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State Univ.
The Landscape Architecture and Horticulture Programs at North

Carolina A&T State Univ. has a broad mix of traditional and nontra-
ditional students in a racially diverse student body. We have devel-
oped a mentoring kit to bridge the gap between traditional and
nontraditional students which greatly strengthens our mentoring and
retention efforts. Mentoring is a behavioral activity that refers to the
one-on-one relationship that evolves through reasonably distinct
phases between the mentor and the student. A mentor’s role is
comprised of a combination of interrelated behavioral functions that
are put into the mentoring relationship to assist the student. This kit
will help mentors focus on the 6 behavioral activities known to have
positive motivational outcomes. These behavioral functions are: 1)
Relationship Emphasis—to establish trust; 2) Information Emphasis
- to offer tailored advise; 3) Facilitative Focus— to introduce alterna-
tives; 4) Conformation Focus-to challenge; 5) Mentor Model—to
motivate; and 6) Mentee Vision—to encourage initiative. In addition
to a focus on specific mentor behaviors, the value of modern mentors
should also be understood in reference to the wide sociocultural
context in which they might exert a positive influence. The kit
describes those processes that energize behavior and gives direc-
tion or purpose to behavior. When we consider human functions in
learning such as attention, concentration, effort, perseverance and
initiative; we are dealing with motivational processes that are acti-
vated and sustained by human energy. We constantly have to shift
our attentions in the effort to cope with the world around us. It is to
this end we must work diligently to be effective mentors.

Poster 501
The Academic Performance of Women Landscape
Contracting Students at the Pennsylvania State Univ.
Hala F. Nassar1, Dan T. Stearns*2, and David J. Beattie2; 1South
Dakota State Univ.; 2Penn State Univ., Dept. of Horticulture, Penn-
sylvania State Univ., Univ. Park, PA 16802

Representation of women students in the Landscape Contracting
program at the Pennsylvania State Univ. has increased since its
inception in 1989; however, the percentage of women in the program
has never exceeded 24 percent. Program administrators suspected
that the low percentage of women did not result from an inability to
compete academically. A review of student grades in five courses
specific to the major revealed that in three of the courses, there was
no significant difference between grades received by women and
men. In the other two courses, women received significantly higher
grades than their male counterparts. Cumulative grade averages at
graduation were also reviewed, with women students attaining
significantly higher averages than men.

Poster 502
Establishment of Live Horticultural Plant Collections for
Teaching Nonhorticulture Courses
Usha R. Palaniswamy*; School of Allied Health-Asian American
Studies Institute Univ. of Connecticut, Storrs, CT 06269-2101

In 1999, a collection of medicinal plants of Asian origin and
culture was started in the Univ. of Connecticut, Storrs, CT. Cur-
rently there are ≈61 plant species in this collection. These plants
play an important role in Asian cultures and traditional medical
systems and this collection proves to be an invaluable teaching tool
for the Allied Health and Asian American Studies courses AH/AASI
215 Critical Health Issues of Asian Americans and AH/AASI 216
Asian Medical Systems. Since these courses are open to all
majors, a majority of the students enrolled in these courses are
Humanities, Social Sciences, or Allied Health majors with very little
knowledge about plants. The students rated the use of this living
collection of plants as the most valuable and well-designed teach-
ing aid in these courses and believed that this stimulated their
interest in horticulture and Botany. Additionally, this collection was
showcased as part of Asian American awareness activities during
October 2000. There was general agreement among the 95 partici-
pants that diet can effectively modify the pathophysiological pro-

cesses of various metabolic disorders and can be an effective
preventive strategy for various disease processes. Interest in
plants and plant-based food has enhanced since the identification
of phytochemicals present in a number of plants of Asian origin
reported to possess substantial anticarcinogenic, antioxidative,
anti-inflammatory, hypocholesterolemic, hypolipidemic, or hypogly-
cemic properties now described as functional foods and
nutraceuticals. Similar live plant collections can be developed and
effectively used to teach non-horticulture courses and to stimulate
interest in horticulture among all majors and promote knowledge of
use of plants in different world cultures in a college campus.

Poster 503
A Long-term Study of Knowledge, Risk and Ethics for
Students Enrolled in an Introductory Biotechnology Course
S.L. Kitto*1, L.G. Griffiths2, and J. Pesek3; 1Plant and Soil Sciences,
2Animal and Food Science, and 3Food and Resource Economics,
Delaware Experiment Station, College of Agriculture and Natural
Resources, Univ. of Delaware, Newark, DE 19717-1303

In 1989, we started an undergraduate course addressing issues
concerning biotechnology in agriculture. To determine the extent to
which students were engaged in classroom instruction and assimi-
lated knowledge from the course, students were asked to complete an
‘Attitudes About Biotechnology’ survey. Students were queried about
their knowledge of biotechnology, perceptions of risks associated with
biotechnology and ethics and attitudes toward the use of biotechnol-
ogy in agriculture. Responses to the survey questions were evaluated
both pre-and post-course. Data were collected from 13 classes over
a 10-year period. Pre-course GPA for all students was consistent over
the course of this study. Course grades also were level over the time
studied. Females perceived that they had an increased understanding
of science and technology after the class as compared to the males.
Students’ knowledge of biotechnology, both actual and perceived
increased as a result of the course. There was a modest increase
overall in student acceptance of risk associated with genetic engineer-
ing; however, there was no evidence to support that as a result of the
course students were more accepting of genetic engineering of
animals. Females perceived more risk but there was no discernable
pattern over the ten years studied. While males were more accepting,
pre-and post-course, of genetic manipulation of animal cells in a
laboratory, our overall conclusion is that there was no evidence that
ethical positions were altered due to the course.

6:00–7:30 p.m. .................... Hyatt Regency Upper Pool Deck
International Division Reception

Held at the Hyatt Regency, this reception recognizes ASHS’s
diverse international membership.

7:00–9:00 p.m. ........................... Hyatt Regency Big Sur A&B
Industry Division Dinner

Cocktail Reception Sponsored by the United Fresh Fruit & Veg-
etable Association

7:00–9:00 p.m. ............................................................ CC 316
American Pomological Society Annual Business
Meeting
Chair: David A. Hunter

Tuesday · 24 July 2001

7:30 a.m.–5:00 p.m. ....................................... CC West Lobby

Registration Open

8:00 a.m.—5:00 p.m. ........................................... CC 101/102
Placement Service

Monday 23 July · Evening Tuesday 24 July · Morning
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9:45 a.m.–4:15 p.m. ............................................ CC Ballroom

Exhibit Hall Open

7:00–8:00 a.m. .................................. Hyatt Room Regency C
Roundtable Breakfast

Preregistration required.

7:00 a.m.–8:00 a.m. .................................................... CC 103
Commercial Horticulture (CHEX) Business Meeting
Chair: Wesley Kline

8:00–10:00 a.m. .......................................................... CC 305
Investment Trustees
Chair: Frederick S. Davies

8:00–11:00 a.m. .......................................................... CC 318

Nominations and Elections Committee Meeting

8:00–9:15 a.m. ............................................................ CC 305
ACB Oral Session
Presiding: Shiela P. Stephan, ACB President
8:00 a.m.

Evaluation of Pesticidal Control of Whitefly on Greenhouse
Poinsettias
Chrissie Adams* and Robert P. Rice, Jr.; Cal Poly, San Luis Obispo,
CA 93405

In September 2000, a trial was conducted to evaluate nine
chemicals for control of greenhouse whitefly (Trialeurodes
vaporariorum Westwood) and silverleaf whitefly (Bemesia argentifolii
Bellows and Perring). The experiment consisted of fourteen different
treatments (Acetamiprid, Azadirachtin, Beauvaria bassiana,
Buprofezen, Cinnamaldehyde, Imidicloprid, Kinoprene, Pyriproxfen,
Pymetrozine, Spinosad) with four replications of each treatment in a
randomized complete block design. Six inch potted poinsettia’s
(Euphorbia pulcherima Willd III) were treated with different rates and
combinations of chemicals at weekly intervals. Marathon
(Imidicloprid), Azatin (Azadirachtin), Enstar II (Kinoprene), and a
BotaniGard (Beauvaria bassiana)/Cinnamite (Cinnamaldehyde)
combinations most effectively controlled whitefly. Except for the
Cinnamite/BotaniGard treatment, no phytotoxicity occurred.

8:15 a.m.
Effect of Ethylene, 1-MCP, and Sugar on the Vase Life of
Campanula Ledium L.
Larissa Clark*, Donald Hunter, Brian Steele, and Michael S. Reid;
Dept. of Environmental Horticulture, Univ. of California, Davis, CA
95616

The flowers of Campanula medium L. (Canterbury Bells) open and
senesce in succession along a single axis towards the apex. The
senescence of each flower is accompanied by discoloration of the
corolla that begins at the margin and ends with complete discolora-
tion and wilting. Inflorescences held in DI water at 20 degrees C last
about 14 d. However, when continuously exposed to as little as 0.03
µL·L–1 ethylene, the flowers start to discolor after two days. At higher
concentrations of ethylene (0.1 and 1 µL·L–1) senescence pro-
gressed more rapidly. The premature senescence caused by ethyl-
ene was effectively prevented by pretreatment of the raceme with
500 nL·L–1 1-methylcyclopropene (1-MCP) for 6 h, but 1-MCP
treatment did not affect the life of flowers held in air. Presence of
sugar in the vase solution did not extend the life of the flowers but did
result in random areas of greater pigmentation in newly opened
flowers.

8:30 a.m.
Determining the Invasive Potential of Rhamnus frangula
‘Asplenifolia’ (Cutleaf Buckthorn) and Rhamnus frangula

‘Columnaris’ (Columnar Buckthorn) Based on Seed
Germination
Adam R. Wheeler* and Mark C. Starrett; Dept. of Plant and Soil
Science, Univ. of Vermont, Burlington, VT 05405-0082

High germination percentage and rapid germination rate can be an
indicator of the invasive potential of a plant species. Rhamnus
cathartica (common buckthorn) and R. frangula (glossy buckthorn)
are currently classified as exotic invasive species in many areas of
North America. Currently the landscape industry is using R. frangula
‘Asplenifolia’ (cutleaf buckthorn) and R. frangula ‘Columnaris’ (colum-
nar buckthorn) as ornamental landscape plants. Apparently, these
cultivars have not been investigated for their invasive potential. Seeds
were locally collected from representative specimens of each species/
cultivar. Seeds were then extracted from their fleshy matrix and cold-
moist stratified for 2 months. Following stratification, seeds were
germinated under a suitable, controlled environment on germination
blotters in glass petri dishes with a day/night temperature of 75/65°F.
A 16-h photoperiod was supplied by fluorescent lamps and incandes-
cent bulbs which provided a PPF of ≈154 µmol·m–2·s–1. The experi-
mental design was a RCBD with three observation per replication and
three replications over time with an observation consisting of one petri
dish containing 100 seeds per species/cultivar. Seeds were observed
daily and germination was recorded. A seed was considered “germi-
nated” when the radicle protruded >1 mm. This preliminary study
indicates that R. frangula ‘Columnaris’ had germination percentages
comparable to R. frangula however, R. frangula ‘Asplenifolia’ had a
substantially lower seed germination. Rhamnus cathartica had the
highest germination percentage when compared to other species and
cultivars of Rhamnus. This species is commonly known to be the more
aggressive of the two recognized invasive buckthorns. This study
provides evidence to support this belief. These results also indicate
that R. frangula ‘Columnaris’ has similar invasive potential to R.
frangula and R. frangula ‘Asplenifolia’ is less likely to become invasive
based on seed germination.

8:45 a.m.
DNA Fingerprinting Analysis of Cultivated Liriopogons
Theresa C. Johnson*, E.W. Bush, T.M. Mcharo, and D.R. La Bonte;
Dept. of Horticulture, Lousiana State Univ., Baton Rouge, LA 70803

Confusion exists between commercially available selections of
liriope and monkeygrass as to their proper classification. For ex-
ample, ‘Aztec Grass’ is commonly referred to as both a liriope and a
monkeygrass. In this study, genetic analyses were conducted on 19
commercially available Liripogon selections. Liriopogon represents
a broad classification that includes both liriope and monkeygrass
varieties. 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. Results pre-
sented will enable industry producers to more correctly label variet-
ies as to their proper classification.

9:00 a.m.
The Relationship Between a Visual Rooting Score and Other
Evaluation Methods of Rooting Ability
Sarah M. Carter*1, Deborah L. McCorvey1, and Kevin L. Grueber2;
1Undergraduate Students and 2Associate Professor, Dept. of Animal
& Horticultural Sciences, Berry College, Mount Berry, GA 30149

A difficulty of evaluating the rooting of stem cuttings is the selection
of criteria that accurately and adequately quantify and qualify rooting.
While some researchers rely on a visual rooting scale with no
additional quantifiable evaluation, others rely solely on quantifiable
measurements such as fresh/dry mass, root length, or root number.
In preliminary studies that took place during a Plant Propagation
course, there was a high correlation (r2 = 0.79) between a visual
rooting score and total root length. There were also meaningful
correlations between rooting score and root number and root mass,
with consistent results for both a woody and herbaceous plant
species. We will also report the findings of a follow-up study that used
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greater sample sizes and replications. The results will, hopefully,
verify that a visual rooting score is a relatively easy method of rooting
evaluation and corresponds well to the scientific indicators of rooting.

9:15 a.m.
Salt Uptake and Performance of Short-Rotation Tree Crops
Using Wastewater Irrigation
Jeb D. Archey*, Geno A. Picchioni, John G. Mexal, and Daniel
Valloton; Agronomy and Horticulture Dept., New Mexico State
University, Las Cruces, NM 88003

Increasing salinity of the Rio Grande along the U.S./Mexico border
could be counteracted by minimizing input of saline water, particu-
larly that of municipal wastewater. On a 1-ha field plot at Ojinaga,
Chihuahua, Mexico, we evaluated the biomass and salt uptake of
short-rotation tree crops when irrigated with wastewater effluent with
moderately high sodicity (SAR of 7.9) and salinity (EC of 3.2 dS/m).
Three clones each of hybrid Populus (029, 197, 367) and Eucalyptus
camaldulensis (SC5, 4016, 4019), and seedlings of Robinia
pseudoacacia were planted at a spacing of 2 m x 2 m in Spring 1997,
and replicated entire tree excavations were performed after three full
growing seasons (January 2000). E. camaldulensis 4019 and Populus
367 accumulated the greatest amount of total dry matter in woody
organs over 3 years (17.9 to 20.5 kg/tree), followed by E.
camaldulensis SC5, 4016, and Populus 029 (12.5 to 14.8 kg/tree),
and by Populus 197 and R. pseudoacacia (6.8 to 9.6 kg/tree).
Accumulated trunk dry matter over 3 years (harvestable for pulp-
wood and related wood products) followed an identical pattern,
ranging from 8.3 to 33.8 t/ha and spanning heights of 4 to 9 m/tree.
Net 3-year Cl accumulation in woody organs was highest in E.
camaldulensis 4016 and 4019 (170 to 205 kg/ha), intermediate with
E. camaldulensis SC5 and all Populus clones (90 to 99 kg/ha), and
least with R. pseudoacacia (47 kg/ha). With this data, we may be able
to select the most effective trees to serve a dual purpose: 1)
wastewater reutilization and “entrapment”, and 2) low-input produc-
tion of raw wood materials for economic diversification within the
disenfranchised populations along the U.S./Mexico border.

8:00 a.m.–12:15 p.m. .................................................. CC 203
Orchid Symposium
Co-sponsored by: ASHS and the American Orchid Society
Presiding: Robert J. Griesbach and Yin-Tung Wang
Topics to be presented at the second ASHS/AOS Orchid Symposium

include ethylene physiology in orchid flowers, breeding for improved
quality and new floral colors, photosynthesis and carbon physiology
in monopodium and sympodium orchids, orchid pests and their
control, the use of biotechnology in orchid production and
improvement, and new discoveries and changing classification.

Speakers:

Adelheid Kuehnle’s research program emphasizes genetic,
biochemical, and tissue culture studies, and uses conventional
breeding and biotechnology to create new varieties of orchids
and anthuriums. She recently studied floral pigment
characterization and engineering in Dendrobium and
engineering with antiviral genes for CyMV resistance in orchids.

Janice Uchida, a professor of plant pathology at the Univ. of
Hawaii, Honolulu, has been working on orchid diseases,
particularly the fungal diseases, for many years. Uchida is co-
author of a recently published book on Dendrobium orchids,
Growing Dendrobium Orchids in Hawaii.

Ron Porat was recipient of an AOS Fellowship in the early
1990s. He worked on the physiology of ethylene in orchid
flowers. Porat spent several years doing orchid work at the
Univ. of California–Davis before returning to Israel to work on
citrus.

The other speakers, Robert Griesbach, Eric Christenson, and
Yin-Tung Wang, are well known among orchid circle members
and do not need further introduction.

8:00 The Development of New Types of Orchids

Robert J. Griesbach; USDA–ARS, Beltsville, Md.

The capability potential of wide hybridization in orchids and how
this has been used to create truly unique new orchids for
commercial production (i.e., Colmanara Wildcat, etc.).

8:30 Q & A

8:40 Biotechnology in Orchid Production and Improvement

Adelheid R. Kuehnle; Dept. of Horticulture, Univ. of Hawaii,
Manoa.

Will discuss the biotechniques—ranging from tissue culture
tricks to marker-assisted breeding to GMOs—with high potential
benefits to orchid growers and consumers.

9:10 Q & A

9:20 Orchid Diseases and Their Control

Janet Uchida; Dept. of Plant Pathology, Univ. of Hawaii, Honolulu

Diseases of orchids caused by pathogenic viral (CMV and
ORSV), bacterial (Pseudomonas and Erwinia), and fungal
(Phytophthora, Colletotrichum, Fusarium, Botrytis, Phyllosticta,
etc.) diseases, and foliar nematodes, with an emphasis on
fungal diseases. Some of the common insects, mites, and small
pests on orchids will be reviewed.

9:50 Q & A

10:00 Coffee Break

10:15 Ethylene Physiology in Orchid Flowers

Ron Porat, Institute of Horticulture, Agricultural Research
Organization, The Volcani Center, Israel

The role of ethylene production and sensitivity to ethylene in the
regulation of orchid flower longevity, especially during the fast
wilting process in response to pollination.

10:45 Q & A

10:55 New Discoveries and Changing Classification of Orchids

Eric Christenson; Sarasota, FL

Some of the spectacular orchids that have been discovered
during the past two decades will be presented and described.
How cladistic analysis and molecular systematics impact modern
orchids’ classification and examples from recent literature and
his new monograph of Phalaenopsis will be presented.

11:25 Q & A

11:35 Photosynthesis and Carbon Physiology in Orchids

Yin-Tung Wang; Dept. of Horticultural Sciences, Texas A&M
Univ., Weslaco, TX

Photosynthetic behavior, temperature effect on photosynthesis,
allocation of photoassimilates, etc., in sympodium and
monopodium orchids.

12:05 Q & A

12:15 Adjournment

8:00 a.m.–12:00 noon, 2:00–5:00 p.m. ....................... CC 202
Colloquium 3: Water Supplies for Horticulture in the
New Millenium
Working Group Sponsors: Water Utilization and Management (WUM)

Viticulture and Small Fruit (VSF), Pomology (POM), Organic
Horticulture (ORGH), Mineral Nutrition (MNUT), Environmental Stress
Physiology (STRS), Temperate Tree Nut Crops (NUTS), Consumer
Horticulture and Master Gardners (CHMG)

Presiding: Ken Shackel, Dept. of Pomology, Univ. of California, Davis
Summary: The economic, policy, and legal issues that impact water use

in agriculture are complex, and many of these are currently undergoing
major re-evaluations at the state, national, and international levels. It
is well-established that there is a fundamental connection between
agricultural water use and agricultural productivity in general, but
horticulture is unique in that it typically focuses on the higher-value and
higher-input crops. This colloquium will bring together regional, national,
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and international experts to present their views on the current and
future trends in water availability for horticultural production, particularly
with respect to policy, economic, and legal issues.

8:00 Introduction Ken Shackel

8:05 Water Supplies for Horticulture at the Global Scale: New
Challenges

Elias Fereres; Professor of Agronomy, School of Agricultural
and Forestry Engineering, Univ. of Córdoba, Spain, and Director,
Institute of Sustainable Agriculture, Scientific Research Council
of Spain (CSIC). Fereres received his MS (Irrigation, 1974) and
PhD (Ecology, 1976) degrees from the Univ. of California, and
his current research interests are focused on the sustainability
of water-limited agriculture and include topics such as soil and
water conservation, irrigation, water management optimization
via simulation models, adaptation of plants to water deficits,
and efficient use of limited water supplies in drought situations.

8:50 Integrated Approaches to Determining National Water
Policy

Margaret Sibley; U.S. Bureau of Reclamation

9:35 California’s Water Future and the Cal-Fed Process

Rita Schmidt Sudman, Executive Director of the Water Education
Foundation, and Editor, Western Water magazine and the
Layperson’s Guides. Sudman produces programming on
western water issues for public television, and works with the
media on reporting water stories. Her award-winning work has
been recognized by the Public Broadcasting System and
National Geographic magazine. Sudman received her master’s
degree in telecommunications from San Diego State Univ. She
currently serves as chair of the California Educational Ground
Water Consortium and serves on the steering committee of the
National Groundwater Education Consortium.

10:20 Water Resources Management and the Economics of Water
Pollution and Waste Disposal

Henry J. Vaux, Jr.; Associate Vice President for Agriculture
and Natural Resources, Univ. of California (system-wide), and
Professor of Economics, UC–Riverside. Vaux is currently the
chair of the Water Science and Technology Board of the
National Research Council and serves as president of the
California-based Water Education Foundation. He is also co-
chair of the biennial Rosenberg International Forum on Water
Policy, which focuses on reducing water-related conflicts
while encouraging environmental protection and economic
growth. Until June 1993, he was Director of the UC Water
Resources Center.

11:05 Using Market Mechanisms to Allocate Resources and to
Achieve Environmental Goals

Richard E. Howitt, Professor, Dept. of Agricultural and Resource
Economics, UC–Davis. Howitt received his PhD in 1975 from
UC–Davis. He studies the use of market mechanisms to
allocate resources and achieve environmental goals, particularly
concerning water use and associated water and air pollutants
from agriculture. His research is being implemented with the
design of electronic water markets, testing institutions for
theoretical properties using an experimental economics
laboratory. Howitt is also developing methods to model the
economic structure of farming and other economic uses of land
and resources.

12:00 Break

2:00 Innovative Urban Landscape Irrigation Water Pricing At
CTSI

Tom Ash; Vice President, CTSI Corp. Ash has been responsible
since 1998 for conservation program design, marketing, outdoor
conservation programs, landscape education, training
programs, public agency conservation program design and
coordination. He has a BS in horticulture from California State
Polytechnic Univ., Pomona, and has served as the conservation

coordinator for the Irvine Ranch Water District. Tom has also
served as university liaison to water agencies for water use,
conservation, drought management, and public education (Univ.
of California Cooperative Extension) and is author of Landscape
Management for Water Savings (1998).

2:45 The Challenge of Predicting Short- and Long-term Water
Needs at the Farm and Regional Scale in Humid Areas with
Variable Precipitation Patterns

David Wolfe; Horticulture Dept., Cornell Univ. Wolfe obtained
an MS in Vegetable Crops in 1981 and a PhD in ecology in 1984
from UC–Davis. His graduate studies focused on irrigation and
nutrient management in potatoes and corn, and basic plant
stress physiology. In 1984 he joined the faculty of the Horticulture
Dept. at Cornell Univ., where he has remained for the past 16
years. His current research program at Cornell is focused on
plant responses to climate change and environmental stresses
such as drought, temperature, and soil compaction. He has
statewide Extension responsibilities for soil and water
management in vegetable production systems.

3:30 Discussion

4:30 Business Meeting of the WUM Working Group

Presiding: Ken Shackel

8:00–10:30 a.m. .......................................................... CC 205
Workshop 17: Safety Concerns Regarding Fruits and
Vegetables
Working Group Sponsor: Produce, Quality, Safety, and Health

Properties (QUAL), (formerly FOOD)
Presiding: Judith A. Abbott; USDA/ARS, Beltsville, Md.
Summary: What are the real and perceived safety issues in the

development and acceptance of fresh and fresh-cut fruits and
vegetables? How are GMO and safety issues impacting the produce
industry? We will cover the issues concerning GMOs, microbial
hazards, and neutraceuticals and phytotoxins. Our speakers are
from the produce seed, fresh produce, and fresh-cut industries.

8:00 Introduction Judith A. Abbott

8:10 Produce Food Safety: Real and Perceived Risks

James R. Gorny; International Fresh-cut Produce Association,
1600 Duke St Suite 440, Alexandria, VA 22314

Food safety is the responsibility of everyone, including growers,
shippers, processors, and consumers. Growing produce can
never be risk free; however, implementation of systems which
monitor and control risks are in order. The greatest risk to
human health from consumption of uncooked produce is from
pathogenic microorganisms. Washing produce before
consumption is recommended but doesn’t guarantee that
produce is completely free of all microbes. Microbial testing
cannot guarantee the absence of pathogens on fresh produce.
Current knowledge regarding produce food safety risks and
intervention strategies supports the notion that stringent
adherence to Good Manufacturing Practices (GMPs) at the
fresh-cut processing plant and Good Agricultural Practices
(GAPs) on the farm are by far the most effective approach to
reducing produce food safety risks. Implementing food safety
programs which address known food safety risks, not
concentrating on risks that cannot be controlled and having the
wisdom to know the difference, will most effectively assure food
safety in the produce industry. Finally, it should also be kept in
mind that the health benefits derived from eating at least 5
servings of fresh fruits and vegetables daily far outweigh the
very small probability of contracting a food borne illness.

8:40 Safety Assessment of Biotech Fruits and Vegetables

Keith Redenbaugh; Seminis Vegetable Seeds, Woodland, CA
95695

Commercialization of biotech crops began in May, 1994, when
Calgene’s Flavr Savr tomato was first sold in the United States.
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Since then, a number of biotech crops have been
commercialized, such that in 2000 over 44 million ha were
planted worldwide. Opponents of biotech crops claim that
either no safety tests have been done or not enough testing has
occurred. However, despite intense scrutiny, there have been
no documented food safety, feed safety, or environmental
problems. This talk will present details on safety assessments
done for biotech crops, the status of commercialization of
biotech fruits and vegetables, and an overview of worldwide
biotech crop commercial production. Also discussed will be
issues that may greatly reduce commercialization of biotech
fruits and vegetables

9:10 Food Safety Issues in the Fresh-cut Industry

Nancy Nagle; Nagle Resources, 11 Castledown Rd.,
Pleasanton, CA 94556

Food safety has to be built into products that are to be
consumed without much processing. In the fresh cut industry
food safety programs have been implemented all the way back
to the field. This will be a discussion of various field practices
that have been utilized to improve food safety.

9:40 Discussion

10:00 Business Meeting of the QUAL Working Group

Presiding: Judith A. Abbott

8:00–10:00 a.m. .......................................................... CC 304

Workshop 18: From Waste Reduction to Resource
Utilization: Use of Compost in California Crops
Working Group Sponsor: Waste Utilization in Horticulture (WUH)
Presiding: Monica Ozores-Hampton, Univ. of Florida, Immokalee
Summary: Recently, organic materials, such as biosolids, municipal

solid waste, food waste, wood waste, and/or yard trimmings,
composted or not, have become available in large quantity. Once
a compost has passed regulatory health and safety standards,
fruit, vegetable, and ornamental growers are interested in potential
benefits of its use. Appropriate organic amendment utilization for
horticultural products must ensure a proper balance between
organic applied nutrients and the nutrients needs of the particular
crop being produced, and must consider potentially harmful effects
such as plant phytotoxicity and heavy metals. Acceptable
amendment management options must also minimize negative
environmental impacts including discharge of nutrients, such as
nitrogen and phosphorous, in the soil and groundwater. This
workshop addresses the challenges and results of this emerging
new industry in California.

8:00 Introduction Monica Ozores-Hampton

8:05 Organic Materials Management in California

Howard Levenson; California Integrated Waste Management
Board

8:30 Use of Yard Trimmings as a Mulch in Citrus and Avocado

Ben Faber; Univ. of California Cooperative Extension

8:50 Use of Compost in Desert Vegetable Production

Mathieu Ngouajio*1, Milton E. McGiffen, Jr.1, Charlie A.
Sanchez2, and Abraham Galadima2; 1Dept. of Botany and Plant
Sciences, Univ. of California, Riverside, CA 92521-0124; 2Univ.
of Arizona, Yuma Ag. Center, Yuma, AZ 85362

In recent years, desert vegetable growers have become
increasingly interested in sustainable production systems. Many
are attracted by the higher prices commended by organic
produce. Desert soils generally have less than 0.5% organic
matter. This is mainly due to high temperatures that accelerate
organic matter decomposition by soil microorganisms. Adding
organic soil amendments may alter the soil ecology and
production factors for desert vegetables. In the Coachella
Valley, the demand for organic soil amendments by vegetable
growers in recent years has created an unprecedented increase

in the capacity of composting facilities in the area. Over 75, 000
tons of compost are produced locally and consumed mainly by
vegetable growers. Local changes in crop production, pest
management, and soil ecology have occurred as a result of the
increased use of compost.

9:10 Composting and Co-composting as Alternatives to Methyl
Bromide for Container Media

Conrad Skimina; Monrovia Nursery Co.

9:30 Business Meeting of the WUH Working Group

Presiding: Monica Ozores-Hampton

8:00–9:45 a.m. ............................................................ CC 301
Oral 16: Floriculture/Woody Ornamentals/Landscape/
Turf: Genetics/Breeding/Biotechnology
Presiding: Karen L. Panter, Dept. of Plant Sciences, Univ. of Wyoming,

Laramie
8:00 a.m.

Propagation of Castilleja (Indian Paintbrush) via Seeds and
Cuttings
Karen L. Panter*, Dept. of Plant Sciences, P.O. Box 3354, Univ. of
Wyoming, Laramie, WY 82071-3354

Castilleja linariifolia (Indian Paintbrush) is a hemiparasitic plant,
growing best when its roots are in direct contact with those of a host
plant. It is native to the Rocky Mountain West, is perennial, and is
also the Wyoming state flower. If procedures for seed and/or
vegetative production of Castilleja can be established, commercial
perennial plant producers will have another valuable crop to add to
their product mixes. In previous work conducted in spring 2000, a
method was devised for successful production of C. linariifolia from
seed. C. linariifolia seeds were sown together with seeds of either
Artemisia frigida, Helianthus annuus, or Lupinus on 9 Feb. 2000 in
128-cell plug trays. Combinations of C. linariifolia with either A.
frigida or Lupinus were successfully grown out and were utilized for
the second phase of this study, vegetative propagation. On 7 Dec.
2000, cuttings of C. linariifolia were taken from the original seed-
produced plants. Cuttings were treated with four different rates of a
new, proprietary combination of 1% indole-butyric acid and 0.5%
naphthalene acetic acid, at 0, 1:5, 1:10, or 1:20 parts growth
regulator : water, by volume. C. linariifolia cuttings taken from plants
grown with Lupinus were the fastest to root, showing 0.5-cm roots
within 40 days of sticking in the 1:5 and 1:10 treatments.

8:15 a.m.
Selectively Induced Nutrient Deficiency in Transgenic PSAG12-
IPT, PSAG13-IPT and PSAG12-Kn1 Petunias
Jason Jandrew* and David G. Clark; Univ. of Florida, Environmental
Horticulture Dept., PO Box 110670, Gainesville, FL (USA) 32611-
0670

Leaf senescence is an evolutionarily derived process that results
in efficient nutrient recycling during plant development and maturity.
Using the senescence associated promoters SAG12 and SAG13
from Arabidopsis, linked to the isopentenyl transferase (IPT) gene
from Agrobacterium, and knotted1 (Kn1) from Maize, we can inhibit
the senescence of lower leaves in transgenic petunia. The conse-
quence of delayed lower leaf senescence is an apparent alteration
of the traditional source/sink relationship within the plant. We studied
the effects of various nutrient deficiencies on plant vigor and nutrient
translocation. Plants from homozygous PSAG12-IPT, PSAG13-IPT and
PSAG12-Kn1 petunia lines were fertilized from the seedling stage with
nutrient solutions deficient in N, P, K, Mg, Fe, or Mn. Although
senescence was inhibited in the lower leaves of the plants express-
ing SAG-IPT and SAG-Kn1, nutritional deficiency symptoms ap-
peared much earlier and more severely in the transgenic lines than
in control plants. Due to the apparent leaky nature of the PSAG13-IPT
construct, lines containing this construct appeared to exhibit more
severe nutritional deficiency symptoms when compared to corre-
sponding plants. Whole plant characteristics, such as height, num-
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ber of branches, flowering, and dry weight, will be discussed.
Nutrient concentration and distribution within the plant in response
to the induced deficiencies will also be addressed.

8:30 a.m.
Ethylene Insensitivity Reduces Plant Mass of Transgenic
Petunias in Response to Increased Soil Density
Kristin Barry* and David G. Clark; Univ. of Florida, Environmental
Horticulture Dept., PO Box 110670, Gainesville, FL 32611-0670

Before ethylene-insensitive crops can become commercially
significant in the horticulture industry the effects of reduced ethyl-
ene perception on the whole plant must be understood. Transgenic
petunias constituitively expressing a mutant ethylene receptor
(CaMV 35S ETR1-1) offer unique attributes to aid in determining
ethylene’s role in many whole plant processes. These plants have
a delayed corolla senescence phenotype, yet undesirable traits
such as reduced adventitious rooting, and delayed seed germina-
tion have been observed on ethylene resistant lines of various
species. In an effort to study the role of ethylene in primary root
growth, three homozygous lines of ethylene resistant petunia
plants were transplanted into media mixes of incrementally in-
creased physical density. Plants were grown in five media treat-
ments comprised of commercial potting media mixed with 0%,
25%, 50%, 75% or 100% sand to provide a range of soil density. As
media density increased, plant size decreased in all lines, but the
ethylene insensitive lines showed a greater magnitude of reduction
in height, overall size and shoot dry weight in response to increased
media density. Data will be presented on plant height, growth, time
to flower, and anatomical evaluations.

8:45 a.m.
Hybridizing Leucospermum (Proteaceae) for Disease
Resistance and Improved Horticultural Characteristics
K.W. Leonhardt, P. Shingaki, and D. Oka; Dept. of Tropical Agricul-
ture and Human Resources, Univ. of Hawaii and Manoa, Honolulu,
Hawaii

The Lsucospermum cultivar development program at the Univ.
of Hawaii emphasizes genetic resistance to root and foliar dis-
eases, and improved horticultural characteristics, such as straight,
lightweight stems having small leaves, vertical plant growth habit,
and an extended flowering season. The program relies on the
heritability and combining ability of the genes for these desired
characteristics from selected species, such as L. saxosum, L.
lineare, L. reflexum, L. formosum, and L. putersonii, and their
hybrids. Seventeen new hybrids were introduced in 1999 and
2000.9:00 a.m.

9:00 a.m.
Determination of Phenotypic Markers for Winter Hardiness
in Garden Chrysanthemums
Neil O. Anderson*; Dept. of Horticultural Science, Univ. of Minne-
sota, 1970 Folwell Ave., St. Paul, MN 55108

Continued consumer displeasure with non-winter-hardy garden
chrysanthemums, Dendranthema xgrandiflora, sold as “winter
hardy mums” behaving as annuals is being resolved by the Univ.
of Minnesota herbaceous perennial breeding program. Current
breeding objectives are focused on winter hardiness traits, inher-
itance, and the release of new winter hardy cultivars. Fifteen
named and unnamed genotypes with varying degrees of winter
hardiness in USDA Z3–4 were included in this study. Rhizome and
crown structures were evaluated on all replicated clones during the
fall (first-year plants examined after a hard freeze) and subsequent
spring (second-year plants with new growth). Genotypes were
evaluated for crown structure and diameter, number of emergent
and non-emergent rhizomes, fresh/dry weights, and root structure
dimensions. In addition, five of the lower-most rhizomes in each
crown were measured for length, branching, diameter, and lateral
bud break. Non-hardy or borderline-hardy cultivars, e.g. ‘Red
Tripoli’ and ‘Soft Heather’, characteristically had fewer rhizomes

and significantly smaller crown structures, crown diameters, fresh/
dry weights, and root structure dimensions than winter-hardy
cultivars such as ‘Minngopher’. Traits correlated with winter-hardi-
ness will be evaluated in future inheritance studies.

9:15 a.m.
A Comparison of RAPD and AFLP Markers in Determining
Molecular Genetic Distances among Fourteen Clones of
Lagerstroemia fauriei
Margaret Pooler*, USDA/US National Arboretum, 3501 New York
Ave. NE, Washington, DC 20002

The Japanese crapemyrtle (Lagerstroemia fauriei Koehne) was
first introduced into the U.S. in the late 1950s after it was discov-
ered on the island of Yakushima in Japan. Prized for its stunning
exfoliating cinnamon brown bark and large white panicles of
flowers, the most valuable attribute of L. fauriei has been its
resistance to powdery mildew. Controlled hybridizations with L.
indica have resulted in disease resistant crapemyrtle cultivars from
the National Arboretum with a wide range of flower colors and
growth habits. We conducted DNA fingerprinting of 14 accessions
of L. fauriei because of the value of this species to the nursery
industry, its scarcity in the wild, and to answer some questions we
had as to whether accessions were clonal or seed-derived. Data
from 81 markers from 26 RAPD primers were compared with AFLP
data generated by an ABI310 genetic analyzer. Although most
major branches of the resulting phenograms were similar, there
were several differences between the data sets. Attributes and
pitfalls of each technique will also be addressed.

9:30 a.m.
Genetic Variation of Allelochemicals Within and Among
Turfgrass Species is a Potentially Useful Trait for Turfgrass
Breeding
Lin L. Wu* and Xun Guo; Dept. of Environmental Horticulture, Univ.
of California, Davis, CA 95616

Twelve different phenolic acids were examined for plant tissue
concentration and allelopathy potential. Among the four cool-
season [perennial ryegrass (Lolium perenne L.), Kentucky blue-
grass (Poa pratensis L.), creeping bentgrass (Agrosyis palustris
Huds.) and tall fescue (Festuca arundinacea Schreb.)] and four
warm-season {zoysiagrass (Zoysia japonica Stued.), bahiagrass
(Paspalum notatum Flugge.), kikuyugrass (Pennisetum
clandestinum Hochst ex Chiov.) and St. Augustinegrass
[Stenotaphrum secundatum (Walt.) Kuntze.]} salicylic acid was not
detected in the four cool-season turfgrass species, but was found
in the four warm-season species. Salicylic acid is known to be
associated with disease resistance in plants. The distribution of
rest of the 11 phenolic acids was found to be different among the
turfgrass species. The allelopathic effects of these phenolic acids
act like a preemergence herbicide inhibiting the root growth of
seedlings but not affecting seed germination. In buffalograss,
genetic variation of phenolic acids was found among different
cultivars within the species. The genetic variation of allelochemicals
in turfgrass, at both the quantitative and qualitative levels, is a
potentially useful trait for turfgrass breeding.

9:45 a.m.
Insect Resistance in a Petunia integrifolia Ecotype with
Glabrous Leaves
R.J. Griesbach*, J. Benz, and J.W. Neal, Jr.; Floral and Nursery
Plants Research, U.S. National Arboretum, U.S. Dept. of Agricul-
ture, Beltsville, MD 20705

Hirsute leaves of the garden petunia have been correlated to
insect resistance. A novel ecotype of P. integrifolia subsp. integrifolia
var. depauperata with glabrous leaves was found near the town of
Torres, Brazil. The glabrous leaf trait was quantitatively inherited
with high heritability. The absence of trichomes did not decrease
the resistance of the glabrous-leaved species and hybrids to
aphids, but did reduce their resistance to mites.



HORTSCIENCE, VOL. 36(3), JUNE 2001520

Tuesday 24 July · Morning

8:00–10:00 a.m. .......................................................... CC 316

Oral 17: Vegetable Crops: Crop Production
Presiding: Alan G. Taylor, Dept. of Horticultural Sciences, Cornell

Univ., Geneva, N.Y.
8:00 a.m.

