commerce

William Bomash; Extension Specialist, Univ. of Minnesota

4:35 What Does the Future Hold for E-commerce in Horticulture?

Mike Barrington, Barrington Multimedia, West, Texas

5:30 Business Meeting of the Marketing and Economics (MKEC)
Working Group

Presiding: Bridget K. Behe

2:00–4:00 p.m. ............................................................ CC 205

Workshop 25: California Culinary Herb Production
and Marketing
Working Group Sponsor: Herbs, Spices, and Medicinal Plants (HSMP)
Presiding: Ron Voss, Univ. of California, Davis
Summary: California is the cornucopia of the United States, being the

leader in the production of many diverse horticultural commodities,
including herbs of all kinds. The use of herbs has flourished nationally,
and many growers throughout the country are interested in herbs as
niche or alternative crops. This workshop will present vignettes of
unique aspects of the industry, including marketing, production, and
pest management practices, that have made this industry successful
and a model for others.

2:00 Introduction Bob Dufault, Clemson Univ.

2:02 An Introduction to Culinary Herb Production in California

Ron Voss and Marita Cantwell*, Dept. Vegetable Crops,
University of California, Davis, CA 95616

The culinary herb industry in California is diverse in geographic
location of production, size of operations, species grown, and
markets addressed. Production areas include south and central
coasts, desert, inland Mediterranean valleys, and mountain
valleys. The major crops, based on acreage and volume of
production include rosemary, basil, thyme, oregano, dill,
tarragon, thyme, cilantro, parsley, lemon grass, mint and chives,
but with increased ethnic diversity in the state, the diversity of
interesting culinary herbs has also increased. From a production
view, products such as mint for oil and dried garlic are not
considered “herbs.” Marketing avenues include wholesale
distribution and direct selling to restaurants and farmers’ markets;
fresh, fresh cut/lightly processed, and processed products are

all important. Production challenges include selection,
development and availability of seed/planting stock of adapted
cultivars of highquality; disease, weed, and pest management
in general and the lack of registered chemicals and information
for use of chemicals. Postharvest challenges include poor
temperature control during distribution, decay and physiological
disorders, and consumer packaging. Workshop speakers,
representing university researchers, Cooperative Extension
farm advisors and industry, will address these and other issues
impacting the success of culinary herb production.

2:05 The Fresh Herb Industry from a Marketing Perspective

Kirk Schmidt, Quail Mountain Herbs, Watsonville, CA

2:25 The Processed Herb Industry

Speaker TBA, Superb Herbs

2:45 Weed Management of Herb Production

Clyde Elmore, Dept. of Vegetable Crops, Univ. of California–
Davis

3:05 Disease Management of Herb Production

Bo Raabe, Dept. of Plant Pathology , Univ. of California–
Berkeley

3:25 Postharvest Management of Herb Production

Michael Reid, Dept. of Environmental Horticulture, Univ. of
California–Davis

3:45 Discussion

2:00–4:00 p.m. ............................................................ CC 316
Workshop 26: DNA Microarray Technology and Its
Potential Use for Horticulture Plants
Working Group sponsor: Plant Biotechnology (BTCH)
Presiding: Robert Tripepi, Univ. of Idaho, Moscow, ID
Summary: DNA microarray technology is a relatively new DNA probing

technique. This analytical technique is powerful because thousands
of genes can be detecte simultaneously. This technology is mainly
used in biomedical research. In this workshop, we will learn how
microarrays work and examine their potential for horticultural research.

2:00 Introduction, Robert Tripepi

2:05 Description of Microarrays and Current Uses

Speaker TBA

2:35 Details About How Microarrays Actually Work

Speaker TBA

2:45 Application of Foliar Nutrient Sprays and Their Effects on
Fruit Quality in Deciduous Fruits

Speaker TBA

3:05 Potential Applications of Microarrys for Horticultural Crops

Speaker TBA

3:30 Business Meeting of the BTCH Working Group

Presiding: Robert Tripepi

2:00–4:15 p.m. ............................................................ CC 304
Workshop 27: Seed Production Challenges for
Vegetable and Flower Seeds
Working Group Sponsor: Seed Research (SEED)
Presiding: Robert Geneve, Univ. of Kentucky, Lexington
Summary: This workshop will provide an opportunity for insight into the

current challenges facing seed production for vegetable and flower
seeds. Issues will be presented from an industry perspective. Topics
will include production and postproduction handling of vegetable and
flower seeds with emphasis on seed quality, dormancy, and
exceptional problems associated with certain crops.