Lettuce Seed Vigor Determinations by Computer
Yusaku Sako, Miller B. McDonald, Kikuo Fujimura*, Andrew F.
Evans, and Mark A. Bennett; Dept. of Horticulture and Crop Science,
The Ohio State Univ., Columbus OH 43210

Seed vigor testing provides valuable information for assessing
seed lot quality. However, vigor testing has not experienced wide-
spread use because of its labor intensiveness, high cost, and
variability in test results from laboratory to laboratory. A system for
automated seed vigor assessment is presented that is objective,
economical, and easy to perform. The system interfaces an imaging
device that captures digital images of germinating lettuce (Lactuca
sativa L.) seedlings to a computer. The images are processed by a
computer to generate numerical values that collectively represent
the quality of a seed lot (vigor index) based on various statistics
acquired from morphological features of the imaged seedlings.
These statistics include the sample mean of hypocotyl and radicle
lengths, and sample standard deviation of the hypocotyl length,
radicle length, total length (hypocotyl length plus radicle length), and
radicle-to-hypocotyl-length ratio that indicate speed and uniformity
of seedling development. The system was tested on lettuce seed-
lings grown for 3 days in the dark. The results indicated that the
imaging system accurately quantified these parameters to yield
reproducible, objective vigor assessments.

8:15 a.m.
Capturing Seed/Seedling Images Using Flat Bed Scanners
Miller B. McDonald*, Andrew F. Evans, and Mark A. Bennett; Dept.
of Horticulture and Crop Science, The Ohio State Univ., Columbus,
OH 43210

Seed analysis requires specific skills such as a thorough knowl-
edge of crop and weed seeds for a purity test and an ability to
discriminate normal and abnormal seedlings in a germination test.
These determinations are subjective and dependent on the compe-
tence of the seed analyst. This report forwards the use of inexpen-
sive flat bed scanners as an approach to capture high quality seed/
seedling images that can be utilized in the development of compre-
hensive seed/seedling libraries and greater understanding of botani-
cal structures for ongoing analyst education and/or quickly sharing
captured images via the internet with others more skilled in proper
interpretation of the specimens. Employing flat bed scanners for this
purpose enhances the standardization of seed testing.

8:30 a.m.
Electrical Impedance Spectroscopy as a Noninvasive Method
to Predict Seed Viability
A.G. Taylor*, D.H. Paine, and T. Repo; Dept. of Horticultural Sci-
ences, NYSAES, Cornell Univ., Geneva, NY 14456

A biophysical method was developed to rapidly and nondestruc-
tively assess seed viability of individual seeds. Electrical impedance
spectroscopy (EIS) was studied as a noninvasive method on snap
bean (Phaseolus vulgaris L.) seeds. Seeds were hydrated for 24 hours
and the optimal range of moisture content (MC) was determined for
detecting non-aged from aged seeds. The most sensitive EIS param-
eters were determined from the spectra data within a frequency range
from 60Hz to 8MHz. The highest differentiation in the EIS parameters
between the aging groups occurred between MC 40% to 45% (fr.
basis), a water concentration insufficient for the completion of germi-
nation. Since the EIS procedure was non-destructive, studies were
performed from the same seeds on actual germination. Several EIS
parameters were the most useful for predicting seed quality. Further
studies were conducted on relative electrolyte leakage (REL), an
established (but destructive) alternate test. The EIS parameter values
were directly compared to REL values on a seed by seed basis. The

results of EIS and REL measurements support each other well. There
was a close exponential relation between the relative electrolyte
leakage and the EIS parameters. EIS has the potential to predict seed
viability prior to the completion of visible germination. Thus, seeds
could be used in subsequent studies or be dried and stored. EIS
research is novel and offers tremendous potential for seed testing and
in seed biology research.

8:45 a.m.
Evaluation of Vegetable Soybean (Edamame) Varieties and
Breeding Lines in Western Washington
Carol Miles and Chuhe Chen*; Vancouver Research and Extension
Unit, Washington State Univ., 1919 NE 78th St. Vancouver WA
98665

Vegetable soybeans (edamame) are exclusively bred varieties by
specific outlook, nutrients and taste criteria for fresh market in Asia
and Japan. They are also become more popular with American
customers for its excellent nutrients and tastes. It is opening a new
domestic and export market for northwest vegetable growers. The
edamame variety trial we conducted includes commercial varieties
from different seed companies, plus breeding lines from the Asian
Vegetable Research and Development Center (AVRDC) in Taiwan,
China. The experiment with a randomized block design and four
replications had been planted on vegetable grower’s farms and
WSU Vancouver REU in five growing seasons. Plant establishment
and flowering data was recorded for each plot. Plant heights and the
distance from ground to the first marketable pod on the plant stem
were measured to evaluate the mechanical harvest potential for
each genotype. Pods were hand picked from the harvested plants
and yield was evaluated as the weights of pods with two or more
beans. The yield of variety Shironomai was consistently high over
the four years it was included in our trials. Bean weights were
measured, and fresh beans were sampled for nutrient analyses. A
blind taste test was conducted of all harvested varieties at WSU
Vancouver REU. Plant specimens were collected, photographed
and sent to plant pathological labs for diagnosis. However, there was
no specific pathogen identified so far. Separate nitrogen, nutrients
and machine harvest trials were conducted using selected variety to
form an integrated edamame production system.

9:00 a.m.
Genetic and Planting Date Effects on Cabbage Crop and
Head Traits
Matthew D. Kleinhenz*, Dept. of Horticulture and Crop Science, The
Ohio State Univ., Ohio Agricultural Research and Development
Center, Wooster, OH 44691

Cabbage production occurs nearly year-round and is a major
industry in many states. Head traits impact marketability and are
often effected by environmental conditions during development.
Documenting genetic and environmental effects on and relation-
ships among crop and plant traits will enhance understanding of crop
management-quality relationships. It may also benefit local research
intended to assist in variety selection. A total of sixty-one varieties
and experimental lines of fresh market- and processing-type cab-
bage were planted in May and July of 1999 and 2000 in Fremont,
Ohio (six genotypes of each type were planted in both years). Market
types comprised spatially distinct studies with similar goals and
methods. A randomized complete-block design with four (2000) or
five (1999) replications per genotype (G) per planting date (PD) was
used in each study. Following measures of total and marketable
yield, external and internal traits were recorded on numerous indi-
vidual marketable heads per plot. Observations were also taken on
head tissue flavor and texture. The PD-x-G interaction was signifi-
cant (alpha = 0.10) for total and marketable yield in all studies except
fresh market in 2000. Total and marketable yield and average head
weight tended to be higher following May versus later planting. The
head-core volume relationship appears stable with the core account-
ing for approximately one percent of head volume. Head density
appears unrelated to head volume or cabbage type but effected by
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environmental conditions. Head density was greater in 2000 than in
1999 when rainfall was limited. As density is similar in heads of
varying size, it may be possible for processors or handlers to avoid
late-season declines in quality without sacrificing recovery.

9:15 a.m.
Genetic and Soil Type Effects on Sweet Corn Crop, Plant,
Ear, and Kernel Traits
Matthew D. Kleinhenz*; Dept. of Horticulture and Crop Science, The
Ohio State Univ., Ohio Agricultural Research and Development
Center, Wooster, OH 44691

Sweet corn production is a major industry in many states. Variety
selection requires the integration of many diverse criteria and often
the use of locally developed research-based information. Docu-
menting environmental effects on and potential relationships among
crop and plant traits may assist local research. A total of 20 to 24
genotypes of yellow se- and sh2-type sweet corn were planted in
1999 and 2000 at three sites in northern Ohio bearing different soil
types (histosol, loam, silt loam). Endosperm types comprised spa-
tially distinct studies at each site. A randomized complete-block
design with five replications per genotype per site was used in each
study. Ear length and diameter, number of rows of kernels, and
shank length were recorded on five individual marketable ears per
plot after stand establishment, plant, and yield measurements. Also,
3 cm-wide cross-sections of the center of two marketable ears per
plot were obtained, frozen, and stored. Cross-sections were also
prepared from two ears per plot stored at room conditions (≈21 °C)
for 48 hours after harvest. Sap was expressed from thawed kernels,
filtered, centrifuged at 2000 gn, and placed on a Leica tabletop
refractometer to estimate kernel sweetness (°Brix). Site x entry
(SxE) interactions tended to be significant for several marketable
yield variables and plant and ear traits (e.g., plant and ear height and
ear length were generally greatest in crops grown on the histosol).
The SxE interaction was significant for more traits in the se than the
sh2 studies. At-harvest Brix values averaged 21% and 17% in the se
and sh2 studies, respectively, with values generally 1.5% to 2.0%
lower after 48 hours.

9:30 a.m.
Watermelon Seed Production as Affected by Genotype and
Plant Density, and the Relationship with Fruit Production
Menahem Edelstein* and Haim Nerson; Dept. of Vegetable Crops,
Agricultural Research Organization, Newe Ya’ar Research Center,
PO Box 1021, Ramat Yishay 30-095, Israel

Two field experiments were conducted at the Newe Ya’ar Re-
search Center (northern Israel) to examine the effects of genotype
and plant spacing on the production of watermelon for seed con-
sumption. Two breeding lines 203, 239-4 were compared to the
standard cv. Malali in plant densities ranging from 5,000 to 40,000
plants/ha. The seed yield of the two breeding lines was almost
double than that of ‘Malali’. Seed yield was positively related with fruit
number and the maximal seed yield was obtained from the highest
plant population. Seed size was not affected by the spacing. Increas-
ing the plant population from 5,000 to 40,000 plants/ha significantly
increased fruit number per unit area decreased fruit size and slightly
increased total fruit yield. The two breeding lines produced more and
smaller fruits than ‘Malali’. The total number of fruits was the most
important seed yield component in determining total seed yield.
Breeding and cultural practices that maximize fruit number per unit
area would be expected to be the most beneficial for highest yield of
watermelon for seed consumption.

9:45 a.m.
Performance of Tropical Pumpkins with Compact Growth
Habit under Varying Planting Distances
Luisa Flores-Lopez and Linda Wessel-Beaver*; Agricultural Experi-
ment Station, Univ. of Puerto Rico, Mayaguez, PR 00681

Tropical pumpkins (Cucurbita moschata ) with a compact growth
habit have recently been developed. Traditional types of tropical

pumpkins have a vigorous, vined growth habit. In Puerto Rico the
recommended planting density for these types is 1.8 x 1.8 m (≈2960
plants/ha). Between-row spacing is determined by equipment and is
not easily reduced, but in-row distance can be modified. In order to
determine the appropriate in-row planting distance (with 1.8 m be-
tween rows) six compact tropical pumpkin experimental hybrids were
planted in Jan. 2000 in Lajas, Puerto Rico, at 0.9, 1.4 and 1.8 m
(≈5930, 4450, and 2960 plants/ha, respectively). Raised beds with
plastic mulch and drip irrigation were used. Plants flowered an
average of 56 days after transplanting. Plots were harvested after 90
days. Yields averaged 30,150 kg·ha–1. This compares very favorably
with traditional types that produce similar yields with multiple harvests
beginning at 120 days. Yields (fruit number and weight) at the 0.9 and
1.4 in-row planting distance were not different and both were superior
to plots planted at 1.8 m. Planting compact types at the traditional
distance of 1.8 m reduced yields to 70% of that of more densely
planted plots. Days to flowering and fruit size were not significantly
affected by planting distance. However, there was a tendency towards
larger fruit with increased planting distance. We conclude that, com-
pared to traditional types, compact tropical pumpkins should be
planted closer together. An in-row planting distance of 1.4 m (with 1.8
m between rows) with likely optimize yield and fruit size.

8:00–9:45 a.m. ............................................................ CC 319
Oral 18: Fruits/Nuts: Growth Regulators
Presiding: Richard P. Marini, Dept. of Horticulture, Virginia Polytechnic

Inst. & State Univ., Blacksburg
8:00 a.m.

Influence of Night Temperature on Fruit Set and Thinner
Response on ‘Empire’ Apples
Duane W. Greene*1, Terence L. Robinson2, and Alan N. Lakso2; 1Dept.
of Plant and Soil Sciences, Univ. of Massachusetts, Amherst, MA,
01003; 2Dept. of Horticultural Sciences, Cornell Univ., NYSAES,
Geneva, NY 14456

The effect of elevated night temperature for 3 days after application
of 75 mg·L–1 benzyladenine (BA) or 7.5 mg·L–1 naphthaleneacetic acid
(NAA) was evaluated on ‘Empire’/M.9 apple trees. In three different
locations in the orchard, trees were blocked into four groups of three
trees, and within each group, trees were designated to receive BA,
NAA, or no thinner. For three nights after thinner application, trees
were covered at 5:00 with a polyethylene tent and were heated with
an externally vented tent heater placed at one end of the tent. A
temperature gradient was established in each tent with an average
temperature of 26 °C near the heater and 17 °C at the far end of the
tent. Three groups of three trees located outside the tent also received
thinner treatments and served as the ambient temperature controls,
which averaged 13 °C. The heater was turned off each morning at 8:00
and the plastic tent removed during the day. Night heating appeared
to increase fruit set since trees outside the tent had significantly lower
crop load, fruit number, and yield, but significantly larger fruit size.
There were no significant interactions of night temperature and
chemical thinning. Differences in fruit size induced by night heating
were related only to crop load. These data will be discussed in relation
to results published in the literature, and to modeling approaches to
predict environmental effects on apple growth, set, and thinning.

8:15 a.m.
Hydrogen Cyanamide Causes Ethylene Production and Leaf
Abscission of ‘Eureka’ Lemon
Anwar G. Ali* and Carol J. Lovatt; Dept. of Botany and Plant Sciences,
Univ. of California, Riverside, CA 92521

Hydrogen cyanamide (HC) is applied each winter to vineyards in
Coachella Valley, CA, to break bud dormancy. If HC comes in contact
with neighboring ‘Eureka’ lemon [Citrus limon (L.) Burm. f.] trees, leaf
abscission occurs. Research was undertaken to determine the physi-
ological basis of HC-induced leaf abscission in order to develop a
strategy to reduce leaf abscission in commercial lemon groves.
Shoots of ‘Eureka’ lemon consisting of 2–3 internodes with 3 leaves
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were inserted into vials containing potassium phosphate buffer (pH
6.8), sprayed with 0.01% to 2% HC, and maintained at 12-hour day/
night at 21/14 °C. Ethylene production was quantified by gas chroma-
tography. Leaf abscission was determined two weeks after HC
application. HC from 0.01% to 0.1% caused significant leaf abscis-
sion. HC equal to or greater than 1.0% killed leaves without causing
leaf abscission. Leaf ethylene production increased with increasing
concentration of HC up to 0.1%. Foliage of 15-year-old ‘Eureka’ lemon
trees was sprayed with several concentrations of aminovinylglycine
(AVG), 6-benzyladenine (a cytokinin), 2,4-dichlorophenoxyacetic acid
(2,4-D), or calcium hydroxide, alone or in combination. Four days later,
trees were sprayed with either 0.1% or 0.5% HC. In two separate
experiments, control trees sprayed only with 0.1% HC had 45% and
48% leaf abscission, whereas trees sprayed with 0.5% HC lost 58%
and 84% of their leaves. For trees sprayed with 0.1% HC, AVG, 2,4-
D, calcium hydroxide, and calcium hydroxide plus 2,4-D treatments
significantly reduced leaf abscission. For trees sprayed with 0.5% HC,
3% calcium hydroxide reduced leaf abscission 31% and 40% in the
two experiments, respectively. Adding 2,4-D to the treatment did not
improve the results.

8:30 a.m.
The Influence of Apple Fruit Diameter and Position within a
Cluster on Fruit Retention Following Thinning with Carbaryl
Richard P. Marini*; Dept. of Horticulture, Virginia Tech, Blacksburg,
VA 24061

Carbaryl was applied to ‘Redchief Delicious’ apple trees or limbs
when average fruit diameter was 5, 10, or 16 mm. The diameter of the
king fruit and the largest side fruit in a cluster were measured on the
day of treatment. The response variable was fruit retention. Analysis
of covariance was used to determine if fruit retention was influenced
by fruit diameter by using diameter as the covariate and position in the
cluster as the indicator variable. Some years the diameter, but not the
position of the fruit, influenced fruit retention. Other years there was an
interaction between fruit diameter and fruit position. In general, the
larger fruit on the tree, which tended to be king fruit, were most likely
to be retained. Results from these experiments will be used to discuss
how one might assess the effectiveness of a thinning treatment while
there is still time to apply a second treatment.

8:45 a.m.
Gibberellin Effects on Return Bloom of ‘York’ and
‘Braeburn’ Vary with Timing and Fruit Load
David E. Davis*1, John A. Barden1, and Ross E. Byers2; 1Dept. of
Horticulture, Virginia Tech, Blacksburg, VA 24061; 2Virginia Tech
Agr. Res. & Ext. Ctr., 595 Laurel Grove Rd., Winchester, VA 22602

Many apple cultivars readily develop an alternate bearing habit.
Our objective was to evaluate gibberellin treatments to suppress
flower bud formation in light crop years and thereby reduce alter-
nate bearing. We determined effects of GA3 and GA4+7 applied in
1998 on return bloom and fruit set in 1999. Three-year-old ‘Ramey
York’/M.9 EMLA trees were defruited and sprayed with 100 ppm
GA3 + 40 ppm Regulaid, 100 ppm GA4+7 + 40 ppm Regulaid or 40
ppm Regulaid and a control. Treatments wereapplied at 4, 6, and
8 weeks after full bloom (WAFB), 6, 8, and 10 WAFB or 8, 10, and
12 WAFB. The GA4+7 treatments had the greatest effect on inhib-
iting return bloom of both spur and lateral flowers. The effective-
ness of the GA treatments declined with delayed times of applica-
tion. Both GA treatments had the greatest effect of reducing lateral
flowering on the basal one-third of the shoot. In another experi-
ment, 8-year-old ‘Braeburn’/M.26 trees were rated in early May
1999 as having a very light, medium, or heavy fruit load. The
medium and heavy fruit load trees were hand-thinned on 9 June to
5 fruit/cm2 TCSA. The light fruit load trees had a load of 0–1 fruit/
cm2 TCSA. The trees were sprayed with one application of 400 ppm
GA3 + 40 ppm Regulaid, one application of 40 ppm Regulaid only,
4 applications of 100 ppm GA3 + 40 ppm Regulaid or four applica-
tions of 40 ppm Regulaid. Two trees from each of the three fruit
loads were included in each treatment. GA3 did not suppress

flowering of the very light fruit load trees and the medium and heavy
fruit load trees did not return bloom regardless of treatment.

9:00 a.m.
Apple Fruit Thinning Effectiveness with 6-Benzladenine and
Accel
Terence L. Robinson*; Dept. of Hort. Sciences, New York State
Agricultural Experiment Station, Cornell Univ., Geneva, New York,
14456

A field study compared the effectiveness of a new 6-benzlyadenine
(BA) formulation (VBC-30001) to Accel (a commercial mixture of 6-BA
and GA4+7) on Empire and Delicious apple cropload, fruit size and fruit
size distribution. Six-year-old Empire/M.9 and 12-year-old Delicious/
M.7 trees were used in this study. Trees were sprayed with an airblast
sprayer at 935 L·ha–1 using a 1.5X concentration of chemicals when
king fruitlet size was 10 mm. Cropload of Empire was reduced linearly
with increasing concentration of BA up to 150 mg·L–1 but reductions in
yield were curvilinearly related to rate. The effectiveness of BA was
enhanced with the addition of Carbaryl (600 mg·L–1). BA or BA/
Carbaryl was less effective at reducing cropload than Accel/Carbaryl.
Fruit size was increased with all thinning treatments. BA resulted in
greater fruit size with Accel when both were applied at 75 mg·L–1 in
combination with Carbaryl. When fruit size was adjusted for cropload
(Cropload Adjusted Fruit Size, CAFS), Accel/Carbaryl resulted in a
reduction in CAFS relative to the control whereas BA, or BA/Carbaryl
increased CAFS relative to the control. Although Accel/Carbaryl
treatment increased average fruit size it resulted in an increase in the
number of fruit smaller than 57mm in diameter while BA or BA/
Carbaryl did not. With Delicious the effectiveness of Accel/Carbaryl or
BA/Carbaryl was enhanced by the addition of ultrafine spray oil. These
data indicate that BA is a less potent thinner than Accel but it is superior
to Accel due to its wide linear rate response, its greater enhancement
of fruit size and its lack of retention of small fruits.

9:15 a.m.
Summary of Twenty Experiments on NAA Thinning of Florida
Citrus
E.W. Stover*, S.M. Ciliento, B.J. Boman, and M.S. Burton; Indian
River Research and Education Center, Univ. of Florida, Ft. Pierce, FL
34945

Many Florida citrus cultivars are alternate bearing, and typically,
larger fruit receive premium prices. These problems are addressed in
many tree fruits by reducing cropload during early fruit growth. Apple
thinning with NAA may be the most successful and widespread
example. NAA is reported to thin several citrus cultivars and is
registered as a citrus thinning agent, but this use is rare in Florida. Our
thinning research is focused on developing practical recommenda-
tions for Florida citrus growers. NAA applications were made at 8–21
mm mean fruitlet diameter (>15 only for grapefruit), during early
physiological drop using commercial air-assisted sprayers. Most trials
compared several NAA rates and spray volumes to non-thinned
controls. Entire trees were harvested and a portable optical sorter
counted and sized fruit. Responses to NAA were variable, with
greatest economic benefits when non-thinned trees clearly overcropped
with many small, unmarketable fruit. Sometimes little thinning resulted
despite high NAA rates, and in some instances fruit size was en-
hanced without thinning. ‘Sunburst’ and ‘Murcott’ displayed positive
responses in 9 of 10 trials. ‘Marsh’ grapefruit has shown the least
promising response to NAA treatment, with no effect twice, thinning
with no size once, and size increased without thinning once. ‘Flame’
has shown positive responses in the two trials conducted. High NAA
rates (250–500 ppm) are needed to thin Florida citrus, making material
costs excessive for treatments with variable results. Published reports
on NAA citrus thinning used high application volumes, but in these
trials, successful thinning was achieved even with low volume appli-
cations that wetted the peripheral canopy. Surfactant selection has
influenced thinning, with organosilicone materials increasing abscis-
sion, but often with less production of larger size fruit.
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9:30 a.m.
Effect of Humidity on Ammonium Nitrate Enhanced
Transcuticular Penetration of NAA
Royal G. Fader* and Martin J. Bukovac; Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824

We have previously reported that ammonium nitrate (AN) increased
the penetration of NAA through isolated leaf and fruit cuticular mem-
branes (CM). During these studies, where relative humidity (RH) was
not critically controlled, we observed a positive trend between RH and
NAA penetration. We now report the effects of RH on NAA penetra-
tion, using a finite dose diffusion system, where RH was maintained
at 80 ± 2% or 20 ± 2% (by dehumidifying with a honeycomb desiccant
dehumidifier) in a walk-in growth chamber at constant temperature (23
± 1EC). A finite dose (0.12:g in 3:l) of 14C-labelled NAA at pH 3.2 or 5.2
(pKa = 4.2) in the absence and presence of 8 mM AN was applied to
the outer morphological surface of isolated tomato fruit CM. Kinetics
of penetration were followed by radioassay of the receiver solution.
Slopes of the initial penetration phase and total penetration after 120
h (P120) were used to establish treatment effects. NAA penetration at
pH 3.2 and 5.2 in the absence and presence of AN was linear for 6–
12 h after a short lag period (2.0–2.7 h). Droplets dried in about 12
minutes at 20% RH and 30 minutes at 80% RH. Initial slopes for NAA
penetration at pH 5.2 and 20% RH in the absence and presence of AN
were 1.6 and 10.2 µmol A·h–1, respectively, and P120 values were 105
and 373 µmol, respectively. AN dramatically enhanced penetration at
20% RH and pH 5.2, while at pH 3.2 the AN effect on the initial slope
was less pronounced (5.8 vs. 8.4 µmol A h-1). These data suggest that
AN increases the effectiveness of the deposit as a donor by increasing
hydration, thus providing for greater mobility (diffusion) of NAA within
the deposit and movement to the NAA depleted deposit/leaf surface
interface, replacing NAA molecules that have penetrated. Also, the pH
in the saturated interface may decrease, driving the equilibrium to the
nondissociated NAA specie, thus replacing the rapidly penetrating
nondissociated NAA molecules.

9:00–10:00 a.m. .......................................................... CC 303
Collegiate Activities Meeting
Chair: Michael N. Dana

9:45–10:30 .......................................................... CC Ballroom
Networking Coffee Break
Sponsored by: Agraquest

10:00 a.m.–1:00 p.m. ................. Hyatt Regency Big Sur A&B
.................................................... (Luncheon in Tahoe Room)
ACB Annual Business Meeting and Luncheon
Presiding: Sheila Stephan, ACB President

10:00 a.m.–12:00 noon ............................................... CC 317
Endowment Fund Committee Meeting
Chair: Shirley Todd Kline

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

Graduate Student Poster Competition

10:00 a.m.–12:00 noon ............................................... CC 319
Workshop 19: Beyond Station Reports: Conducting
Scholarly Vegetable Variety Trials and Publishing the
Results
Sponsor: HortTechnology Editorial Board
Presiding: Kent Cushman, North Mississippi Research and Extension

Center
Summary: As HortTechnology now considers variety trial results for

publications, practical guidelines are needed for authors and reviewers
to establish publication standards for the “Variety Trials” category.
These guidelines must follow the refereed publication standards of

HortTechnology. As part of the land-grant mission, vegetable variety
testing and evaluation involve seed industry members, researchers,
Extension personnel, as well as administrators. By presenting the
different aspects of vegetable variety trials, this workshop aims at
defining a consensus on what quality means in variety evaluation,
outlining science-based methodology, and setting the stage for
drafting publication guidelines.

10:00 Introduction Kent Cushman

10:10 Vegetable Variety Trials in California: Cooperative
Extension Perspectives

R. Voss*1 and G. Miyao2; 1Dept. Vegetable Crops, Univ. of
California, Davis CA 95616; 2Yolo County CE, Woodland CA
95695

Univ. of California (UC) Cooperative Extension (CE) specialists
and farm advisors conduct numerous types of variety evaluation
trials in cooperation of industry groups and Experiment Station
research faculty. The primary motivation for these trials is for
the industry to characterize and compare potential, new and
currently grown cultivars. Development of new varieties is
considered by most industries as the top priority for addressing
marketing, yield, pest management and quality issues.
Producers and shippers of vegetables in California contribute
large sums of money and enter into contractual cooperative
agreements with UC faculty, including CE specialists and
advisors, for variety development programs that range from
basic biotechnology related research to on-farm screening of
new varieties. Cooperative Extension also uses variety trials as
a primary teaching tool. In-season, harvest time and postharvest
field days provide the attraction for industry groups, at which the
basics of crop production, pest management and postharvest
handling can be reviewed or new information extended. Many
different models of variety trials have proven effective. These
range from multi-state, regional trials with funding from numerous
sources, to single location, non-funded trials. Information from
these trials are disseminated through a wide range of media in
order to reach the diverse audiences interested in the results—
internet home pages, trade journals, annual reports, meetings
and proceedings, and semi-technical and technical journals.

10:25 Is Variety Evaluation and Reporting Becoming a Lost Art?

Tom Williams; Syngenta

10:40 Vegetable Variety Evaluation in Florida: A Cooperative
Research and Extension Program

Donald N. Maynard*; Gulf Coast Research and Education
Center, Univ. of Florida, Bradenton, FL 34203

Vegetable variety evaluations are conducted seasonally by
research and extension faculty at several locations throughout
the state. Results are summarized and published in a Florida
Agricultural Experiment Station Circular, Vegetable Variety
Evaluation in Florida and used as a basis for extension
recommendations published in Vegetable Production Guide
for Florida, an industry-sponsored publication. The selection of
vegetables to be evaluated depends on local needs and the
evaluator’s interest. Until recently, this has provided fairly good
coverage of the principle vegetables grown in the state. However,
the future of this program may be in doubt because of changes
in assignments of current faculty, new faculty with assignments
and interests that differ from their predecessors, and reduced
administrative recognition for variety evaluation.

10:55 Vigor or Rigor? The Competing Goals of Variety Trials

Anusuya Rangarajan*; Dept. of Horticulture, 121 Plant Science
Building, Cornell Univ., Ithaca NY, 14853

Cultivar trials were once the mainstay of applied research
programs focused on vegetable production. Assessment of
new cultivars by university extension specialists was and still is
considered the best, unbiased evaluation of performance,
quality and yield. Not only do these cultivar evaluations provide
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valuable information to growers; they also validate and
strengthen researcher connections to the industry. However,
changing priorities within the university coupled with decreasing
human resources in applied crop research and extension have
forced many to give up this part of their programs. At many
institutions, cultivar evaluations are looked upon as non-scholarly
work, best left to farmers and consultants. Yet, when nested
within other treatments examining cultural practices or disease
resistance, these experiments provide a unique opportunity to
probe cultivar x environment interactions. In addition, these
evaluations provide an excellent opportunity for multidisciplinary
research. To make the most out of these cultivar evaluations,
planning and coordinating among disciplines is often needed.
Strategies and challenges for the effective design, implementation
and analysis of multidisciplinary cultivar evaluations will be
reviewed. Scale, rigor and reporting can be effectively addressed
through planning and design. We will review several examples
provided in the literature and different extension research
programs.

11:10 Statistical Adjustments for Variability Not Due to Varieties
in Variety Trials

Jason A. Osborne*; Dept. of Discrete & Statistical Sciences,
Auburn Univ.

Classical approaches used to account for environmental
heterogeneity and its impact on yields in agricultural field trials
include check plots and block designs with varying degrees of
sophistication and complexity. Recent developments in spatial
statistics may allow researchers to estimate and adjust for two
types of environmental heterogeneity: fertility and interplot
competition. These methods have the potential to reduce bias
and and improve efficiency. The costs include increased model
complexity and need for explanation/interpretation. Examples
utilizing these methods are presented with emphasis on
computation and presentation of findings.

11:25 Vegetable Variety Trials: An Administrative Point of View

Daniel J. Cantliffe*; Univ. of Florida, IFAS Horticultural Sciences
Dept.

Since the establishment of the land-grant systems in the late
1800’s, Universities and Experiment Station systems have sought
out and tested vegetable germplasm for its suitability in regional
and local areas across the United States. The private seed
industry continued to grow, both in numbers and volume of sales
through the early half of the twentieth century. It was during this
time that many of the public breeding programs at land-grant
universities began corollary plant breeding programs in cultivar
development for vegetables. For many years it was a cooperative
co-existence between the private seed industry and the public
programs, wherein the seed industry derived a lot of its germplasm
for new variety release. Beginning in the 1970’s, the numbers of
public breeders began to decline, while the numbers of, especially
Ph.D. plant breeders in the private sector, began to proliferate.
Throughout this 100-year period, university personnel were
actively involved in vegetable variety trials, both on main campuses
as well as experiment stations, and in many cases in locales in
various counties through working with county agents. Up through
this period, much credit could be given to individual faculty
members for their involvement in such endeavors. In the past 10
to 20 years, many things have changed in university operations
and perspectives, namely faculty are only given credit for refereed
publications, regardless of what area they work in. Moreover,
they must bring in money to support their programs. In the past,
vegetable variety testing generally did not lead to refereed
publication and was not supported by the industry. Moreover, as
previously mentioned, much of the public programs in germplasm
improvement for vegetables across the United States have
ceased, thus, ended a direct need for variety testing. Thus, the
critical issue for today’s faculty is the relative importance of
variety testing and delivering information to the general public

versus how they would support such a program and eventually
get academic credit for conducting such a program.

11:40 Submission and Review for Publication in
HortTechnology: Where Do We Go from Here?

Eric H. Simonne*; UF/IFAS, Horticultural Sciences Dept.,
Gainesville FL 32611

The overall goal of this workshop is to present the state-of-the-
art in vegetable variety evaluation and discuss what is needed to
publish scholarly vegetable variety trial results. In the past three
years, HortTechnology has published a few trial results without
specific guidelines for authors and reviewers. This short talk will
present features common to all these articles, and outline
additional desirable ones. Then, the open discussion will aim at:
1) answering specific questions of ASHS members and potential
contributors; and 2) put in place a mechanism to draft, review,
discuss and adopt guidelines for authors and reviewers. Additional
comments on these topics may also be directly sent to
esimonne@mail.ifas.ufl.edu.

10:00 a.m.–12:30 p.m. ............................................... CC 316

Workshop 20: Web- and Video-based Instruction: A
Teacher’s Perspective
Working Group Sponsor: Teaching Methods (TCHG)
Presiding: Robert E. Lyons, North Carolina State Univ., Raleigh,

N.C.
Summary: Websites and videoconferencing have become common

instructional tools. This workshop focuses on evaluation
mechanisms, student feedback, and idiosyncrasies of using
nonauthorized materials on course and website evolution. The
logistics and effectiveness of distance instruction and offering
courses across continents and across disciplines will also be
examined within this context.

10:00 Introduction Robert E. Lyons

10:05 The Transition from Web-assisted to Web-based Teaching:
The Hort 315 Experience

R. Daniel Lineberger*; Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, Texas 77843-2133

Horticulture 315, Component Analysis of Horticultural Systems,
is an issues-based approach to modern horticultural cropping
systems that includes topics such as environmental issues,
biotechnology, precision agriculture, information technology,
water rights, labor relations, intellectual property protection,
international trade and ethics. Since its inception it has been
Web-assisted and writing-intensive. All readings, lecture notes,
slide sets, and references are posted on the course Web site,
and required essays are posted directly to the Web by the
students. During Spring, 2000, the course was offered as
either Web-based or Web-assisted. Students in the Web-
based section did not attend class, and they completed all
assignments online. Both class sections were given the same
final exam on campus. Final exam and course averages of the
two sections were statistically similar. The workshop
presentation will compare and contrast the features of the
Web-assisted and Web-based courses, including assignments,
grading, communication, and module preparation. Student
perceptions and feedback and the reactions of faculty
colleagues will also be presented. Recommendations
concerning course improvements and helpful software will be
discussed.

10:25 Effectiveness of Web-based Learning for Plant
Identification in Potted Plant Production Classes

Neil Anderson; Univ. of Minnesota

10:45 Connecting Experts and Disciplines Through
Videoconference Partnerships

Bhimanagouda S. Patil*1, Kim E. Dooley2, and R. Daniel
Lineberger3; 1Texas A&M Univ., Kingsville Citrus Center,
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Weslaco, TX 78596; 2Dept. of Agriculture Education, 3Dept. of
Horticultural Sciences, Texas A&M Univ., College Station, TX
77843

Until relatively recently, potential benefits of fruits and
vegetables were based more on metaphysical beliefs than on
scientific evidence, but during the past decade many studies
examined the relationship between the consumption of fruits
and vegetables and human health. This project was aimed to
provide an updated scientific information through experts in
different disciplines such as agriculture, plant physiology,
chemistry, biochemistry, food science, nutrition and medicine.
In Spring 1999, the Texas A&M Univ. System developed first
of its kind course in the nation entitled “Phytochemicals in
Fruits and Vegetables to Improve Human Health”. This team-
taught course consisted of 18 faculty/researchers across the
nation working on different fields of research ranging from
nutrition, enhancing biologically active compounds and disease
prevention. Productive partnership relation among top
researchers was established to teach a diverse group of
learners in 10 videoconference sites. The multidisciplinary
approach resulted in attracting new students towards
agriculture and food science career, increased teaching
efficiency and instilled the value of interdisciplinary research
in the students. An external evaluation was conducted by an
evaluator and most of the students liked the diversity of
speakers and relevancy of research applications to
geographically dispersed audience. Although students were
located in 10 locations, weekly topics delivered through Trans-
Texas Videoconference, PowerPoint slides, and course
handout were made available on the course web site http://
phytochemicals.tamu.edu. The uniqueness of course was a
team approach of logistic leader, web coordinator, evaluation
specialist and multidisciplinary researchers.

11:05 The Web Is Nice, but Texts Are Better

Emily Hoover; Univ. of Minnesota

11:25 Stacked Courses: Double Dipping or Double the Trouble

Michael A. Arnold*; Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, TX 77843-2133

Changes in funding appropriations have altered the credit that
the departments within the Texas A&M Univ. College of
Agriculture and Life Sciences receive for teaching graduate
students, upper division undergraduates, and lower division
undergraduate students in courses designated at various
levels. These changes have motivated departments to explore
alternative mechanisms for encouraging enrollment of graduate
students in graduate level courses in subject areas where
graduate students, particularly non-majors, would traditionally
have enrolled in upper division undergraduate courses. One
solution is to co-list courses at the undergraduate and graduate
level (offer stacked courses). Challenges occur in upgrading
the subject matter of these courses to the graduate level,
while sti l l  maintaining their appropriateness for
undergraduates. Added to these issues are the need to
develop new, and modify existing, graduate and undergraduate
courses for delivery over the web or other distance learning
channels to serve the needs of a student population with
changing demographics. Experiences with our department’s
pilot offering of a modified existing upper division course as a
stacked course will be presented. In addition, student survey
results were compared with web hits and user session records
on course materials offered on the web to determine patterns
of student use of on-line study materials in preparation for a
possible transition to a distance education offered status.
Students were surveyed to assess their perceptions of the
appropriateness of the materials for transferring the course to
delivery at a distance.

11:45 Glasshouse Management On-line … with a Twist

Peter Shaw; Spokane Community College

12:05 Business Meeting of the TCHG Working Group

Presiding: Robert E. Lyons

10:00 a.m.–12:00 noon .............................................. CC 305
Oral 19: Vegetable Crops: Postharvest Physiology
and Food Science
Presiding: Robert A. Saftner, ARS/USDA, Beltsville, Md.
10:00 a.m.

Chemical Characterization of Five Sweetpotato Clones with
Diverse Flavors
Yan Wang* and Stanley J. Kays; Dept. of Horticulture, The Univ. of
Georgia, Athens, GA 30602-7273

Five sweetpotato [Ipomoea batatas (L.) Lam.] clones exhibiting
distinctly different flavors were analyzed for taste (sugars and
nonvolatile acids) and aroma components to identify the critical
components responsible for the variation in flavor. Included were
‘Jewel’—a traditional North American type with orange flesh, a
sweet taste, and an intense sweet + caramel + sweetpotato aroma;
GA90-16—a nonsweet clone with an aroma and color resembling
a baked white potato; GA90-10—nonsweet with a strong terpene
aroma; GA90-56—sweet with a cooked squash + musty odor; and
GA90-167—slightly sweet with a starchy + musty odor. Significant
differences in sugars and nonvolatile acids were found in both raw
and baked roots of the five clones. Sucrose equivalents, an
indicator of the quantitative and qualitative contribution to sweet-
ness of each type of sugar present, could explain the sweetness
level of baked clones assessed by panelists. Relatively few quali-
tative but substantial quantitative differences in 19 odor-active
compounds were found among the clones. Differences in aroma
appear to be dominated by quantitative and, to a less extent,
qualitative variation in Maillard/caramelization reaction, fatty acid
and beta-carotene derived products, and varying levels of terpe-
noid compounds. Baked roots of clones which were low in sugars,
especially maltose, produced fewer Maillard/caramelization
volatiles. The production of beta-ionone and 1,2,4-trimethyl ben-
zene, degradation products of beta-carotene, were proportional to
the estimated carotene contents of the clones. Phenylacetaldehyde
(perfume) and benzaldehyde (almond), Strecker degradation prod-
ucts of phenylalanine, were produced by all clones though GA90-
10 produced very little. The characteristic aromas of the five clones
were the result of a complex mix of volatile compounds. The results
indicate that it should be possible to predict the flavor of clones
without sensory testing using chemical analysis thus facilitating the
identification and utilization of unique flavor types present within
the sweetpotato genepool and selecting superior clones in sweet-
potato breeding programs.

10:15 a.m.
Variability in Sweetpotato Flavor Chemistry between
Production Years and with Storage Duration
Stanley J. Kays* and Yan Wang; Dept. of Horticulture, The Univ. of
Georgia, Athens, GA 30602-7273

Four sweetpotato [Ipomoea batatas (L.) Lam.] clones represent-
ing a diverse range in flavor types were analyzed for differences in
flavor chemistry due to production year and postharvest storage
duration. The clones tested were GA90-156 (extremely low sugar
content), GA90-16 (nonsweet with an aroma similar to white potato,
Solanum tuberosum L.) and 2 conventional North American culti-
vars, ‘Jewel’ and ‘Centennial’. Maltose content, an indication of
starch content and hydrolysis potential in baked roots, was the least
variable parameter across clones of the major sugars over 2 produc-
tion years. Postharvest curing (7 days at 29 °C, 95% RH) and storage
duration (8 2months at 15 °C, 85% RH) had a significant impact on
flavor chemistry with significant quantitative variation in sugars and
volatile aroma compounds in ‘Jewel’ and ‘Centennial’. Most flavor
components of GA90-156 and GA90-16 increased significantly
during curing but were relatively stable during storage; neither clone
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produced significant maltose during baking. GA90-156 had ex-
tremely low levels of the major sugars before and during storage.
Curing and storage for 2 months appeared to enhance the activity of
beta-amylase, facilitating starch hydrolysis during baking and the
formation of monosaccharides that act as precursors for critical
volatile flavor components in ‘Jewel’ and ‘Centennial’. Volatile aroma
compounds derived from lipids, beta-carotene and terpenoids de-
creased with prolonged storage of ‘Jewel’ and ‘Centennial’ but did
not appear to have a major qualitative impact on the flavor of the four
clones. Based upon the relative low organic acid and high sugar
contents of the roots, organic acids did not appear to contribute
significantly to the cooked flavor of the clones tested.

10:30 a.m.
A Preprocessing Vapor Treatment of Early Climacteric
Honeydew with 1-Methylcyclopropene and a Postprocessing
Dip of Fresh-cut Honeydew in Chlorine Water Supplemented
with a Calcium Chelate Maintains Quality and Extends the
Shelf-life of Fresh-cut Honeydew
Robert A. Saftner*1, Jin-He Bai1, and Yuen S. Lee2; 1Produce Quality
and Safety Laboratory, Beltsville Agricultural Research Center, ARS,
USDA, Beltsville, MD 20705; 2Dept.of Biological and Environmental
Science, Univ. of the District of Columbia, Washington, DC 20008

Preprocessing vapor treatment of honeydew melons (Cucumis
melo L. reticulatus, cv. Earlidew) at the early climacteric stage of
development (33 to 40 days after anthesis, SSC between 9 and 13
Brix) with the ethylene action inhibitor 1-methylcyclopropene (MCP)
and postprocessing dips of fresh-cut honeydew with chlorine water
supplemented with a calcium amino acid chelate were tested for their
ability to maintain quality and extend the marketable shelf life of
fresh-cut honeydew (2-cm cubes) packaged in clam-shell contain-
ers and stored at 10 °C for up to 7 days. Quality analyses revealed
that MCP treatment decreased respiration and ethylene production
rates, decreased tissue translucency, and better maintained tissue
firmness, and the lightness and chroma of honeydew cubes during
storage than control treatment. Honeydew cubes prepared from
control fruit lost their marketability after 2 to 5 days while cubes
prepared from MCP-treated fruit remained marketable for 5 to 7
days. The MCP treatment was generally more effective at maintain-
ing quality and shelf life of honeydew cubes than dipping honeydew
cubes prepared from air-treated fruit in chlorine water supplemented
with a calcium chelate. However, the MCP, but not the calcium
chelate, treatment decreased flavor-associated volatile levels com-
pared to that in control tissue during storage. Combining MCP and
calcium chelate treatments maintained tissue quality better than
either treatment alone, and shelf-life was increased to 7 days. The
MCP and calcium chelate treatments did not impart or induce any
detectable off-odors to the cubes.

10:45 a.m.
Justification for the Use of Microperforations in MAP of
Broccoli
Nazir Mir*1, William Romig1, Chattra Mehla2, and Randolph Beaudry2;
1EPL Technologies, Inc. Philadelphia, PA 19113; 2Michigan State
Univ., East Lansing, MI 48824

Atmosphere modification by hermetically sealed packages can be
predicted or described using relatively simple mathematical equa-
tions that incorporate film permeability, the respiratory response to
oxygen and the temperature-dependence of both these processes.
Broccoli florets sealed in low-density polyethylene packages were
incubated at 0, 5, 10, 15, and 20 °C until O2 and CO2 levels in the
package reached a steady state. Uptake of O2 was modeled using
a Michaelis-Menton-type equation. In general, the broccoli florets
responded favorably to low O2, elevated CO2 and low temperature.
However, owing to the high rate of product respiration, the high risk
of fermentation, inadequate film permeability to O2 at elevated
temperature, and the high permeability of CO2 relative to O2, her-
metic packages for broccoli did not typically perform well. We
evaluated microperforated packages in conjunction with 1-MCP for

broccoli storage at 5 °C. The data collectively suggests that inhibition
of ethylene action and reduction in respiration combine to extend the
storability of broccoli florets.

11:00 a.m.
PAL Gene Expression, Protein Synthesis, and Enzymatic
Activity in Fresh-cut Lettuce
Reinaldo Campos* and Mikal E. Saltveit; Mann Laboratory, Dept. of
Vegetable Crops, Univ. of California, Davis, CA 95616-8631

Phenylalanine ammonia-lyase (PAL) is an important enzyme in the
secondary metabolism of plants since it is the first enzyme in
phenylpropanoid metabolism. PAL is involved in many processes
such as wounding repair, lignin synthesis, color development and
responses of another stresses such as UV damage. The preparation
of fresh cut fruits and vegetables involves wounding (e.g., cutting) that
induces the de novo synthesis of PAL. Wound-induced PAL activity is
highly correlated with the synthesis and accumulation of phenolic
compounds and subsequent browning that occurs in lettuce tissue as
a result of cutting. The accumulated phenolic compounds are sub-
jected to oxidation and polymerization by the action of another
enzymes (PPO, POD) that produce brown compounds. We have
been using physiological and molecular techniques to study the
processes involved in wound-induced lettuce browning. We have
cloned a wound-induced PAL gene and characterized its behavior
after wounding. An increase in the abundance of this PAL mRNA
precedes the maximum activity of PAL. We are using the cloned PAL
gene and derived PAL antibodies to study the changes that occur in
the physiology of fresh cut lettuce tissue as the result of wounding. The
effect of wounding and heat-shock on wound-induced increases in
PAL mRNA, de novo synthesized PAL protein, and PAL enzyme
activity will be discussed.

11:15 a.m.
Intermittent Warming Maintained Better Quality of Minimally
Processed Tomato
Abdul Hakim*, 4904 N. 9th St., Apt. 204, Fresno, CA 93726

Minimally processed (i.e., sliced) tomato fruit at mature green stage
of ripening was stored at 1 °C for 4, 8, and 12 days. Intermittent
warming treatment at 20 °C was applied every 4 days for 6, 12, and
24 hours. Controlled fruit slices were held continuously at 1 °C. Fruit
quality was evaluated immediately after storage or 1 day after storage.
Compared to control fruit, intermittently warmed fruit slices lost higher
weight, reduced seed discoloration, rot, enhanced color development,
better taste and flavor, lower TA, higher ascorbic acid content, less
firmness, higher TSS, and lower electrolyte leakage. Fruit slice
intermittently warmed for 24 hours showed better quality attributes
than those that were warmed for 6 or 12 hours fevery 4 days. Extended
storage time resulted in higher quality deterioration.

11:30 a.m.
Formation of Methanethiol and Dimethyl Disulfide in Crushed
Tissues of Broccoli Florets and Its Inhibition by Freeze-
thawing
Artemio Z. Tulio, Jr.*, Hiroyuki Yamanaka1, Yoshihiro Imahori, and
Yoshinori Ueda; Graduate School of Agriculture and Biological Sci-
ences, Osaka Prefecture Univ., 1-1 Gakuen-cho, Sakai, Osaka, 599-
8531 Japan; 1Hagoromo-Gakuen Junior College, Sakai, Osaka, 592-
8344 Japan

The formations of methanethiol and dimethyl disulfide (DMDS) in
crushed, homogenized and frozen-thawed tissues of broccoli florets
were investigated. Both compounds were produced in crushed florets
while only DMDS was formed in homogenized tissues. However, both
compounds were inhibited almost completely in frozen-thawed tis-
sues even though the C-S lyase activity was not retarded. High pH
(7.0–9.0) treatment triggered the release of DMDS in frozen-thawed
tissues. It also enhanced the action of C-S lyase (pH optimum: 8.0-9.0)
on the S-methyl-L-cysteine sulfoxide resulting to the faster rate of
production of these malodorous volatile compounds in other treat-
ments. The secondary intermediate, methyl methanethiosulfinate,
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was also detected in homogenized and frozen-thawed tissues except
in crushed florets despite increasing its pH value. Thus, in crushed
tissues, the chemical disproportionation of the primary intermediate,
methyl sulfenic acid, in aerobic condition is the favored mechanism of
formation of both compounds. Whereas the formation of DMDS in
frozen-thawed tissues follows the same mechanism of formation in
homogenized tissues which favored the dehydration of this primary
intermediate in a weakly acidified medium leading to the secondary
intermediate. Furthermore, the inhibition of DMDS in frozen-thawed
florets must be due to sudden change in the pH of the tissue during
freeze-thawing.

11:45 a.m.
Microbiology and Quality of Fresh-cut Vegetables Treated with
Electrolyzed Water and Sodium Hypochlorite Solution
Hidemi Izumi* and Masaya Ebihara; School of Biology-Oriented
Science and Technology, Kinki Univ., Naga, Wakayama 649-6493,
Japan

Fresh-cut products were prepared with spinach, cucumber, carrots,
and potatoes that were freshly harvested. With spinach, in addition to
the freshly harvested leaves, stored leaves also were used for the
preparation. They were all dipped for 3 min in electrolyzed water
containing 50 ppm available chlorine or sodium hypochlorite solution
with available chlorine ranging from 50 to 200 ppm. Electrolyzed water
(pH 6.8) was generated by electrolysis of 2.5% NaCl solution using an
electrolyzed neutral water generator. The electrolyzed water treat-
ment was more effective in reducing the total microbial count on fresh-
cut spinach prepared from freshly harvested leaves than from stored
leaves. The bactericidal effect of electrolyzed water was similar to that
of sodium hypochlorite solution containing 50–150 ppm chlorine with
fresh-cut spinach and carrots. L-ascorbic acid content of all fresh-cuts
decreased significantly with sodium hypochlorite treatment but only
slightly with the electrolyzed water. Potassium content was higher in
fresh-cuts treated with electrolyzed water than with sodium hypochlo-
rite solution and the content was the least with fresh-cuts treated with
sodium hypochlorite solution containing 200 ppm chlorine. Sodium
content of fresh-cuts increased with electrolyzed water treatment due
to the addition of NaCl as electrolyte at electrolysis. Electrolyzed water
and sodium hypochlorite treatments did not affect the sensory taste of
fresh-cuts, except for cucumber slices treated with sodium hypochlo-
rite solution containing 200 ppm chlorine.

10:00–11:45 a.m. ......................................................... CC 304

Oral 20: Fruits/Nuts: Physiology/Germplasm Evaluation
Presiding: Michael V. Mickelbart, Dept. of Botany and Plant Sciences,

Univ. of California, Riverside
10:00 a.m.

Avocado Tree Phenology in California
M.V. Mickelbart*1, P.W. Robinson1, Carol Adams2, G.W. Witney3, and
M.L. Arpaia1; 1Dept. of Botany and Plant Sciences, Univ. of California,
Riverside; 2Statistical Design and Analysis, Boulder Creek, California;
3California Avocado Commission, Santa Ana, California

Mature ‘Hass’ avocado (Persea americana Mill.) trees have been
monitored since 1992 to determine the timing of phenological events,
as well as the relationships between these events and yield in
southern California. Trees on four rootstocks (Thomas, Topa Topa,
Duke 7, or D9) growing in Irvine, Calif., and trees on Duke 7 rootstock
in seven other locations throughout the state are being used for this
study. Trees exhibit typical alternate bearing patterns with heavy and
light crop loads alternating from year to year. Shoot growth occurs
during two distinct flushes each year, one in spring and one in late
summer. Although yield varies among rootstocks, neither the rate or
timing of shoot growth differs among rootstocks. The spring growth
flush accounts for the majority of total shoot growth in most years;
however, the summer growth flush accounts for more of the total shoot
growth during light crop load years. Root growth does not exhibit
dormant periods in most regions, but in general, root growth is greatest
when shoots are not actively growing. Bloom occurs each year from
mid-March to mid-May, but does not differ among rootstocks. Bloom

prior to heavy crop load years occurs earlier and for a longer period
than the bloom prior to light crop load years. Shoot and leaf starch
concentrations exhibit greater fluctuations during the year than trunk
starch concentrations and are highest immediately before the spring
shoot flush begins. This information will help growers determine the
optimal timing of cultural practices.

10:15 a.m.
Exotherm Characteristics and Cold Hardiness Mechanisms
within the Buds of Some Deciduous Fruit Trees
Pinghai Ding*1, Sanliang Gu2; 1Dept. of Horticulture, ALS Building,
Oregon State Univ., Corvallis, OR 97331; 2Viticulture and Enology
Research Center, California State Univ., Fresno, 2360 East Barstow
Avenue M/S VR 89, Fresno, CA 93740-8003

Bud exotherm characteristics of dormant apple, pear, peach, plum,
grape, persimmon and black walnut were studied from late autumn to
early spring. Differential thermal analysis (DTA) indicated differences
in the high temperature exotherm (HTE) and low temperature exotherm
(LTE) among the fruit species and sampling dates. The species tested
could be divided into two groups, those without LTE (apples and pear)
and those with LTE (grape, persimmon, black walnut, peach, and
plum). The later group with LTE could be further categorized into two
sub-groups those possessing three stages of hardiness development
(peach and plum group) and those with five stages of hardiness
development (grape, persimmon and black walnut). In peach and
plum group only THE could be detected in the first and last stages. The
second stage both HTE and LTE could be detected. In the grape,
persimmon and black walnut group the first stage was from bud
formation to deep supercooling initiation when only HTE could be
detected. The second stage both THE and LTE could be detected. The
third stage when only LTE could be detected. The fourth stage was
from HTE reappearance to LTE disappearance before bud swell. The
fifth stage was from LTE disappearance to when only HTE could be
detected. Exotherm characteristics and water migration between
tissues were both closely associated with water status in the buds.

10:30 a.m.
Girdling: An Effective Method for Increasing Fruit Set in ‘Hass’
Avocado
Lauren C. Garner* and Carol J. Lovatt; Dept. of Botany and Plant
Sciences, Univ. of California, Riverside

‘Hass’ avocado (Persea americana Mill.) trees in California have
low fruit set, but studies suggest that they are physiologically capable
of bearing larger crops. Girdling is one potential method by which fruit
set can be increased. The purpose of this two-year study was to
investigate the effects of girdling on avocado fruit set and on several
aspects of avocado tree physiology. Branches were girdled one meter
from the apex before bloom (November), during bloom (April), or
during early fruit set (June). In year one, the November girdling
treatment did not have a significant effect on the timing or intensity of
bloom or on fruit set. Girdling in April or June significantly increased
both early percent fruit set and percent fruit set at harvest more than
five-fold without decreasing average fruit weight. Both treatments also
resulted in a significant number of seedless fruit (“cukes”). Vegetative
shoot growth was significantly decreased when branches were girdled
in April or June. Leaves from these branches had significantly higher
concentrations of starch than leaves from branches not girdled
(controls). However, leaf nitrogen, sulfur, magnesium, calcium, and
manganese concentrations were all significantly lower compared to
leaves from control branches. The leaf boron concentration for branches
girdled in June was significantly higher than that of control branches.
Though the results from year one of this study are promising, the final
results will not be known until the harvest of the second replication in
Spring 2001.

10:45 a.m.
Evaluation of Three Methods for Determining Freeze Damage
to Dormant Apple Wood
L. Boccuzzo, M.E. Garcia*, and L.P. Berkett, Univ. of Vermont
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The growth and distribution of apple (Malus xdomestica Borkh) is
tied to the ability of the tree to survive the winter season. In Vermont,
freezing temperatures are responsible for various types of injuries.
These freeze-induced injuries may either stunt/delay growth or
result in the death of the tree. It is imperative that before a cultivar is
recommended to be grown in the state, its wood be tested for its level
of winter hardiness. The objectives of this study were first to examine
three methods of evaluating freeze damage to apple wood: oxida-
tive-browning (discoloration), callus formation, and visual tetrazo-
lium chloride (TTC) reduction to determine their efficiency and
reliability. Secondly, we wanted to determine the level of winter
hardiness of three newly introduced cultivars. In the first study, the
evaluation methods were tested on 1-year old wood of ‘Liberty’ and
‘RedMax McIntosh’ (two well-established cultivars in the region).
The wood was evaluated over one dormant season. Because
preliminary results from the discoloration technique were difficult to
evaluate, this test was not used in any further studies. The callus and
the TTC evaluation techniques predicted similar wood tissue hardi-
ness levels during the dormant periods. However, in the periods of
acclimation and deacclimation, there were significant differences
between the two methods. The TTC method appears to be a more
accurate and easier to evaluate technique. In the second study, the
relative late winter hardiness of ‘Honeycrisp’, ‘Pristine’, and ‘Ginger
Gold’ apple cultivars was determined using the callus and the TTC
evaluation methods. Each cultivar’s wood was frozen and evaluated
on two dates. Results indicated significant differences between the
evaluation techniques and significant cultivar hardiness levels. This
research will give orchardist in colder climates information on winter
hardiness tolerances of established and newly introduced cultivars.

11:00 a.m.
Evaluation of Some Egyptian Mango Cultivars for Exporting
Potential
Ibrahim Dosoukey1 and Ahmed F. El-Shiekh*2; 1Horticulture Dept.,
College of Agriculture, Ain Shams Univ., Cairo, Egypt; 2Horticulture
Dept., College of Agriculture, Suez Canal Univ., Ismailia, Egypt
41522

The mango cultivars Alfonse, Kobania, Eweis, Goose Neck,
Mabrouka, Nabeil, Sinary, White Succary, Succary Momtaz (Excel-
lent Succary) Timour, and Zebda were harvested at the mature stage
in each of 2 years. Fruit were wrapped in newspapers and stored at
ambient temperature to ripen. Fruit were sampled at harvest, at firm
ripe stage, and at 4-day intervals for firmness, °Brix, titratable acidity,
% pulp, and % dry weight. Comparisons between cultivars for skin
color, taste, fruit weight, fruit height, and fruit and seed thickness
were performed. Firmness, % pulp, and titratable acidity decreased
while °Brix, % dry weight, and taste rating increased in all cultivars
during storage. Eweis, Alfonse, Mabrouka, Kobania, Goose Neck,
Sinary, White Succary, and Succary Momtaz mango skin exhibited
color changes from green to yellow during ripening while Zebda,
Timour, and Nabeil skin exhibited green color during ripening. The
different mango cultivars differed in weight, height, and fruit and seed
thickness. Eweis was the smallest fruit with average weight of 270 g
while Mabrouka and Goose Neck average weights were 580 and 638
g, respectively. White Succary exhibited poor storage potential at
room temperature. Alfonse, Kobania, Eweis, Goose Neck, Mabrouka,
Succary Momtaz, and Timour have excellent exporting potential for
fresh market. These cultivars have high quality and they are har-
vested at different time during the season that allows the supply of
the fruit to the markets for long period of time. These cultivars can
compete with the other cultivars produced from other countries.
Sinary and Zebda are good cultivars for juice.

11:15 a.m.
Cherry Germplasm and Production in China
Chenglian Liu*1, Yongbing Yuan1, and Zhiguo Ju2; 1Laiyang Agricul-
tural College, Laiyang, Shandong Province, China; 2USDA ARS
Tree Fruit Research Lab, 1104 N. Western Ave., Wenatchee, WA
98801

Cherry planting and production has increased rapidly in China in
recent years. Two species of cherry are cultivated in China, sweet
cherry (Prunus avium L) and Chinese cherry (Prunus pseudocerasus
L). While sweet cherry was first introduced to Yantai, a city of
Shandong Province, by a missionary in the 1870s, Chinese cherry
originated in China and has been grown for about 3000 years. With
its long history and diversified growing conditions, Chinese cherry
possesses many desirable traits, such as resistance to disease or
insects, dwarf growth habits, or adaptation to a stressed environ-
ment. For example, one newly selected Chinese cherry variety,
Laiyang Dwarf, reduces tree height by 40% to 50% and has been
proven to be a compatible rootstock for sweet cherries. This dwarfing
characteristic enables trees to be grown in plastic greenhouses.
Under greenhouse conditions, fruit maturity can be advanced by 1
month and a grower’s profit can be 20 times higher than with
conventional cultivation. To date there are 1000 acres of sweet
cherry and Chinese cherry in plastic greenhouses in China. Distribu-
tion and utilization of Chinese cherry germplasm, new selected
rootstocks and cultivars, and new cultural practices also will be
discussed.

11:30 a.m.
Assessing the Potential of Wild Macadamias
C.P. Peace*1,4,5, C.M. Hardner1, A.H.D. Brown2, J. Playford3, V.
Vithanage1, B.J. Carroll4, and C.N. Turnbull5; 1CSIRO Plant Industry
(Horticulture Research Unit), Brisbane, AUS; 2CSIRO Plant Industry
(Centre for Plant Biodiversity Research), Canberra, AUS;
3Queensland National Parks and Wildlife, Brisbane, AUS; 4Dept. of
Biochemistry and School of Land and Food Sciences, Univ. of
Queensland, AUS; 5Dept. of Botany, Univ. of Queensland, AUS

Macadamia is a highly valued subtropical nut crop grown in many
parts of the world, native to Australia. Cultivation of macadamia
began relatively recently, and cultivars grown today are products of
very few generations of breeding and selection. However, the origins
of these cultivars are unknown, as is the potential of wild genotypes
for crop improvement. Macadamias are under serious threat of
extinction in their natural rainforest habitat of eastern Australia.
Breeders are therefore interested in quantifying, conserving, and
utilizing the potential that still exists in nature. Recently a compre-
hensive germplasm collection was established, sampling almost
400 accessions from over 70 natural populations, extending across
the full natural range of the crop’s two constituent species, Macad-
amia integrifolia and M. tetraphylla, both endangered. The unculti-
vated species M. ternifolia was also included. Molecular markers are
tools to aid the management and utilization of such macadamia
genetic resources. The DNA marker technique RAF (radiolabelled
DNA amplification fingerprinting) is able to simultaneously generate
informative codominant and dominant markers in macadamia. This
technique was previously employed to characterise macadamia
cultivars - by grouping cultivars, quantifying species status, and
assigning unique identity to each genotype. We have now extended
the analysis of macadamia genetic resources to include the germ-
plasm collection. This analysis has revealed a high degree of genetic
diversity between and within wild populations, and given insights into
the extent of natural gene flow. Despite severe isolation of most wild
macadamia populations, and small population sizes, heterozygosity
levels for many accessions were high. Comparing DNA fingerprints
of cultivated and wild germplasm demonstrated the limited diversity
captured in cultivation, and suggested populations of origin for many
cultivars. Implications of this research will be discussed.

10:00 a.m.–12:00 noon ............................................... CC 301
Oral 21: Woody Ornamentals/Landscape/Turf: Crop
Protection/Environmental Stress
Presiding: Dennis E. Deyton, Dept. of Plant and SoilSciences, Univ.

of Tennessee, Knoxville
10:00 a.m.

Response of Taxus and Cephalotaxus to Temperature and
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Flooding
F. Todd Lasseigne*, Stuart L. Warren, Frank A. Blazich, and
Thomas G. Ranney, Dept. of Horticultural Science, NCSU, Ra-
leigh, NC; Udo Blum, Dept. of Botany, NCSU, Raleigh, NC

Throughout the northern temperate zone, yews (Taxus L.) are
unrivaled among coniferous evergreen landscape shrubs for toler-
ance to stressful environmental conditions. As sheared landscape
hedges, few other plants display such broad landscape utility. In the
southeastern U.S., many yews grow poorly and are short-lived,
allegedly due to high growing season temperatures and poorly-
drained soils. Research assessing simultaneously heat and flooding
tolerance in Taxus has not been reported. By assembling six diverse
taxa of Taxus and one taxon of a related genus, Cephalotaxus Sieb.
& Zucc. ex Endl. (plum-yew), a study was conducted to determine
the range of physiological and growth responses of these plants to
flooding (flood vs. nonflood) and temperature. Rooted stem cuttings
of all taxa were grown with adequate fertility in 2.8-L plastic contain-
ers with an 8 pine bark : 1 sand (v/v) substrate from August through
March, after which the plants were transferred to one of three
climate-controlled greenhouses set at a thermoperiod of 9-hour
days/15-hour nights at 22/18, 26/22, and 30/26 °C under long day
conditions. After 45 days, flooding treatments were initiated, with a
duration of 30 days. A 75-day recovery period followed, after which
the experiment was terminated and various data recorded. Plant
response to treatments varied significantly by taxa and over time.
Whereas only one taxon showed both heat and flooding tolerance,
and two taxa exhibited only heat tolerance at 30/26 °C; only one
taxon performed consistently poorly in all greenhouses regardless of
flooding treatment. Some taxa displayed 100% survival at week 1
after flooding; but then exhibited 0% survival by the terminus of the
experiment.

10:15 a.m.
Soil Bulk Density and the Health of the Pacific Madrone
(Arbutus menziesii Pursh.)
David Bergendorf* and Linda Chalker-Scott; Univ. of Washington,
Center for Urban Horticulture

Pacific madrone (Arbutus menziesii Pursh.) is a large, broad-leaf
evergreen tree native to the Pacific Northwest. This tree is highly
valued as an urban ornamental because of its exfoliating bark, white
bell-shaped springtime inflorescences, and bunches of edible ber-
ries in the autumn. It also provides habitat for many native bird
species. Within the last 20 years this species has undergone
significant decline in both managed and natural areas within the
Puget Sound region. While a plethora of diseases are known to
attack Pacific madrones, nearly all affect only weakened or stressed
trees. The precise causes for initial decline of A. menziesii are not
known. Root zones of urban trees are frequently subjected to soil
compaction. High bulk density soils do not absorb adequate water or
provide plant roots with sufficient oxygen. Reduced pore space
creates stress for plants, which facilitates a pattern of decline over
time. The relationship between these soil variables and the decline
of Pacific madrone in the field has not been examined extensively.
Previously, we have determined that bulk density and texture play
significant, overlapping roles in reducing growth and gas exchange
rates in nursery-grown madrones. Our current study correlates root
zone soil bulk density with the health of individual madrone trees in
situ to determine a threshold bulk density indicative of decline
conditions. Data are analyzed using linear regression analysis.
Protecting madrones from compaction or other soil disturbances
could prove essential to slowing the decline of this species in urban
areas.

10:30 a.m.
Developing Production Systems for Table-top Christmas
Trees
Marcus W. Duck*, Bert Cregg, R.T. Fernandez, Bridget K. Behe,
Royal D. Heins, and William H. Carlson; Michigan State Univ, East
Lansing, MI

Growers in many parts of the world produce table-top Christmas
trees, most of which are not hardy. We investigated the feasibility of
producing table-top Christmas trees from conifers cold hardy to
USDA zone 5, including Pseudotsuga menziesii, Abies procera, A.
fraseri, A. grandis, A. concolor, Picea pungens ‘Blue wonder’, P.
glauca var. densata, P. omorika, Chamaecyparis lawsoniana, and
Thuja occidentalis ‘Emerald beauty’. The objectives were to deter-
mine the effects of low temperature treatment, day length, and plant
growth retardants (PGRs) on bud-break and plant height. We
determined chilling requirements by placing the seedlings in a 16-
hour/20 ºC greenhouse after 0, 4, 6, 8, 10, and 13 weeks at 2.5 ºC.
Chilling reduced the number of days to bud-break for Pseudotsuga
and Abies spp. Abies fraseri was slowest to break bud regardless of
chilling treatment. Picea spp. and Chamaecyparis broke bud quickly
and had short chilling requirements. To determine the effect of
photoperiod on shoot extension, seedlings were grown under 9-,
10-, 12-, 14-, 16-, or 24-hour day lengths, or a 9-hour day with a 4-hour
night interruption. Half of the plants were treated for 10 weeks at 5 ºC
and half did not receive a cold treatment. Overall, shoot elongation
increased with increasing photoperiod for most species. In the PGR
trial, several PGRs significantly reduced plant height, but the effects
were species specific. PGRs decreased the number of buds on the
terminal shoots when compared with the control. Among the species
evaluated, Picea spp. and A. procera show the most promise for
developing table-top Christmas tree production systems.

10:45 a.m.
Experiences with Weed Discs and Other Nonchemical Alterna-
tives for Containers

C. Chong*; Dept. of Plant Agriculture, Univ. of Guelph, Vineland
Station, Ontario, Canada L0R 2E0

Introduced to Ontario in the early 1980s, the first weed disc (Weed
Guard) was made of semi-rigid plastic similar to a 45 rpm record.
Small holes allow water to penetrate—but also the escape of weeds.
Two discs in offset position provided better control than a single disc.
In the 1990s, we obtained 85% reduction of container weeds using
discs made from geotextile fabric (Mori-Guard) or from foam (similar
to polyfoam used for container winter protection). The foam disc
tended to curl upward at the edges, become easily wind-blown, and
tended to partially expose the surface of the container mix. During
the past 14 years, we have annually reused the same fabric discs
(now unavailable due most likely to high unit cost), and have tested
various other weed discs, including several “new generation types”
fabricated from materials such as pressed peat moss, cardboard,
fabric, and plastic, and also the Mori Weed Bag, a black polyethylene
sleeve with prepunched holes fitted around the container like a
florist’s plant prepared for market. We also tested THERMAT, an
insulated blanket cover around the ball of above-ground container-
grown trees and introduced the use of garbage bag sleeves, the
“ultimate no-weed” method for pot-in-pot tree culture.

11:00 a.m.
Influence of Cyclic Irrigation on Weed Control in Container-
grown Ornamentals
Darren Robinson1 and Donna C. Fare*2; 1Plant and Soil Sciences,
The Univ. of Tennessee, 378 Ellington Plant Science, Knoxville, TN
37901-1071; 2U. S. National Arboretum, 472 Cadillac Lane,
McMinnville, TN 37110

Performance of pre-emergence herbicides under cyclic versus
traditional irrigation were compared in container grown ornamentals.
Green Mountain boxwood and Natchez Crapemyrtle were grown in
3.7- and 11.1-L containers, respectively under cyclic irrigation (three
0.5-cm applications with a 1-hour resting phase between applications)
and traditional irrigation (one application of 1.5 cm). Prostrate spurge
and crabgrass seeds were sown in the Green Mountain boxwood and
Natchez Crapemyrtle containers, respectively. Pre-emergence herbi-
cides Snapshot, Ronstar, OH-2, Rout, Regal O-O, Regal X, and Visor
were applied at 100 lbs product per acre as an over-the-top application
followed by irrigation. Crabgrass germination and growth and herbi-
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cide performance were comparable under both cyclic and traditional
irrigation at 45 and 90 DAT. Prostrate spurge germination and growth
was greater with cyclic irrigation compared to traditional irrigation.
Performance of OH-2, Regal O-O and Visor towards prostrate spurge
was less under traditional irrigation. Shoot growth of Green Mountain
boxwood and Natchez Crapemyrtle were not effected by irrigation
regimes or herbicide treatments.

11:15 a.m.
Comparison of Petroleum and Vegetable Oil Formulations for
Control of Mites on Burning Bush
Dennis E. Deyton*1, Carl E. Sams1, Charles D. Pless2, and John
Cummins1; 1Dept. of Plant and Soil Sciences; 2Dept. of Entomology
and Plant Pathology, The Univ. of Tennessee, Knoxville, TN 37901

Two-year-old burning bush Euonymus alatus Thunb.
Sieb.’Compactus’ plants in number 1 containers were obtained from
a commercial nursery and placed in a greenhouse. The populations
of Two-Spotted Spider mites (TSSM) were allowed to increase to >60
mites/leaf. The plants were sprayed on 6 Sept. with 1.5 % (v/v)
solutions of the following: 1) PF1025 soybean oil (Pammark Co.), 2)
Golden Natural (Stoller Enterprises) soybean oil, 3) Sunspray (petro-
leum oil from Sun Co., Inc.), 4) soybean oil/ Latron B-1956, 5) TNsoy2,
or 6) TNsoy3. Other plants were sprayed three times at 5-day intervals
with 0.5% (V/V) solutions of the following: 7) Eco-oil (vegetable oil
formulation from Organic Crop Protectants PTY LTD), 8) TNsoy2, 9)
TNsoy3, or 10) with water. The treatments were arranged in a
randomized complete block design with six replications. The number
of living mites on treated plants were counted on ten terminal leaves/
plant 4 days after final spray application. Photosynthetic rates of
leaves were measured prior to treatment and on 21 Sept., 27 Sept.,
10 Oct., and 24 Oct. A single spray of 1.5% of the soybean oil
formulations of Panmark, Golden Natural, soy/Latron B-1956, and
TNsoy2 reduced mite populations by >95% at 4 days after spraying.
The Golden Natural spray treatment tended to have less efficacy for
TSSM control than the other soybean oil formulations. The three
applications of 0.5% Eco-oil, TNsoy2, or TNsoy3 applied 5 days apart
reduced mite populations by >98%. Plants sprayed with repeated
sprays of 0.5% TNsoy2 or TNsoy3 had <1 mite/leaf compared to 80
mites/leaf on water sprayed plants.

11:30 a.m.
Comparison of Petroleum and Vegetable Oil Formulations for
Management of Powdery Mildew on Dogwood
Carl E. Sams*1, Dennis E. Deyton1, John Cummins1, and Mark T.
Windham2; 1Dept. of Plant and Soil Sciences, 2Dept. of Entomology
and Plant Pathology, The Univ. of Tennessee, Knoxville, TN 37901

Greenhouse-grown seedling dogwood (Cornus florida ‘Rubra’)
trees were sprayed on 13 Sept. with 1.5% (V/V) of the following: 1)
PF1025 soybean oil (Pammark Co.), 2) Golden Natural soybean oil
(Stoller Enterprises), 3) Eco-oil (vegetable oil formulation from Or-
ganic Crop Protectants PTY LTD), 4) Sunspray petroleum oil (Sun
Co.), 5) soybean oil/ Latron B-1956, 6) TNsoy2, 7) TNsoy3, 8) TNsoy4,
9) TNSoy5, or 10) sprayed with water. The trees were exposed to
powdery mildew inoculum starting the next day and continually for the
next 5 weeks. Another block of trees were sprayed with the same
treatments on 20 Sept., 6 days after the trees were initially exposed to
powdery mildew inoculum. Disease severity of powdery mildew was
estimated using the scale: 0 = healthy; 1= 1% to 2%; 2 = 3% to 10%;
3 = 11% to 25%; 4 = 26% to 50%; 5 = 51% to 99%; 6 = 100% of tree’s
foliage surface with symptoms or signs of powdery mildew. The trees
were rated prior to treatment and on 4, 17, and 26 Oct. Treatments
were randomized in a split plot arrangement with ten replications. All
soybean sprays applied before powdery mildew inoculation reduced
the occurrence of the disease on dogwood foliage. At ≈1 month after
treatment, those trees sprayed before infection with TNsoy5 or
TNsoy6 had less than 2% of foliar surface infected while trees sprayed
with water had more than 25% infected. All soybean oils sprays
applied after inoculation reduced occurrence of powdery mildew on
dogwood. Most soybean oil treatments resulted in less than 10% leaf

foliar surface infected after a month, compared to more than 50%
surface infection on water sprayed plants.

11:45 a.m.
Selected Fungicides Effectiveness in Controlling Foliar
Diseases of Three Euonymus fortunei Cultivars
James T. Cole*1, Janet C. Cole2, and Kenneth E. Conway3; 1Dept. of
Horticulture, Univ. of Arkansas, 316 Plant Science, Fayetteville, AR
72701-1201; 2Dept. of Horticulture and Landscape Architecture, Okla-
homa State Univ., 360 Ag Hall, Stillwater, OK 74078-6027; 3Dept. of
Entomology and Plant Pathology, Oklahoma State Univ., 127 Noble
Research Center, Stillwater, OK 74078

Anthracnose-damaged Euonymus fortunei can severely impact
crop salability. Researchers at Oklahoma State Univ. recently deter-
mined the fungal pathogen Phlyctema vagabunda Desmaz., formerly
Gloeosporium frigidum Sacc., to be the cause of anthracnose damage
on E. fortunei produced in this area. Production nurseries have
difficulty finding effective disease control methods for foliar disease in
E. fortunei. This study investigated six fungicides, chlorothalonil,
azoxystrobin, myclobutanil, trifloxystrobin, cupric hydroxide, and
mancozeb, with and without the surfactant Hyperactive on E. fortunei
cultivars Emerald Gaiety, Emerald ‘n Gold, and Emerald Surprise. The
experiment was conducted at Fayetteville, AR and Stillwater, OK.
Plants were grown under shade cloth to duplicate typical production
conditions and percent damage ratings on a scale of 0 to 100 were
taken at 4-week intervals throughout the study. At the Fayetteville site,
the only significant difference was among cultivars on the final rating
date, 26 Sept. 2000, with the highest percent of damage occurring on
‘Emerald ‘n Gold’. Stillwater site results indicated less disease dam-
age on the cultivar Emerald Surprise and the best disease control with
trifloxystrobin and mancozeb. Spray adjuvant Hyper-Active did not
provide consistent improvement in controlling disease damage when
used with any of the tested fungicides. Dramatic differences in percent
damage were observed between the two sites. Regardless of treat-
ment, Fayetteville had only slight damage on few plants while damage
was severe on all plants at Stillwater. Our explanation for the dissimi-
larity in damage for the two sites is due to temperature differences at
Fayetteville and Stillwater.

10:30–11:00 a.m. ........................................................ CC 105

Business Meeting of the Human Issues in Horticulture
(HIH) Working Group
Chair: Jennifer Bradley

11:00–11:30 a.m. ........................................................ CC 205
Business Meeting of the Environmental Stress
Physiology (STRS) Working Group
Chair: Mikal E. Saltveit

11:30 a.m.–12:00 noon ............................................... CC 205
Business Meeting of the Propagation (PROP) Working
Group
Chair: Richard C. Beeson, Jr.

11:30 a.m.–12:00 noon ............................................... CC 105

Business Meeting of the Plant Dormancy Research
(ZZZZ) Working Group
Chair: Rajeev Arora

12 noon–1:30 p.m. ....... Hyatt Regency, Santa Barbara Room
Pi Alpha Xi Luncheon

1:00–2:00 p.m. .................................................... CC Ballroom
ACB Poster Session
Poster 515

Growth, Chlorophyll Level, and N Leaf Content Response of
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Pilea nummulariifolia to N Fertilizer Form and Concentration
Brooke Vossler* and Alejandro Ching; Horticulture Program, NW
Missouri State Univ., 800 Univ. Dr., Maryville, MO 64468

The establishment of a relative rating value for tissue N value for
foliage greenhouse crop has been primarily based on visual symp-
tom of N deficiency. The production of top quality foliage plants
depend on the right N fertilizer form and concentration. The objective
of this study was to determine the growth, chlorophyll level, and leaf
N status of friendship plants (Pilea nummulariifolia) ‘creeping Charlie’
as affected by N fertilizer form and concentration. Ten-cm long
cuttings were rooted directly in 15-cm diameter plastic pots contain-
ing Metro-Mix 500 soil media. The plants were irrigated with de-
ionized water every other day and grown with a temperature of 24 °C
under greenhouse condition. The plants were fertilized with the
following N fertilizer treatments: 1) control, 2) 150 ppm Urea, 3) 300
ppm Urea, 4) 200 ppm calcium nitrate, 5) 400 ppm calcium nitrate,
6) 4 g/cubic dm 19-6-12 osmocote and, 7) 8 g/cubic dm 19–6–12
osmocote. Plant growth response was high to 200 ppm calcium
nitrate and to 19–6–12 osmocote treatments on the ave plant fresh
and dry weights when compared to the other treatments. No signifi-
cant differences were detected between treatments on the plant ave
number of branches rpoduced. Plants fertilized with 200 ppm cal-
cium nitrate showed the highest chlorophyll level of 28.9 SPAD value
showing a direct lea N content of 2.5 µmol N/6 mm2. Low chlorophyll
valueof 14.8 and 14.3 SPAD as well as leaf N content of 0.70 and
0.69 µmol/6 mm2 were obtained for the treatments 300 ppm urea and
control, respectively, and significant differences were detected among
treatments at P = 0.05.