3:45 Business Meeting of the SEED Working Group

Presiding: Robert Geneveve
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2:00–4:00 p.m. ............................................................ CC 319

Oral 32: Fruits/Nuts: Crop Production/Physiology/
Disease Resistance
Presiding: Michael L. Parker, Dept. of Horticultural Science, North

Carolina State Univ., Raleigh
2:00

Peach Latent Mosaic Viroid from ‘Ta Tao 5’ Peach Modifies
Phenology, Growth, Yield and Fruit Quality of Peach Cultivars
Gregory L. Reighard*, David R. Ouellette, and Kathy H. Brock; Clemson
Univ., Dept. of Horticulture, Box 340375, Clemson, SC 29634

In the southeastern United States, delaying peach tree phenology
is an important cultural objective that reduces risk from spring freezes
and improves cropping consistency. Graft transmissible agents dis-
covered in ‘Ta Tao’ numbered selections have reliably delayed peach
bloom in South Carolina. One graft transmissible agent in ‘Ta Tao 5’
is Peach Latent Mosaic Viroid (PLMVd). To study the effect of PLMVd,
an orchard of 22 cultivars (650–1050 chill hours) budded to 20 cm
interstems of ‘Ta Tao 5’ (P.I. 101667) on Lovell rootstock was planted
Jan. 1993 near Clemson, SC. Controls were the same cultivars
budded to Lovell rootstock. Observations through 2000 showed that
‘Ta Tao 5’ interstems with PLMVd significantly delayed bloom and
maturity date, reduced tree size and fruit yield, improved fruit firmness
and soluble solids, and increased winter bud hardiness. Full bloom of
individual cultivars on ‘Ta Tao 5’ interstems were delayed an average
of 2.4 (e.g., ‘Redgold’) to 6.5 (e.g., ‘Jayhaven’) days over 7 years.
Trunk cross-sectional area of ‘Ta Tao 5’ interstem trees was as much
as 50% less in some cultivars (e.g., ‘Juneprince’, ‘Parade’) than
control trees after 8 years. Interstem trees did not produce watersprouts.
Cumulative fruit yields per interstem tree for each cultivar were less
than the controls, and average fruit maturity delay per cultivar ranged
from 2.5 (e.g., ‘O’Henry’) to 7.9 (e.g., ‘Parade’) days. Cumulative yield
efficiency (total kg fruit/cm2 TCSA) among all cultivars was similar
between the control (1.82) and the interstem (1.81) trees. Fruit
firmness and soluble solids of interstem trees were significantly higher
most years. Flower buds from interstem trees were significantly more
cold hardy in early February during years 1997–99. Cultivars on
PLMVd-infected, ‘Ta Tao 5’ interstems had lower yields but similar
yield efficiencies as the controls, and thus may be better suited for
higher density plantings.

2:15 p.m.
Peach Tree Rootstock Productivity and Survival in a Peach
Tree Short Life Replant Site
Michael L. Parker*1 and David Ritchie2; 1Dept. of Horticultural Sci-
ence, North Carolina State Univ.; 2Dept. of Plant Pathology, North
Carolina State Univ., Raleigh, NC 27695-7609

In 1994, a study was initiated to evaluate the performance of the
peach rootstock BY520-9 (Guardian™), compared to Lovell.
‘Redhaven’ was the scion for both rootstocks. Guardian™ is reported
to be tolerant to root-knot and ring nematodes, which contribute to the
incidence of peach tree short life (PTSL). The site of this study has a
history of poor peach tree survival. Six-year-old trees were removed
because of tree mortality from PTSL in Spring 1993. After tree
removal, one-half of each existing row was preplant fumigated and
trees were replanted over the rows of the previous orchard in February
1994. By the end of the 2000 growing season, tree mortality for the
trees planted in unfumigated soil was 46% for Lovell compared to 28%
for the trees planted in unfumigated soil for Guardian™. However, if
the soil was fumigated, mortality was only four and 6% respectively,
for Lovell or Guardian™. Trunk cross-sectional area for trees grown
in the fumigated soil was 71 cm2 compared to 52 cm2 for trees grown
in the unfumigated soil for both Guardian™ and Lovell. The fruit crop
in 1996 and 1998 was eliminated from frost/freeze conditions. By the
end of the 2000 growing season, the trees planted on Lovell in
unfumigated soil had a cumulative yield of 40 kg compared to 68 kg
for trees in unfumigated soil on Guardian™. When both rootstocks
were planted on fumigated soil, the cumulative yield was 69 kg and 87
kg respectively, for Lovell or Guardian™. In Fall 1996, one-half of the

trees began receiving annual postplant nematicide treatments to
determine if nematicides are beneficial with Guardian™ rootstock.

2:30 p.m.
Epidemiology of “Shaker Disease” in Almonds
Thomas E. Ferrari*; Plant Development Int., Bakersfield, CA 93380

Mechanical harvesting of nuts is a routine cultural practice in the
production of almonds. Forces used to grasp and shake a tree, to
dislodge the nuts at maturity, often cause damage to the bark and
underlying cambium layer on the trunk. Typically, a debarking wound
results in an infection by disease-causing microorganisms, which
often leads to premature death of a tree. Over the lifetime of an
orchard, “shaker disease” results in lost crop production and, conse-
quently, erosion of profits. Surveys of five orchards with a high
incidence of trunk wounds (California) reveal a damage rate from
5.5% to 58%. A strong “perimeter” syndrome was identified: trees
within 50 feet of the orchard’s edge possessed 1.7- to 4-times as
much trunk damage as trees growing near the center. At one survey
site, the 4 corner locations—those exposed to “two perimeters”—
had the highest incidence (44%) of trunk damage, relative to the
orchard’s perimeter (27%) and center (9.5%). At two sites, Carmel
(22%, 46%) possessed more trunk damage than Nonpariel (12%,
5.5%) Butte (6.2%) and Sonora (7.6%, 8.1%). Steps, which mini-
mize damage to hypersensitive cultivars and to trees in vulnerable
areas of an orchard, have potential to improve long-term almond
production and life expectancy of an orchard.