Poster 516
Spring Growth of Ilex crenata ‘Green Luster’ and Forsythia x
intermedia ‘Lynwood Gold’ in Response to Fertilization
Timing
Denita Hadziabdic*, and Gary R. Bachman; School of Agriculture,
Tennessee Technological University, Cookeville, TN 38505

With interest in increasing the efficiency of fertilization in contain-
ers, fall and spring fertilization strategies were examined using Ilex
crenata ‘Green Luster’ (evergreen) and Forsythia x intermedia
‘Lynwood Gold’ (deciduous). Fall fertilization included 0.5lb N from
14–7–7-nursery grade granular fertilizer, 1 lb Mg from MgO, 1 lb K
from 0–0–50, and a nontreated control. Fall treatments were applied
at two-week intervals to new blocks beginning 23 September 1999
and ending 2 December 1999. Spring fertilization was applied on 7
April 2000 to half of each fall treatment using 0.5 lb N from 14–7–7.
There were significantly different growth responses between the two
species of plants. Dry weights and growth index were determined 1
June 2000. Nitrogen affected Forsythia growth the greatest amongst
the fall and spring treatments. Fall applied nitrogen had 27% and
11% greater dry weights and growth index compared to the other
treatments, respectively. The other treatments were similar to each
other. Spring applied nitrogen increased dry weights and growth
index for all fall treatments 35% and 26%, respectively. Fall nitrogen
fertilization increased dry weights of Ilex up to 11% compared to the
other fall treatments. There were no significant differences in growth
index. There were no significant growth increases associated with
spring applied nitrogen for Ilex crenata ‘Green Luster’. The results
suggest that for increased spring growth, deciduous species like
Forsythia x intermedia ‘Lynwood Gold’ would benefit to a greater
degree than evergreen species like Ilex crenata ‘Green Luster’ from
fall and spring applied nitrogen fertilization.

Poster 517
Influence of Prostart™ on Germination of Two Herbaceous
Perennial Species
Amanda Kidwell*, Kris Lorance, Edgar Davis, and Gary R. Bachman;
School of Agriculture, Tennessee Technological Univ., Box 5034,
Cookeville, TN 38505

Prostart™, a fire produced derivative whose composition is not yet
characterized, was evaluated for effects on two herbaceous peren-

nial species having erratic germination characteristics, Echinacea
purpurea ‘Bravado’ and Coreopsis lanceolata ‘Early Sunrise’. Ger-
mination was measured in response to Prostart™ application for 21
DAT. A pressurized sprayer was used to apply volumes of 0 mL
(control), 50 mL, 100 mL, 200 mL, and 400 mL/m2 after the seeds
were sown. Application volumes of 50 mL, 100 mL, and 200 mL/m2

produced increases in germination of 21%, 28%, and 13%, respec-
tively, for Echinacea purpurea ‘Bravado’. Germination of Coreopsis
lanceolata ‘Early Sunrise’ was unaffected by application volume. In
a second experiment, the effects of 0 mL/m2 (control) or 200mL/m2

Prostart™ on germination with increasing mist time (4 s, 8 s, 12 s, 20
s) were studied. Germination of Echinacea purpurea ‘Bravado’ was
increased 16%, 12%, and 10% compared to the controls for 4 s, 8 s,
and 12 s mist times, respectively. The 20 s mist treatment was similar
to the controls possibly resulting from the germination enhancing
compound being leached away from the seeds. Coreopsis lanceolata
‘Early Sunrise’ germination was unaffected. These results show that
while Prostart™ is not effective at enhancing germination in all
species, it could be a viable tool for growers to use to increase
germination consistency of erratic germinating perennial species.

Poster 518
Effects of Irrigation Practices at Container Nurseries on
Pesticide Amounts in Runoff Water
Jeanne A. Briggs*1, Ted Whitwell1, and Melissa B. Riley2; Dept. of
Horticulture, 2Dept. of Plant Pathology and Physiology, Clemson
Univ., Clemson, SC 28634

Effects of post-pesticide application irrigation volumes on amounts
of pesticides in runoff water was evaluated in two studies at a
container nursery. A fungicide (thiophanate-methyl), insecticide
(chlorpyrifos), and two preemergent herbicides (isoxaben and
oryzalin) were spray applied at recommended rates to container
plants housed in nursery beds. Treatments were sub-normal (0.2
and 0.8 cm) and normal (2 cm) irrigation volumes following pesticide
application. Subsequent irrigation regime was daily application of 2
cm for all treatments. Runoff water samples were collected through
three days of normal irrigation after pesticide application and ana-
lyzed for pesticide residues. Thiophanate-methyl and chlorpyrifos
were detected on the day of application and on one day after
application. Total amounts of thiophanate-methyl recovered from
the sub-normal irrigation treatments were 66% lower than those
recovered from treatments that received normal irrigation volumes.
Chlorpyrifos amounts in runoff water were also lower from reduced
irrigation volume treatments. Isoxaben and oryzalin were detected in
runoff water throughout the duration of the sampling period. Only
small quantities were found on the day of application from the sub-
normal irrigation volume treatments, but total recovered amounts of
both herbicides were similar through the sampling period. Less than
0.15% of applied chlorpyrifos was found in runoff water. Largest
volume of thiophanate-methyl detected was 3.7% of applied. Greater
amounts of applied isoxaben (7%) and oryzalin (6%) were recovered
in runoff water. Reducing irrigation volume following pesticide appli-
cation will reduce quantities of highly soluble pesticides in runoff
water, but will have minimal effect on other pesticides.

Poster 519
Effect of GA3, KNO3, Seedcoat Clipping, and Stratification on
Breaking Dormancy in Perideridia gairdneri
Nathan C. Phillips1 and Dr. Daniel T. Drost2; 1Plant Science Club,
Utah State Univ., Logan, UT 84312
Perideridia gairdneri, (Yampa) a native plant in the Apiaceae family,
exhibits induced or innate dormancy that inhibits seed germination.
The objectives of our study were to gain a better understanding of the
germination requirements of yampa. Yampa seed of various matu-
rities were subjected to different stratification regimes and germina-
tion conditions. Seeds were collected from the wild in 1999 and 2000
on different dates beginning in late summer. In 1999, seeds were
exposed to a variety of different soaking treatments, germination
temperatures, and stratification durations. No seeds germinated in
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1999 leading us to research possible reasons for this response.
Seeds collected in 2000 were kept in a dry, dark environment for two
months, then subjected to three moist stratification temperatures (–
2, 3 or 8 °C) for 1, 2, or 4 months. After the treatments, seeds were
exposed to 20 °C in the light or dark and germination determined.
Yampa exposed to one or two months stratification at different
temperatures did not germinate. Testing on seeds exposed to
chemical and hormonal treatments, as well as longer stratification
treatments is continuing.

Poster 520
A Comparison of Methods for Evaluating Rooting of Stem
Cuttings
Deborah L. McCorvey*1, Sarah Carter1, and Kevin L. Grueber1;
Undergraduate Students and 2Associate Professor, Dept. of Animal
& Horticultural Sciences, Berry College, Mount Berry, GA 30149

Several methods of evaluating the rooting potential of stem
cuttings were compared in a preliminary study as part of a Plant
Propagation course. The methods, including root fresh and dry
mass, root number, and total root length, were evaluated with both
a woody and herbaceous plant species. Preliminary indications were
that all methods could accurately quantify rooting ability of a cutting
but that some measurements were more meaningful and/or easier
to conduct. For example, root fresh weight was easy to measure and
was reliable but only if rooted cuttings were handled very quickly
after removal from the mist bed. Total root length was also an
excellent indicator but was very time consuming and subject to root
shrinkage during measurement. We will also report on a follow-up
study that more fully assessed the various methods of evaluating
rooting performance of stem cuttings, including the evaluation of root
volume methods.

Poster 521
Hydroponic Evaluation of Salt Tolerance in Turfgrass: An
Experiment for Students in HCC 100, Horticulture Science
Ryan Walker*, Mary Suplick, Sarah Wilhelm, and Harrison Hughes;
Dept. of Horticulture and Landscape Architecture, Colorado State
Univ., Fort Collins, CO 80523

Experiments illustrating the scientific method are important in
teaching the research process. This study was conducted to educate
students on planning and conducting a simple experiment, while
simultaneously demonstrating the effect of a saline root environment
on plant growth. Two warm-season turfgrasses, buffalograss [Buchloe
dactyloides (Nutt.) Engelm.] and saltgrass [Distichlis spicata (L.)
Greene] as well as two cool-season turfgrasses, Kentucky bluegrass
[Poa pratensis L.] and tall fescue [Festuca arundinaceae Schreb.]
were grown in the greenhouse in solution culture. Experimental
design consisted of 3 replications with salt treatments of control, 3,
5 7 and 9 dS NaCl m–1. Students collected data weekly on growth
reduction and decline in turfgrass appearance in response to in-
creasing salinity. Root growth reduction was determined at the
conclusion of the study. Data was analyzed and students were given
the opportunity to write up the results as a formal scientific study.

Poster 522
Disease-free Horseradish Plantlets for Greenhouse Growers
in Montana via Tissue Culture
Cheryl Moore Petersen*, William E. Grey, and David A. Baumbauer;
Plant Growth Center, Dept. of Plant Sciences and Plant Pathology.
Montana State Univ., Bozeman, MO 59717-3150

Horseradish, Armoracia rusticana, is experiencing a decline in
commercial fields. An unknown pathogen is reported to cause a wilt,
leading to the inevitable death of plants in the field. Our goal was to
use clonal material from field production, and “clean up” the propa-
gative stock via heat treatment and tissue culture. This clean source
material will be provided to greenhouse propagators of Montana,
who provide planting stock for field production. In this study, field-
grown plants were heat-treated and subjected to various tissue
culturing methods. A section from a young, oblong leaf, parallel to the

main rib was excised and sectioned into one-centimeter trapezoidal
pieces, each containing vascular tissue. These fragments were
surface sterilized and placed basipetally on the growth medium.
Success rate for this procedure was 48 plantlets from 6 leaf frag-
ments. Greatest shoot proliferation occurred on Murashige-Skoog’s
Minimal Organics medium, supplemented with kinetin, indolacetic
acid and a plant preservative mixture. Phytagel was the preferred
gelling agent as its clarity was useful in observation of new roots and
shoots.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 18: Genetics/Breeding/Biotechnology
Poster 52

Relationship Between Development of Red Color and
Expression of Anthocyanin Biosynthetic Genes in Apple
Varieties
Chikako Honda*, Nobuhiro Kotoda, Masato Wada, Satoru Kondo,
Shozo Kobayashi, Junichi Soejima, and Takaya Moriguchi; Natl.
Inst. of Fruit Tree Science, Tsukuba 305-8605, Japan

Anthocyanin controls red skin color in apples and its accumulation
was hastened by environmental conditions such as light, tempera-
ture and soil. The mechanisms of anthocyanin accumulation in apple
skin have been still unclear in spite of its agricultural importance. To
study the roles of anthocyanin biosynthetic genes in anthocyanin
accumulation in the apple skin, the four anthocyanin biosynthetic
genes, flavanone 3-hydroxylase (F3H), dihydroflavonol-4-reduc-
tase (DFR), anthocyanidin synthase (ANS) and UDP glucose-
flavonid 3-o-glycosyl transeferase (UFGT), were isolated and their
expression patterns in the skins of three apple varieties were
analyzed by Northern blot. In ‘Orin’, a yellow apple, a 2small amount
of anthocyanin was accumulated and expression for any of the four
genes was quite low. In contrast, ‘Jonathan’ and ‘Fuji’, both red
apples, accumulated mRNAs corresponding to the four genes, and
their expression patterns were correlated with the rapid anthocyanin
production. The mRNA levels of the F3H, DFR and ANS genes in the
‘Jonathan’ skin were much higher than those in ‘Fuji’, whereas
mRNA accumulation of the UFGT gene was the same level in both
varieties. These results indicate that gene expression of F3H, DFR
and ANS in the apple skin is one of the factors regulating difference
between cultivars in anthocyanin accumulation, but the UFGT gene
is not. Southern blot analysis in ‘Jonathan’ showed that hybridization
with each of the four genes as the probes gave one to three
fragments in the digests of the restriction enzymes. These results
indicate that ‘Jonathan’ might have a few copies for each of the four
genes in the genome. Analysis on anthocyanin contents with HPLC
will be also reported.

Poster 53
Breeding Apples (Malus pumilla Mill.) in Warm Climates in
Mexico
F.A.I. Rumayor, C.A. Martínez1, and R.J.A. Vázquez; 1E-mail:
forrest_70@yahoo.com.mx

Cold requirements (HC), flower and foliar breaking, flowering
period (PF) and flowering to harvest periods(FHP), as well as some
quality of fruit characteristics were determined for apple tree
hybrids (Malus pumila Mill.) under phenologycal study in Aguanueva,
Coahuila, Mexico. The results show materials with great variety of
requirements of (HC) and with different breaking dates. Some of
the tested materials had breaking dates before the witnesses used
(Mutant G. Delicious Aguanueva II (500 HC) and Ana (350 HC).
The fruits of these hybrids showed different characteristics for the
consumption in fresh. They do not require chemical stimulating for
shoot breaking which is an important saving for the producer. In the
225 HC benign winter of 1999, we found a great adaptation range
of these materials. The tested materials had HC requirements from
200 to 650. Furthermore, these material had flowering to harvest
periods (from 90 to 150 days) shorter than the witness material
allowing a better commercial window with good prices. The best
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materials are: AR-116; (300 HC), AR-147; (350 HC), AR-109; (300
HC); AR-108; (300 HC), AR-144; (450 HC), AR - 160 (600 HC).

Poster 54
Electro-Fusion and Regenerated Cell Variation of Apple
Protoplasts
Zeng-Guang Pan* and Xiu-Xin Deng; The National Key Laboratory
in Genetic Improvement of Crops, Central China Agricultural Univ.,
Wuhan 430070 P.R. China

Apple is one of the most important fruit in world. Protoplast
technology, which can expanded the genetic recombination and
transfer distant traits, has great potential for fruit tree improvement.
By now, only in limited genotypes plant regeneration from apple
protoplast has been reported. It is significant to further study
protoplast technology for overcoming the difficulty. The research
dealt with the induction of calli, establishment of suspension cell
lines, protoplast isolation, culture, fusion and regeneration from
different explants and genotypes. Plantlets in protoplast culture
have regenerated from three genotypes. Protoplasts both from
suspension cell lines and mesophyll were electro-fused. Proto-
plasts both from suspension cell lines were carried out as well. The
optimum parameters of protoplast electro-fusion are follow: alter-
nating current (AC) 100V/cm, duration 60 s; direct current (DC)
intensity 1250 V/cm, 5 times, duration 5 ms. The fused protoplasts
were adjusted to 50000/mL density, and then culture. The first
division of fused protoplasts was observed in 8 to 10 days after
culture, and mini-calli was formed in 40 to 60 days. Individual clone
which could form friable and hard calli were acquired the conditions
of low density and controlled culture by changing culture factors.
Izozyme analysis was utilized to identify the protoplasts-derived
calli. In izozyme band differences which resulted from fusion were
observed. Specific band of parents were included in izozyme band
of the regenerated clones, additive band pattern demonstrated that
hybrid clone exist in the regenerated clones. Great changes of
chromosome ploidy of clones cell derived from fusion were found.
The fusion led to hyperploidization and mixed ploidy of regenerated
clones.

Poster 55
Quantifying and Screening for Salt-tolerant Banana In Vitro
Ahmed A. ElObeidy1, Mohamed A. Fayek2, and Rania A. Mahmoud3;

1Department of Plant Production, Faculty of Agricultural Sciences,
United Arab Emirates Univ., UAE; 2Dept. of Fruits, Faculty of
Agriculture, Cairo Univ., Egypt;3Horticultural Research Institute,
Agriculture Research Center, Egypt

In vitro raised ‘Williams’, ‘Grand Nain’ and ‘Gros Michel’ banana
shoots resulting from proliferation of shoot-tip were cultured in salt
inducing stress media. Media specifically formulated to induce salt
stress were supplemented with NaCl at 0.25, 0.75 or 1.25%. The
relative growth reduction caused by salt stress of ‘Grand Nain’ and
‘Gros Michel’ was smaller than that of ‘Williams’, suggesting that
‘Grand Nain’ and ‘Gros Michel’ are relatively more salt tolerant than
‘Williams’. NaCl at 1.25 % was harmful and caused death of all
‘Williams’ and ‘Grand Nain’ explants. Five percent of ‘Gros Michel’
explants survived NaCl at 1.25%. A decrease in soluble protein
content in response to NaCl was observed in the leaves. The
effects of salt stress on protein degradation was more drastic in
‘Williams’. Proline content increased in the leaves in response to
salt stress. In ‘Grand Nain’ and ‘Gros Michel’ the increase in proline
was much more than that in ‘Williams’. Salinity increased peroxi-
dase activity. The relative peroxidase activity in ‘Williams’ was
higher than that in ‘Grand Nain’ and ‘Gros Michel’. There was an
increase in the reducing sugars content of the leaves in response
to NaCl. After exposing the culture to 40 or 60 Gy gamma irradia-
tion, the studied cultivars exhibited differences in radio sensitivity.
‘Grand Nain’ expressed the highest level of radiation damage. After
the development of shoots from the irradiated tissues, each consid-
ered as a mother for an individual cell line. The raised shoots of
each cell line were tested for salt tolerance. Among the tested lines

of ‘Williams’, one mutant line showed enhancement of growth traits
compared to original tissues under salt stress. This line was
obtained by 40 Gy gamma irradiation and was able to survive
1.25% NaCl. The salt-tolerant line showed absent of one protein of
molecular weight 146.5kDa that characterized the original ‘Will-
iams’.

Poster 56
Assessment of Genetic Diversity and Clonality Within Native
Pawpaw Patches using RAPDs
Tera M. Bonney*1, Sheri B. Crabtree1, Kirk W. Pomper1, and Robert
L. Geneve2; 1Land Grant Program, Kentucky State Univ., Atwood
Research Facility, Frankfort, KY 40601; 2Dept. of Horticulture, Univ.
of Kentucky, Lexington, KY 40546

Pawpaw [Asimina triloba (L.) Dunal] is a tree native mainly in the
eastern United States that has great potential as a new tree-fruit
crop. Kentucky State University serves as the USDA National Clonal
Germplasm Repository for Asimina species. The level of genetic
diversity in pawpaw throughout its native range has not been fully
examined. Current research efforts are directed toward accessing
genetic diversity in pawpaw and improving the diversity contained in
our repository collection. Pawpaw is known to reproduce both
sexually and asexually, through profuse root suckering, suggesting
that pawpaw patches may tend to be clonal in structure. Therefore,
an investigation into the structure of genetic diversity within native
populations is required in order to develop a sampling strategy for
larger-scale genetic diversity studies and germplasm collection.
Leaf samples were collected from all trees in three native pawpaw
patches in Franklin County, Kentucky; patch #1 contained 50 trees,
while patch #2 and patch #3 contained about 350 trees each.
Additional patches were also sampled in southern Iowa and south-
ern Kentucky. DNA was extracted from 50 trees in patch #1 and 35
trees in patch #2 and screened with two RAPD primers, OPA-10 and
OPA-11. Three polymorphic markers in patch #1 and four polymor-
phic markers in patch #2 were identified with primer OPA-10.
Polymorphic markers were also identified using OPA-11, with one
marker present in patch #1 and two markers in patch #2. The
identification of these polymorphic markers indicates that the patches
are not totally clonal in structure. Screening of additional patches and
primers is continuing.

Poster 57
Identification of Inter Simple Sequence Repeat Markers That
Segregate in a Simple Mendelian Fashion in a Controlled
Cross of Pawpaw
Sheri B. Crabtree*, Shawn P. Brown, and Kirk W. Pomper; Kentucky
State Univ., Atwood Research Facility, Frankfort KY 40601-2335

The pawpaw [Asimina triloba (L.) Dunal] is a tree fruit native to
many areas of the southeastern and midwestern United States.
Kentucky State Univ. is the site of the USDA National Clonal
Germplasm Repository for Asimina sp.; our goal is to assess levels
of genetic diversity in pawpaw across its native range and include
additional unique material in our repository collection. The objective
of this study was to identify Inter Simple Sequence Repeat (ISSR)
markers that segregate in a simple Mendelian fashion and use this
information to assess genetic diversity of pawpaw across its native
range. Leaf samples from the 30 progeny of a controlled cross (1-7-
1 x 2-54 and reciprocal) and the parents were collected, DNA was
extracted, and the DNA subjected to the ISSR methodology using
the University of British Columbia microsatellite primer set #9. After
chi-square analysis, two Mendelian markers at a 3:1 ratio were found
(at 1640 bp and 1900 bp) using ISSR primer UBC 848, and two
Mendelian markers at a 1:1 ratio were found (at 875 bp and 940 bp)
using ISSR primer UBC 860. Additional ISSR primers continue to be
screened to identify additional Mendelian markers. Leaf samples
from patches were collected in 11 states in the pawpaw’s native
range and preliminary genetic diversity analysis using ISSR Mende-
lian markers will be presented.
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Poster 58
DNA Fingerprinting of Pawpaw Cultivars Using the Inter
Simple Sequence Repeat Marker System
Snake C. Jones* and Kirk W. Pomper; Land Grant Program, Ken-
tucky State Univ., Atwood Research Facility, Frankfort, KY 40601-
2335

Pawpaw [Asimina triloba (L.) Dunal] is a native American tree fruit
that has great potential as a new commercial crop. Fruit size and
quality vary considerably from tree to tree. Therefore, the reliable
identification of clonally propagated superior varieties is important to
nurseries that produce pawpaw cultivars and subsequently to grow-
ers who wish to establish orchards that produce high quality fruit.
Kentucky State University (KSU) has served as the USDA National
Clonal Germplasm Repository for Asimina spp. since 1994, as a
satellite site of the repository at Corvallis, OR. The repository
orchards at KSU contain more than 1700 pawpaw accessions from
16 different states, including 17 commercially available cultivars and
34 advanced selections from the PawPaw Foundation’s breeding
program. Our goal is to develop a reliable and reproducible DNA
fingerprinting system to identify cultivars and determine genetic
relationships among these geneotypes. In an effort to develop a
fingerprinting system, DNA was extracted from leaf tissue of 39
pawpaw advanced selections and cultivars from the KSU repository
orchards and was subjected to the Inter Simple Sequence Repeat
(ISSR) methodology using the Univ. of British Columbia microsatellite
primer set #9. Four reproducible polymorphic ISSR markers have
been identified using two primers, UBC857 and UBC858. Primer
screening and marker selections are continuing until we identify
sufficient markers to distinguish all 39 pawpaw genotypes.

Poster 59
Agrobacterium-mediated Transformation and Regeneration
of Lemon (Citrus Limon L. Burm. F.)
Henry J. Fisk*1, David W. Burger2, and Abhaya M. Dandekar1; 1Dept.
of Pomology, Univ. of California; 2Dept. of Environmental Horticul-
ture, Univ. of California, 1 Shields Ave., Davis, CA 95616

Transformation and regeneration methods have been developed
for the two lemon scion cultivars (‘Eureka’ and ‘Lisbon’) grown
commercially in the United States. Juvenile and invigorated mature
tissues from either genotype were used as explant material for
transformation and regeneration. Culture conditions for the regen-
eration of both shoots and roots from mature internodal stems were
established. The efficiencies of regeneration of shoots and roots with
‘Lisbon’ longisections were as high as 12% and 50%, respectively,
whereas with ‘Eureka’, the efficiencies were 25% and 50%.
Agrobacterium-mediated transformation experiments with vectors
containing the scorable marker gus and the selectable marker npt II
resulted in regeneration of transgenic shoots at a frequency of less
than 2% for either cultivar. In both cases, recovered shoots were
micrografted onto Carrizo citrange seedling rootstock to obtain
complete plants. Transgenic roots were obtained from only ‘Lisbon’
longisections at a frequency ranging from less than 2% to 20%;
however, all attempts to recover complete plants were unsuccessful.
Culture conditions for the regeneration of complete plants from
seedling tissues were also investigated. Only ‘Eureka’ epicotyl
segments responded to the treatments tested with a shoot regenera-
tion efficiency of 60%. Conditions to root nearly 100% of the
recovered ‘Eureka’ shoots were established. Preliminary results
following a cocultivation step with Agrobacterium indicated a
transgenic shoot frequency ranging between 2% and 12%.

Poster 60
Agrobacterium-mediated Transformation and Embryogenesis
of Citrus sp. from Embryogenic Callus
H.J. An*, S.K. Kang, S.H. Yun, J.H. Park, Y.H. Kim, H.Y. Kim, and
S.K.Chung; Citrus Experiment Station, NJAES, RDA, Namjeju, Jeju-
do 699-803, South Korea

Agrobacterium-mediated transformation of embryogenic callus of
citrus and embryogenesis of transgenic cell have been achived using

a binary vector. Two embryogenic callus line of ‘Yoshida’ navel orange
(Citrus sinensis OSBECK) and ‘Miyakawa-wase’ satsuma mandarin
(C. unshiu MARC) were cocultivated with A. tumefaciens strain
LBA4404 harboring a binary vector pBI121. Plasmid pBI121 contains
the neomycin phosphotransferase II(NPT II) and antisense AGPase
gene. After cocultivated cell line were subcultured on selection me-
dium containing kanamycin 100 mg·L–1 at 4-week intervals at least
three times, transformed cell lines were selected. A relatively high
frequecy of transformation was observed with 30-minutes inoculation
time, Acetosyringon 100&#956;&#924;, 1/2 MT + malt extract 500
mg·L–1 medium. The callus selected with selection medium were
transferred to embryoid differentiation medium. When the ‘Yoshida’
navel orange cells were transferred to MT medium with 50 g·L–1

lactose and 16 g·L–1 agar, a number of embryoids were formed and
developed into cotyledonary embryo. But in the case of ‘Miyakawa-
wase’ cells, globular embryoids were differentiated from the selected
callus on the MT medium with 50 g·L–1 sucrose and 16 g·L–1 agar.

Poster 61
Agrobacterium rhizogenes-mediated Genetic Transformation
of Mature Tissues of Citrus
M. Manuel Robles-González1, Salvador Guzmán-González*2, and
Eugenio Pérez Molphe-Balch3; 1INIFAP-Campo Experimental
Tecomán, Apdo. postal 88, Tecomán, Colima, 28100. México;
2Facultad de Ciencias Biológicas y Agropecuarias, Univ de Colima.
Apdo. postal 36, Tecomán, Colima, 28100, México; 3Universidad
Autónoma de Aguascalientes, Aguascalienetes, Ags. 20100, México

The capacity of Agrobacterium rhizogenes to transform mature
tissues of Mexican lime (Citrus aurantifolia (Christm) Swingle) cvs;
Seeded (MwS) and seedless (MsS) and Persian lime(Citrus latifolia
Tan.) was evaluated. Internodal segments (1.5 cm) obtained from
shoots originated from mature buds grafted on Citrus macrophylla
Wester seedlings were used as explants. These explants were
inoculated with A. rhizogenes strain A4 which contain the wild
plasmid pRiA4 and one of the two binary plasmids; pEsc4 or pB249.
This last furthermore carry the coat protein gene of an severe isolate
of the citrus tristeza virus from Venezuela. The bacterial cultures
were diluted in liquid Murashige and Skoog (1962) medium. The
explants were cocultivated with the bacterial suspension for 45
minutes. Transformed roots generation occurred on selection me-
dium with 50 mg/L of kanamycin. In general the efficiency of
regeneration of roots as well as the proportion of roots that they
express the gus activity were similar in the two plasmids but was
different between the genotipe/plasmid combinations.The percent-
age of explants that regenerated roots was from 6.0 % in Persa/
pEsc4 until 38.0 % in MsS/pB249. The average of roots regenerated
by the explants was from 4.9 in MwS/pB249 until 14.6 in MwS/pEsc4.
The gus activity was detected in roots from all genotipe/plasmid
combinations, ranging from 33.0 % in Persa/pEsc4 until 63.5 % in
MwS/pEsc4. Confirmation of the presence of nptII, gus and rolb
genes by PCR is in progress. This is the first report of Agrobacterium
rhizogenes mediated transformation of mature tissues of citrus.

Poster 62
Expression Sequence Tags of Axillary Bud in Floral
Differentiation Stage and Analysis of Expression Level of
Several Tagged cDNAs from Citrus
S.K. Kang*1, H.J. An1, J.H. Park1, S.H. Yun1, H.Y. Kim1, S.K. Chung1,
C.S. Jang2, and Y.W. Seo2; 1Citrus Experiment Station, NCAES,
RDA, Namjeju 699-803, Korea; 2Division of biotechnology & Genetic
engineering, Korea Univ. Seoul 136-701, Korea

In order to understand molecular events during floral differentiation
in an axillary bud, 94 expressed sequence tags (ESTs) were gener-
ated from axillary buds of Citrus madurensis which showed floral
differentiation and flowering in a well controlled glass house. Fifty-six
ESTs out of 94 clones showed a high similarity to previously identified
genes. Putative identification described that ESTs were grouped to
metabolism (23%), photosynthesis (5%), defense, stress, and ageing
(23%), signal transduction (3%), DNA metabolism (9%), translation
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(10%), transposable element (2%), membrane transport (2%), and
others (23%). In particular, a relatively high expression ratio of genes
related to defense, stress, and ageing suggests that the concerned
physiological events will be closely related to reproductive growth (i.e.,
floral differentiation). In order to analyze expression levels of several
tagged cDNAs (CCR protein, S-adenosylmethionine decarboxylase,
Pto kinase interactor 1, leucine-rich repeat protein, phospholipase D,
and Annexin), northern blotting using genes related to signal transduc-
tion and defense, stress, and ageing was applied to axillary bud, petal,
sepal, and leaves.

Poster 63
Identification of Date (Phoenix dactylifera) Varieties in
California by AFLP Markers
B. Rebecca Cao and C. Thomas Chao*; Dept. of Botany and Plant
Sciences, Univ. of California-Riverside

Polymorphism of twenty-one date varieties (Phoenix dactylifera L.)
in California is determined by Amplified Restriction Fragment Length
Polymorphism (AFLP) analysis with near Infrared fluorescence la-
beled primers. Four primer sets, IRD800 E-AC/M-CAG, IRD700 E-TA/
M-CAG, IRD800 E-AG/M-CAT, and IRD700 E-TG/M-CAT, were
selected for the study. Based on the UPGMA-cluster analysis, major-
ity of the date varieties were separated into two major groups. Variety
‘Abada’, ‘Delget Beida’, ‘Amir Hajj’, ‘Boyer no. 11’, ‘Horra’, ‘Ashrasi’,
‘Bentamoda’, , ‘Khadrawy’, ‘Thoory’, and ‘Javis no. 1’ belong to group
I. Variety ‘Khir’, ‘Sayer’, ‘Medjool’, ‘Haziz’, ‘Halawy’, ‘Badrayah’, ‘Dayri’
and ‘Zahidi’ belong to group II. Variety ‘Barhee’ and Delget Noor’ are
more distant from the two previous groups. Variety ‘Hayany’ is distinct
from all other date varieties tested. The AFLP marker system can be
used for the identification of individual date varieties in California. The
information obtained from this study will be useful for future date
germplasm collection and facilitate the selection of diverse parents for
cross hybridization breeding program.

Poster 64
Radiosensitibity of Somatic Embryogenic Masses of Mango
cv. Ataulfo Mangifera indica L.
M.A Manzanilla-Ramírez1, M.M. Robles-González1, S. Guzmán-
González*2, V. Medina-Urrutia, and R.E. Litz3; 1INIFAP-Campo Ex-
perimental Tecomán, Apdo. postal 88, Tecomán, Colima, 28100.
México; 2Facultad de Ciencias Biológicas y Agropecuarias, Univ de
Colima. Apdo. postal 36,Tecomán, Colima, 28100, México; 3Tropical
Resarch and Education Center, IFAS, Univ. of Florida, 18905 S.W.

Breeding of woody fruit plants through the mutation induced and
somatic embryogenesis associating is a viable alternative. The sen-
sitivity to gamma irradiation on in vitro cultured tissues of mango cv.
Ataulfo was evaluated. Somatic embryogenic masses (100 mg) were
irradiated with 0, 50, 100. 150, 200, and 250 Gy of 60Co. Embryogenic
cultures were grown in the dark and subcultured each 7 days in solid
fresh medium which consisted of B5 mayor salts, MS minor salts and
vitamins, 60 g sucrose/liter, 4.5 mM, 2,4-D, 2.74 mM glutamine, and
0.8% DIFCO agar. A significant reduction on survival of the somatic
embryogenic masses was observed on 200 Gy (36%) and higher
dose. With all the dose the fresh weight of embryogenic masses was
increase which ranging from 66 mg in 250 Gy to 963 mg in the control.
The number of regenerates embryos at cotiledonary stage was
reduced in 100 Gy (5.0 embryos per explant) and higher dose in
relation with the control (18.8 embryos per explant). In all of the cases
we generated m1 lines of embryogenic masses which will be in vitro
evaluate for Colletotrichum gloeosporoides toxin tolerance.

Poster 65
Optimal Levels of Antibiotics to Eliminate Agrobacterium and
In Vitro Selection in Guava
R.M. Gosukonda*, M. Singh, and A.K. Yadav; Agricultural Research
Station, Fort Valley State Univ., Fort Valley, GA 31030-4313

Five concentrations each of the antibiotics hygromycin, kanamy-
cin, cefatoxime and carbenecillin were evaluated to determine
minimum inhibitory concentrations for in vitro shoot regeneration

from guava (Psidium guajava L.) expants. Young nodes and intern-
odes from two guava genotypes ‘Redfleshed’ and ‘Lucknow-49’
grown in the greenhouse in Fort Valley, were employed as explants.
The Murashiege and Skoog (MS) basal medium was supplemented
separately with hygromycin (0, 2.5, 5, 10, 15 mg/L), cefatoxime (0,
10, 20, 50, 100 mg/L), kanamycin (0, 50, 100, 250, 500 mg/L), and
carbenecillin (0, 50, 100, 250, 500 mg/L). The cultures were evalu-
ated after four weeks of incubation at 26 ± 2 °C with a 16 h light/8 h
dark photoperiod . The guava genotypes showed no significant
differences in shoot regeneration due to either antibiotics or their
concentrations. Although hygromycin at 2.5 mg/L concentration did
not kill explants, it inhibited shoot regeneration. Cefatoxime, on the
other hand, was not lethal to explants even at 100 mg/L since they
responded to shoot regeneration from nodes. Those nodal explants
receiving 500 mg/L kanamycin were still green, but produced no
shoots from explants. The nodal explants treated with carbenecillin
at 500 mg/L successfully produced shoots. Thus, it was concluded
that hygromycin at 2.5 mg/L can be used as an effective selection
tool while cefatoxime at 100 mg/L can be used to eliminate
Agrobacterium from expalnts after the cocultivation in guava genetic
transformation.

Poster 66
RAPD Analysis of Some Date Palm (Phoenix dactylifera L.)
Cultivars of Saudi Arabia
N. Al-Khalifah*, R. Okawara, Y. Al-Hafidh, M. Yaneshita, T. Omura,
F. Khan, E. Askari, and A. Al-Hindi; King Abdulaziz City for Science
and Technology, P.O. Box 6086, Riyadh 11442, Saudi Arabia

Random Amplfied Polymorphic DNA (RAPD) was used to detect
polymorphism in 15 different cultivars of date palm from the Kingdom
of Saudi Arabia. Total genomic DNAs extracted from young sprout-
ing leaves (white to pale yellow) were amplified in a Perkin Elmer
Thermal Cycler 480 using randomly sequenced 10-mer OPERON
primers. Out of 140 primers initially screened, 42 detected polymor-
phism among the cultivars. Of the 15 cultivars, 7 were distinguish-
able on the basis of polymorphic bands. Primer OPA 01 gave two
distinct banding profile between the 7 cultivars on the basis of which
they could be divided into two groups. Group I consisted of cultivars
Khalas, Hilali and Deglat Noor while group II consisted of Hilwa,
Barhi and Shagra and Omal Khashab. Primer OPB 16 also showed
two distinct banding patterns between the 7 cultivars. Group I
consisted of Khalas, Deglet Noor, and Hilali while group II consisted
of Omal Khashab, Hilwa shagra and Barhi. Relatively low polymor-
phism was observed among the cutivars. The number of bands per
primer varied between 2 to 11, with a mean of 3 major bands per
primer. Most of the primers produced monomorphic bands including
very intense easily visible bands. Our study indicated the possibility
of using RAPD markers for the identification and for determining
genetic diversity among the different cultivars of date palm.

Poster 67
Screening Pistachio for Resistance to Botryosphaeria
dothidea Panicle and Shoot Blight
Dan E. Parfitt*1, Navid Arjmand2, and Themis J. Michailides2; 1Dept. of
Pomology, Univ. of California, Davis; 2Dept. of Plant Pathology, One
Shields Ave., Univ. of California, Davis CA 95616

Procedures were developed to permit screening of pistachio for
resistance to infection by Botryosphaeria dothidia panicle and shoot
blight. Inoculation procedures, a method of growing Botryosphaeria
dothidea in liquid culture, and a test of a large scale screening protocol
for identification of potential resistant genotypes in Pistacia vera
seedling populations were developed and tested. Initial efforts were
focused on development of a very reliable method for testing individual
trees. Two procedures were provided successful screens, direct
injection of inoculum into shoots at the base of leaf petioles and a leaf
scratch test. For selection on large numbers of individuals, an alterna-
tive protocol requiring direct spraying of inoculum on pistachio trees
was tested. This required the production of large amounts of inoculum.
A new method of producing inoculum using liquid culture was devel-
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oped that permits the production of large quantities of conidia for
seedling testing. This is the first report of the successful culture of
Botrosphaeria dothidea. Potentially resistant genotypes from a Pistacia
vera x Pistacia integerrima F1 cross were also identified.

Poster 68
Additional RAPD Markers for Eastern Filbert Blight Resistance
Shawn A. Mehlenbacher*1 and Thomas L. Kubisiak2; 1Dept. of Horti-
culture, Oregon State Univ., Corvallis, OR 97331; 2USDA Forest
Service, Southern Insititute of Forest Genetics, 23332 Highway 67,
Saucier, MS 39574

RAPD markers generated by primers UBC152 and OPH19 are
currently being used in marker-assisted selection for resistance to
eastern filbert blight caused by the fungus Anisogramma anomala.
Resistance from ‘Gasaway’ is conferred by a single dominant gene,
and the two markers are linked to it with about 2% recombination. In
practice, several progenies have shown an excess of seedlings with
these markers, a few progenies have been monomorphic for presence
of the markers, and some susceptible genotypes have the OPH19
marker, thus limiting their usefulness. A total of 721 primers were
screened to identify additional markers for resistance using an auto-
mated robotic system. The heterozygous resistant parent (OSU
414.062), the susceptible parent (OSU 252.146), 3 resistant seed-
lings, and 3 susceptible seedlings were used in the initial screening.
180 polymorphic RAPD markers were then scored in the entire
population of 144 seedlings. Six of these are linked in coupling to the
UBC152-800 marker with <10% recombination. Their usefulness in
marker-assisted selection in hazelnut breeding will be evaluated.

Poster 69
An Integrated High-density AFLP-SSR Map of Persian
Walnut, Juglans regia L.
Mallikarjuna K. Aradhya1, Daniel Potter1, Keith Woeste2, Charles J.
Simon*3; 1Dept. Pomology, Univ. of California, Davis, CA; 2USDA
Forest Service, Purdue, IN; 3USDA-ARS Germplasm Repository,
Davis, CA

A male and female coupling linkage map of Persian walnut (2n =
32) has been constructed using 283 AFLP makers segregating in a
F2 population of 44 mature trees from a cross between a commercial
cultivar, ‘Payne’ and an introduction from Afghanistan. ‘PI 159568’.
Based on the linkage phase, markers were categorized into three
groups, a female-coupling group with 66 markers and a male-
coupling group with 72 markers, and a third group which segregated
in both female and male parent with 145 markers. At a LOD threshold
of 3.0 and recombination fraction of 0.3, male- and female-coupling
markers generated twelve linkage groups each. Addition of the third
group scored as female and male-linked markers with the respective
groups resulted in maps with increased marker density. At a strin-
gent LOD threshold of 5.0 and recombination fraction of 0.3, a total
of 77 and 142 markers were grouped into 12 and 18 linkage groups
on the female and male coupling maps, respectively. The sizes of
linkage groups ranged from 192 to 16 cM with a total length of 799
cM for female coupling map, while it ranged from 263 to 5 cM with a
total length of 1207 cM for the male coupling map. SSR markers are
currently being developed and will be added along with more AFLPs
and quantitative traits to unify and create a high-density map.

Poster 70
Rescue of Aneuploids in ‘Nonpareil’ Almond by In-Vivo
Migrografts
Pedro Martínez-Gómez* and Thomas M. Gradziel; Dept. of Pomol-
ogy, Univ. of California, Davis CA 95616

Almond seedlings from twin seed (two embryos within the same
seedcoat) show weak growth and are often poorly developed. These
dwarf seedlings have been identified as aneuploid, which could be
very useful in genetic studies in almond (i.e. isolation of genes,
genetic transformation, gene sequencing, etc.). In this work, we
examine the success of in-vivo micrografting for the early propaga-
tion of this weak material. We have assayed in-vivo micrografts of

aneuploid and diploid seedlings from ‘Nonpareil’ twin seeds. Vari-
ables studied included genotype of the micro-scion (aneuploid or
diploid) and growth stage of the rootstock. Micro-scions tested
consisted of small (3 mm) micro-wedges from sprouted apical buds
from two-weeks-old seedlings. In addition, direct and inverse ap-
proach micrografts were assayed. The micrografts were carried out
on either ‘Nemared’ peach rootstock after two weeks of growth
(when the tissue was herbaceous) or after one month of growth
(when the tissue had become woody). The percentage of micrografts
showing growth, and the differences in growth were analyzed.
Results show a lower percentage of success for micrograft of
aneuploids (5%) than diploids (42.5%). Inverse approach micrografts
onto very young rootstocks showed the best results for aneuploid
seedlings with a 15% success rate. Significant differences were also
observed in the growth of micrografted aneuploids as compared to
seedlings growing on their own roots. Growth differences were
smaller for diploids. In conclusion, the technique of approach microgaft
greatly improves the growth of the aneuploids seedlings. The low
rate of success however indicates that other options including in-
vitro culture of embryo should also be examined.

Poster 71
Noninfectious Bud-failure (BF) in Almond. I. Correlations
between “Somaclonal Decline” in Almond and June
Temperatures in California
Dale E. Kester*, T.M. Gradziel, K.A. Schackel, W.C. Micke, M.
Viveros; Univ. of California, Davis, CA 95616

Seven years data of annual ratings of noninfectious budfailure
(BF) were analyzed from 2700 progeny trees originating from eleven
commercial nursery sources of ‘Carmel’ almond. The pattern showed
a continuously increasing shift in BF potential (BFpot) to BF expres-
sion (BFexp) in individual trees over time. Differences among years
and among sources were highly significant. Annual change in BFpot

was shown to be directly correlated to average temperatures during
the previous June. This “somaclonal” shift” in BFpot coincides with a
specific development stage in the annual shoot growth sequence
which is related to the induction of an hypothesized “high tempera-
ture dormancy” gene inherent in almonds. This “somaclonal decline”
is believed to have accompanied the shift from desert type produc-
tion, where almond trees go dormant in hot, dry summers, to irrigated
management systems where the tree remains active all summer.
The California almond industry has become a mixture of variable
“somaclones” in regard to the HTD gene.

Poster 72
Noninfectious Bud-failure (BF) in Almond. II. Propagation
Source Selection from Commercial Orchards vs. Source Tree
Selection and Maintenance in Foundation Orchards
Dale E. Kester*, T.M. Gradziel, K.A. Schackel, W.C. Micke, M.
Viveros; Univ. of California, Davis, CA 95616

Traditional propagation sources of almond by California nurseries
have been from commercial orchards. The “somatic heritability”
study of ‘Carmel’ nursery sources shows that the BFpot of individual
trees not only increases during consecutive annual growth cycles
but also is perpetuated in consecutive “clonal” generations of or-
chards. This pattern has produced the serious problem of BF in
commercial orchards. Control of BF utilizes three steps. I. Select low
BFpot single tree propagation sources by conducting “vegetative
progeny” tests. II Establish these sources in a Foundation Orchard
utilizing hedge-row management to stabilize and maintain the source
at low BFpot. III. Multiply and maintain the source by continued hedge
-row management utilizing scion orchards, hedge-rows or nursery
increase blocks. Stabilization comes from (a) annual renewal of
budwood supply by severe annual pruning, and b) collecting budwood
for propagation in May (before any “somaclonal shift”).

Poster 73
RAPD and SCAR Markers Linked to Self-incompatibility in
Corylus avellana
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Nahla Victor Bassil* and Anita Nina Azarenko; Oregon State Univ.,
Dept. of Horticulture, Corvallis, OR 97331

Random amplified polymorphic DNA (RAPD) markers were iden-
tified for hazelnut self-incompatibility S-alleles using Bulk Segregant
Analysis (BSA) in a population of 84 hazelnut individuals of the cross
OSU 316.139 (S1S6) x OSU 265.096 (S3S4). DNA samples from
five trees each were pooled into bulks for each of the four S-allele
combinations. Superbulks of 10 trees devoid of each single allele
were created. Initial screening of the DNA from parents and superbulks
with 460 random primers identified five possible S markers. When
the entire population was screened, only one marker, OPN201300,
was linked to the S3 allele. OPN201300 was present in all 52 S3
progeny, and absent in 28 of the 31 non-S3 individuals. The
recombination rate between the OPN201300 marker and the S3
allele was 3.75%. However, OPN201300 was not linked to the S3
allele outside the original population. The previously identified S2
marker OPI07750 however, served as an excellent marker for the S2
allele in all hazelnut plants tested. Sequence Characterized Ampli-
fied Region (SCAR) primers based on this S2 marker identified one
nonpolymorphic 700 bp band in all individuals and another 750 bp
DNA fragment that co-segregated with the S2 allele. Attempts made
to sequence both bands consistently resulted in identical nucleotide
sequences. Searches in the Databank identified 28% identity at the
amino acid level to a putative reverse transcriptase from Oryza
sativa and to a reverse transcriptase domain from Arabidopsis
thaliana. Efforts are under way to characterize the S2 marker and
determine its usefulness in cloning the self-incompatibility locus.

1:00–2:00 p.m. ..................................................... CC Ballroom
Poster Session 19: Crop Production
Poster 175

Broccoli Cultivars Adapted to Close In-row Spacings
A.W. McKeown*, and C.J. Bakker; Dept. of Plant Agriculture, Univ. of
Guelph, P.O. Box 587, Simcoe, Ont., Canada

In Ontario, spacings of 30–45 cm in-row are recommended for
broccoli. One reason for wider spacings is the risk of head rot or other
disorders in hot, humid conditions. As broccoli is a bunched crop the
population of plants greatly influences yield. Finding cultivars better
adapted to higher populations would increase yield potential. Over a
three year period a number of cultivars were evaluated at in-row
spacings ranging from 15 to 45 cm in-row spacings with 0.75 m
between rows. Plots were replicated four times and arranged in a split-
plot design with in-row spacings as main plots. Spacing had no effect
on marketable yield in 1998. This was due in part to above normal
temperatures resulting in higher unmarketable yield. Cull outs were
due to heads that were misshapen, dead centres, hollow stem and
brown bead disorder. Misshapen heads typically had arrested growth
in the centre leaving a very rough or raised outer rim. In 1999, there
were differential effects of spacing and cultivars and again misshapen
heads and soft rot were a primary reason for cull out. Captain and
Tierra had the highest yields at the 15 cm spacing and decreased with
increasing in row spacing. Durango had the lowest yield at 15 cm and
increased yield with spacing. There was a group of cultivars relatively
insensitive to spacing. In 2000, there was no differential effect of
cultivar and spacing on marketable yield and a number of cultivars
performed well. However, there was a differential effect on non-
marketable yield with some cultivars, eg Coronado, Nomad, Triathlon
and Tierra having higher non-marketable yields at 15 cm with other
very little. Again, misshaped heads were a primary reason for cull out.
There are several cultivars that appear to tolerate higher populations
than recommended while other clearly cannot. Interannnual weather
variations are also a factor in determining broccoli yield and quality.

Poster 176
Beet and Turnip Variety Trials in New Jersey
Michelle Infante-Casella*, Melvin Henninger, and Mary Cummings;
Rutgers Cooperative Extension of Gloucester County; Clayton, NJ
08312

Beets and turnips are important crops for New Jersey Vegetable
Farmers in both wholesale and retail markets. A variety trial was
conducted in the fall of 2000 at the Rutgers Snyder Research Farm
in Pittstown, New Jersey to determine yields and quality of beet and
turnip varieties. Beet varieties in the trial included: ‘Centurion’,
‘Globe Dark Red’, ‘Red Ace’, ‘CXA95938’, ‘CXA95951’, and
‘Chioggia’. All varieties, except ‘Chioggia’ are standard red table
beets. ‘Chioggia’ has red and white centrifical rings through the root
with light red to pink stems and light green leaves. Turnip varieties
in the trial included: ‘Royal Globe II’, ‘Royal Crown’, ‘Royal Crest’,
‘Hakurei’, ‘Purple Top White Globe’, and ‘Colletto Villa’. All turnip
varieties have roots that are purple-topped with white bottoms,
except ‘Hakurei’, that is an all white rooted variety. Beets and turnips
were seeded with a “Planet Jr.” hand seeder on August 10 on 5 foot
centered, raised beds with 3 rows per bed at a spacing of 12 inches
between rows. Dual (metolachlor) herbicide was applied immedi-
ately after seeding and incorporated with overhead irrigation. Insect
control was done using Lorsban and Diazinon. Beet and turnip
seedlings were hand thinned 3 weeks after planting to establish a 2.5
to 3 inch spacing between plants in a row. Beets were harvested 3
times at 2 week intervals beginning on October 25. Turnips were
harvested 4 times at 2-week intervals beginning on September 28.
The 3 beet varieties that resulted in significantly higher yields were
‘Centurion’, ‘Globe Dark Red’, and ‘Chioggia’. The 3 turnip varieties
that showed significant yield increases over others in the trial were
‘Hakurei’, ‘Purple Top White Globe’, and ‘Royal Globe II’. These
results will be incorporated into the vegetable variety sections of the
Rutgers Commercial Vegetable Production Recommendations.

Poster 177
Preliminary Evaluation of Five Heirloom Tomato Cultivars for
Fresh Market Production in New England
Meredith Dunker, David Heleba, Nate Sands, and Milton E. Tignor*;
Plant and Soil Sciences Dept., Univ. of Vermont, Burlington, VT
05405-0082

Vermont has over 300 vegetable farms that produce approxi-
mately 2900 acres of vegetables with and estimated market value of
6.5 million dollars. Interestingly, 67% of these farms produce less
than 4.9 acres of vegetables and 61% of all vegetable and berry
sales were retailed directly to consumers. Tomatoes are the 3rd
largest vegetable crop in the state based on acreage produced.
Many Vermont growers are interested in heirloom varieties hoping to
attract consumers to retail farm operations. In 2000 we tested five
different heirloom varieties of tomato (Lycopersicon esculentum
Mill.) for production characteristics and fresh market suitability in
Vermont. Tomato seedlings were transplanted into a well-drained
sandy soil at the Horticulture Research and Education Center in
South Burlington, VT. A randomized complete-block design was
used with four blocks, each with four 12-plant replicates for each
cultivar (total of 48 plants per cultivar). ‘Prudens Purple,’ ‘Ida Gold,’
‘Brandywine,’ ‘Rose,’ and ‘Cosmonaut Volkov’ were produced using
a raised plastic mulch bed system with trickle irrigation. ‘Better Boy’
was used as a non-heirloom control. Recommended irrigation and
fertilizer applications were made and were not limiting. Flower
number, total yield, total marketable yield, fruit blemishes, and fruit
dimensions were recorded throughout the growing season. Interest-
ingly, even with very different fruit morphology and in some cases
different growth habit, cultivar selection did not contribute signifi-
cantly to total yield (P = 0.2869). However, cultivar was significant
when the total number of fruit was analyzed (P = 0.0001). The
smaller fruited ‘Ida Gold’ had significantly more fruit than the other
varieties. Differences in growth parameters and marketability (due to
preharvest disorders) will also be presented.

Poster 178
Agronomic Evaluation of Different Varieties Red Tomato
(Lycopersicon esculentum Mill.) for Commercial Production
in Western Mexico
J.F. Radillo*, F.F. Hernandez, and S.A. Ochoa; Universidad de
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Colima. Facultad de Ciencias BiolÛgicas y Agropecuarias. Tecom·n,
Colima, Mèxico Apartado postal 36, C:P. 28100

Seven varieties of tomatoes were cultivated under irrigation in two
different locations in the state of Colima, Mexico, in Colima and
Tecom·n counties, for the purpose of determining the best variety,
considering agricultural, social and economic factors. The Ace
Royal, Ace 55VF, Cal Ace, Petomech II, Roma 021, Walter and a
creole variety found in the Comala County varieties were selected
for this study. Each of the experimental plots contained 6, 10-meter
furrows that were 1.8 m wide in double rows. The plots contained
4 central rows and 1 m on each side was eliminated in order to
compensate for the edge effect. A random block design was used
with 7 applications and 4 repetitions. The variables evaluated in
this study include: days to flowering, days to harvest, plant height,
production, fruit size, production life, seed production and the cost-
benefit relation. In Tecom·n County, the Petomech II variety pro-
duced the most fruit (76.14 tons/ha.), while in Colima County, the
Walter and Comala Creole varieties produced 97.71 and 96.83
tons/ha., respectively. The variety that displayed the greatest
growth in the two counties was the Petomech II variety with 87 and
92 days and the Comala Creole variety grew the most at 77.10 and
82.5 cm in Tecom·n and Colima, respectively. The variety that had
the longest production life was the Comala Creole, which produced
the greatest weight of healthy fruit for 21 days. The Comala Creole,
along with the Ace Royal produced the greatest amount of seed
(11.77 and 10.53, respectively). From a cost-benefit perspective,
the Petomech II and Roma 021 proved to be the most promising,
with values of 1:2.89 and 1:2.64, respectively. In conclusion, the
Petomech II and Comala Creole appear to be the most promising
varieties for the area of Tecom·n and the Walter and Comala
Creole seem to offer the most promise in the area of Colima, as
their behavior and cost-benefit ratios are the most acceptable. The
differences in environmental conditions proved to be the determin-
ing factor with respect to plant behavior, vegetative development
and production of the different varieties of red tomato that were
subject of this study.

Poster 179
Productive Behavior of Fresh Fruit in Varieties Husk
Tomato (Physalis ixocarpa Brot.) with Pressurized Irrigation
in Dried Tropic
 J.F. Radillo*, L.J. Farias, and G.G. Jara; Universidad de Colima.
Facultad de Ciencias Biolôgicas y Agropecuarias. Tecom·n, Colima,
Mèxico. A. P. # 36 C. P. 28100

The husk tomato (Physalis ixocarpa Brot.) is native of Mèxico,
this present in poblathions silvetres and domestics, presented a
variability fenotipic in type of fruit and form of performance. The
cultivation is profitable for producers by to be a vegetable of alta
rusticidad and demand in the export market to United States and
Canada. The crop profitability depends on the suitable manage-
ment and agronomic practices and the selection of variety of plant
based on its productive capability. This characteristic is a corner-
stone for the success in the establishment and yield of the crop.
The present study was conducted to evaluated the productive
behavior of fresh fruit in four varieties husk tomato under irrigation
conditions in dried tropic. The experiment was established in a
mundy-sandy soil with 7.2 pH. The varieties evaluated were:
Caloro, C·scara Morada Imperial, San Martìn y Creole Comala in
a randomized complete design experimental. Results show that in
relation to agronomic characteristics, the variety Criole Comala
was earlier to flower, beginning at 35 days. Referent to plant height
was in the variety Caloro the more with 60 cm, the greater number
of fresh fruit for plant in the varieties was in San Martìn and Creole
Comala with 24 and 25 fruits for plant, in weight for fresh fruit Caloro
y San Martìn presented 38 and 48 g, respectively. All varieties in
relation to yield of fresh fruit for plant registered differences
significantly higher, presented the variety San MartÌn the highest
production with 1.174 Kg of fresh fruit. In conclusion, the similar
responses in performance vegetative, the productive components

was defined to variety San Martìn the most promising varieties to
improve the economy of the producers.

Poster 180
Performance of Fall-planted Onion Cultivars at Four Planting
Dates
Christopher S. Cramer* and Jose L. Mendoza; Dept. of Agronomy
and HorticultureNew Mexico State Univ., Las Cruces, NM 88003-
0003

Four fall-planted cultivars (‘Daybreak’, ‘NuMex Mesa’, ‘NuMex
Sweetpak’, ‘Texas Early White’), that differed in their bolting suscep-
tibility, were planted on 9, 16, 23, and 30 Sept. 1999 in Las Cruces,
NM to observe their growth and performance at each planting date.
Plant height and leaf number were measured monthly throughout
the growing season from ten plants in each plot. Prior to harvest, the
number of plants that bolted was counted. When 80% of the plants
in a plot were mature, the bulbs were harvested and the maturity
date, disease resistance, bulb yield, and percentage of single
centers were recorded. At the earliest planting date (9 Sept. 1999),
plant height and leaf number were similar among cultivars at each
observation time while a difference in bolting was observed among
cultivars. This observation would suggest that bolting resistance is
not being conferred by a reduction in plant size for the bolting-
resistant cultivars. For each cultivar, plant height and leaf number
were greater for plants that were planted at the first or second
planting date as compared to plants planted at the later dates. This
difference in height and number occurred at the first three to four
observations. However, at later observations, plant height and leaf
number were similar among plants established at different dates. In
general, cultivars exhibited less bolting, later maturity dates, and an
increase in bulb yield with a delay in planting.

Poster 181
Effect of Nitrogen, Phosphorus and Potassium Fertilizers on
Onion Productivity in Central Region of Saudi Arabia
A.M. Al-Moshileh*; Dept. of Horticulture and Forestry, College of
Agriculture and Veterinary Medicine, King Saud Univ., Saudi Arabia

The present study demonstrates the results of two years experi-
ments for onion (cv. Giza –6- improved) yield evaluation under four
rates of N (0,100,200 and 300 kg/ha), three rates of P (0,80 and 160
kg/ha) and two rates of K (0 and 150 kg/ha). The two experiments
were carried out during the 1996-97 and 1997-98 seasons; in two
different locations in Al-Qassim area. Both locations have a sandy
soil habitat. The results indicated a significant increment in the total
onion yield, marketable yield and the mean bulb weight, as a result
of N application at the rate of 200 kg/ha for the 1996–97 season and
100 kg/ha for the 1997–98 season. On the other hand, nonsignificant
effects were depicted from the application of P and K on the total
yield, marketable bulbs’ yield, and the mean bulb weight. The
application of K reduced the unmarketable bulb % slightly. P appli-
cation, in contrast, increased the unmarketable bulb %, but also the
effect was nonsignificant. It is concluded that a mean rate of 150-kg
N/ha is recommended in such experimental conditions and to be
added in two equal doses after transplanting. No need for P and K
applications, especially if they were added to the previous crops at
the same site.

Poster 182
Commercial Production of Globe Artichokes in the Mid-
Atlantic Region
R. Matthew Harsh1 and Gregory E. Welbaum*2; 1Clopper Orchards,
Smithsburg, MD; 2Dept. of Horticulture, Virginia Tech, Blacksburg,
VA 24061

We previously investigated growing globe artichoke (Cynara
scolymus) as an annual from seed in Virginia. Although our research
successfully demonstrated that ‘Imperial Star’ could be grown from
seed under experimental conditions, few reports of successful
commercial production are available in this region. Here we report a
commercial grower’s experiences after growing ‘Imperial Star’ from
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seed as a summer crop in Western Maryland. ‘Imperial Star’ globe
artichoke seeds (Johnny’s Seed Co.) were started in plug trays in
February/March in a greenhouse. Plug trays containing plants were
moved outside in April. ‘Imperial Star’ transplants spaced 30" apart
in black plastic mulch in mid-May with drip irrigation. Plants began to
produce marketable buds in mid-August and harvests continued
until frost. About 75% of all plants produced buds and most plants
produced multiple buds. Almost all the buds were marketable, with
an average size of around 3" and some as large as 4–5" in diameter
despite the fact that no supplemental N was used after transplanting.
The artichokes were sold at a farmers’ market in Northern Virginia at
either $2.00 ea. or 2/$3.00. Consumers preferred the tenderness
and freshness of locally grown artichokes. Additional research is
needed to reduce the number of barren plants and to refine fertilizer
recommendations for this area. Despite some production problems
which reduced yields, the high crop value enabled ‘Imperial Star’
globe artichokes to be grown successfully on a commercial scale in
the mid-Atlantic region.

Poster 183
Effects of Plant Growth Regulators on Heat Stress in Annual
Artichoke Production
Wayne L. Schrader*; Univ. of California Cooperative Extension, San
Diego, CA 92123

Artichoke is a cool season perennial crop that is grown as an
annual from seed in southern California. Growing artichokes as
annuals from seed allows growers to harvest during the winter from
November to March. Artichoke seed is planted in May, transplants
moved to the field in July, and harvesting begins as early as
November in years with relatively cool fall weather. Hot fall weather
during September and October suppresses plant growth and causes
premature flowering that lowers bud size and yield. Plant growth
regulator (PGR) treatments were evaluated in annual artichokes in
1999 and 2000 to determine if they could reduce the adverse effects
of hot weather. Treatments in 1999 included multiple applications of
Apogee (gibberellin inhibitor), Retain (ethylene inhibitor), Apogee +
Retain, Cytokinin, and untreated control plots. In 2000 treatments
included Apogee, Cytokinin, and untreated control plots. Numbers of
harvestable buds were counted as a measure of earlier flowering
induced by hot weather. Apogee and cytokinin reduced heat stress
during hot weather in fall artichoke production. Other plant growth
regulator treatments increased the number of harvestable buds
compared to control plots.

Poster 184
Gibbrellic Acid Alters Sex Expression in Summer Squash
Jim E. Wyatt*; Dept. of Plant and Soil Sciences, Univ. of Tennessee,
Jackson, TN 38301

Many summer squash hybrids begin flowering by producing pistil-
late flowers before any staminate flowers have developed. With no
pollen available, early fruit that develop during this time frequently
abort or are unmarketable. In the spring, this early fruit usually brings
the highest prices and early crop losses can be costly. The objective
of this study was to determine if gibberellic acid (GA) increases the
number of early staminate flowers in summer squash to provide pollen
for early pistillate flowers. The test was replicated four times and
arranged in a split plot design with squash hybrids (‘Gold Slice’ and
‘Multipik’) as main plots and GA rates as subplots. Treatments were
50 and 100 ppm GA applied when the first true leaf was about one cm
in diameter and repeated three days later. GA was sprayed to runoff
on treated seedlings and water was sprayed on the control. Flowers
were counted daily for 13 days on each plant in the test. Fruit were
picked every two or three days for six harvests and data are reported
on number and yield of marketable fruit <5.7 cm in diameter. GA
treatments decreased the ratio of plants which first produced pistillate
flowers to those which first produced staminate flowers. It also
reduced the average days from first pistillate to first staminate flower.
Increasing the production of staminate flowers with GA at either rate
reduced early yield at the first harvest but not at later harvests. GA

treatment of a small percentage of plants may increase early squash
yield by providing a pollen source for early pistillate flowers.

Poster 185
Evaluation of Potato Yield Monitoring on Commercial Fields
J.R. Davenport*1, C. Redulla1, M.J. Hattendorf2, R.G. Evans3, and
R.A. Boydston4; 1Washington State Univ. Irrigated Agriculture Re-
search and Extension Center, Prosser, WA; 2Vantage Point, Fort
Collins, CO; 3USDA/ARS Sidney, MT; 4USDA/ARS, Prosser, WA

An accurate yield map is imperative for successful precision
farming. From 1997 to 2000, at least two potato (Solanum tuberosum
L.) fields on a commercial farm in eastern Washington were yield-
monitored without digger operator interaction using commercial
yield monitoring equipment. Different were fields monitored in 1998
and 1998, but the fields in 2000 were the same fields monitored in
1997. Multiple potato diggers were used to harvest the fields and the
diggers used the previous year were not necessarily available from
year to year. In all years, yield-monitoring data was missing from
some part of the fields due to equipment failure or not all potato
diggers having yield monitoring equipment installed. In 1998, exten-
sive “banding” was observed on at least one circle where adjacent
rows gave dissimilar yield values, likely due to calibration. Banding
was also observed in 2000 when the yield monitoring equipment
installed on each of the three diggers performed differently. We
found that some yield monitor data need no post-processing or
correction, while other yield monitor data need little post-processing,
while still other yield monitor data may not be reliable due to
equipment failure or other causes. Overall, when multiple diggers,
hence multiple yield monitors, are used for potato harvest, steps
need to be taken to ensure there is similar calibration before harvest.
Even with calibration there likely will be differential post-processing
needs on yield monitor data.

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

Poster Session 20: Plant Nutrition
Poster 252

Controlled-Release Fertilizer Application Methods Affect
Maple and Plum Growth in a Pot-In-Pot System
Donna C. Fare*1 and Mark Halcomb2; 1U.S. National Arboretum,
USDA-ARS McMinnville, TN 37110; 2Univ. of Tennessee

Fertilizer recommendations for container grown ornamentals are
based on results from small container production grown under
overhead irrigation. The objective was to determine optimal con-
trolled release fertilizer regimes and application techniques for
bareroot trees grown in 56-L containers in a pot-in-pot system. Acer
rubrum L. ‘Franksred’ (red maple) and Prunus cerasifera Ehrh.
‘Krauter Vesuvius’ (cherry plum) were potted in 100% pine bark
substrate amended with 2.1 kg·m3 dolomitic lime and 0.4 kg·m kg·m3

Micromax. Fertilizer treatments consisted of Nutricote 18N–2.6P–
6.6K, Osmocote High N 22N–1.7P–5.8K and Woodace 19N–2.6P–
10.0K each of which were incorporated at potting (2.2 kg·m3 N),
dibbled into the media or topdressed immediately after potting with
30 g N. Irrigation was applied by microirrigation emitters with one
cycle application per day during the growing season. After two
growing seasons, height growth was greater with Red Sunset when
fertilizers were incorporated into the pine bark substrate compared
to dibbled or topdressed applications. Krauter Vesuvius height
growth was greater with fertilizers incorporated and dibbled than
plants with fertilizers topdressed. Caliper growth was unaffected by
fertilizer treatments. Leachate nitrate-N was higher with Nutricote
and Osmocote treatments compared to Woodace treatments.

Poster 253
Converting Zeolites Into Controlled-release Fertilizers Using
Nutrient Occlusion
Yingfeng Huang, Jianjun Chen*, Cynthia A. Robinson, and Russell
D. Caldwell; Univ. of Florida, Mid-Florida Research and Education
Center, 2725 Binion Road, Apopka, FL 32703
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Zeolites are aluminosilicate minerals, possessing channels and
interconnecting cavities in their tetrahedral frameworks, with ion
exchange capacities ranging from 1.5 to 5.5 meq/g. More than 50
naturally occurring zeolites have been identified and 100 synthetic
zeolites have been reported. Different species of zeolites have
different structural designs and capacities for cation exchanges. A
distinct nature of zeolites is the slow release of cations from cation
exchange sites and/or inner pores. Therefore, it may be possible to
occlude desired ratios of nutrients into cation exchange sites and
tetrahedral inner pores thereby converting the treated zeolites into
controlled-release fertilizers. In this study, urea, NH4NO3 and H3PO3

were occluded into four zeolites respectively. The occluded zeolites
were ion exchanged in a batch experiment with a nutrient solution
containing a desired ratio of essential nutrient elements. In another
treatment zeolites were recharged with the nutrient solution through
the batch experiment. Occluded, recharged and original zeolites
were mixed with a soilless media (50% sphagnum peat and 50%
pine back) at 5 and 10 g per 10-cm pot. Rooted Pothos (Epipremnum
aureum) and Pink Splash (Hypoestes phyllostachya) seedlings
were transplanted into these zeolite-incorporated media. The plants
were irrigated with well water only. Three months after transplanting,
plant growth parameters and quality ratings were determined; shoots
were harvested, and fresh and dry weights were measured. Com-
paratively, both Pothos and Pink Splash grown in zeolite-incorpo-
rated media had higher biomass and better quality ratings than those
grown in control medium; dry weight of both plants in some zeolite
media increased more than 100% over the control plants. It is evident
from this study that nutrient-occluded or recharged zeolites are
potential candidates as controlled-release fertilizer for ornamental
plant production.

Poster 254
Leaching Reduces Heavy Metals and Soluble Salts of Waste
Composts and Compost-formulated Substrates
Yingfeng Huang1, Zhen Yang1, Jianjun Chen1*, Dennis B. McConnell2,
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

High levels of heavy metals and soluble salts often limit the use of
waste composts as components of container media for the produc-
tion of ornamental plants. This study was undertaken to determine
whether leaching is a solution to minimizing heavy metal and soluble
salt problems. After sequential metal extractions and initial readings
of soluble salts, three basic waste composts: 1) yard trimmings (YT);
2) YT with biosolid (BS); and 3) municipal solid waste (MSW) with BS
separately and each in a volumetric combination with sphagnum
peat and pine bark formulating three additional media, were placed
in columns and leached with distilled water at a rate of 1.5 mL per
minute for five days. Heavy metals in leachates were measured and
metal species in leached substrates were determined. Leached
substrates were then used for seed germination, rooting of foliage
plant cuttings and production of foliage plants. Results showed that
soluble salts were greatly reduced by leaching; heavy metals in
water soluble, exchangeable and complexed forms were leachable.
The rate of seed germination, capacity of rooting and growth of
foliage plants in leached media were comparable to those of the
control medium. This study demonstrated that leaching can reduce
metal concentrations and soluble salts in waste composts.

Poster 255
Physical and Chemical Characterizations of Three Florida
Waste Composts
Jianjun Chen*, Cynthia A. Robinson, Zhen Yang, Yingfeng Huang,
and Russell D. Caldwell; Univ. of Florida, Mid-Florida Research and
Education Center, 2725 Binion Road, Apopka, FL 32703

Waste composts of: 1) yard trimmings (YT); 2) YT with biosolids
(BS); and 3) municipal solid waste (MSW) with BS were obtained,
one type each, from three composting facilities in Florida. Physical

properties such as bulk density, capillary pore space, water retention
capacity, saturated hydraulic conductivity, organic matter, and chemi-
cal properties including C/N ratio as well as pH and soluble salts,
CEC and various elemental concentrations were determined. Differ-
ent species of metals were also analyzed using a sequential extrac-
tion method. Results indicated that all measured physical properties,
pH and the C/N ratios of the three composts were within desirable
ranges for use as soil amendments in crop production. Soluble salts,
however, were 7.1 and 11 dS/m respectively in the YT/BS and MSW/
BS mixes, which were higher than the mean readings of other
composts in Florida. Trace metal concentrations were lower than the
acceptable levels recommended by USEPA and the Florida Dept. of
Environmental Protection. Metal speciation data indicated that high
percentages of Cu and Cr were present in either complexed or solid
particulate states depending on compost sources. Nearly 60% of Zn
was in the complexed form, suggesting that much of the Zn may be
potentially mobile. Compost maturity tests using seed germination
demonstrated reduced germination in YT/BS and MSW/BS mixes.

Poster 256
Waste Compost-formulated Container Media for Rooting and
Producing Tropical Foliage Plants
Jianjun Chen1*, Dennis B. McConnell2, Cynthia A. Robinson1,
Yingfeng Huang1, 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

Three waste composts: 1) yard trimmings (YT); 2) YT with biosolids
(BS); and 3) municipal solid waste (MSW) with BS, each in percent
combinations by volume, with sphagnum peat (SP) and pine back
(PB) were used to formulate 12 media. A medium comprised of 50%
SP and 50% PB was a control. Media pH ranged from 4.6 to 7.0 and
soluble salts varied from 0.15 to 9.12 dS/m. African violet leaf
cuttings, Croton, Dracaena, Schefflera and Maranta tip cuttings,
Christmas cactus offshoots, Pothos eye cuttings and Dracaena cane
were rooted in the 13 media. In addition, five tropical foliage plants:
1) Chamaedorea; 2) Cordyline; 3) Dieffenbachia; 4) Peperomia; and
5) Dracaena cane and rooted Dracaena tip cuttings were produced
in these media. Based on root tip number of Christmas cactus and
Dracaena, root-ball coverage ratings of African violet, Croton,
Schefflera, Dracaena cane and Pothos, it was found that the degree
of rooting is inversely related to the soluble salt levels of these media.
The five foliage plants thrived after potting and all reached market-
able quality, suggesting that these foliage plants have a wide
adaptation to soluble salts not previously documented. Our results
show that five of the 12 compost-formulated media were compa-
rable, or superior to, the experimental control in promoting the
rooting and growth of tropical foliage plants. This study also suggests
that mixing original composts with SP and PB is an alternative
solution to diluting the heavy metals and high soluble salts attributed
to the use of compost for container-plant production.

Poster 257
Absorption and Translocation of Sodium by Pothos
(Epipremnum aureum)
Jianjun Chen*1, Cynthia. A. Robinson1, Yingfeng Huang1, Richard W.
Henley1, Robert Steinkamp2 and Russell D. Caldwell1; 1Univ. of Florida,
Mid-Florida Research and Education Center, 2725 Binion Road,
Apopka, FL 32703; 2Fafard, Inc. Apopka, FL 32703

Sodium (Na) is an essential micronutrient for halophytic plant
species, but is only considered a beneficial element to the growth of
nonhalophytes. In this study, we found that Na absorption by an
ornamental plant, Pothos ‘Golden’, increased substantially as Na
concentrations in a soilless container medium increased from 0 to 500
ppm. The absorbed Na was readily translocated to shoots with
resulting Na concentrations in leaves reaching as high as 2.5% based
on the dry weight. Analyses of Na distribution in leaves revealed that
young leaves accounted for only about 0.2% of Na in shoots with the
majority of Na accumulating in old leaves. Sodium appeared to
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replace at least 50% of potassium (K) in old leaves. A hydroponic
culture with two concentrations (1, 3 mM) of K or Na only and two
concentrations of combined Na and K (0.5 mM K and 0.5 mM Na, 1.5
mM K and 1.5 mM Na) was set up to determine if Na alone could actually
stimulate plant growth. Based on vine length, leaf number, leaf area,
fresh and dry weights, Na alone did not significantly improve Pothos
growth. However, growth parameters of Pothos grown in solutions
containing the combined K and Na were comparable to those grown
in solutions containing K only. These results suggest that the role of
Na in Pothos is in K substitution, and this substitution may be allowing
more K to be released from old leaves and moved to the young and
expanding leaves for active growth.

Poster 258
Upper Leaf Necrosis on Oriental Hybrid Lilies
Yao-Chien Chang* and William B. Miller; Dept. of Horticulture,
Cornell Univ., Ithaca, NY 14850

An important leaf disorder can occur on upper leaves of certain
Oriental hybrid lilies. We have named it “Upper Leaf Necrosis”
(ULN). On the cultivar ‘Stargazer,’ ULN occurs on leaves associated
with flower buds and the leaves just under the buds when these
leaves are expanding. In our experiments, the two leaves immedi-
ately under the lowest bud and the larger leaf associated with the first
flower bud were most susceptible. ULN most commonly developed
on the leaf margin and was initially characterized by water-soaked
tissues, ranging in size from 1 mm to 2 cm, depending on the
severity. These areas quickly necrosed, and led to leaf curling,
distortion, or tip death. Necrosis typically began 35–40 days after
planting. We demonstrated the calcium (Ca) concentration in necrosed
leaves was much less than normal leaves, suggesting this problem
is a localized Ca deficiency. Young expanding leaves had low
transpiration rates, and low transpiration was correlated with low Ca
concentration. Bulb size had a significant impact on ULN. Plants
grown from 16/18 cm bulbs were much more susceptible to ULN than
were smaller bulbs. Plants grown from 16/18 cm bulbs had more
leaves, and thus made the shoot apex more enclosed when the
leaves were unfolding. This enclosure might further reduce the
transpiration of the young leaves, and increase ULN incidence.

Poster 259
Performance and Nutrient Leaching of Potted Poinsettias
Grown in a Compost Amended Substrate
Catherine S.M. Ku* and J.C. Bouwkamp; Dept. of Natural Resource
Sciences & Landscape Architecture, Univ. of Maryland, College
Park, MD 20742

The growth performance, nitrogen, and phosphorus leaching of
potted ‘Peterstar Pink’ poinsettias were evaluated in a treatment
combination of two substrates and two fertility rates at a 0.2 leaching
fraction. The potting substrates included a polymer dewatered
biosolids compost:poultry litter compost:peat:perlite at 2:2:1:1 ratio
and Sunshine Mix 1 (control). Plants were irrigated with modified
Hoagland solutions of N at 112 and 224 mg/L and P at 7.8 and 15.5
mg/L. There was a total of 24 irrigations during the 12-week study.
Unplanted containers containing the two potting substrates were
irrigated at container capacity with additional 50 ml of tap water to
determine the N and P loss. The P leached from the unplanted
control mix was 24% greater than the unplanted compost substrate.
Whereas, the unplanted compost amended substrate had about 22
times greater N leached than the control mix. The plant height,
diameter, dry weight, and shoot:root ratio measurements of the
control plants were significantly greater than plants grown in the
compost substrate which were by 8%, 12%, 42%, and 30%, respec-
tively, at the low fertility treatment and by 12%, 21%, 74%, and 49%,
respectively, at the high fertility treatment. The cumulative P leached
from the planted controls was 39% to 50% greater than that loss from
plants grown in the compost amended substrate. Whereas, the
planted compost treatment had 82% to five times greater total N
leached than the planted control treatment. Good quality plants were
produced in the compost amended substrate. Additional studies on

the optimal fertility level for compost amended substrates are needed
to minimize nutrient leaching.

Poster 260
Effects of Magnesium-Sulfate Fertilization on Plant Growth
and Nutrient Uptake and Partitioning in Camellia sasanqua
‘Shishi Gashira’
Donald J. Merhaut*; Dept. of Botany and Plant Sciences,Univ. of
California, Riverside, CA. 92521

Symptoms of magnesium (Mg) deficiency have been observed in
containerized and in-ground grown Camellia sasanqua ‘Shishi
Gashira’. This disorder is usually expressed at the end of the
flowering cycle and during the first flush of vegetative growth in the
spring. The chlorotic leaves abscise and the subsequent vegetative
growth and flower bud development that occur during the following
season appear normal. However, chlorotic symptoms then develop
after the next flowering cycle. In the following study, the effects of
magnesium sulfate (MgSO4*7H2O) fertilization on vegetative growth
and tissue nutrient content were studied. Two-year-old, five-gallon-
sized Camellia sasanqua ‘Shishi Gashira’ were fertilized every other
week with one of five different (MgSO4*7H2O) levels: 0.0, 2.0, 5.0, 10,
and 20 g per plant which provided approximately 0.0, 0.2, 0.5, 1.0,
and 2.0 g Mg and 0.0, 0.3, 0.7, 1.3, and 2.6 g S at each fertilization.
Five replications of each treatment were set in a randomized
complete block design. Fertilizer treatments were applied from
January until November 1999. In December, at the peak of flowering,
plants were harvested, separated into roots, stem, leaves, and
flowers. Organs were dried, weighed and ground to pass through a
40-mesh screen. Tissues were analyzed for total nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), S, and Mg. Total plant
dry weight did not increase with increasing fertilization rates, but
chlorosis of older leaves was significantly reduced. Magnesium and
S concentrations of leaves increased with higher fertilization rates.
However, only Mg concentrations of flowers increased with in-
creased fertilization. Effects of MgSO4*7H2O fertilization on N, P, K,
and Ca uptake and partitioning will be discussed.

Poster 261
Assessment of Macro and Micro-nutrient Accumulation in
Bermudagrass Grown in Crumb Rubber Amended Media
Allen D. Owings* and Edward W. Bush; Louisiana State Univ.
AgCenter, Baton Rouge, LA 70894

A study was initated by the Louisiana State Univ AgCenter to
determine the influence of media incorporations of crumb rubber on
accumulation of macro and micro-nutrients in leaf tissue of common
bermudagrass (Cynodon dactylon L.). Vegetative growth influences
were also measured. Common bermudagrass was established by
seeding in 7.6 L containers filled with either 80% sand : 20% peat
moss, 67.5% sand : 20% peat moss : 12.5% crumb rubber, 55% sand
: 20% peat moss : 25% crumb rubber, or 42.5% sand : 20% peat moss
: 37.5% crumb rubber. Increasing rates of crumb rubber in media
signficantly increased leaf tissue levels of N, K, Mn, and Zn. Levels of
Zn and Mn exceeded optimum levels recommended for bermudagrass.
There was no statistical difference in leaf tissue concentrations of P,
Ca, Mg, Na, B, Cu, and Fe. Vegetative growth was decreased with
increasing rates of crumb rubber in the media. Crumb rubber rates
>12.5% (by volume) sharply reduced vegetative growth.