2:45 p.m.
Fungicide Effects on Almond Pollen Germination, Tube
Growth, and Stigmatic Development
Weiguang Yi1, S. Edward Law2, and Hazel Y. Wetzstein*1; 1Dept. of
Horticulture; 2Dept. of Biological and Agricultural Engineering,
Univ. of Georgia, Athens, GA 30602

In almond production, fungicides are routinely applied during the
blooming period. A laboratory study was conducted to evaluate the
effects of selected fungicides on pollen germination, tube growth,
and stigma development. Studies were conducted using in vitro
germination assays, and in vivo studies evaluating stigmatic devel-
opment and pollen tube growth in the style. An in vitro test of the
effects of ten selected fungicides (Break, Benlate, Rally, Rovral,
Topsin M, Manex, Vangard, Ziram, Abound, and Captan) on pollen
germination and tube growth was conducted. Inhibitory effects
varied with fungicide when pollen was inoculated into germination
medium incorporated with 1/100 recommended field rates. Captan
and Abound were the most inhibitory to pollen germination. Germi-
nation was not significantly affected by Benlate or Break. A second
experiment was conducted to assess the effects of fungicide
sprays on stigmatic development. Intact flowers were sprayed with
Vangard, Abound, and Rally at recommended field rates, and
water as control, using a robotic-arm nozzle spray applicator which
accurately simulated actual field practice in a highly replicable
manner. SEM observed dissected pistils without fixation under low
voltage. Results showed control flowers had stigmatic surfaces
with clearly visible stigmatic papillae. In contrast, fungicide sprays
caused various effects. Vangard induced copious amounts of
stigmatic exudates. Papillae cells were immersed and almost
covered in some areas. Effects of Abound and Rally were interme-
diate. Third, observing pollen tube growth through the style using
aniline blue fluorescent staining assessed the effects of fungicide
sprays on pollen germination and tube growth in intact pistils.

3:00 p.m.
An Excised, In Vitro Leaf Bioassay Evaluates Resistance of
Sweet Cherry Genotypes to Pseudomonas syringae pv.
syringae
M. Margaret Roche* and Anita Nina Azarenko; Oregon State Univ.,
Dept. of Horticulture, Corvallis, OR 97331

Resistance within sweet cherry genotypes to bacterial canker,
caused by the organism Pseudomonas syringae pv. syringae, was
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evaluated using an excised, in vitro leaf bioassay. The genotypes
were screened for their resistance to a combination of four patho-
genic bacterial strains, SD443, SD447, W4N54, and W4N108.
Excised leaves were inoculated by depositing either 2µL of bacte-
rial suspension containing a mix of the pathogenic strains of
bacteria at 10 to the 6 cfu/mL and 10 to the 8 cfu/mL, or water, or
a nonpathogenic strain (JL2000) on a wounded leaf midrib. Lesions
were rated after 7 days of incubation in a growth chamber (16 h of
light at 25 °C, 8 h of darkness at 20 °C). Symptoms were recorded
on a scale from 0–4 with a score of 4 indicating the most extreme
symptoms. The genotypes having the lowest rating (0–1) belonged
to the ‘MxM’ rootstock series. Those genotypes with the highest
rating included ‘Corum’, ‘Royal Ann’, and ‘Rainier’. The in vitro
assay correlated relatively well with an excised twig assay. This
assay will be useful for identifying genotypes that are resistant to
P. syringae pv. syringae.

3:15 p.m.
A Detached Leaf Technique for Screening Pecan Cultivars
for Resistance to Scab
Patrick J. Conner*, Horticulture Dept., Univ. of Georgia, Coastal
Plain Experiment Station, Tifton, GA 31794

Single-spore isolates of pecan scab (Cladosporium caryigenum)
were collected from the leaves of four pecan cultivars; ‘Wichita’,
‘Desirable’, ‘Cape Fear’, and ‘Elliot’. These cultivars vary widely in
field resistance to scab, ranging from highly susceptible to highly
resistant. Pure isolates of the fungus were grown in vitro to produce
conidia for inoculation tests. Each isolate was cross-inoculated
onto detached leaves of each cultivar. Leaf sections were exam-
ined microscopically after 4, 8, and 14 days for pathogen growth
using a rapid staining procedure. Conidia germination and appres-
soria development were non-specific and occurred on all leaves.
Subcuticular hyphal development and sporulation occurred differ-
entially, depending upon the cultivar and inoculum source. This
procedure has good potential for rapid determination of race-
specific resistance to pecan scab. The potential of this method aid
in determining the inheritance of scab resistance and in breeding
resistant cultivars will be discussed.