Poster 262
The Effect of Sulfur Source and Frequency of Application on
Chrysanthemum Growth
Cengiz Kocamaz and Ellen T. Paparozzi*; Dept. of Agronomy and
Horticulture, Univ. of Nebrasks, Lincoln, NE 68583

Chrysanthemums are one of the most important flowering plants
produced on a year-round basis. In the United States, pot chrysan-
themums rank second in total dollar value and in numbers for pot
plant production. The objective of this research was to determine
which sulfur sources (within application times) would allow maximal
plant growth with minimal nitrogen application. Chrysanthemum
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“White Diamond” was used as the test plant. Two experiments were
run in which three N concentrations (50, 100, 150 mg·L–1) in combi-
nation with three sulfur sources (H2SO4, MgSO4, K2SO4) were
applied as the fertilizer treatments. Sulfur was applied at 10 mg·L–

1 either continuously as H2SO4 or in one, two or tree single
applications as either K2SO4 or MgSO4. There were 21 treatments
with 3 replications for each treatment. The experiment design was
a split-plot with N concentration as the main plot and sulfur sources
and sulfur application times as the split-plot treatments. Data taken
were leaf N and S concentration, plant height, dry weight, bud set,
first flower color and inflorescence size. Plants were sampled at the
3rd week, 6th week and at the end of the experiment. Leaf nitrogen
concentration was greatest when 100 or 150 mg·L–1 N was applied.
Sulfur applied continuously as sulfuric acid resulted in higher leaf
sulfur concentration and larger flower diameter when compared to
all other treatments. Together, plants fertilized with continuous
sulfuric acid at 10 mg·L–1 S and nitrogen at 100 mg·L–1 were the
largest, heaviest, had the largest flower diameter and the greatest
leaf N and S concentrations.

Poster 263
Rapid Diagnosis of Nitrogen Status in Landscape-grown
Herbaceous Bedding Plants
James E. Altland*, Charles H. Gilliam, James H. Edwards, Gary J.
Keever, Jeff L. Sibley, and Donna C. Fare; Auburn, AL, 36849

Vinca (Catharanthus roseus ‘Pacifica White’) were grown at 4
nitrogen (N) levels to compare sampling procedures for diagnosing
plant N status. Vinca were potted in 20.3 cm azalea pots with a
pinebark:peat moss medium (3:1 v/v) amended per m3 with 2.27 kg
of dolomitic limestone and 0.9 kg of Micromax micronutrients.
Plants were grown for 4 weeks receiving a nutrient solution of 150
ppm N, 62 ppm P, and 156 ppm K, as needed. One month after
potting plants received nutrient solutions containing 62 ppm P, 156
ppm K, and either 0, 50, 100, or 150 ppm N by treatment. Plants
were sampled 3 separate times at 2 week intervals after initial
treatment application. Data collected included growth index, flower
number, foliar color ratings from 1 to 5 (1 = severe chlorosis and 5
= dark green color). Recently matured foliage was used for SPAD
readings, sap nitrate levels from petioles (Cardy nitrate ion meter),
and laboratory determination of total N (%) (Leco CN 2000). At the
second sampling date, total N (%) was highly correlated with N rate
applied, foliar color ratings, and SPAD readings (r = 0.995, 0.878,
and 0.877, respectively). This laboratory method has long been
established as accurate in diagnosing plant N status; however, it
does not allow for rapid field diagnosis. Other methods tested
showed promise for rapid N diagnosis including the use of SPAD
meters which were correlated to rate of N applied and total N (%)
with correlation coefficients (r) of 0.841 and 0.877, respectively.
Sap nitrate levels were highly correlated to N rate applied and total
N (%) with correlation coefficients of 0.814 and 0.861. Trends were
similar for each sampling date.

Poster 264
Evaluating Conifer Nutrient Status Via Chlorophyll
Fluorescence
B.M. Cregg*, D.B. Rowe, R.T. Fernandez, M.W. Duck, and C.M.
Rios, Dept. of Horticulture, Michigan State Univ., East Lansing, MI,
48824-1325

The development of portable instruments to measure chlorophyll
fluorescence may provide new opportunities for growers to obtain
a rapid and reliable indicator of plant nutrient status. In this study
we measured chlorophyll fluorescence, growth, biomass allocation
to roots and shoots, and foliar nutrient content of seedlings of five
common landscape conifers grown under varying nutrition. Plant
materials examined were Serbian spruce (Picea omorika), Colo-
rado blue spruce (P. pungens ‘Blue wonder’), Black hills spruce (P.
glauca var. densata), noble fir (Abies procera) and Lawson
falsecypress (Chamacyparis lawsoniana). Seedling plugs of each
taxa were planted in a 3 peat : 1 perlite mix in 3.8-L pots and grown

in a greenhouse under 16-h photoperiod and 20 °C/20 °C (day/
night) temperature for 16 weeks. Seedlings were watered 2-3 times
weekly with nutrient solutions containing 0, 50, 100, 200, or 300
ppm nitrogen. We measured chlorophyll fluorescence of foliage
every two weeks with a Hansatech Plant Efficiency Analyzer.
Chlorophyll fluorescence varied significantly (P < 0.05) among
nutrition treatments and taxa. Overall, the ratio of variable fluores-
cence to maximum florescence (Fv/Fm) was highest for seedlings
in the 100 and 200 ppm N treatments. Foliar nitrogen content also
varied among treatments. Results suggest chlorophyll fluores-
cence is useful in determining optimal nutrient application rates.
However, differentiating between sub-optimal and supra-optimal
Fv/Fm readings will require additional information, such as fertiliza-
tion history or foliar symptoms.

Poster 265
Efficacy of Soybean-base Liquid Fertilizer for Greenhouse
Crops
Paul V. Nelson*, and Dharmalingam Pitchay; Dept. Horticultural
Science, North Carolina State Univ., Raleigh, NC 27695-7609

A soybean-base liquid fertilizer (SLF), Daniels 10N–1.7P–2.5K,
recently entered the greenhouse fertilizer market. Although not
classified as an organic fertilizer, it contains sufficient biodegrad-
able carbon to give it organic properties. Objectives of this study
addressed three questions. Can the single 10–1.7–2.5 grade
support commercial yield of a wide range of greenhouse crops?
Will the low proportion of K relative to N result in K deficiency?
Since 81% of N is in reduced forms including NH4, urea, and
organic N, is ammonium toxicity a threat? SLF was compared to
two inorganic formulations varying in the percentage of N in the NH4

form (25 and 75%, with the remainder NO3) but each with the ratio
2N:1P2O5:2K2O. Foliage of seven bedding plant taxa was deeper
green when fertilized with SLF. Cyclamen persicum Mill. ‘Laser
Rose’ foliage color was unaffected by fertilizer source. Most bed-
ding plant taxa were similarly more compact due to less leaf
expansion in the SLF and 75% NH4 treatments compared to 25%
NH4. Cyclamen plant size did not differ across treatments. Earlier
flowering occurred in Petunia x hybrida Hort. Vilm - Andr. ‘Dreams
Red’ and cyclamen plants when fertilized with SLF. K deficiency did
not occur as a result of fertilizing with SLF in any of the eight taxa
studied including cyclamen that has one of the highest K require-
ments of greenhouse crops. NH4 toxicity did not occur in any taxa
fertilized with SLF but did occur in the seven bedding plant taxa
fertilized with 75% NH4. Substrate EC was lower and pH higher in
SLF compared to inorganic treatments.

Poster 266
Effect of Selenium on Growth and Antioxidant Activity in
Hydroponically Grown Basil
Kuen Woo Park*1, M.J. Lee, H.M. Kang, and Y.B. Lee; 1Dept. of
Horticulture Science, Korea Univ. Seoul, Korea

Basil is an important part of the horticultural and food industry.
Also, it is outstanding sources of essential vitamins, minerals and
oils for good health. Selenium (Se) is an essential mineral that
possesses strong antioxidant properties. This experiment is for
production of functional basil containing selenium. Sodium sel-
enate was added to the nutrient solution at a concentration of 1, 2,
3, and 4 ppm. There were no significant effects of Se treatment on
basil yield and growth. Nitrate content was reduced in 1 and 2 ppm
Se treatment compared with non-treatment. Se uptake of basil was
increased up to 267 µg Se/100g FM in 3 ppm Se treatment and then
decreased at the higher treatment. The contents of vitamin C and
essential oil showed high value at the treatment of 1 ppm. The main
essential oil compounds of basil leaves were eugenol, linalool,
cineol, and estragole in this investigation. Eugenol, linalool, and
cineol contents were increased with Se treatment, but did not show
significant difference among treatments. These compounds in-
creased in grown from 1 to 3 ppm treatment, but it dropped 4 ppm
treatment. These results suggest that Se treatment increased
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internal physiological quality of basil and that it can be acceptable
source of Se for humans. And adding Se with hydroponic culture
can produce us functional vegetables.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 21: Postharvest
Poster 304

Carotenoid Concentration of Three Processing Tomato
Cultivars Compared to Fresh Market, High Pigment (hp-1)
and Crimson (ogc) Tomatoes
Carl M. Jones*; Vegetable Crops Dept., Univ. of California, Davis,
CA 95616

Carotenoids are an important source of dietary antioxidants and
Vitamin A, and their consumption is associated with a reduced risk
for cancer and several chronic diseases. Research indicates that
lycopene and beta-carotene are particularly bioavailable from pro-
cessed tomato products. Three processing tomato cultivars, ‘Halley
3155’, ‘Heinz 8892’, and ‘UC82B’ were grown along with fresh
market, crimson (ogc) and high pigment (hp-1) tomato cultivars in the
field and greenhouse in Corvallis, OR. Ripe fruit was analyzed by a
high throughput HPLC method for lycopene, beta-carotene, phytoene
and phytofluene concentration. Lycopene/beta-carotene (L/bc) ra-
tios for processing cultivars were higher than fresh market cultivars
and similar to the ratios observed in accessions containing the
crimson gene that accumulate lycopene at the expense of beta-
carotene. The processing tomatoes also had greater concentrations
of the colorless carotenoids, phytoene and phytofluene than other
genotypes in the study. The results indicate that the carotenoid
composition of these processing tomato cultivars is distinct from that
of the fresh market types analyzed.

Poster 305
Factors Affecting the Texture of Vacuum Microwave Dried
Potato Chips
J.F. Lefort*, T.D. Durance, and M.K. Upadhyaya; Univ. of British
Columbia, Vancouver, BC, Canada V6T 1Z4

Microwave dehydration under vacuum provides a unique method
to produce fat-free potato chips. The chips are crispy and puffed in
texture, similar to oil-fried chips. The objectives of this study were to:
1) develop an optimum procedure for quantifying the texture of
vacuum microwave dried (VMD) potato chips; 2) determine how
potato tuber characteristics and storage duration influenced VMD
chip texture; and 3) compare the suitability of selected potato
cultivars for VMD chip production. Randomly selected potato culti-
vars, grown in the Lower Fraser Valley of British Columbia were
used. Tubers were stored for up to 10 months at 4 °C and recondi-
tioned at 12 °C prior to chip production. Chip texture was evaluated
by a trained sensory panel and by a TA-TX2 Texture Analyzer.
Changes in tuber specific gravity, moisture, starch, amylose, soluble
carbohydrate, and reducing sugar contents were periodically moni-
tored. Sensory scores correlated significantly with peak force of chip
breakage. Specific gravity and starch content significantly influenced
chip texture. Cultivars Norland, Warba, and White Rose differed
significantly from cultivars Kennebec, Shepody, and Russet Burbank
in chip texture as well as starch, reducing sugar, and soluble carbohy-
drate contents.

Poster 306
Pretreating Intact ‘Gala’ Apple Improves Shelf Life and Quality
of the Fresh-cut Product
Jinhe Bai, Elizabeth A. Baldwin*, James P. Mattheis, and Robert H.
Hagenmaier; USDA/ARS Citrus & Subtropical Products Laboratory,
Winter Haven, FL; USDA/ARS, Tree Fruit Research Laboratory,
Wenatchee, WA 98801

‘Gala’ apples were incubated with 1 ppm 1-methylcyclopropene
vapor for 18 h at 20 °C (1-MCP), saturated ethanol vapor for 24 h at
23 °C (ethanol), 100% relative humidity air for 4 d at 38 °C (heat), or
untreated, prior to slicing. Cut slices were then dipped for 30 s in an

emulsion coating containing antibrowning and antimicrobial agents,
packaged in perforated polyethylene bags, and stored at 8 °C for two
weeks. Ethylene production from heat pretreated slices was very low,
0, 0.1, and 0.6 :L kg/h at 0, 7 and 14 d, respectively, compared to 3.1,
3.7, and 5.2 :L kg/h for control slices. Heat pretreatment also de-
creased respiration rate and loss of flesh firmness, and it increased
shelf-life to 14 d. However, heat treatment decreased production of
many aroma compounds, measured by headspace GC. Control slices
exhibited dark mold pitting and deterioration on the cut surface by day
10. No ethylene production was detected in 1-MCP pretreated slices
for 7 days after slicing, but increased sharply by day 14, in conjunction
with severe deterioration of slices. This treatment, therefore, did not
improve shelf-life of cut apples. Ethanol pretreatment stimulated the
production of volatiles, especially ethyl esters, and prolonged shelf life
by 4 days. Therefore, pretreatment with heat is very effective for
prolonging shelf-life at the expense of aroma quality, and ethanol is
beneficial to shelf-life and aroma production.

Poster 307
Changes in Enzyme Activities and Cell Wall Polyuronides in
Intact and Lightly Processed Papaya Fruit During Low-
temperature Storage
Yasar Karakurt* and Donald J. Huber; Horticultural Sciences Dept.,
Univ. of Florida, Gainesville, FL 32611-0690

Lightly processed (LP) fruit tissue deteriorates more rapidly than its
intact counterpart. A study was conducted to determine changes in
firmness, cell-wall polyuronides, and the activities of cell-wall and
membrane hydrolases and ethylene biosynthetic enzymes in intact
and LP papaya fruit during storage at 5 °C. Processing of papaya fruit
was performed under sanitized conditions at 5 °C, and fruit chunks
were stored for 8 days at 5 °C. Samples were taken from intact and LP
fruit at 0, 1, 2, 4, and 8 days after storage. Levels of total and CDTA-
soluble polyuronides in intact fruit did not change during storage, but
water-soluble polyuronides increased significantly (15%). In contrast,
total polyuronide content of LP fruit decreased (9.5%), whereas
CDTA- and water-soluble polyuronides increased 45 and 34%, re-
spectively. Moreover, the firmness and molecular mass of polyuronides
in LP fruit tissue decreased more rapidly than those in intact fruit
tissue. The activities of polygalacturonase , alpha- and beta-galactosi-
dases, lipoxygenase, ACC synthase, and phospholipase D were
significantly higher in LP fruit compared with intact fruit throughout the
storage period. Pectin methyl esterase, ACC oxidase, protease, and
phospholipase C activities, however, did not differ significantly be-
tween LP and intact fruit. The data suggest that the increase in the
activities of enzymes targeting cell walls and membranes, and changes
in the apoplastic environment of LP tissue as a result of membrane
damage, contribute to the rapid deterioration of LP tissue. The
significantly less pronounced changes noted for intact fruit stored
under identical conditions indicate that the deterioration of LP fruit is
not a direct consequence of low-temperature injury.

Poster 308
Use of Naturally Occurring Volatiles to Prolong Storage Life of
Tomato Slices and Small Fruits
Chien Y. Wang*, David W. Spaulding, J. George Buta, and Chang-Kui
Ding; Produce Quality and Safety Laboratory, Agricultural Research
Service, U.S. Dept. of Agriculture, Beltsville, MD 20705-2350

The effectiveness of several naturally occurring volatiles on extend-
ing the storage life of tomato (Lycopersicon esculentum L.) slices,
strawberries (Fragaria xananassa D.), blueberries (Vaccinium
corymbosum L.), raspberries (Rubus idaeus L.), and blackberries
(Rubus sp.) was evaluated. The naturally occurring substances used
in this study included allyl isothiocyanate (AITC), essential oil of
Melaleuca alternifolia (Tea tree oil), methyl jasmonate (MJ), and
absolute ethanol (AE). Results showed that all of these volatiles
suppressed microbial growth on the produce during storage at 10 °C.
The combination of MJ and AE maintained good quality of tomato
slices for at least 3 weeks at 10 °C. Treatments with AITC alone,
combinations of tea tree oil and AITC, MJ and AITC, or tea tree oil and



HORTSCIENCE, VOL. 36(3), JUNE 2001544

Tuesday 24 July · Afternoon

AE were the most beneficial for extending the storage life of strawber-
ries, blueberries, raspberries or blackberries, respectively. Measure-
ments of oxygen, carbon dioxide, and ethylene production indicated
that these gases in the atmospheres of the storage containers in any
treatment did not accumulate or deplete to a level that would be
harmful to the produce. The effects of these natural volatiles on the
changes of surface color, sugar content, and organic acid levels will
also be presented.

Poster 309
Postharvest, Volatile and Sensory Changes in Numerous
Stored Fresh-cut Melon Varieties
J.C. Beaulieu* and K.L. Bett; U.S. Dept. of Agriculture, Agricultural
Research Service, Southern Regional Research Center, Food Pro-
cessing and Sensory Quality Unit. P.O. Box 19687, New Orleans, LA
70179

Our laboratory has investigated physiological, volatile and sensorial
changes in stored fresh-cut melons. Over the last three years, we have
characterized shelf-life and volatiles of 25 varieties and/or breeding
lines, and performed trained sensory analysis on the vast majority of
these. Numerous varieties were repeated and/or also assessed in
different growing seasons. We have focused on cantaloupe melon,
but also included were honeydew, Charentais, Galia and Juan Canary
fruits. Carefully selected fruit were harvested (≤- to full-slip maturity),
packaged in foam beads, shipped overnight, sanitized, peeled, cubed,
and stored as fresh-cut product in clamshell containers for up to 14 d
at 4 °C. Physiological measurements (°Brix, pH, subjective assess-
ment, color, firmness, CO2 and C2H4 production, and sugars), volatiles
(GC-MS via SPME) and trained sensory panels were performed after
0, 2, 5, 7, 9 (or 10), 12, and 14 d storage. In one trial with four varieties
of fresh-cut cantaloupe, a* and b* color changed significantly after 7
d, and firmness decreased 26% to 49% when stored 10 d. In general,
volatile esters and acetates increased until around 7 to 9 d then,
tapered off or dramatically declined. Aldehydes followed the same
trend, but declined generally after 5 d storage. Alcohols continually
increased throughout storage, whereas aromatic compounds tended
to decline after cutting. Sensory characteristics were relatively stable
for most cantaloupe although ‘fruity’ flavor started decline after 9 d.
Physiological and sensory data will be compared to changes in the
flavor volatile profiles (characteristic acetates, alcohols, aldehydes
and esters) throughout the storage period.

Poster 310
Processing Line Effects on Storage Attributes of Fresh-cut
Spinach Leaves
D. Mark Hodges*1, Wendy V. Wimser2, and Charles F. Forney1;
1Atlantic Food and Horticulture Research Center, Agriculture and
Agri-Food Canada, 32 Main Street, Kentville, Nova Scotia, Canada
B4N 1J5; 2Dept. of Agricultural, Food and Nutritional Sciences, Univ.
of Alberta, 4-10 Agriculture & Forestry Center, Edmonton, Alberta,
Canada T6G 2P5

The degree of damage that may occur through harvesting and
packing represents one of the major factors that can affect quality of
fresh-cut produce. The purpose of this study was to examine the
effects of different steps in a representative fresh-cut processing line
on storage quality of spinach (Spinacia oleracea L.). To this end,
spinach leaves were removed at successive points on the line: 1)
before entry into the line (control); 2) after a shaking procedure but
before initial rinsing with 10 °C water + 5 ppm chlorine dioxide; 3) after
centrifugal drying; and 4) after commercial packaging. After removal
from the different points in the line, the spinach samples were stored
at 10 °C for 16 days with regular assessments of storage quality.
Malondialdehyde (MDA) concentration (lipid peroxidation assay),
electrolyte leakage (membrane leakiness), chlorophyll content (a, b,
and total), and color attributes (L, saturation, hue angle) were mea-
sured. Both lipid peroxidation and electrolyte leakage increased
during storage with removal from sequentially later steps of the
processing line. Electrolyte increased most in material removed after
the shaking procedure, but prior to hydrocooling. Overall total chloro-

phyll loss did not change during storage with time of removal from the
processing line, although overall chlorophyll b content decreased in
stored material 8 days following centrifugal drying and packaging. A
more rapid loss in chlorophyll a relative to chlorophyll b over the first
8 days of storage was reflected in hue angle measurements regard-
less of the point of removal. The processing line under study thus had
both beneficial and detrimental effects on storage quality of spinach.
Detrimental effects associated with centrifugal drying and packaging
procedures could be modified to improve quality.

Poster 311
Consumer Acceptability of Spinach as a Replacement for
Iceberg Lettuce on Hot and Cold Sandwiches
M.E. Fitch-Hilgenberg1, and T. Morelock*2; 1School of Human Envi-
ronmental Sciences, 2Dept. of Horticulture Univ. of Arkansas,
Fayetteville, AR

Americans purchase over 10.5 billion sandwiches each year with
hamburgers and cheeseburgers accounting for >50 % of those
purchased. In an effort to increase the nutrient density of sandwiches,
sensory evaluation was conducted to determine consumer accep-
tance of spinach as a replacement for iceberg lettuce on hot and cold
sandwiches. Hamburger and club submarine sandwich ingredients
were purchased from nationally recognized fast food restaurants.
Fresh, curly leafed spinach was purchases locally, washed, central
vein removed and shredded to resemble the shape of the iceberg
lettuce supplied by the restaurant. Sandwiches were assembled with
either iceberg lettuce or spinach as an ingredient. Hamburgers (n = 43)
and sub sandwiches (n = 112) were evaluated on different days at 5
different sites. Untrained taste panelists received either two samples
with lettuce and one with spinach or two samples with spinach and one
with lettuce. Panelists rated each sample using a Hedonic scale of 1
(like extremely) to 5 (dislike extremely) Statistical analyses of data
were conducted using ANOVA for comparing group ratings and Chi
square analysis for comparing percentages. Data indicated that order
of presentation (2 lettuce, 1 spinach or 2 spinach, 1 lettuce) had no
significant effect on acceptability. No significant difference were found
when spinach replaced lettuce on either the hamburger or submarine
sandwich. When data from hot and cold sandwiched were combined,
the Hedonic rating for all spinach samples and all lettuce samples was
2.19 ± 0.07 (mean ± SE) and 2.21 ± 0.07, respectively. The results
indicate that the like ability of sandwiches made with spinach was
equal to those made with lettuce.

Poster 312
Assessment of Production and Retail Handling Practices of
Peaches, Plums and Nectarines on Microbial Food Safety Risk
Reduction
Rodrigo A. Cifuentes*1, Ana M. Hernandez2, Linda J. Harris3, and
Trevor V. Suslow2; 1Pomology Dept., 2Vegetable Crops Dept., 3Food
Science Dept., Univ. of California Davis, CA 95616

The effect of different pre- and postharvest factors on the survival
of the avirulent indicator Salmonella Typhimurium LT2rif on peaches,
nectarines and plums was assessed following simulated contamina-
tion. The survival of the indicator strain inoculated on wounded and
non-wounded skin of yellow- and white-fleshed peaches (9 var.),
nectarines (3 var.), and plums (3 var.) was studied. Additionally,
interactions with maturity at harvest, storage conditions (time, tem-
perature and relative humidity), inoculum drying time (2 h) versus
immediate storage, brushing/defuzzing, and use of commercial wax
formulations were also evaluated. No major differences in survival of
indicator strain on non-wounded or wounded peach skin were
observed between CA Well Mature and CA Tree Ripe maturity
stages, as well as between varieties under the different storage
conditions. On nonwounded fruit, the population levels of Salmo-
nella Typhimurium LT2rif decrease almost to the limit of detection
(1.77 log10 CFU/cm2) after 24 h of storage under all temperatures (0,
10, and 20 °C) and RH (low and high) when the inoculum was
allowed to dry at 22 °C/60% RH for 2 h before storage. However,
when immediately stored, considerable higher populations can be
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recovered under the different storage conditions for up to 21 days.
On wounded tissue, population levels increase overtime when
stored at 20 °C (high and low RH), or maintain or slightly decrease
when stored at 0 °C and 10 °C. Simulated commercial brushing/
defuzzing and use of wax formulations enhance bacterial survival as
compared to nonwaxed, nonbrushed fruit surfaces.

Poster 313
Postharvest Biological Control of Gray Mold in Strawberries
Annette Wszelaki* and Elizabeth Mitcham; Dept. of Pomology, Univ.
of California, Davis, CA 95616

The postharvest biocontrol capability of three yeasts for control-
ling gray mold (Botrytis cinerea) on strawberry was examined. Fruit
were wound inoculated with Botrytis (control), Botrytis followed by
yeast, or yeast followed by Botrytis. After 3 or 6 d at 5 °C, there was
no decay for any of the treatments. However, after 3 d at 5 °C and
2 d at 20 °C, decay incidence was nearly 100% for the control, but
remained at 0% for any yeast followed by Botrytis inoculation.
Botrytis inoculation followed by yeast reduced wound decay inci-
dence 87.5%, 100%, and 30% for Aureobasidium pullulans, Can-
dida oleophila, and Pichia guilliermondii, respectively. Unfortunately,
after 2 d at 20 °C, Aureobasidium caused fruit phytotoxicity. Decay
incidence was 100% after 6 d at 5 °C plus 2 d at 20 °C for the control
and Botrytis followed by yeast treatments. Incidence decreased
slightly if Pichia was applied 1 h before the Botrytis. There was no
decay for any of the treatments after 3 d at 10 °C, but all treatments
with Botrytis, either alone or in combination with Pichia, had 100%
incidence after an additional 2 d at 20 °C. However, if Pichia was
applied before Botrytis, there was a 45% reduction in lesion diam-
eter. If it was applied after, there was a 22% reduction. After 3 + 2 d,
the treatments with Candida showed no significant differences from
the control, either in incidence or lesion diameter. After 6 d at 10°C,
the treatment with Pichia applied before Botrytis showed the great-
est decay control, reducing both incidence and lesion diameter by
about 90% vs. the control. While all three of these yeasts provided
some decay control, Pichia guilliermondii appeared to be the most
effective in reducing decay, without phytotoxicity.

Poster 314
Osmotic Dehydration of Apple Slices with CaCl2 and Sucrose
Decreases Decay Caused by Plant Fungal Pathogens and
Does Not Promote Listeria Monocytogenes Growth
Catherine O. Chardonnet1, Carl E. Sams*1, John R. Mount2, Frances A.
Draughon2, and William S. Conway3; 1Dept. of Plant and Soil Sci-
ences, and 2Dept. of Food Science and Technology, The Univ. of
Tennessee, Knoxville, TN 37901; 3Produce Quality and Safety Labo-
ratory, Beltsville Agricultural Research Center, Agricultural Research
Service, USDA, Beltsville, MD 20705

There has been a net increase in fresh fruit consumption during the
last decade in the United States. Processed produce which maintains
the qualities of fresh produce is gaining in popularity. The major
challenge for the food industry is to offer quality produce that is
microbiologically safe. Each year, Listeria monocytogenes causes an
estimated 2,500 cases of listeriosis, 500 of which are fatal. We studied
the effect of CaCl2 combined with sucrose on the microbial population
of lightly processed apple slices. We also determined the interaction
of Penicillium expansum, Colletotrichum acutatum, and Botrytis ci-
nerea, three plant fungal pathogens causing major apple losses, with
Listeria monocytogenes on apple slices. Calcium content of apple
slices increased when they were processed in solutions containing
2% CaCl2. These slices also exhibited less decay by all three plant
pathogens. The presence of L. monocytogenes did not affect fungal
growth. The association of P. expansum and L. monocytogenes at the
same site decreased the bacterial population by 15%, while L.
monocytogenes was not reduced when slices were infected with C.
acutatum. The association of B. cinerea and L. monocytogenes
resulted in a 4-fold decrease in the L. monocytogenes population
when slices were treated with 2% CaCl2. Total aerobic microbial
population was not affected by the type of microorganism added to the

inoculation site or by the osmotic treatment. These data showed that
osmotic dehydration using 2% CaCl2 with 20% sucrose limited decay
on apple slices and did not promote the growth of L. monocytogenes.

Poster 315
Comparative Survival and Growth of Avirulent Salmonella
Typhimurium LT2 and E. coli 506 with virulent Salmonella
spp., E. coli O157:H7, and Listeria monocytogenes on Peach
Rodrigo A. Cifuentes*1, Linda J. Harris2, and Trevor V. Suslow3;
1Pomology Dept., 2Food Science Dept., 3Vegetable Crops Dept.,
Univ. of California, Davis, CA 95616

The potential for survival of human pathogenic bacteria on non-
wounded and wounded skin of peaches was compared to non-
pathogenic strains. The studies were conducted with pathogenic
strains (E. coli O157:H7, Listeria monocytogenes, Salmonella
Gaminarum, Salmonella Montevideo, and Salmonella Typhimurium)
and two non-pathogenic (E. coli 506rif and Salmonella Typhimurium
LT2rif) under controlled conditions. After 24-h post-inoculation, no E.
coli 506 or E. coli O157:H7 (Detection Limit = log10 1.77 CFU/cm2)
were recovered from non-wounded tissue while a limited number of
cells were recovered from the pathogenic (log10 1.9-2.0 CFU/cm2)
and non-pathogenic Salmonella (log10 1.8-2.1 CFU/cm2) inoculated
peach fruit. On non-wounded fruit, most bacteria die during an initial
2 h drying phase at 20 °C and ≈60% R.H.. On wounded tissue, an
increase of the initial population of all the pathogenic and non-
pathogenic strains was observed. Low bulk fruit tissue pH (3.3 to 3.5)
was not a barrier to growth over the 24 h period at 20 to 22 °C. When
Salmonella (pathogenic and LT2) strains and Listeria monocytogenes
were inoculated on non-wounded peach plus 4.5% horse serum,
only Listeria monocytogenes showed a marked benefit in survival
(0.24 log reduction of the initial inoculum), compared to the 3.5 and
3.2 log reduction of the non-pathogenic and pathogenic Salmonella,
respectively.

Poster 316
The Effect of Decay Control Treatments on the Quality of
Table Grapes During Storage
Mauro C. Zanuz*1, Adel A. Kader2, and Douglas O. Adams1; 1Dept.
of Viticulture and Enology, 2Dept. of Pomology, Univ. of California,
Davis, CA 95616

Either 15% CO2-enriched atmosphere or low levels of SO2 (from
SO2-generating pads) have been recommended for controlling de-
cay during storage of table grapes. The effects of these treatments
on appearance, firmness, and flavor quality parameters were moni-
tored periodically during storage for up to 10 weeks at 0 °C. In one
experiment, the effects of air +15% CO2 (fungistatic treatment) and
air (control) were compared for the cultivars ‘Thompson Seedless’,
‘Flame Seedless’ and ‘Black Seedless’. The air + 15% CO2 treatment
had no major effects on the total soluble solids, pH, and titrable
acidity. Firmness declined with time in both treatments and the
fungistatic treatment caused a greater loss of firmness in ‘Thompson
Seedless’ than in ‘Flame Seedless’ and ‘Black Seedless’ grapes.
The quality, measured by appearance and tasting of the grapes, was
maintained for longer time with the use of the fungistatic treatment.
Off-flavors were observed only after 6 weeks in the ‘Thompson
Seedless’ (fungistatic treatment) and 8 weeks in ‘Flame Seedless’
(air treatment). In a second experiment, the effect of SO2- generating
pads (fungicidal treatment) used within styrofoam boxes and control
(no SO2- generating pads) were compared using the cultivars
‘Thompson Seedless’ and ‘Crimson Seedless’. With regard to keep-
ing the quality of grapes, SO2- generating pads were more effective
on ‘Thompson Seedless’ than on ‘Crimson Seedless’, which ap-
pears to be more resistant to fungus development. Slight off-flavor
(sulfury aroma) was detected in the grapes stored with SO2-gener-
ating pads after 6 weeks of storage at 0 °C.

Poster 317
Identification of Strawberry Proanthocyanidins as Antagonists
to Botrytis cinerea
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Claire Hebert*1, Louis Gauthier3, Andre Gosselin2, Claude Willemot1,
Yves Desjardins2, and Shahrokh Khanizadeh4; 1Dept. of Food Sci-
ence and Nutrition, 2Departement de phytologie, Centre de Recher-
che en Horticulture, Pavillon Envirotron Universite Laval, Pavillon de
l’Envirotron, QC, G1K 7P4,Canada; 3Les Fraises de l’Ile d’Orleans
Inc., St-Laurent, Ile d’Orleans, QC, G0A 3Z0, Canada; 4Agriculture
and Agri-Food Canada, Horticultural Research and Development
Center, 430 Gouin Blvd., St-Jean-sur-Richelieu, QC, J3B 3E6,
Canada

Proanthocyanidins (PA) were evaluated as markers for Botrytis
cinerea resistance of strawberry. These phenolic compounds (flavan-
3-ols dimers and oligomers) consist of a mixture of basic units, e.g.
catechin, epicatechin, gallate. They may serve as a chemical barrier
to invading fruit pathogens, while their antioxidant potential may
further improve quality preservation and extend shelf-life. Straw-
berry susceptibility to Botrytis rot varies among cultivars and may be
explained in part by PA content. We previously showed that straw-
berry PA extract inhibited Botrytis growth in solid and liquid media,
in correlation with fruit preservation. The aim of the research was to
determine whether PA content could be used as indicator of disease
resistance, and whether grey mold resistance correlated with PA
oligomers or their basic units. Proanthocyanidins (PA) were ex-
tracted from six strawberry lines and assessed for their ability to
control growth of Botrytis on solid medium. Catechin, epicatechin
and gallic acid concentrations were assayed after hydrolysis, indi-
vidually and combined. Polymerized catechins identity and content
were also determined for theses lines by HPLC. Cultivars rich in PA
were more resistant to grey mold, in correlation with content in free
and bound catechin > epicatechin and > gallic acid. The importance
of characteristic catechin oligomers for resistance to grey mold will
be discussed with respect to content proportions and interactions.

Poster 318
Quality of Minimally Processed Tomatoes Affected by
Modified Atmosphere Packaging
Abdul Hakim1, Saffawo Gullo*2, and Eiha Pehu3; 1Dept. of Viticulture
and Enology, California State Univ., Fresno, 2360 E Barstow Ave, M/
S VR89, Fresno, CA 93740; 2Southern Adventsit Univ. Dept. of
Biology, P.O. Box 370, College Gate, TN 37315; 3Dept. of Plant
Production, Helsinki Univ., 00014 Helsinki, Finland

Tomato fruit at breaker stage of ripening were cut into sliced,
ringed with water containing 50 mL·L–1 sodium hypochloride and
drained. Than they were stored in non-perforated polyethylene
package at 1 °C and 10 °C for 4, 8, and 12 days. Diffusion wholes
were made inside the polyethylene package on the 4th, 8th and 12th
day of storage. Weight loss, chlorophyll and lycopene content, seed
discoloration, fungus infection, TSS, TA, flavor and taste, firmness,
ascorbic acid content, rate of respiration and ethylene production,
and electrolyte leakage were evaluated either immediately after
storage or an additional day of storage. The overall quality of tomato
slices were better which were stored at 1 °C than those that were
stored at 10 °C. Making diffusion whole in polyethylene packages
reduced fungus infection, off-flavor, and maintained good taste.
Extended storage time resulted in increased weight loss, seed
discoloration, rate of respiration, and off-flavor, less chlorophyll and
lycopene content, lower TA, sugar/acid ratio, and ascorbic acid
content.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 22: Crop Physiology
Poster 373

A New Indirect ELISA Method to Measure Abscisic Acid
Siamak Kalantari*1, Carl Turcotte2, Ismail Fliss2, Joseph Makhlouf1,2,
and Joseph Arul1,2; 1Centre de Recherche en Horticulture;
2Dépertement d’Alimentation et de Nutrition, Faculté d’Agriculture et
d’Alimentation, Université Laval, Québec, G1K 7P4, Canada

Abscisic acid, a plant hormone, has multiple roles in plant growth
and development mainly during seed maturation and germination as

well as in responses to environmental stresses and modification of
gene expression. Measurement of abscisic acid is generally carried
out by different methods, which are fastidious with low sensitivity and
reproducibility and require long extractions procedures. The use of
immunoassay technique to measure ABA is interesting because
specific antibodies raised against ABA are available. An efficient
radioimmunoassay (RIA) technique to measure ABA has been
established. However, this technique is costly because it requires
isotope labeled substances and specific equipment. In recent years,
ELISA method is being employed to assay endogenous ABA levels
using monoclonal antibodies which are not commercially available.
Our objective was to establish an indirect-ELISA method with
polyclonal antibody that is available. Our results show that quanti-
ties of ABA are logarithmically and inversely proportional to optical
density read at 450 nm, and the sensitivity between 1.25–40
ng·mg–1 fresh weight of tissue with high reproducibly.

Poster 374
Preserving Lettuce and Radish Plants under Temporary Dark
and Low-light Conditions
Tracy A.O. Dougher*1, Nathan Saydyk2, and Bruce Bugbee2; 1Mon-
tana State Univ., Bozeman, MT, 59717; 2Utah State Univ.

Either through power loss or lamp failure, lighting loss is a common
failure in controlled environments. Recovery of plant growth from
such a failure will be critical to the sustainability of an Advanced Life
Support System. Understanding plant response to prolonged dark-
ness can aid in gracefully recovering from these failures. We
subjected 14 day old lettuce and radish plants to three light levels, 0,
5, and 10 µmol·m–2·s–1, each at three temperatures of 0, 8, and 22 °C.
Plants were kept in these treatments for 0, 1, or 2 weeks and then
allowed to recover for two more weeks. Lettuce plants recovered
faster if kept at warm temperatures and received 10 µmol·m–2·s-–1 of
light. However, if complete darkness was encountered, plants recov-
ered more quickly if temperatures were near 0 °C. Radishes recov-
ered more gracefully if temperatures were near 0 °C regardless of
light level.

Poster 375
Effect of the Endocarp on Seed Chilling Requirement for
Germination in Peach [Prunus persica (L.) Batsch]
Anne M. Gillen1 and Fredrick A. Bliss2; 1 Univ. of California-Davis,
Dept. of Pomology, Davis, CA 95616; 2Seminis Vegetable Seeds,
Inc., Woodland, CA 95695

Seed chilling requirement for germination (“seed-chill”) is impor-
tant for production of peach seedlings used as rootstocks since poor
germination often results following warm winters. Influence of the
endocarp (shell) on seed-chill in peaches has not been fully eluci-
dated, but it has been suggested as a factor influencing high seed-
chill requirement. If the endocarp inhibits germination, selection
based on endocarp characteristics may reduce seed-chill. To de-
velop a screen for seed-chill requirement, whole and unshelled seed
of ‘Nemaguard’ and ‘Lovell’ rootstocks were stratified 28, 42, 56, 70,
84, or 98 days, planted in flats and moved to a warm greenhouse.
Maximum germination (80%) of whole seeds was obtained from the
84-day treatment for ‘Lovell’ and 56-day treatment for ‘Nemaguard’.
However, shelled seed of both required stratification only 28 days to
obtain 90% germination. Germination percentages of whole seed
declined for the 98-day treatment for ‘Nemaguard’, but not ‘Lovell’.
Therefore, differences in seed-chill of whole seed were not depen-
dent wholly on the cold period required to overcome endodormancy,
but also on the cold period required to enable the seedling to open
the shell. To further investigate the effect of endocarp on seed-chill,
whole seeds from open pollination of 52 OP-F2 plants from a cross
of peach rootstocks ‘Harrow Blood’ and ‘Okinawa’ were stratified
from 24 to 98 days. Samples in the 98-day treatment contained twice
as much seed as the other treatments. Each entry in the 98-day
treatment was divided into two groups after stratification (whole seed
and naturally split and/or germinated seed) and the shell removed
from one group, then seeds were planted in flats and transferred to
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a warm greenhouse. Removal of the shell increased average germi-
nation from 60% to 95%, and results indicated that 24 days or less
were required for 100% germination of shelled seed and that the
shell reduced maximum germination and increased the chill-require-
ment. Breeding for decreased endocarp or suture strength should
help germination and a pre-treatment to degrade the suture or shell
may increase germination after warm winters.