3:30 p.m.
Relative Susceptibility of Different Genotypes of Juglans
Species and Interspecific Hybrids to Agrobacterium
tumefaciens
James R. McKenna*1, Lynn Epstein2, Beth Teviotdale3, and Gale
McGranahan4; 1Univ. of California, Davis, Dept. of Environmental
Horticulture & Univ. of California, Riverside, Dept. of Nematology;
2Univ. of California, Davis, Dept. of Plant Pathology; 3Univ. of
California Cooperative Extension, Kearney Agricultural Center;
4Univ. of California, Davis, Dept. of Pomology, Davis, CA 95616

Crown gall, caused by the bacteria Agrobacterium tumefaciens,
can be an economic problem for walnut growers in California that
plant Paradox hybrid rootstock. Paradox are interspecific hybrids
between a black walnut female, primarily Juglans hindsii, and an
English walnut (J. regia) male. We studied the response of a variety
of Paradox genotypes and other Juglans sp. to A. tumefaciens.
Using stem-inoculations, 35 sources were screened in each of two
years. Sources included eight Paradox genotypes: J. hindsii x J.
regia; (J. hindsii x J. nigra) x J. regia; J. californica x J. regia; (J.
californica x J. nigra) x J. regia; [(J. major x J. hindsii) x J. nigra)] x
regia; and (J. hindsii x J. regia) x J. regia. Black walnut sources
included J. hindsii; J. californica; [(J. californica x J. nigra) x J.
hindsii]; J. microcarpa; and [(J. nigra x J. hindsii) x J. hindsii]. J.
regia was also included. In fumigated soil, the incidence of crown
gall on J. hindsii x J. regia Paradox seedlings (0.9%) was signifi-
cantly greater than on J. hindsii seedlings (0.2%). In a trial with root-
inoculated seedlings, Paradox trees had significantly more crown
gall (79%), than J. hindsii and J. regia trees (60 and 62%, respec-
tively). Galls on Paradox from either J. hindsii or J. californica
female parents were significantly (1.9 and 1.6x, respectively)

larger than on their black walnut half-siblings. Two Paradox sources,
both complex hybrids containing J. major, J. nigra, and J. hindsii in
the female parentage, were classified as resistant as the black
walnut species. Our results suggest that black and English walnut
are susceptible to crown gall and that most Paradox genotypes are
highly susceptible.

3:45 p.m.
Citrus Water Use Model for Florida Fine Sand Soils
K.T. Morgan*, T.A. Wheaton, L.R. Parsons, J.M. Scholberg, and
T.A. Obreza; Univ. of Florida, Citrus and Education Center, Lake
Alfred, Fla.

Capacitance-type soil water content probes were installed at 10,
20, 40, and 80 cm depths at each of 15 locations in the irrigated and
non-irrigated areas under three 12-year-old ‘Hamlin’ orange (Cit-
rus sinensis L.) scion on Carrizo citrange (C. sinensis L. Osbeck X
Poncirus trifoliata L. Raf.) rootstock trees. Soil type at the site was
a Candler fine sand (hyperthermic, uncoated Typic
Quartzipsamments) with a water-holding capacity of ≈0.9 inches
per foot or 7.5% by volume. Relative contributions to crop evapo-
transpiration (Etc) decreased rapidly at all depths between 7.5%
and 3% soil water content. This rapid decrease in water use was
particularly pronounced at the 10 cm and 20 cm depths. Water
extraction rates from the non-shaded areas at both 10 cm and 20
cm depths were nearly 100% greater than those for the shaded
areas. Typical water use in May from the shaded and non-shaded
areas to a depth of 30 cm accounted for 74 % of the total water used
by the tree on the first day after irrigation. By fifth day, this value was
reduced to 42 %. Plant available soil water depletion values in the
non-shaded and shaded areas were 42 % and 24 %, respectively,
at 10 cm and 33 % and 15%, respectively, at the 20-cm depth by
the end of the second day. A water use model was developed
resulting in the estimation of daily water use and crop evapotrans-
piration values. Continuous monitoring and water use estimation
over time resulted in the development of crop coefficients that allow
water use estimation year-round.

2:00–3:45 p.m. ............................................................ CC 301
Oral 33: Cross-commodity: Postharvest Physiology
Presiding: Jiwan P. Palta, Dept. of Horticulture, Univ. of Wisconsin,

Madison
2:00 p.m.

Evidence for the Retardation of Ethylene-promoted
Senescence by a Natural Lipid,
Lysophoshatidylethanolamine (LPE)
Sookhee Park and Jiwan P. Palta*; Dept. of Horticulture, Univ. of
Wisconsin-Madison, WI 53706

Ethylene is known to promote senescence in plants. Recent
studies have provided evidence that LPE can promote fruit ripening
and improve shelf life of fruit, flowers and vegetable crops. Micro-
propagated potato plants in sterile culture were used to investigate
the potential possibility of mitigating ethylene-promoted senes-
cence by LPE. Stem cutting of potato (Solanum tuberosum L.,
Burbank) plantlets were propagated in agar media (MS) containing
25, 50, or 100 ppm LPE.

2:15 p.m.
Gibberellic Acid Effects on ‘Valencia’ Orange Peel and Fruit
Rheology and Juice Yield
Matthew W. Fidelibus*1, Frederick S. Davies1, and Arthur A.
Teixeira2; 1Dept. of Horticultural Sciences, Univ. of Florida,
Gainesville FL 32605; 2Dept. of Agricultural and Biological Engi-
neering, Univ. of Florida, Gainesville FL, 32605

Gibberellic acid (GA3) applied in the fall can enhance juice yield
of processing oranges, but the physiological or physical mecha-
nisms responsible for juice enhancement are not known. In Florida,
most fruit are juiced with an FMC machine that squeezes the fruit
between two inter-digitating cups that force the pulp through a hole cut
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in the peel. Peel or fruit failure during processing might allow some
pulp to escape the juice stream thus decreasing juice yield. The
purpose of this study was to determine if GA3 affects fruit rheological
variables such that juice extraction efficiency is enhanced. ‘Valencia’
orange [Citrus sinensis (L.) Osb.] trees were treated with GA3 (45 g/
ha a.i.) before, during or after color break in 1998 or remained non-
sprayed. Fruit were harvested on 23 Apr. and 13 May 1999. Peel
tensile and shear strength and the elasticity of the fruit were measured
with an Instron universal testing machine and a separate batch of fruit
was juiced using an FMC machine. Each variable decreased from 23
Apr. to 13 May. Fruit treated with GA3 at about color break had greater
peel tensile strength than fruit of other treatments on 23 Apr., but not
on 13 May. In contrast, fruit treated before color break had greater peel
shear strength than fruit of other treatments on 13 May but not on 23
April. Fruit treated at or following color break had a greater degree of
elasticity than fruit of other treatments on 13 May, but not 23 Apr. None
of these variables were well correlated with juice yield.

2:30 p.m.
Effect of MCP on Apple Fruit Ripening and Scald Development
Theophanes Solomos*1, Prabodh Trivedi, and Autar Mattoo2; 1Dept.
of Natural Resource Sciences and Landscape Architecture, Univ. of
Maryland, College Park, MD 20742; 2Vegetable Laboratory, USDA
Beltsville, MD. 20705

Scald-susceptible and scald-resistant apple cultivars at various
physiological stages were treated with 1-methyl cyclopropene (MCP)
under different storage conditions. The effective control of scald was
a function of the physiological stage of the fruit. The application of MCP
to preclimacteric and early climacteric fruit was very effective in
controlling scald development. Application of MCP to preclimacteric
fruit suppressed the onset of the ethylene climacteric for extended
periods of time, depending on storage temperature. This was associ-
ated with a strong inhibition of the accumulation of ACS transcripts but
had no effect on those of ACC-oxidase. Early application of MCP
strongly inhibited the rise in alpha-farnesene and its main oxidation
products, conjugated trienols. The results of the synthesis of
isoterpenoids, in conjunction with those of inhibitors of alpha-farnasene,
indicate that the latter may play a role in scald development. The
physiological, biochemical and molecular responses of apple fruit to
MCP were akin to those induced by low oxygen.

2:45 p.m.
Antioxidant Enzymes and DPHH-Radical Scavenging Activity
in Chilled and Heat Shocked Rice (Oryza sativa L.) Seedlings
Radicles
Ho-Min Kang* and Mikal E. Saltveit; Mann Laboratory, Dept. of
Vegetable Crops, Univ. of California, Davis, CA 95616-8631

Chilling whole rice seedlings with 10-mm long radicles for 2 days at
5 °C significantly inhibited subsequent radicle growth. Subsequent
growth was not inhibited when rice seedlings were heat shocked at 45
°C for up to 20 min. A 3-min heat shock reduced chilling inhibition from
73% to 48%. Protein content of the apical 1-cm of the radicle was
decreased by chilling but not by heat shock. The activity of five
antioxidant enzymes [superoxide dismutase (SOD; EC 1.15.1.1),
catalase (CAT; EC 1.11.1.6), ascorbate peroxidase (APX; EC
1.11.1.11), glutathione reductase (GR; EC 1.6.4.2), and guaiacol
peroxidase (GPX; EC 1.11.1.7)] and DPPH (1,1-Diphenyl-2-
picrylhydrazyl)- radical scavenging activity was measured in heat
shocked and/or chilled rice seedling radicles. Heat shock slightly
increased the activity of CAT, APX, and GR. The loss of CAT and APX
activity in chilled seedlings was prevented by prior heat shock. Chilling
reduced DPPH-radical scavenging activity, while heat shock in-
creased it 130%. Heat shock also prevented the loss of DPPH-radical
scavenging activity following chilling. Increased CAT, APX, GR, and
DPPH-radical scavenging activity in heat shocked rice seedlings
radicle is correlated with chilling tolerance induced by heat shock.

3:00 p.m.
Effect of 1-methylcyclopropene (1-MCP) on the Retardation of

Senescence in Cut Flowers of Hibiscus and Carnation
K.C. Son* and B.C. In; Dept. of Horticultural Science, Konkuk Univ.,
Seoul 143-701, Korea