Poster 376
Seasonal 15N Acquisition and Allocation in Slow and Fast
Growing Loblolly Pine (Pinus taeda L.)
W.Q. Yang*, R.P. Phillips, A. Dunbar-Wallis, and M.A. Topa; Boyce
Thompson Institute for Plant Research, Ithaca, NY 14853-1801

Loblolly pine (Pinus taeda L.) is widely-distributed in the south-
eastern United States and is often found in N- and/or P-limited soils.
We conducted a 15N-enrichment study to investigate genetic, sea-
sonal and environmental effects on N acquisition and allocation in
slow- and fast growing families of loblolly pine. In June, late July and
September of 1999, (15 NH4)2SO4 was applied to the upper 0–10 cm
soil horizon of selected 6-year-old trees in Scotland County, North
Carolina. Eight weeks later, foliage, branch, stem, and root tissues
were sampled from trees in the fertilized and control plots. One-third
of the enriched trees were harvested in January 2000, and tissue dry
weights were used to calculate whole-tree 15 N budgets. There were
significant season, treatment, and family effects on total 15 N
acquisition and allocation. The highest 15 N acquisition occurred
during July and September sampling dates. Fertilized trees acquired
more 15 N than control trees due to larger standing crop fine and
coarse root biomass, and larger tree size. Faster-growing loblolly
families also acquired more 15 N than slower-growing families on
some sampling dates. Regardless of treatment or family, trees
allocated 83%, 86%, and 70% 15 N to aboveground tissues in July,
September, and November respectively. Allocation of 15 N nitrogen
among various tissue types was not affected by fertilization. Our
results suggest genetic differences in 15 N acquisition by fast- and
slow-growing families of loblolly pine. Funding was provided by DOE
Grant # DE-FC07-97ID13527.

Poster 377
Antioxidants and Antioxidant Enzymes in the Fruit Peel of
Tomato Mutants
Carolina Torres* and Preston K. Andrews; Dept. Hort & LA, Wash-
ington State Univ., Pullman, WA 99164

The epidermal and hypodermal tissues of tomato (Lycopersicon
esculentum L.) fruit can incur photooxidative damage due to the
accumulation of reactive oxygen species (ROS). Antioxidants and
associated enzymes of the ascorbate-glutathioine cycle detoxify
these ROS. Using specific mutants (beta-carotene, B; delta, Del;
high pigment, hp; ripening inhibitor, rin) of wild-type ‘Rutgers’, we
examined developmental changes in ascorbic acid (AsA), glu-
tathione, superoxide dismutase (SOD), ascorbate peroxidase (APX),
dehydroascorbate reductase, monodehydroascorbate reductase,
glutathione reductase, and catalase, chlorophyll, and lycopene
under greenhouse and controlled high temperature/light regimes.
Differences were observed among mutants and wild type fruit peel
tissue in AsA and glutathione levels, and in their redox states.
Chlorophyll and lycopene concentrations differed developmentally
among mutants and wild type. Enzyme activities varied develop-
mentally among genotypes, especially those of SOD and APX.
Susceptibility to photooxidative injury under high temperature/light
conditions varied among mutants and wild-type. The relationship
between metabolite levels and enzyme activities and photooxidative
damage will be discussed.

Poster 378
Why the Accumulated Proline under Chilling is Not Able to
Improve the Maize Chilling Tolerance
Wen-Ping Chen* and Paul H. Li; Laboratory of Plant Hardiness,
Dept. of Hort. Sci., Univ. of Minnesota, St. Paul, MN 55108

At low temperature, plants literally increase the proline content,
which has been suggested to play a role in low temperature tolerance.
Maize (Zea mays) accumulates proline under chilling (i.e. 0 to 10 °C).
It has been also known that feeding maize cultured cells with proline
at warm regime is able to alleviate the chilling injury. Why the chilling-
induced accumulation of proline does not improve maize chilling
tolerance? Attempt to answer this question was made with maize
(cv. Mexican Black Sweet) cultured cells and seedlings. It was found
that total proline content increased by 4-fold (from 0.15 to 0.55 µmol/
g. F.Wt.) in the 3rd leaf of the seedlings after 4 d of 4 °C exposure,
whereas chilling injury occurred as evidenced by the leaf wilting and
bleached. In maize cultured cells, a 3-fold increase in intracellular
proline content (0.4 to 1.1 µmol/g. F.Wt.) was observed after 2 d 4°C
exposure, while the cells showed 80% viability as compared to the
un-chilled control. After 3 d chilling, we found that the chilling-
induced proline was leached out into the culture medium in which
there was no proline present prior to chilling exposure. After 4 d
chilling, the medium had 1.8 µmol/g. F.Wt. proline, about 80% of the
chilling-induced total proline, whereas the cell viability was about
45% of the un-chilled control. The scenario of proline distribution in
the cultured cells and the medium under chilling suggests that in
intact seedlings, because of membrane damage, chilling-induced
proline appeared to be leached out into the intercellular spaces and
thus was unable to aid the seedlings to alleviate the chilling injury.

Poster 379
Powdery Mildew Resistance in Monarda didyma: Role of
Essential Oil Constituents
K. Gwinn*, D.J. Trently, S.L. Hamilton, S.E. Greene, P. Meleo, and
J.F. Green; Univ. of Tennessee, Dept. of Entomology & Plant
Pathology; PO Box 1071, Knoxville, TN 37901-1071

A major drawback to the ornamental appeal and commercial value
of Monarda didyma is the occurrence of a disfiguring disease,
powdery mildew (caused by Erysiphe cichoracearum). Susceptible
varieties can be completely defoliated, but many varieties are
classified as resistant to this disease. Our hypothesis is that essen-
tial oil (EO) content and chemical composition play a role in disease
resistance. The objectives of this study were as follows: 1) to develop
a rapid technique for assessing the EO composition of Monarda; and
2) to determine if EO composition and concentration are correlated
with disease resistance. Plant material was ground in liquid nitrogen,
shaken in hexane for 24 h at room temperature, then filtered to
remove particulates. The extract was analyzed with GC/MS. This
technique allowed routine extraction of samples with minimal equip-
ment and sample preparation time. Extracts did not have thermally-
induced isomerisms associated with steam distillation. Linalool, a
linear monoterpene, was a primary component of the extracts from
many cultivars that have been reported as disease resistant. Ex-
tracts from resistant cultivars also tended to have high concentra-
tions of the aromatic monoterpenes, thymol and carvacrol. Flowers
tended to have higher concentrations than leaves. In susceptible
cultivars, these compounds were either absent or present at low
concentrations.

Poster 380
Diurnal Regulation of Aldose-6-Phosphate Reductase and
Sucrose Phosphate Synthase in Apple Source Leaves
Rui Zhou* and Bruno Quebedeaux; Dept. of Natural Resource
Sciences and Landscape Architecture, Univ. of Maryland, College
Park, MD 20742

Net photosynthesis, individual carbohydrate concentrations, and
the activities of aldose-6-phosphate reductase (A6PR) and sucrose
phosphate synthase (SPS) were monitored in mature apple leaves
at regular intervals throughout the diurnal cycle. Sorbitol was the
major carbohydrate in apple mature leaves. Its concentration in-
creased gradually after 6:00 AM and reached its highest level of 18.0
mg·g–1 fresh weight at 10:00 AM and then decreased to its lowest level
of 9.6 mg·g–1 at the end of the dark period. Starch also showed a similar
diurnal pattern except for a low absolute concentration with a maxi-
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mum of 0.92 mg·g–1 fresh weight and a minimum of 0.36 mg·g–1 fresh
weight. The observed changes in sorbitol and starch concentrations
indicate that both sorbitol and starch are temporarily stored in apple
leaves. Aldose-6-phosphate reductase (A6PR) showed significant
diurnal fluctuations in activity whereas the activity of sucrose phos-
phate synthase (SPS) under both saturating substrate and limiting
substrate conditions showed no significant changes during either the
day or the night. The highest A6PR activity under natural light
conditions appeared at 10:00 AM with 37.2 µmol·h–1·g–1 fresh weight,
which was 30% higher than that observed during the night. The
diurnal alteration of A6PR activity under controlled environmental
conditions in growth chambers was similar to that observed during
natural day-night conditions. Treatments of: 1) 14/10 h light/dark
period; 2) continuous light; and 3) continuous darkness did not alter
diurnal A6PR activity variation patterns. Our results show significant
correlations between A6PR activities, sorbitol concentrations and
photosynthetic rates, which suggests that the processes of photo-
synthesis, carbohydrate biosynthesis and photosynthate partitionings
in apple involving sorbitol, sucrose and starch are coordinately
regulated.

Poster 381
Low Temperatures Reduce Seed Production in Arabidopsis
Plants
Han-E Zhou and C.B. Rajashekar*; Dept. of Horticulture, Forestry &
Recreation Resources, Kansas State Univ., Manhattan, KS 66506

Arabidopsis thaliana (Columbia) and a transgenic line (anti-alpha
PLD) with suppression of phospholipase D activity and improved
freezing tolerance were used to examine the effects of low tempera-
tures on their growth, specifically flowering and seed production.
Plants were cooled at 1 C/h from 0 °C to –6 °C and held at each test
temperature for 1 h and subsequently grown in a growth chamber at
22 °C with 10 h light to observe plant height, flowering time and
morphology, and seed yield. All the growth characteristics measured
in the wild type and anti-alpha PLD plants were adversely affected
by exposure to low temperatures, more so in the transgenic plants
than the wild type plants. The plant height decreased more or less
linearly as temperature decreased and in the transgenic plants stem
branching ceased after exposure to 0 °C or below. Flowering was
delayed by low temperatures, by as much as 7 days in the transgenic
plants exposed to –4 °C. Typically, the untreated transgenic plants
produced about 8% to 10% less seeds than do their wild type
counterparts, as they have fewer flowers and shorter silique. Al-
though low temperatures reduced seed yield in both wild type and
transgenic plants, the reduction was more severe in the transgenic
plants. In plants exposed to 0 °C, the seed yield was reduced by 15%
in the wild type and 30% in the transgenic plants. At –4 °C, seed yield
was reduced by 60% in the wild type and by 90% in the transgenic
plants at –5 °C. Thus, although the transgenic plants were freezing
tolerant (killing temperature of –5.5 °C), they produced very little
seeds below –4 °C. The results show the adverse effect of low
temperatures, especially sub-zero temperatures, on the overall
growth and seed production in Arabidopsis plants.

Poster 382
Growth and Development of Tissue Culture Propagated
Easter Lilies are Affected by Temperature and Photoperiod
During Young Plant Stage
E. Jay Holcomb, Robert D. Berghage, and Vijay Narayanasamy*;
Dept. of Horticulture, The Pennsylvania State Univ., University Park,
PA 16802

Tissue culture propagated (TCP) Easter lilies (Lilium longiflorum
Thunb. ‘Nellie White’) were grown by continuous propagation system.
Young plants with 5–6 leaves were placed in three growth chambers
(16, 19 and 22 °C). Half of the plants in each chamber were exposed
to long days (LD; 16 h) and the remaining plants were exposed to
short days (SD; 8 h). After 12 weeks, plants grown at 16 °C had more
leaves and were taller than plants grown at 22 °C. The plants grown
at 22 °C had more scales, high bulb dry weight and were shorter.

Plants grown under long days were taller than the plants grown
under short days. Since the bulbs of TCP Easter lilies were very small
(≈0.5 cm diameter) there was no significant effect on growth param-
eters due to bulb size. After 12 weeks in the growth chamber the
plants were subjected to the following treatments: 1) cold tempera-
ture treatment at 5 °C for two weeks followed by natural photoperiod
in the greenhouse, 2) long day treatment with HID lamps until
flowering, and 3) natural photoperiod in the greenhouse. Plants
treated with 16 °C LD flowered rapidly but produced few flowers (≈2/
plant) Plants treated with 22 °C SD produced more flowers (≈6/plant)
but they flowered late. Cold treatment removed the photoperiodic
effect. Long day treatment with HID lamps caused earlier flowering.
In general plants treated with low temperature (16 °C) flowered soon
but produced poor quality plants. Plants treated with high tempera-
ture (22 °C) flowered very late but produced good quality plants.
Long days can substitute for the low temperature requirement, but
the effect of long days decreased at both high (22 °C) and low
temperatures (16 °C). Variability in number of leaves, number of
flowers, height, and duration was large in some treatments. The
reasons for high variability were also investigated. Additional index
words: Lilium longiflorum, Continuous Propagation System (CPS),
Tissue Culture Propagated (TCP), (High Intensity Density) HID, Low
temperature requirement.

Poster 383
Effectiveness of Plant Growth Regulators on Growth and
Development of ‘Revert’ Chrysanthemum
Ines Vrsek*, Ksenija Karlovic, and Davorka Spoljaric; Univ. of
Zagreb, Dept. of Ornamental Plants and Landscape Architecture,
Zagreb, Croatia

Influence of growth retardants on growth and development of
‘Revert’ chrysanthemums (grown as cut flowers) was investigated
during one year trial. Experiment was conducted on a family farm
near Durdvac, Croatia, in a plastic greenhouse. Two growth retar-
dants, Cycocel and Alar 85 in three different concentrations were
used. Cycocel was used in the concentration of 0.2%; 0.3% and
0.4% and Alar 85 in the concentration of 0.1%, 0.2% and 0.3%. Plant
height, number of flowering shoots and number of flowers per plant
were measured. Results have shown that growth retardants reduced
the plant height. However, there was no significant difference in
number of flowering shoots and number of flowers per plant regard-
less of sort of growth retardant or concentration that was used.
Treatment with Cycocel in concentration of 0.3% resulted in plants
that were 6% shorter than the control. The same concentration of
Alar 85, resulted in 13% shorter chrysanthemum plants, compared
with the control. There was statistically significant difference in plant
height between concentrations of growth retardant that were used:
plants treated with Cycocel in concentration of 0.3% and 0.4% were
for 4% shorter compared with plants treated with 0.2% concentration
(there was no significant difference in height between plants treated
with 0.3% and 0.4% Cycocel). Plants treated with Alar 85 in concen-
tration of 0.2% and 0.3% were shorter for 4% and 6%, respectively,
compared with those treated with 0.1% concentration of Alar 85
(there was no significant difference in height between plants treated
with 0.2% and 0.3% of Alar85).

Poster 384
Prevention of Ethylene-Induced Flower Shattering in Lupinus
havardii by Ethylbloc™ (1-Methylcyclopropene)
Norendra Sankhla, Wayne A. Mackay*, and Tim D. Davis*; Texas
A&M Univ., TAES-Dallas, 17360 Coit Road, Dallas, TX 75252-6599

Lupinus havardii Wats. (Big Bend bluebonnet), a winter annual
native to southwest Texas, produces attractive racemes on a long
axis. The cut inflorescences have immense potential as a novel cut
flower crop. In addition to the more common genotype with blue
flowered racemes, we have also identified and developed pink and
white flowered lines. Our studies have indicated that these selec-
tions vary substantially with respect to their ethylene sensitivity.
Application of low levels (<100 µM) of ethephon (CEPA), through the
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cut inflorescence axis, induced flower shattering as well as abscis-
sion of young buds, although the “white flower” line turned out to be
more tolerant than the “blue flower” line. Extremely low concentra-
tions of 1-methylcyclopropene (1-MCP), supplied via Ethylbloc™,
reduced flower senescence, induced opening of additional flowers,
and prevented CEPA-induced flower shattering. It appears that 1-
MCP is highly effective in protecting cut racemes of Big Bend
bluebonnet against ethylene and thereby extending vaselife.

Poster 385
Effect of Low Temperature Storage and Ethylene Inhibitors
on Cut Racemes of Big Bend Bluebonnet, Lupinus havardii
Wats.
Wayne A. Mackay*, Norendra Sankhla, and Tim D. Davis*; Texas
A&M Univ., TAES-Dallas, 17360 Coit Road, Dallas, TX 75252-6599

Racemes of Big Bend bluebonnet (Lupinus havardii Wats.) have
immense potential as a novel cut flower crop. This study was initiated
to evaluate the effect of low temperature storage on subsequent
display life of cut racemes at ambient temperature. Freshly har-
vested racemes were stored at 4 ± 1 °C with or without prior
treatment with silver thiosulphate (STS) or 1–methylcyclopropene
(1-MCP) for up to 3 weeks. The racemes hold very well during the
extended period of cold storage. However, upon transfer to 22 ± 1 °C
flower abscission and senescence become evident starting from 4
days after cold storage. A significant deterioration in visual display
life also becomes apparent starting from 8 days after cold storage.
Pretreatment with either STS or 1-MCP, to some extent, reduced
deterioration of postharvest performance and proved beneficial in
extending vaselife of cut racemes.

Poster 386
Water Regulation in Cutflowers of Antirrhinum majus L.
William J. Martin* and Dennis P. Stimart, Dept. of Horticulture, 1575
Linden Drive Madison, WI 53706

Water regulation is essential to cutflower postharvest longevity
(PHL). Two inbreds of Antirrhinum majus L. (Snapdragon) P1 and
P2, which exhibit extremes for PHL, display wilting and browning/
drying senescence symptoms respectively. P1, P2, and F1 (P1 x P2)
were used in a series of experiments to relate water absorption and
transpiration to PHL and senescence symptom. Water absorption
patterns were determined with use of a water-soluble tracking dye
and the role of stem plugging was evaluated with a recut of the
cutflower stems. Transpiration patterns were analyzed by sealing
stems in clear polyethylene boxes. Data will be presented on the
roles of stem plugging, absorption, and transpiration in PHL.

Poster 387
The Effect of Shoot-bending on Net Photosynthesis and
Stomatal Conductance of Rose Leaves
Soo-Hyung Kim* and J. Heinrich Lieth; Dept. of Environmental
Horticulture, Univ. of California, Davis, CA 95616

The effect of shoot-bending on net leaf CO2 assimilation (An),
stomatal conductance (gs) and transpiration rate (E) were investi-
gated for cut-flower roses. Shoot-bending resulted in reduced rates
of An, gs, and E at saturating light condition (2000 µmol·m–2·s–1) in
comparison with the rates prior to shoot-bending. Two to three days
after bending, the An, gs, and E of bent shoots were significantly lower
than of the control shoots. These differences in An between bent and
control shoots decreased over time, disappearing by 21 days after
bending. Bent shoots had reduced photosynthetic capacity; quan-
tum efficiency and the curvature factor of the light response curve
were not affected. Bending of shoots generally results in a kink in the
stem with tissue on the inside of the kink being compressed. In some
instances, tissue on the outside of the kink is cracked, particularly
when older stems are bent. Stems showing cracks were not used in
this study. Also, the final stem configuration after bending has one
side of the bent portion of the stem facing up and the opposite side
facing down. Leaves attached at the upper side were found to have
significantly higher An, gs, and E. This was probably due to destruc-

tion within the kink, of xylem vessels serving the leaves attached to
the lower side of the bent stem. Our leaf measurements support the
hypothesis that hydraulic conductivity is reduced in bent stems, that
this is due to destroyed xylem tissues, and that reduced photosyn-
thesis rates of the lower leaves are a function of water status.

Poster 388
Diurnal Patterns in Rosa Hybrida L. ‘Kardinal’ Stem
Elongation
Lorence R. Oki* and J. Heinrich Lieth; Dept. of Environmental
Horticulture, Univ. of California, Davis, CA 95616

Stem elongation is a fundamental determinant of rose productivity
since cut-flower roses are graded and marketed by stem length.
Optimization of stem elongation in roses requires a quantitative
understanding of how this varies over the course of the day and with
development time. Stems of greenhouse-grown rose plants in con-
tainers were measured daily and the number of unfolded leaves was
counted. At the same time elongation patterns were quantified by
using a linear displacement position sensor (LDPS) to determine the
stem tip position over time. Hourly relative growth rates (RGR) were
calculated and patterns were quantified. The RGR was greatest
(1.5) just after sunset, then decreased to slightly greater than 1.0 at
midnight. It then was constant through the remainder of the night.
After sunrise, the rate decreased temporarily in the midmorning to
0.9 before increasing to >1.0 from 10:00 to noon. The RGR de-
creased to 0.7 at 2:00 pm before increasing again in the late
afternoon. A similar pattern was found plants in a growth chamber,
but fluctuations were more abrupt as the lights were turned on and
off. The late morning peak in RGR was also evident. A model for
RGR, combined with the effect of water stress and/or salinity,
provides a useful tool in simulation of stem elongation and in
determination of optimal irrigation and fertilization practices.

Poster 389
Cultivar-specific Rates of Gibberellic Acid Application
Improve Flower and Overall Quality of Spathiphyllum
Richard J. Henny*, Jianjun Chen, Terri Luping Qu; Univ. of Florida,
Mid-Florida Research and Education Center, 2725 Binion Road

Gibberellic acid (GA3) has been widely used in inducing flowers of
Spathiphyllum. The general method for GA3 application is a single
foliar spray at 250 ppm; open flowers are visible within 12 to 16
weeks after the treatment. The GA3 spray, however, may be
associated with distorted spathes and/or spadices, as well as twisted
or discolored leaves. This study was undertaken to determine if
cultivar differences exist in response to various rates of GA3, and if
cultivar specific application rates could improve flower as well as
overall quality of Spathiphyllum. Different cultivars were treated with
a single foliar spray of GA3 at four concentrations. Days to first open
flower, total flower count, spathe distortion and overall plant quality
were recorded. Results showed that cultivars varied significantly to
GA3 application rates. Cultivar ‘Viscount’ flowered only at a rate of
250 ppm, ‘Petite’ and ‘Taylor’s Green’ at 150 ppm, whereas hybrid
‘0597-3’ flowered at 60 ppm. Each cultivar had a critical concentra-
tion range such that applications below this critical range were not
effective for flower induction; whereas rates beyond the range did not
increase flower numbers. Instead, high rates could have led to
distorted flower and leaf problems. Cultivars also varied in the time
to first open flower and total flower count. This study suggested that
applying GA3 based on cultivar-specific rate could improve flower
and overall plant quality in Spathiphyllum production.

Poster 390
Tulip Flower Stalk Elongation and Non-Structural
Carbohydrate Concentrations
Anil P. Ranwala*, N.K. Damayanthi Ranwala, and William B. Miller;
Dept. of Horticulture, Cornell Univ., Ithaca, NY 14853

The effects of gibberellin and gibberellin inhibitor treatments on tulip
flower stalk elongation and non-structural carbohydrate concentra-
tions were investigated. Precooled (at 5 °C for 12 weeks) tulip (Tulipa
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gesneriana L. cv. Apeldoorn) bulbs were treated with ancymidol as a
pre-plant bulb soak (one hour in 50 ppm solution), planted individually
in 4-inch pots, and forced in a 20 °C greenhouse. Fifteen days after
planting, a group of ancymidol-treated plants were treated with 25 mg
of GA4+7 as a soil-drench application. Plants were harvested at 5-day
intervals, and the length and weight of four internodes of the flower
stalk were measured. Ancymidol-treated plants had shorter intern-
odes and less dry weight compared to control plants. GA4+7 treat-
ment reversed the ancymidol effect by increasing internode length
and dry weight. The inhibition of the internode elongation by ancymidol
was prominent in the lowermost indernode compared to upper inter-
nodes. The internodes of ancymidol-treated plants at early stages of
growth (up to 20 days) had lower concentrations of reducing sugars
(glucose and fructose) and higher concentrations of starch compared
to the internodes of control and GA4+7 -treated plants. However, at
later stages of growth, the internode reducing sugar concentrations of
ancymidol-treated plants rose to levels comparable to control plants.

Poster 391
Impact of High-temperature and Irradiance on Development of
Five Bedding Plant Species
Ryan M. Warner* and John E. Erwin; Dept. Horticultural Science,
Univ. of Minnesota, 1970 Folwell Ave., Saint Paul, MN 55108

An experiment was conducted to study the impact of variation in
irradiance on high temperature effects on development of five bedding
plant species. Antirrhinum majus L. ‘Rocket Rose’, Calendula officinalis
L. ‘Calypso Orange’, Impatiens wallerana Hook.f. ‘Super Elfin White’,
Mimulus xhybridus Hort. ex Siebert & Voss ‘Mystic Yellow’, and
Torenia fournieri Linden ex E. Fourn ‘Clown Burgundy’ were grown in
a greenhouse maintained at an air temperature of either at 32 ± 1.5 or
20 ± 1.5 °C. In each temperature treatment, plants were grown under
60% ambient irradiance (Saint Paul, Minn.), using a 40% shadecloth,
plus 10 µmol·m–2·s–1, ambient daylight plus 10 µmol·m–2·s–1, or ambi-
ent daylight plus 75 µmol·m–2·s–1. Supplemental lighting was provided
using high-pressure sodium lamps to insure similar light spectra
across treatments. The photoperiod was maintained at 16 h. Data
were collected at anthesis on anthesis date, leaf number below the first
flower, first flower diameter, flower bud number, lateral shoot number,
area and dry mass of the leaves subtending the first two flowers or
inflorescence, and total shoot dry mass. All species grown at 32 °C
exhibited reduced flower diameter (except A. majus) compared to
plants grown at 20 °C. In addition, all species grown at 32 °C exhibited
reduced flower bud number compared to plants grown at 20 °C.
Further characterization of the effects of high temperature on growth
and development of these species, and interactions between tem-
perature and irradiance will be presented.

Poster 392
Foliar Pigments and Activities in Antioxidative Enzymes in
a Cattleya (Orchidaceae) Hybrid Grown Under the Reduced
UV Condition
X . Zhao, S. Matsui*, and J. Li.; Faculty of Agriculture, Gifu Univ.,
1-1 Yanagido, Gifu 501-1193, Japan

In order to clarify effects of UV radiation on leaves of a CAM plant,
Sophrolaeliocattleya (Cattleya) hybrid plants were grown under
coverings with a UV-cut plastic film (CI Chem. Reduced UV) and a
normal UV-transmittant vinyl film (Normal UV) from 1 Aug. for 80
days. UV radiation energy of the reduced UV was about 6% of the
normal one. In leaves of Cattleya plants grown under the reduced
UV radiation chlorophyll and carotenoid concentrations increased
for 40 days to the level more than those of the normal UV in which
chlorophylls showed no seasonal changes. Anthoxanthins in leaves
under the same condition decreased with time after 20 days from
the onset of the treatment, although their levels were higher than
those of the normal UV plot. Superoxide dismutase activity in
leaves of the reduced UV plot did not differ from that of the normal
one. However, ascorbate peroxidase and catalase activities were
higher in leaves of the former plot than in those of the latter. Thus,
reduced UV radiation increased pigment contents in Cattleya

leaves in the same way as Cymbidium leaves (Jap. Soc. Hort. Sci.
Spring Congress, 2001) except anthoxanthins. However, Cattleya
reduced activities in AOS-scavenging enzymes under the reduced
UV radiation, while Cymbidium increased them. These findings
indicate that Cattleya plants are more tolerant to high UV radiation
than Cymbidium plants.

Poster 393
Effects of Scavenging Enzymes on SO2 Absorption in Foliage
Plants
Young Yi Lee, Sang Gyu Seo, Seong Han Lee, and Yong Beom
Lee*; Dept. of Environmental Horticulture, The Univ. of Seoul, Seoul
130-743, Korea

In order to examine whether the scavenging metabolism could
improve ability of absorbing air pollutants in plants, sulfur dioxide (SO2)
was fumigated to Pachira aquatica, Spathiphyllum patinii and Hedera
helix. SO2 fumigated to plants with 1 µL·L–1 for 2 days resulted in visible
injury in P. aquatica and H. helix while no symptom was appeared in
S. patinii. Although the visible injuries appeared in H. helix the SO2

absorption was higher in that species than in S. patinii, the tolerant
species, while it was lower in P. aquatica, the sensitive species. This
tendency continued after SO2 fumigation. The decrease rate of SO2

absorption by fumigation was least affected in S. patinii as expected.
To investigate the factor related to such gas absorption ability in plant
stomatal resistance, CO2 absorption and the activity of antioxidative
enzyme was examined. The results showed that the structural factors
such as stomatal resistance and CO2 absorption were consistent with
the susceptibility to SO2 very closely rather than the SO2 absorption
ability, while the inducible activity of antioxidative enzyme, especially
glutathione reductase (GR) activity, corresponded to the capacity of
absorbing SO2 in plant. Ascobate peroxidase (APX) failed to show any
significant tendency. That means metabolic detoxification in plant,
rather than its structural factor, affects its capacity of absorbing SO2.
The considerable effect of GR activity on reducing SO2 is considered
to be due to the fact that SO2-induced injury may be caused mainly
during the electron transfer in photosynthesis process. In conclusion
the higher GR activity of the plant, the higher its ability of absorbing
SO2.

Poster 394
Water Loss Estimates for Five Landscape Tree Species
Thayne Montague*1, and Roger Kjelgren2; 1Dept. of Plant and Soil
Science, Texas Tech Univ. Lubbock, TX 79407; 2Dept. of Plants,
Soils, and Biometeorology, Utah State Univ., Logan, UT 84322-4820

Increased pressure for available water amplifies the need for
landscape irrigation managers to apply the correct amount of irriga-
tion in an efficient manner. This research correlated actual tree water
loss (measured by weighing lysimeters) with a water loss multiplier
based upon the crop coefficient concept. Over a four-year period,
five commonly used, balled and burlaped landscape tree species
were grown in two lysimeters. Selected species were: Salix matsudana
‘Tortuosa’ (corkscrew willow), Platanus x acerifolia ‘Bloodgood’
(London planetree), Tilia cordata ‘Greenspire’ (littleleaf linden), Acer
platanoides ‘Emerald Queen’ (Norway maple), and Fraxinus
pennsylvanica ‘Patmore’ (green ash). Tree trunk diameters ranged
from 4.9 cm to 10.7 cm, crown height ranged from 2.3 m to 4.3 m,
crown diameter ranged from 0.8 m to 1.7 m, total leaf area ranged
from 0.8 m2 to 4.4 m2, and leaf area index ranged from 0.49 to 2.56.
At the beginning of each growing season, a single tree was planted
in each lysimeter, and each growing season (except the last) two
new species were used. Throughout each growing season, trees
were well watered and lysimeter mass and site meteorological
variables were collected every half-hour by a data logger. Water loss
multipliers for each tree species were calculated as the ratio of water
loss per total leaf area to reference evapotranspiration. Data were
analyzed using descriptive statistics. Results indicate that cork-
screw willow and littleleaf linden had the greatest daily mean water
loss (5.64 mm and 4.87 mm, respectively), while Norway maple had
the least (1.08 mm). Water loss multipliers followed a similar trend.
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Water loss multipliers for corkscrew willow and littleleaf linden were
the greatest (1.08 and 0.88, respectively) and least for Norway
maple (0.19).

Poster 395
Interactive Effects of Drought and Light Stress on
Photosynthesis and Chlorophyll Fluorescence in
Illicium x ‘Woodland Ruby’
Jason J. Griffin* and Thomas G. Ranney; North Carolina State Univ.,
Raleigh, NC 27695

Individual containerized plants of Illicium L. x ‘WoodlandRuby’
were irrigated either daily to container capacity or as needed to
maintain a bulk soil water potential of about –1.2 MPa. After six
weeks of persistent drought stress, plants were moved into the
laboratory where net photosynthesis (Pn) and chlorophyll fluores-
cence measurements were conducted. Light response curves were
generated for both Pn and fluorescence measurements at 0, 50, 100,
150, 200, 500, 800, 1000, 1500, and 2000 µmol·m2 per second PAR.
There was a significant interaction between irradiance and water
regime for Pn. Net photosynthesis of drought-treated plants in-
creased at a lower rate with increasing irradiance, attaining a lower
light-saturated maximum. The overall reduction of Pn in drought-
stressed plants resulted, in part, from non-stomatal limitations in-
cluding inhibition of apparent quantum yield. Chlorophyll fluores-
cence measurements indicated that drought-stressed plants had
reduced photochemical efficiency and yield, but increased non-
photochemical dissipation under low irradiance (<1000 µmol·m2 per
second). At high irradiances, the differences in fluorescence vari-
ables between the watering regimes were negligible or non-existent.
However, Pn remained significantly greater in the watered plants
even at the highest irradiance. These data suggest that under high
irradiance conditions, there is an abundance of light energy in the
drought-stressed plants that is channeled through photosystem II,
but is not used for carbon assimilation.

Poster 396
Poplar Sap Flow Measured by Thermal Dissipation Probes as
Compared to Load Cells
Roger Kjelgren* and Ryan Stewart; Dept. of Plants, Soils, and
Biometeorology, Utah State Univ., Logan, UT 84322

Thermal dissipation probes (TDP) are a relatively new method for
measuring tree transpiration based on an empirical relationship
between sap velocity and the temperature differential between
heated and unheated thermocouples. We investigated how well tree
transpiration measured with TDPs using the published empirical
equation compared to transpiration in hybrid poplars as measured
with load cells. In Spring 2000, three poplar trees on load cells
connected to a datalogger were instrumented with four 300 mm
probes per tree at 150, 300, 450, and 600 mm increments rotated
around the trunk of the tree, where the 300 and 600 mm probes were
inserted only partway in the trunk. Data was collected for 3 weeks,
and then a second study was conducted for two weeks on three new
trees where probes were inserted fully into the trunk, aligned
bilaterally rather than rotated, at the same heights. In the first study,
sap flow from probes inserted 150 mm into the trunk were only
slightly less that those fully inserted, and there was no effect of probe
height on sap velocity. TDP sap velocity averaged over all probes
was only 34% of sap flow as measured by the load cells. In the
second study, sap flow differences among probes within a tree
tended to exceed that between trees. Average sap flow in the second
study was 62% of that measured with the load cells. These prelimi-
nary data suggest that the published empirical equation relating
thermal dissipation to sap velocity may need to be adjusted for
poplars, but further verification work is needed.

Poster 397
Assessment of Nitrogen Bioavailability from Irradiated
Sewage Sludge to Citrus Rootstock: Using 15N Technique
Rawia E-Motaium; Plant Research Dept., Nuclear Research Center,

Atomic Energy Authority, P.O. Box 13759, Cairo, Egypt
The utilization of sewage sludge as an organic fertilizer and

nitrogen source for growing sour orange rootstock (Citrus aurantium)
was investigated. In a pot experiment, sandy soil was amended by
irradiated and non-irradiated sewage sludge at four rate, 10, 20, 30,
and 40 t/ha). In addition, a control treatment, (mineral fertilizer) and
a check treatment (sand soil) were included. The stable isotope,
15N-labelled ammonium sulphate (10% a.e.) was added at a rate of
20 kg/ha. One-month-old sour orange seedlings were used in this
experiment. Results indicated that, sewage sludge application to
sany soil resulted in a significant increase in dry matter production,
nitrogen yield, and nitrogen recovery by sour orange rootstock. The
increase was higher under irradiated than non-irradiated sludge
treatments. This could be due to the higher dry matter production and
higher nitrogen release under irradiated than non-irradiated sewage
sludge treatments. Fertilizer nitrogen yield was high in the control
treatment (received mineral fertilizer), however, nitrogen recovery
was low. Soil nitrogen was very low, about 0.001%, thus, soil failed
to participate in supplying the plants with nitrogen. Most plant
nitrogen was derived from sewage sludge. Percentage of nitrogen
derived from sewage sludge was in the 84% to 88% range, depend-
ing on the application time.

Poster 398
The Effect of Temperature and Time on the Cold Hardiness of
Excised Stem Sections of Leyland Cypress
Orville M. Lindstrom*, and Malgorzata A. Florkowska; Univ. of Geor-
gia, Griffin Campus, Dept. of Horticulture, Griffin, GA 30223-1797

The change in cold hardiness of excised stem sections of Leyland
cypress placed in growth chambers under various temperature
regimes were evaluated using laboratory techniques. Stem samples
(17 inches) were collected from established plantings at the Univ. of
Georgia Campus, Griffin. The cold hardiness of a subset of the
samples was determined on the date of sampling and the remaining
samples were put in containers with water and placed in growth
chambers for two weeks. For the first week, half of the samples were
exposed to 15 °C day/7 °C night and the other half were exposed to
22 °C day/10 °C night. After seven days all samples were exposed
to 10 °C day/2 °C night for another week. All stem sections were
exposed to a 10.5 h daylength for the duration of the experiment.
Cold hardiness of stem sections of all treatments was determined on
experiment day 0, 1, 3, 7, 8, 11, and 15. The experiment was
conducted over two winters. During the first year of the experiment
all treatments lost ≈10 °C cold hardiness during the first week, no
cold hardiness was gained or lost in either treatment during the
second week of the experiment. In the second year no cold hardi-
ness was lost or gained for any treatment over the course of the
experiment. Outside temperature prior to sampling appears to
influence the stability of cold hardiness in Leyland cypress excised
stem sections.

Poster 399
Evaluation of Abelia Taxa for Cold Hardiness Potential
Carol D. Robacker*, S.M. Scheiber, and Orville M. Lindstrom; Dept.
of Horticulture, Georgia Station, Univ. of Georgia, Griffin, GA 30223

The genus Abelia contains 30 species that vary in many traits
including cold hardiness. Interspecific hybridization among various
taxa of Abelia may yield cultivars with improved flower size, com-
pactness, and adaption to environmental stresses. Breeders
areparticularly concerned with the acclimation of woody plants to
freezing stress because cold, more than any other environmental
factor, limits the northern distribution range. Cold hardiness evalua-
tions are needed for selection of superior parental germplasm and
assurance of improved hardiness among progeny. The taxa evalu-
ated include A. chinensis, A. zanderi, A. x grandiflora, eight cultivars
of A. x grandiflora, and the interspecific hybrid ‘Edward Goucher’.
The taxa were sampled monthly from October 1999 through March
2000 and subjected to progressively lower temperature intervals
under laboratory conditions. Stem and leaf samples were visually
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evaluated for injury and lowest survival temperatures (LSTs) deter-
mined. Comparisons among the stems of the species, A. chinensis,
A. x grandiflora, and A. zanderi, revealed no significant differences
among the species for midwinter hardiness. All three species sur-
vived to at least –25 °C during the three month period of December
to February. However, A. chinensis and A. zanderi were significantly
hardier than A. x grandiflora in November and significantly less hardy
than A. x grandiflora in March. Among the cultivars examined,
‘Edward Goucher’, ‘Golden Glow’, and ‘Prostrata’ had the least
hardy stems, surviving to only –17 °C. ‘John Creech’ was the most
consistent for midwinter hardiness with LSTs ranging from –20 to –
23 °C between December and February. Lowest leaf survival
temperatures ranged from –13 to –16 °C for all taxa except ‘Confetti’
which only survived to –5 °C.

Poster 400
Light Intensity Influences Carbohydrate Accumulation in
Buffalograss Leaves
Abbas M. Lafta*, Chiwon W. Lee, and Murray E. Duysen; Dept. of
Plant Sciences, North Dakota State Univ., Fargo, ND, 58105

Growth chamber experiments were conducted to investigate the
influence of light intensity on carbohydrate accumulation in
buffalograss (Buchloe dactyloides) leaf tissues. Seedlings were
placed under high (400 µmol·m–2·s–1) or low (25 µmol·m–2·s–1) light
intensity. After 7 days of initial light treatments, some seedlings were
transferred from high to low light intensity or from low to high light
intensity and kept for 3 or 7 days under the final light conditions.
Sucrose levels in the leaf tissue increased in response to high light
intensity as compared to those found in plants exposed to low light
intensity. Starch accumulation in the leaf tissue was greatest when
plants initially grown in low light intensity were transferred to high
light condition and grown for 3 days. The leaf starch concentration in
these plants exceeded those of the seedlings continuously main-
tained at high light intensity. After 3 days, the elevated starch
concentration in the leaves of transferred plants dropped down to the
normal level found in plants continuously maintained at high light
intensity. Results of this study may indicate that the rate of carbohy-
drate accumulation and export in the leaf tissue is greatly influenced
by shifts in light intensity from low to high.