Effect of 1-methylcyclopopene (1-MCP) on the retardation of se-
nescence in Hibiscus (Hibiscus syriacus L. cv. Hansarang) and
carnation (Dianthus caryophyllus L. cv. Soleo) flowers was investi-
gated. Flower diameter and ethylene production of Hibiscus were
closely correlated during the first 6 hours after which wilting and
inrolling began; ethylene production and petal wilting accelerated
during petal inrolling. When 0.1, 1.0, and 10 nL·L–1 1-MCP was applied
to the flowers of Hibiscus at stage 1 (protrusion of 2/3 of the petal from
the sepal), exposure to 10 nL·L–1 1-MCP for 3 h resulted in a constant
increase in flower diameter for 36 h, a greatly reduced rate of ethylene
production, and an extended longevity (>140%; 53 h) over the control.
However, treatment for 6 h at the same concentration reduced vase
life, an effect attributed to damage to the tissue by the chemical. When
0.5, 5.0, 10 nL·L–1 1-MCP was applied to carnation flower at the paint
brush stage, ethylene production was completely inhibited by treat-
ment with 10 nL·L–1 1-MCP regardless of subsequent ethylene expo-
sure. Using a bioassay to investigate the effect of 1-MCP on the
inhibition of ethylene action at the base of the carnation petal,
treatment with 1-MCP when the outermost petals were reflexed to 60°
from the axis of calyx was the most effective timing for inhibition of
ethylene action. 1-MCP inhibited de novo ethylene biosynthesis
through an effect on ACC oxidase activity but did not alter either ACC
synthase activity or ACC content.

3:15 p.m.
Low Oxygen Atmospheres Suppress Shoot Growth of Dry
Sale Lily Bulbs (Lilium asiaticum ‘Marseille’)
Garry Legnani*, Christopher B. Watkins, and William B. Miller; Dept.
of Horticulture, Cornell Univ., Ithaca NY 14853

Storage of case-cooled dry sale lily bulbs (Lilium asiaticum ‘Marseille’)
in 1% oxygen (balanced with nitrogen) atmospheres suppresses
shoot growth and extends shelf life. Bulbs were removed from cold
storage (1 °C) and placed in controlled atmospheres (CA) for 5 weeks
(20 °C and 85% to 90% RH). The interactions of CA storage with
storage in moist peat moss (70% moisture content) and fluorescent
light were investigated. The shortest shoots (1.6 cm) were observed
under conditions of 1% oxygen, fluorescent light (≈45 µmol·m–2·s–1,
and without moist peat moss. In contrast, the longest shoots (20 cm)
were observed when bulbs were stored in air, with moist peat moss,
and without light. Interactions between atmosphere, light, and storage
in moist peat moss in relation to shoot growth, fresh weight loss, and
flower bud developments are discussed. Following CA storage, bulbs
were planted and forced in the greenhouse at a constant 63 °C day/
night temperature. Bulbs that had remained in cold storage for 5 weeks
were planted as controls. Weekly height measurements were taken
for comparison of growth curves. Effects of storage treatments on
days to flower, number of flower buds, flower size, number of aborted
and blasted buds, and leaf area are discussed.

3:30 p.m.
Changes in Dry Matter, Water, and Mineral Distribution in Cut
Lupinus harvardii Racemes: Repeating the Question, “Is a
Flower a Sink or a Source?”
G.A. Picchioni* and M. Valenzuela-Vazquez; Dept. of Agronomy and
Horticulture, New Mexico State Univ., Box 30003, Las Cruces, NM
88003

The attractive raceme of Lupinus harvardii is a relatively new
specialty cut flower. After cutting a mature raceme and 6 days in a
vase, senescence of individual fully-expanded flowers begins with the
basal (oldest) flowers and progresses toward the uppermost (young-
est) flowers. Simultaneous expansion of the raceme apex leads to a
50% or more increase in fully-expanded flower number above the
cutting day average. At the beginning of vaselife (day-0) in a recent
study, 11% of the total water (TW, 3936 mg per raceme) and 11% of
the total dry matter (TDM, 545 mg per raceme) were in the yet-to-
expand apex, with 23% of TW and 20% of TDM in the oldest flowers.

Wednesday 25 July · Afternoon



613HORTSCIENCE, VOL. 36(3), JUNE 2001

After 6 days in the vase, 25% of TW in the partially desiccated raceme
(TW of 3384 mg) and 19% of TDM (TDM of 506 mg) were present in
the expanded apex, but only 3% of TW and 13% of TDM were present
in the oldest flowers. Net 6-day accumulation of N, P, K, Ca, Mg, and
S in the expanding apex (2.70, 0.31, 0.96, 0.06, 0.11, and 0.14 mg per
raceme, respectively) was matched by net loss in the oldest flowers of
nearly equivalent absolute value (2.65, 0.33, 1.18, 0.05, 0.10, and
0.10 mg per raceme, respectively). That the apical flowering sink
would draw upon older, mature flowers for water, minerals, and carbon
is consistent with a current hypothesis favoring a rapid sink-to-source
(unloading-to-loading) transition in senescing lily petals (Bieleski, R.L.
2000. Austral. J. Plant Physiol. 27:615-624). The proposal appears to
fit L. harvardii and it questions viewing a flower as a continuously
importing organ.

2:00–4:00 p.m. ............................................................. CC 305

Oral 34: Human Issues
Presiding: Virginia I. Lohr, Dept. of Horticulture and Landscape

Architecture, Washington State Univ., Pulliam
2:00 p.m.

Childhood Environmental Experiences Influence Adult
Attitudes Toward Plants
Virginia I. Lohr* and Caroline H. Pearson-Mims; Dept. of Horticulture
and Landscape Architecture, Washington State Univ., Pullman, WA
99164-6414

The goal of this project was to examine the relationship between
childhood contact with nature and adult attitudes toward urban forests.
A nationwide telephone survey of 2,004 adults in large metropolitan
areas in the United States was conducted. Participants were asked
about their memories of the surroundings where they were raised and
their childhood experiences with nature. They also were questioned
regarding their current understanding and appreciation of urban trees.
These results confirmed that childhood experiences with nature
influence adult perceptions of trees and indicated that the influence is
strong. For example, participation in environmental education in
elementary school was associated with an increased likelihood of
taking gardening classes as an adult; of the adults who participated in
environmental education in elementary school, 13% reported taking
a gardening class in the last year, while only 8% of those who did not
participate in these programs during childhood reported taking a
gardening class. By understanding the relationships between child-
hood experiences and current attitudes toward urban forests, we can
better understand the influence of childhood participation in urban
forestry programs on the perspectives of those same children as
adults. This information could be used to tailor children’s urban and
community forestry activities more effectively to engender apprecia-
tion for the urban forest in our adult citizens.

2:15 p.m.
Survey of Residential Pesticide Use in an Urbanized Area of
Southern California
Cheryl A. Wilen*1, Gregory Robinson2, and Shelley Osborn2; 1Univ. of
California Statewide IPM Project, San Diego, CA 92123 2Social
Science Research Center, California State Univ., Fullerton, CA

Over 1400 residents living in the watershed where runoff drains into
the Newport Bay in Orange County, California were surveyed by
telephone regarding their use of pest control products. Respondents
were asked to identify their primary and secondary indoor and outdoor
pests, how they controlled them, and where they purchased the
products. Other questions in the survey were used to identify where
respondents obtained their pest or pest management information and
how they disposed of pesticides. Where survey participants reported
an outdoor pest problem, 73% reported that ants were the primary
pests. Of these, 80% used insecticides for ant control. Snails and slugs
were second largest group of pests identified as outdoor pests. Over
half of the respondents that purchased pesticides bought them at large
building supply stores and only 4% purchased them at retail nurseries.
About half of the pesticides purchased were “ready to use” sprays

such as aerosols. When deciding how much of a concentrated
pesticide to use, 62% said they read and followed the directions on the
label. However, only 38% said they actually measured out how much
to add to the spray tank; most said they estimated how much to mix
with water. This information can be used to focus educational and
regulatory efforts to reduce pesticide runoff into the impacted water
body. Additionally, questions used in this survey can be used as a
template to help develop similar surveys for other areas.

2:30 p.m.
Effects of Horticultural Activity on Level of sIgA and Salivary
Cortisol Influencing Susceptibility to Upper Respiratory
Infection
Hyejin Cho* and Richard Mattson; Horticulture, Forestry, and Recre-
ation Resources, Kansas State Univ., Manhattan, KS 66506

This research investigated effects of horticultural activity on stress,
immune response, and upper respiratory infection. Female university
students, aged 18–27 years, from a horticultural laboratory class (n =
14; activity group) and a horticultural lecture class (n = 10; nonactivity
group), participated during a three-month study. The activity group
completed projects such as plant propagation, indoor gardening and
floral design. The nonactivity group listened to horticultural lectures.
Saliva samples were collected during 10 class periods at one and 40
minute intervals. Demographic information was collected once and
health status recorded weekly. Perceived stress, group environment,
and health behavior information were compared at the beginning and
end of the study. Weekly pre–post tests were conducted to measure
level of salivary cortisol and secretory immunoglobulin A (sIgA), self-
rated emotional states, upper respiratory infection symptoms, and
medical information including allergy symptoms. Salivary cortisol
decreased more in the activity group and was significantly lower after
nine weeks (P = 0.05). Overall level of sIgA was significantly higher
after 5 weeks in the activity group. The activity group tended to have
fewer allergies throughout the study. Upper respiratory infections
were similar in both groups. With some participants horticultural
activity decreased stress, and was directly related to health promotion
and disease prevention.

2:45 p.m.
Beneficial Effects of Lavender Fragrance on Human Stress
Mingwang Liu*1, Richard H. Mattson, Eunhee Kim; 1Manhattan, KS
66502

The objective of this research was to determine the influence of
lavender fragrance on stress level and mental task performance of
university students. Sixty-six students were recruited from an intro-
ductory horticulture class. After an orientation session, each student
was assigned to all four-treatment sessions with randomized se-
quences: flowers without aroma, flowers with aroma, aroma only and
control (no flowers or aroma). Students were required to do mental
arithmetic exercises in the middle of each experimental session and
complete self-rated emotional response inventories at the beginning
and end of each experimental session. Psychophysiological re-
sponses were recorded of brainwave activities (EEG), electrodermal
activity (EDA) and skin temperature by a computerized bio-monitor-
ing system. Comparisons among treatments based on gender and
other demographic factors will be presented. Discussions will in-
clude how plant fragrance such as lavender enhances mental task
performance and reduces human stress.

3:00 p.m.
Growing Leaders in the Garden
Carolyn Walton-Robinson* and J.M. Zajicek; Dept. of Horticultural
Sciences, Texas A&M Univ., College Station, TX 77843-2133

In 1996, children represented ≈14% of the population; however,
they were responsible for 31% of the total crimes committed. Studies
indicate that a majority of juvenile delinquents have low self-esteem
and lack the social and leadership skills necessary for them to be
positive contributors to their communities and to society as a whole.
Youth gardening may be one program that can provide positive
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experiences and social interaction to help children develop positive
leadership and social skills. This study examined the effects of
school gardening on the development of leadership skills including
self-esteem, decision-making, planning, problem solving, and com-
munication skills. The Junior Master Gardenersm (JMGsm) program
was used as the horticulture curriculum in elementary classes in Fort
Worth, Texas and Temple, Texas during the 2000 school term. This
curriculum is a broad-based program designed after the Master
Gardener program incorporating learning with service. The instru-
ment used for this study was adapted from the Leadership Skills
Inventory (LSI) created at Iowa State Univ. in 1980. Items were
added to cover the topic of service learning from the National 4-H
Youth Assessment. Results are based on scores taken before
beginning and after completion of Junior Master Gardener certifica-
tion process.

3:15 p.m.
Growing Healthy Children through Nutrition Education: A
Study of Children’s Nutritional Attitudes, Knowledge, and
Eating Behaviors
Shari Koch* and J.M. Zajicek; Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, TX 77843-2133

Nutrition has a major impact on the growth and development of
children and therefore plays an important role in their lives. One part
of proper nutrition is the consumption of five fruits and vegetables a
day. Children currently eat an average of 3.4 servings of fruit and
vegetables a day. Education is needed to increase the consumption
of fruits and vegetables. The objectives of this study were to evaluate
whether a nutritional curriculum guide, including activities, could
improve children’s nutritional knowledge, attitudes, and eating be-
haviors. A curriculum guide “Health and Nutrition from the Garden”
was developed for Better Living for Texans County Agents to use in
workshops with children. A modified version of the Fruit and Veg-
etable Preference Questionnaire, a pretest/posttest instrument, was
used to determine students’ attitudes toward fruits and vegetables.
A questionnaire was developed to determine knowledge gained, and
five interview questions were asked to help determine changes in
eating behavior. Results indicate differences in children’s nutritional
knowledge and eating behaviors prior to participation in the nutri-
tional activities due to age. Younger students had less knowledge,
poorer eating behaviors, and lower fruit and vegetable preference
scores than older students. These differences were no longer
statistically significant after completing the nutritional curriculum.

3:30 p.m.
Growing Environmental Stewards: The Effects of School
Gardening on Environmental Attitudes of Children

Olivia Aguilar* and J.M. Zajicek; Dept. of Horticultural Sciences,
Texas A&M Univ., College Station, TX 77843-2133

Environmental awareness has become a critical goal in today’s
world. It is becoming apparent that schools need to educate

children on environmental issues since they will be the ones
making future policy and decisions. Children acquire knowledge
much more effectively if they are actively involved in the learning
process and gardening may provide an excellent opportunity for
such hands-on environmental learning. The objective of this re-
search study was to evaluate whether students developed positive
environmental attitudes while participating in a school gardening
curriculum. The Junior Master Gardenersm (JMGsm) program was
used as the horticulture curriculum in elementary classes at Temple,
Texas during the 2000 school term. A posttest was given at the
conclusion of the 2000 school term to third, fourth, and fifth grade
classes that participated and completed the JMGsm program and to
a control group of students that did not participate in the gardening
program. The test instrument was a modified questionnaire adapted
from the Children’s Environmental Response Inventory. Results
examine the effects of the JMG

sm
 gardening program on children’s

attitudes toward the environment and their sense of ownership
toward their environment.

3:45 p.m.
Growing Minds: The Effect of School Gardening Programs
on Students’ Science Achievement and Attitudes
Cynthia Davis Klemmer* and Jayne M. Zajicek; Dept. of Horticul-
tural Sciences, Texas A&M Univ., College Station, TX 77845-2133

An understanding of science is critical in today’s society, which
is increasingly technology driven. Much attention has been given
to increasing science literacy in youth, yet it remains low, and
research indicates that students consider science boring and
disconnected from their daily lives. National and state science
standards stress the need for active, hands-on learning opportuni-
ties that enable students to experience science and construct
meaning for themselves, rather than just reading and memorizing
it. Gardening activities offer a richly diverse field of active learning
opportunities for use in enhancing the science curriculum. The
objectives of this research were to assess the science achieve-
ment and attitudes toward science of 3rd, 4th, and 5th grade students
in Temple, Texas who participated in a school gardening program
vs. those who did not. The study utilized the Junior Master
Gardenersm (JMGsm) curriculum for the school gardening program.
A science achievement test instrument was developed by the
researcher in conjunction with the Temple ISD science coordinator
and an elementary science teacher from Temple. The test was
administered to experimental and control group members at the
end of the 2000–01 school year. An additional questionnaire was
administered to both groups of children to measure attitudes
toward science. Results examining the differences between test
scores of gardening and nongardening students will be discussed.

3:00–5:00 p.m. ............................................................ CC 303

Technical Program Committee Meeting
Chair: Carl E. Sams
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