1:00–2:00 p.m. .................................................... CC Ballroom
Poster Session 23: Crop Protection
Poster 423

Reducing Weed Population and Soil Temperature in Desert
Vegetable Production with Cowpea Mulch
Mathieu Ngouajio*1, Milton E. McGiffen, Jr.1, and Chad M. Hutchinson2;
1Dept. of Botany and Plant Sciences, Univ. of California, Riverside,
CA 92521-0124; 2Univ. of Florida/IFAS, Hastings Research and
Education Center, P.O. Box 728, Hastings, FL 32145-0728

Weed control is a major component of vegetable production inputs
in the desert. Most weed control is by hoeing, and therefore consti-
tutes a serious constraint to large-scale production. Several cover
crop residues decrease weed populations by allelopathic interaction
or by providing a physical barrier to light penetration. Field experi-
ments were conducted in the Coachella Valley to study the effect of
cowpea mulch on weed population and soil temperature in fall
planted lettuce. Treatments included a traditional summer fallow and
a summer planted cowpea used as mulch in fall planted lettuce.
Thermocouples from a data logger were inserted in the soil at 2.5, 6,
and 12 inches in each treatment. The results indicate that cowpea
mulch provided better weed suppression than summer fallow in fall
planted lettuce. Weed population ranged from 5 to 10 per square
meter in the cowpea mulch plots and from 20 to 35 plants per square
meter in the bare ground plots. The number of weed species was
also smaller in the cowpea mulch plots than in the bare ground plots.
Cowpea mulch had a buffering effect on soil temperature fluctuation.
At a depth of up to 6 inches, cowpea residues reduced the daily
maximum temperature and increased the daily minimum tempera-

ture. For fall planted lettuce, decreasing maximum soil temperature
may allow desert vegetable growers to plant earlier and therefore
target an early market where prices may be better.

Poster 424
Evaluation of Commercial Deer Repellent Products on Hosta
and Sweetpotato
Christine E.H. Coker*1, Eric H. Simonne2, and D. Joseph Eakes1;
1Auburn Univ., AL 36849; 2Univ. of Florida

One of the most selective and cost effective approaches to
controlling white-tailed deer damage to horticultural commodities is
chemical repellency. The objective of this research was to evaluate
the continuous efficacy of commercially available products including
Thiram, Hinder, Ro-Pel, Grant’s, and Havahart egg spray against
feeding damage by white-tailed deer. Products were applied foliarly
to hosta, and sweetpotato. Feeding damage was rated daily. The
days required to reach 10% and 50% damage was determined for
each crop. Significant (P = 0.05) differences were found among
products. All products tested provided some level of feeding deter-
rence compared to the untreated control. The egg-based Havahart
spray provided the greatest protection for a longer period to sweet-
potato than any other product in this test. The Thiram-containing
product, XP-20, also provided a high level of protection against deer
feeding damage. There was not a significant difference in the level
of protection provided by Grant’s, Ro-Pel, and Hinder. Similar results
were obtained with hosta. Product ranks suggested that Havahart,
containing putrescent egg solids, appeared to be more effective than
other commercially available products.

Poster 425
Biology and Control of Cytospora Canker of Cottonwood
Trees in Wyoming
Emily E. Ewart, Karen L. Panter*, and Fred A. Gray; Dept. of Plant
Sciences, P.O. Box 3354, Univ. of Wyoming, Laramie, WY 82071-
3354

Cytospora canker continues to be a disease of horticultural
importance on many tree species in the Rocky Mountain West.
Cytospora spp. attack a wide of hosts including: conifers, fruit,
ornamental and shade trees. Cottonwood trees (Populus spp.) were
surveyed in city parks throughout Wyoming and in native groves
along the Laramie River drainage system to determine distribution
and incidence of Cytospora chrysosperma. The disease was found
at all locations surveyed. Native groves had a higher incidence of the
disease than trees in city parks, which may be related to close
spacing and lack of care that trees in groves experience. Five
Cytospora Isolates varied in pathogenicity on young cottonwood
trees. The Cytospora isolate obtained from a park in Cheyenne was
the most pathogenic, which may be attributed to its high spore
production observed in vitro. A botanically derived fungicide and a
synthetic benzaldehyde were tested in vitro at 25, 50, 100, 500,
1000, 5000, and 10,000 ppm concentrations to determine the activity
on mycelial growth. C. chrysosperma displayed a dosage response
to both chemical compounds. Both compounds suppressed growth
at the 5,000 and 10,000 ppm concentration levels.

Poster 426
Extended Delivery Herbicide
Glenn B. Fain*1, Charles H. Gilliam1, Ken M. Tilt1, Glenn R. Wehtje2,
James H. Edwards3, and Timothy L. Grey4; 1Dept. of Horticulture,
2Dept. of Agronomy and Soils, Auburn Univ., Auburn, AL 36849;
3USDA-ARS, National Soil Dynamics Laboratory, Auburn, AL; 4Univ.
of Georgia, Dept. of Crop and Soil Science

Weed control in the container nursery industry is accomplished
primarily with the use of multiple broadcast applications of granular
pre-emergent herbicides. These multiple applications result in signifi-
cant herbicide falling between containers as non-target loss. This
study was conducted to evaluate potential extended delivery carriers
of pre-emergent herbicides. Our objective is to develop a control
release herbicide that could be applied directly to individual nursery



553HORTSCIENCE, VOL. 36(3), JUNE 2001

Tuesday 24 July · Afternoon

containers, eliminating non-target herbicide loss. Laboratory experi-
ments were conducted to determine loading capability of three poly-
meric resin carriers with oryzalin followed by evaluation of oryzalin
release rate. There were two anion exchange resins (A300 and A400)
and one sorbent resin (MN400). All resins were spherical and between
0.5 and 1.1 mm in diameter. After 57 leaching events the MN400, A300
and A400 retained 96.73%, 91.3%, and 88.74% of loaded oryzalin
respectively. A second laboratory test evaluated leaching water pH
effect on oryzalin release rate. For this test the A400 resins loaded with
oryzalin were leached with water buffered to a pH of 6.0, 8.0, or 10.0.
After 30 leaching events 29.6%, 4.0%, and 2.2% of the oryzalin was
leached using the pH 6.0, 8.0, or 10.0 water respectively.

Poster 427
Insectcide Efficacy For Control of Root Weevils on
Rhododendron
R.L. Rosetta and S.E. Svenson*; Dept. of Horticulture, Oregon State
Univ., NWREC, Aurora, OR 97002-9543

In May 2000, adult stages of black vine root weevil (BVW) and
rough strawberry root weevil (RSW) were established in 2.75-liter
containers of Rhododendron ‘Catawbiense Album.’ Insecticides
were applied on 30 May, and efficacy was evaluated as percentage
of adult mortality and effective kill ratio (EKR) 6 and 14 days after
treatment (DAT). Insecticides had differential efficacy on the two root
weevil species. While acetamiprid appeared ineffective for BVW, it
was effective for RSW. Similarly, soil applied thiamethoxam did not
kill BVW, but did have higher EKR for RSW. Conversely, bifenthrin-
treated pots and pot discs were effective against BVW, but not
against RSW. For BVW at 6 DAT, foliar applied acephate, bifenthrin,
lambda cyhalothrin and thiamethoxam had higher EKR compared to
bifenthrin-treated pots and pot discs, soil-applied thiamethoxam,
acetamiprid, deltamethrin, or the untreated control. For RSW at 6
DAT, foliar applied bifentrhin, lambda cyhalothrin, and thiamethoxam
had higher EKR compared to bifenthrin-treated pots and pot discs,
deltamethrin, or the untreated control.

Poster 428
Pumpkin Powdery Mildew Severity and Yields as Influenced
by Varietal Tolerance and Fungicide Treatments
Timothy E. Elkner1, Alan A. MacNab2, and John O. Yocum3; 1Penn
State Extension, 1383 Arcadia Rd., Rm 1, Lancaster, PA 17601;
2Dept. of Plant Pathology and 3Dept. of Agronomy, Penn State Univ.,
University Park, PA 16802

In recent years, powdery mildew (PM) tolerant pumpkin cultivars
have been introduced. The purpose of this study was to determine
the effect of reduced fungicide applications on the yield and PM
severity of a PM tolerant pumpkin cultivar and a PM susceptible
cultivar. In June 1999 transplants of Magic Lantern (PM tolerant) and
Howden (PM susceptible) were planted on black plastic mulch at
Landisville, PA. The experimental design was a split-plot with four
replications. Whole plots included four fungicide treatments; sub-
plots included the two pumpkin cultivars. Fungicide treatments were:
1) chlorothanolil (Bravo Ultrex) applied weekly: 2) azoxystrobin
(Quadris 2F) alternated weekly with mycobutanil (Nova 40W) com-
bined with chlorothanolil (Bravo Ultrex); 3) azoxystrobin (Quadris
2F) alternated biweekly with mycobutanil (Nova 40W) combined with
chlorothanolil (Bravo Ultrex); and 4) a no-fungicide check. Fungicide
treatments started 27 July and percent defoliation was estimated on
28 August and 14 September while fruit were harvested 27 Septem-
ber. Within fungicide treatments, there were no differences for
percent defoliation on 28 Aug. while on 14 Sept. the lowest level of
defoliation was associated with treatments 2 (31%) and 3 (43%),
treatment 1 (57%) was intermediate and treatment 4 (77%) was
highest. Within cultivars, percentage of defoliation of Magic Lantern
was lower than Howden on both dates. Also, within cultivars there
were no differences between fungicide treatments for average fruit
weight and both number of fruit and total weight of fruit per plot. The
study was repeated in 2000 with the same fungicide treatments and
five replications. Results were similar to those of 1999. The results

of this study indicate that reduced fungicide applications may be
possible with PM tolerant pumpkin cultivars.

Poster 428
Utilizing Natural Plant Metabolites as Feeding Deterrents for
Adult Japanese Beetles
J. Dale Witt, Thomas G. Ranney*, and Stuart L. Warren; Dept. of
Horticultural Science, North Carolina State Univ., Raleigh, NC
27695-7609

Laboratory feeding assays and field trials were conducted to
determine the effectiveness of selected naturally-occurring com-
pounds as feeding deterrents for adult Japanese beetles (Popillia
japonica Newman). Laboratory assays tested feeding deterrency of
seventeen naturally occurring plant derivatives mixed at 100 mM in
artificial diets. Eleven compounds reduced feeding intensity to <5% of
the control. These compounds were further tested for feeding deterrency
at concentrations of 0.0, 1.0, 3.2, 10.0, and 31.6 mM. All eleven
compounds reduced Japanese beetle (JB) feeding, but to varying
degrees. Field trials consisted of 100 mM solutions of berberine
hemisulfate, coumarin, gramine, piperine, saponin, umbelliferone,
and a 50 mM solution of 21% crude extract of horsechestnut Aesculus
hippocastanum L. applied to Himalayan birch [Betula utilis var.
jacquemontii (Spach) Winkl]. Rotenone and carbaryl were also in-
cluded, at recommended rates, as additional treatments for compari-
son. The experiment was replicated at the Horticultural Field Labora-
tory (HFL), Raleigh and the Mountain Horticultural Crops Research
Station (MHCRS), Fletcher, N.C. Treatments were applied twice, two
weeks apart. At HFL, five weeks after initial application, six treatments
significantly reduce JB damage compared to the control (35% defolia-
tion): carbaryl (6%), gramine (9%), piperine (12%), coumarin (17%),
rotenone (19%), and horsechestnut extract (20%). At MHCRS, how-
ever, only carbaryl (28%), piperine (86%), and rotenone (90%)
significantly reduced JB feeding compared to the control (96% defo-
liation). These results demonstrated that a variety of naturally occur-
ring plant derivatives are effective feeding deterrents for adult JB and
may have potential for use as natural crop protectants. Further work
is warranted to better enhance efficacy and delivery of these com-
pounds.

Poster 430
Plant Traits Associated with Resistance of Viburnums to
Feeding by Viburnum Leaf Beetle
Paul A. Weston*1, Joel M. Baird1, and Robert E. McNiel2; 1Dept. of
Entomology, Cornell Univeristy, Ithaca, NY; 2Dept. of Horticulture,
Univ. of Kentucky, Lexington, KY

Viburnum leaf beetle, Pyrrhalta viburni (Paykull), is a relatively
new pest in the U.S. and is a large threat to many species of
cultivated and native viburnums. Susceptible viburnums are killed
after infestation by the insect after 2–3 years if no control methods
are exercised. We have been assessing susceptibility of viburnums
to the pest, and attempting to pinpoint which characteristics of the
plant account for differences in susceptibility. The most susceptible
viburnums are in the Odontotinus and Opulus Sections of the genus
(as classified by Krussman), whereas the most resistant ones are
primarily in the Sections Thyrsoma and Lantana. Leaf morphological
traits were correlated with resistance, with many of the more resis-
tant species possessing thicker leaves. Foliar chemical constitu-
ents, as assessed with TLC and GC, were also correlated with
resistance; preliminary analysis suggests the presence of a non-
volatile component in resistant species and several volatile compo-
nents present in the susceptible species. Feeding and orientation
assays are being developed to assess the activity of foliar compo-
nents in isolation in order to test the hypothetical existence of
feeding-deterrent factors in resistant viburnum species and attracta-
nts or arrestants in susceptible species.

Poster 431
Foliar Calcium Sprays Reduce Powdery Mildew on Tomato
David L. Ehret*1, Carl Bogdanoff2, James G. Menzies3, and Raj
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Utkhede1; 1Pacific Agri-Food Research Centre, Agriculture and Agri-
Food Canada, Agassiz BC, Canada; 2Pacific Agri-Food Research
Centre, Agriculture and Agri-Food Canada, Summerland BC, Canada;
3Cereal Research Centre, Agriculture and Agri-Food Canada,
Winnipeg, MB, Canada

Calcium applied as sprays of 50 or 100 mM Ca(NO3)2 or CaCl2, and/
or 0.15 or 0.3% Ca-EDTA was found to significantly reduce powdery
mildew (Erysiphe orontii Cast.) on greenhouse tomato leaves
(Lycopersicon esculentum, ‘Trust’). The foliar sprays, each with
0.1% surfactant, were applied to the third, fourth and fifth leaves of
young tomato plants. Control treatments consisted of a water spray
and a water plus surfactant spray. The following day, treated leaves
were inoculated with an atomized spray of mildew conidia. Powdery
mildew colonies were counted 10 days later. Surfactant alone
reduced mildew colony numbers by about 50%. A single 50 mM

CaCl2 or 100 mM Ca(NO3)2 spray with surfactant reduced mildew
infection by 80% compared to the water control. A single 0.3% Ca-
EDTA spray reduced mildew infection by 90%. Combining Ca-EDTA
and Ca(NO3)2 further improved mildew control to 95%. In a second
set of experiments, the effects of repeated treatment sprays on
already infected tomato plants was evaluated. Young tomato plants
were moved to a greenhouse where natural infection could occur.
The following day and every seven to ten days thereafter, the
treatments described previously were applied to the whole plant.
Colony counts on the selected leaves were made weekly or just
before spraying. Surfactant alone reduced mildew populations by
15%. A weekly spray of 50 mM Ca(NO3)2 or CaCl2 reduced mildew
colonies by 90% to 95% compared to the water control, with no leaf
distortion. Repeated sprays of 0.3% Ca-EDTA, however, were
somewhat phytotoxic. A weekly spray of 0.15% Ca-EDTA plus 50
mM Ca(NO3)2 gave nearly 100% mildew control.

Poster 434
Characterization and Inhibition of Chloroplast-localized
Peptide Deformylases from Arabidopsis thaliana
Mark A. Williams*, Lynnette M.A. Dirk, and Robert L. Houtz; Dept. of
Horticulture, Univ. of Kentucky, Lexington, KY 40546

Although peptide deformylase (DEF) has been studied extensively
in bacterial systems, the role of such an enzyme in chloroplasts has
been largely ignored despite reports that protein initiation in chloro-
plasts starts with n-formyl Methionine, as in bacteria. The Arabidopsis
thaliana genome sequencing project has revealed two genes, AtDEF1
and AtDEF2 that are eukaryotic homologs of the essential prokaryotic
gene encoding peptide deformylase. CLUSTAL W alignment be-
tween the E. coli and Arabidopsis thaliana predicted protein se-
quences revealed that the Arabidopsis thaliana peptide deformylases
contain the three conserved protein motifs that have been character-
ized as essential for activity in bacterial DEF. The cDNAs for the
Arabidopsis thaliana DEFs were cloned from total RNA, and the
predicted protein sequences were analyzed using the Chloro P
program, which revealed that both proteins contain putative chloro-
plast targeting sequences. In vitro chloroplast import experiments
were conducted using bacterially expressed DEF and isolated chloro-
plasts. The AtDEF1 protein was imported into isolated pea chloroplast
under standard import conditions and processed to a mature form
once inside the plastid. Experiments were conducted to analyze the
effects of a known peptide deformylase inhibitor-actinonin on several
plant species. These studies indicate that inhibitors of peptide
deformylase have dramatic inhibitory effects on plant growth and
development. Furthermore, actinonin elicited potent herbicidal activity
applied either before or after seed germination. Therefore, peptide
deformylase represents a novel target for the design of broad-
spectrum herbicides with little or no mammalian toxicity.

Poster 435
Biological Control of Fusarium Crown and Root Rot of
Tomato with Trichoderma Harzianum
Nusret Ozbay*1, Steven E. Newman1, Charles W. Basham1, and
William M. Brown2; 1Dept. of Horticulture and Landscape, 2Dept. of

Bioagriculture Science and Pest Management, Colorado State Univ.,
Fort Collins, CO 80523

Control of soil borne diseases, especially Fusarium crown and
root rot of tomato, remains one of the most important problems in
protected tomato culture. Different control procedures have been
adopted for controlling this disease including use of resistant variet-
ies, cultural practices, pesticides, fumigants etc. but losses are still
substantial. Biological control of soil-borne plant pathogens by
antagonistic microorganisms is a potential alternative to the use of
chemicals pesticides. Trichoderma harzianum is a fungal biological
control agent that attacks a range of economically important phyto-
pathogenic fungi. Trichoderma has been used for Rhizoctonia
control in greenhouse grown carnations in Colorado. None are
presently labeled for use on tomatoes. In the assays conducted
under growth chamber, tomato seeds and two-week old seedlings
were treated with T. harzianum in different concentrations. Fusarium
oxysporum f. sp. radicis-lycopersici was introduced into potting mix
when tomato seedling were 21 day old. Disease severity was
evaluated 4 weeks later in all assays. T. harziamun protected tomato
against Fusarium crown and root rot by decreasing disease inci-
dence as much as 46% over the control in response to the treatment.

Poster 436
Response of Six Container-grown Species to Recirculated
Nutrients
C. Chong*1, G.P. Lumis2, and P. Purvis1; 1Dept. of Plant Agriculture,
Univ. of Guelph, Vineland Station, Ontario, Canada L0R 2E0; 2Guelph,
Ontario, Canada N1G 2W1

Liners of six species (Forsythia ¥ intermedia, Potentilla fruticosa,
Kerria japonica, Weigela florida, Malus antonovka, and Physocarpus
opulifolius) were potted into #2 (6-L) nursery containers filled with a
50% pine bark : 50% compost medium supplied with one of three
fertilizer treatments: 1) liquid fertilizer (114, 13, 36, and 103 mg/L NO3-
N, NH4-N, P and K, respectively, plus Ca, Mg and micronutrients)
delivered and recycled via a computer-controlled multifertilizer injec-
tor; 2) liquid fertilizer via the injector without recycling; and 3) Nutryon
17–5–12 controlled release fertilizer incorporated into the medium at
a rate of 6.5 kg/m3 (non-recycled). All species grew similar to or better
with recycled than with non-recycled liquid nutrients, and generally the
least with controlled release fertilizer. The electrical conductivity
measured in the growing medium (dS/m, mean over three dates)
were: 0.29 with recycling; 0.30 without recycling; and 0.37 with
controlled release fertilizer. The amounts of liquid NO3-N, NH4-N, P,
and K used were reduced by 80, 37, 79, and 31%, respectively, with
compared to without recirculation.

Poster 437
Pathogenicity of Entomopathogenic Fungi (Deuteromycotina:
Hyphomycetes) on Toxoptera aurantii (Homoptera: Aphididae)
Mario Puente-Raya*1, E. Guerrero2, Roberto Lezama-Gutiérrez3,
Jaime Molina-Ochoa3, Alfonso Pescador-Rubio4, and Oscar Rebolledo-
Domínguez3; 1Direción General de Sanidad Vegetal. (SAGAR),
Guillermo Pérez Valenzuela #127, Col. Del Carmen, Coyoacán,
México, D.F., C.P. 04100; 2Universidad Autónoma Agraria Antonio
Narro; 3Facultad de Ciencias Biológicas y Agropecuarias, Universidad
de Colima. Apartado postal 36, C.P. 28100, Tecomán, Colima,
México; 4Centro Universitario de Investigación y Desarrollo
Agropecuario. Universidad de Colima. Apartado postal 36, C.P.
28100, Tecomán, Colima, México

The pathogenicity of five isolates of Beauveria bassiana (Balsamo)
Vuellemin, five of Metarhizium anisopliae (Metschnikoff) Sorokin, five
of Paecilomyces fumosoroseus (Wize) Brown & Smith, and five of
Verticillium lecanii (Zimmermann) Viegas, on aphid adults, Toxoptera
aurantii Fonscolombe, was determined. 24-h-old adults were ex-
posed by immersion in a conidial suspension at concentration of 106

UFC/mL, and incubated at 25 ºC, under laboratory conditions. B.
bassiana caused mortality rates about 80% to 20%, and only one
isolate (Bb P905) caused the 80% of mortality with a LT50 of 3.51 days;
M. anisopliae ranged from 80% to 5% percent mortality, and one
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isolate (Ma 362) caused 80% of mortality with a TL50 of 4.03 d; P.
fumosoroseus ranged from 100% to 25%, and two isolates (Pfr 917
and Pfr 905) caused 100% mortality with a TL50 of 1.54, and 2.24 d,
respectively; Verticillium lecanii, caused 100% to 15%, and only an
isolate (Vl 262) caused 100% after the first 24 hours exposure. These
results showed that the pathogenicity between species and isolates
exhibited variation, and suggest and screening for selecting the most
virulent isolates against this important pest.

Poster 438
Interaction of Compost-Amended Douglas-fir Bark Substrates
and Type of Shading on Shoot Growth and Marchantia
Infestations of Container Grown Nursery Crops
S.E. Svenson*, A. Henderson, J. Paxson, J. Buckelew, and K.
Sanford; Dept. of Horticulture, Oregon State Univ., NWREC, Aurora,
OR 97002-9543

Bareroot cuttings of Pieris ‘Mountain Fire,’ and potted liners of Thuja
‘Danica,’ and Vaccinium ‘Darrow’ were potted into 2.5 liter pots filled
with 2.3 liters of Douglas-fir bark, or Douglas-fir bark amended with
10% or 20% swine or dairy compost (BionSoil, Bion Environmental
Technologies, Denver, CO). All pots received 18 g Osmocote 18N–
2.6P–10K controlled release fertilizer applied to the substrate surface.
Plants were grown under stationary shading (woven black shade
cloth; 30% shading), retractable shading (white poly film; 50% shad-
ing), or without shading. Ninety-five days after potting, Pieris were
taller and had larger shoots when grown in dairy compost, and were
shorter and had smaller shoots when grown in swine compost,
compared to unamended Douglas-fir bark. Pieris shoot growth was
not influenced by shading. Thuja were taller and had more shoot size
when grown in swine or dairy compost amended Douglas-fir bark
compared to unamended bark, and were taller and had more shoot
size when grown under stationary or retractable shading compared to
no shading. Vaccinium were taller and had more shoot size when
grown in unamended Douglas-fir bark compared to swine or dairy
compost amended bark, and were taller and had more shoot size
when grown under stationary or retractable shading compared to no
shading. Container substrate surfaces were 81%, 32% and 4%
covered with Marchantia thallus for stationary, retractable, and no
shading, respectively. Amending Douglas-fir bark with 20% swine
compost reduced Marchantia infestations under all types of shading.

Poster 439
Fumigation of Dormant Scion Wood with Acetic Acid Vapor to
Eliminate Microbial Contamination
Peter Sholberg*, Paul Randall, Cheryl Hampson, and Trevor Shephard;
Pacific Agri-Food Research Centre, Agriculture & Agri-Food Canada,
Summerland, BC, Canada V0H 1Z0

Acetic acid vapor has proven to be effective for killing fungal spores
on fruit and bacteria on mung bean seed. Its use involves evaporating
a small quantity of glacial acetic acid in a sealed room or container and
exposing the test material to the vapor for an hour or longer. The
concentration of the vapor is monitored with a gas chromatograph to
avoid phytotoxicity. Due to its effectiveness for controlling microbes
that are normally inaccessible, it was decided to evaluate the treat-
ment for control of pathogens on dormant wood. In a preliminary
experiment, dormant apple rootstocks that were fumigated with 1 mg/
L acetic acid for 2 h survived with surface bud microbial levels reduced
from very high levels to near zero. Subsequent experiments were
aimed at determining tolerance of apple, pear, peach, cherry, nectar-
ine, and grape dormant wood to acetic acid and the ability of acetic acid
vapor to eliminate bacterial pathogens and naturally occurring fungi
from dormant buds. Tolerance was acceptable for all crops except
peach. Erwinia amylovora and Pseudomonas syringae were not
recovered from inoculated (1 x 107 CFU/mL) apple buds when fumi-
gated with 12 mg/L acetic acid while these pathogens were recovered
from nearly all the nonfumigated replicates. Furthermore, indications
are that acetic acid fumigation will eliminate powdery mildew from
infected apple buds. In conclusion, acetic acid vapor could be used to
insure that wood used for propagation is not contaminated by harmful

bacteria or fungi.

Poster 440
Potato Seed Treatment for Controlling Rhizoctonia solani
Infection
P. Naranjo, G. Schuster, D.A. Bender*1, and R. Thomason; 1Texas
Agricultural Experiment Station, Lubbock, TX 79403

Rhizoctonia solani infections cause girdling lesions on potato stems
and stolons. These lesions can delay emergence, and reduce stand
and total yields. The disease can also cause black scurf of developed
tubers. This study evaluated seven fungicide/fir bark seed treatments
reported effective in reducing rhizoctonia infections. TOPS MZ, TOPS
2.5D, Nubark Captan, 2 rates of Maxim, and Maxim MZ were applied
to cut seed pieces and treated evenly. Seedpieces of ‘Russet Norkotah
278’ were planted at Springlake, Texas, and ‘Russet Norkotah’ and
‘FL 1833’ at Dalhart, Texas. Both trials were in commercial fields with
loamy sand soil under center pivot irrigation. Plots were 8 m x 4 rows
replicated 4 times in a randomized complete-block design. Stems and
stolons were evaluated for Rhizoctonia infection in mid-June, and
tubers for scurf at harvest. Maxim produced infection-free stems at
both locations on each cultivar, followed by Maxim MZ and Maxim ∏
rate with minimal infection. Maxim and Tops MZ reduced stem
infection in all cultivars. Maxim, Maxim ∏ rate and Maxim MZ-treated
‘Norkotah 278’s had very little stolon infection compared to Nubark
Captan and untreated checks. Tops MZ-treated ‘Norkotah 278’ also
had significantly less stolon infection than Nubark Captan. Maxim and
Maxim MZ produced rhizoctonia-free ‘Norkotah 278’ tubers while
Maxim 1/2 rate tubers had very little infection. Tops MZ and Nubark
Captan results were mixed.

Poster 441
Effect of the Source of Carbon on the Antibiotic Activity of the
6-pentyl-a-pyrona of Trichoderma harzianum, T.
longhibrachiatum, and T. virens on the Growth and
Reproductive Potential of Fusarium oxysporum
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 source of carbon on the antibiotic activity of the 6-
pentyl-a-pyrona (6PAP) from Trichoderma harzianum, T.
longhibrachiatum and T. virens on the growth and potential reproduc-
tive of Fusarium oxysporum were evaluated. The 6 PAP production
was carried out in Bonnarme liquid medium with two different sources
of carbon: castor oil 20% (Sigma C-7277) or glucose 3%. This medium
was inoculated with 1 x 106 conidia/ml and incubated in agitation to 180
rpm for 6 days to 25 °C. The mycelia were removed from the culture
by filtration through a filter paper, the filtration product was centrifuged
10 000 rpm for 30 minutes and the supernatant sterilized through filter
millipore 0.22 µm, mixing with PDA medium in relationship 1:1 (v/v),
an inoculated with a disk of F. oxysporum (0.5 cm diameter). The plate
cultures were incubated at 25 °C, and the colony diameters registered
every two days, until the check covered the Petri dish. Four replicates
were used. All the Trichoderma species reduced the F. oxysporum
colony diameter with both Carbon sources, except T. harzianum with
castor oil (isolate 39). Statistical significant differences were not
obtained between the sources of carbon, and statistical differences
obtained between species, where T. harzianum (isolated 39) culti-
vated with glucose reduced 44.4% the growth of mycelium of Fusarium
and T. harzianum (isolated 29) cultivated with castor oil obtained
42.2% of inhibition. The Trichoderma species were unable to reduce
the reproductive potential.

Poster 442
Effect of Chitinases from Trichoderma harzianum, T. virens, T.
longibrachiatum, T. atroviride, and T. koningii on the Growth
of Mycospaerella fijiensis ‘Morelet’ In Vitro
M.E. Ochoa-Moreno*, A.C. Michel-Aceves, O. Rebolledo-Domínguez,
R. Lezama-Gutierrez, J. Molina-Ochoa, and J.C. Mesina-Escamilla,
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Facultad de Ciencias Biológicas y Agropecuarias de la Universidad de
Colima. A.P. 36, C.P. 28100, Tecomán, Colima, México

The effect of the chitinases produced by some Trichoderma species
on the growth of the mycelium of Mycosphaerella fijiensis is reported.
Trichoderma were isolated from soil samples by plating dilution (1/
1000 (v/v)) on acidified media V8-Agar. The production of chitinases
from Trichoderma species was carried out in Hadar Synthetic liquid
specific medium inoculated with 1 x 106 conidia/ml, and incubated in
agitation to 180 rpm for 5 days at 25 °C. The mycelia were removed
from the culture by filtration through a filter paper, it was centrifuged
10,000 rpm for 30 minutes and the supernatant sterilized through
millipore filter 0.22 mm, mixing with BBL Micophil Agar in 1:1 (v/v) ratio,
and inoculated by disk of pathogenic fungus (0.5 cm diameter). The
plate cultures were incubated at 25 °C, and the diameter of the
colonies registered every eight days until 48 days before the inocula-
tion. Four replicates were used. The percentage of inhibition oscillated
from 4 to 24.7%, where the species with higher antibiotic effect are T.
harzianum (isolated 3), and T. longibrachiatum (isolated 22a and 218),
with 23.9, 24.7, and 24.7% respectively. These data support the
hypothesis that Trichoderma species have biological potential for
controlling the black sigatoka by the production of chitinases.

Poster 443
Germination of Potentially Invasive Ornamental Plants under
Varying Conditions
Sandra B. Wilson1, Patrick C. Wilson2, and Milton E. Tignor*3; 1Dept.
of Environmental Horticulture, 2Dept. of Soil and Water Science, Indian
River Research and Education Center, 2199 South Rock Road, Univ.
of Florida, Fort Pierce, FL 34951-3138; 3Dept. of Plant and Soil
Science, Room 4 Hills Building, Univ. of Vermont, Burlington, VT
05405-0082

Invasive exotic plant species have collectively disrupted thousands
of acres of natural ecosystems throughout Florida. The development
of screening protocols is necessary for evaluating the invasive poten-
tial of new species prior to introduction. A critical component of any
screening protocol is the knowledge of seed production, germination,
and viability of the target species. The influence of light and tempera-
ture on germination was determined for eight plant species that have
(or are related to species that have) escaped cultivation. The species
tested were: stinking passion vine (Passiflora foetida L.), Mexican
heather (Cuphea hyssopifolia H.B.K.), periwinkle (Catharanthus roseus
(L.) G. Don), weeping bottlebrush (Callistemon viminalis (Gaertner)
G.Don), Mexican petunia (Ruellia brittoniana Leonard ex Fernald),
Lindley’s butterfly bush (Buddleia lindleyana Fortune ex Lindl.), and
firecracker plant (Russelia equisetiformis Schltdl. & Cham.). Seed
was collected and germinated in incubators with light or darkness at
10, 15, 24, and 33 °C. In addition to incubator treatments, greenhouse
studies were conducted using 4” pots filled with soilless mix and by
placing seed on the soil surface or 1 cm below the soil surface.
Germination varied greatly with each species tested. Highest germi-
nation rates were found with Ardisia, Callistemon, Cuphea, Ruellia
and Russelia. These species also produced large amounts of seed
and flowered continuously throughout the year.

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

Poster Session 24: Human Nutrition
Poster 504

The Effects of Selenium on the Production of Anti-carcinogen
Inducing Glucosinolates
Heather D. Toler* and Carl E. Sams; The Univ. of Tennessee, Dept.

of Plant and Soil Sciences, PO Box 1071, Knoxville, TN 37901
Certain glucosinolates produced naturally in Brassicaceae yield

chemicals that induce phase II anti-carcinogenic enzymes upon
degradation by myrosinase. The incorporation of selenium (Se) into
fertilizers in an effort to increase its dietary availability in plants may
adversely effect the production of these glucosinolates Rapid cycling
Brassica oleracea plants were grown hydroponically in 0.5 strength
Hoagland’s nutrient solutions under controlled light, temperature, and
humidity. Arrangement of the reservoirs in which the plants were
grown consisted of a completely randomized block design with four
replications and selenate at micromolar concentrations of 0.0, 0.75,
1.5, 2.25, and 3.0. Nutrient solutions were refreshed weekly. Just prior
to anthesis (31 days), plants were harvested and the fresh weight of
the roots, shoots, and leaves were recorded. Plant material was then
analyzed for nutrient content by inductively coupled plasma atomic
emission spectroscopy and glucosinolate content by high-perfor-
mance liquid chromatography. The production of a number of glucosi-
nolates found in B. oleracea (glucoiberin, progoitrin, and
neoglucosinolate for example) was hindered by the incorporation of
selenate in nutrient solutions. However, the concentrations of two anti-
carcinogen inducing glucosinolates (sinigrin and glucobrassicin) was
not reduced. Sulfur and selenium concentrations within plant leaf
tissues increased significantly with increasing selenium concentra-
tions. These results suggest that the incorporation of selenate into
fertilizers as a means of nutritional supplementation in Brassica crops
will not negatively impact their pre-existing anti-carcinogenic proper-
ties. In addition, B. oleracea appears to have a mechanism by which
uptake of sulfur is increased in the presence of selenium.

Poster 505
Varietal Variations in Bran Tocopherol and Tocotrienol
Contents of Rice Plants
Young-Sang Lee*1, Chang-Sung Kang2, Yong-Sun Lee2; and Yong-
Ho Kim3; 1Div. of Life Sciences, Soonchunhyang Univ.; 2Kyonggido
ARES; 3Div. of Life Sciences, Soonchunhyang Univ.

The rice bran has been known to contain both tocopherols and
tocotrienols having antioxidant and cholesterol-lowering activity. The
8 vitamers of vitamin E: alpha (α)-, beta (β)-, gamma (γ)-, delta (∆)-
tocopherols (T) and tocotrienols (T3) were extracted from 15 rice
varieties and their contents were quantified with an HPLC system.
Tested varieties exhibited total vitamin E contents ranging from 62.5
to 199.4 ppm with an average of 128.7 ppm. All the tested varieties
showed higher total tocotrienol contents than total tocopherol con-
tents, and Japonica type rice varieties showed higher vitamin E
contents than Indica variety. Among 8 vitamers, g-T3 exhibited
highest composition (up to 74.5%), while only 1% level of b-T and d-
T3 could be found. No d-T and b-T3 were observed in all tested
varieties.

Poster 506
Effects of Processing on the Distribution of Isoflavones in
Ontario Soybeans, Soy Beverage, and Tofu
C-J. C. Jackson1, J.P. Dini1, C. Lavandier1, H.P.V. Rupasinghe*1, H.
Faulkner1, S. DeGrandis1, V. Poysa2 and D. Buzzell2; 1Guelph Center
for Functional Foods, Laboratory Services, Univ. of Guelph, 95 Stone
Rd. West, Guelph, Ontario, Canada N1H 8J7; 2Greenhouse and
Processing Crops, Research Center, Agriculture & Agri-Food Canada,
Harrow, Ontario, Canada N0R 1G0

Isoflavones present in soybean (Glycine max) have been credited
with performing several health-promoting functions, such as preven-
tion of cardiovascular diseases, cancer, and menopausal symptoms.
In this study, the effect of processing techniques on the total concen-
trations of isoflavones (including aglycones and glycosides) and the
relative concentrations of the twelve isoflavone compounds at each
step in the preparation of soy beverage and tofu from soybean were
investigated. The mean recoveries of isoflavones in the soy beverage
and tofu in relation to their initial concentration in the raw soybeans,
were 53% and 34% respectively. Losses of isoflavones during pro-
cessing were as follows: 0.12% in the water in which raw soybeans

The program schedule and abstracts are presented in
chronological order and presenting authors are indicated by
asterisks (*).

An index of all participants listed in the program by page
number is provided at the end if this issue.
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were soaked, 24% in the heat-treated slurry, and 1.4% in the whey.
Thus, the distribution of isoflavones was altered as a result of
processing. The detectable levels of aglycones, glycosides, and
acetyl glycoside groups were increased, whilst the corresponding
malonyl glycosides decreased during processing. Interestingly, con-
siderable amounts of isoflavones were detected in the by-products,
specifically okara (27%) and whey (1.4%). The loss of functional
components with waste products during processing was consider-
able. Appropriate techniques should be developed to recover and
utilize these neutraceuticals from the soybean by-products. In addi-
tion, processing techniques should be optimized so that final products
retain as such as possible of the nutrient and neutraceutical content
of the starting material.

Poster 507
The Relationship between Phosphorus and Zinc Fertilizer
Levels and Phytic Acid Content in Navy Bean (Phaseolus
vulgaris L.) Seed
Karen Cichy*1, John T. Moraghan2, Kenneth Grafton2, and George L.
Hosfield3; 1Crop and Soil Science, Michigan State Univ., East Lansing,
MI 48824; 2Dept. of Plant Sciences, North Dakota State Univ., Fargo,
ND, 58105; 3USDA–ARS, MWA, Sugarbeet and Bean Research,
Dept. of Crop and Soil Science; Michigan State Univ., East Lansing,
MI 48824

Phytate is the major storage form of phosphorus in legume seeds.
In human nutrition, phytate is often referred to as an antinutrient
because it forms tight complexes with cations in the seed and
decreases their bioavailability upon consumption. Phytate forms
complexes with cations such as magnesium, calcium, potassium,
iron, and zinc. The relationship between zinc and phytate is of
particular interest because zinc is often limited in the diets of people
who rely on legumes as a major protein source. Understanding the
relationship between phytate and zinc in legume seeds is a necessary
step to increase the nutritional value of seeds. This study was
conducted to determine the effect of phosphorus and zinc fertilizer
levels on phytic acid levels in navy bean (Phaseolus vulgaris L.) seed.
Two genotypes were used in this study. ‘Voyager’ is zinc efficient, and
has the ability to grow in soils with low available zinc, without showing
zinc deficiency symptoms. ‘Albion’, is zinc inefficient, and, thus, shows
zinc deficiency symptoms when grown in low zinc soils. This experi-
ment was conducted in a greenhouse with 15 fertilizer treatment
combinations for each variety. Three levels of phosphorus (0, 60, 120
g·kg–1 P soil) and five levels of zinc (0, 0.5, 1, 2, 4 mg·kg–1 Znsoil)
fertilizer were used. Phytic acid was extracted from bean flour with
hydrochloric acid and was measured by HPLC. The results indicate
that in each variety, phytic acid levels increased as added phosphorus
increased. Phytic acid levels decreased as added zinc increased.

Poster 508
Antioxidant Activity of Cranberry
Shiow Y. Wang*1 and Allan W. Stretch2; 1Fruit Laboratory, Beltsville
Agriculture Research Center, ARS, U.S. Dept. of Agriculture, Belts-
ville, MD 20705-2350; 2Fruit Laboratory, ARS, U.S. Dept. of Agricul-
ture, Rutgers Blueberry and Cranberry Research Center, Chatsworth,
NJ 08019

 Ten cranberry (Vaccinium macrocarpon Aiton) cultivars were
evaluated for oxygen radical absorbance capacity (ORAC), anthocya-
nins and total phenolic content after three months of storage at 0, 5,
10, 15 and 20 °C. Antioxidant capacity of cranberry was affected by
cultivar and storage temperature. Among the ten cranberry cultivars
used in this study, ‘Early Black’, ‘Crowley’, and ‘Franklin’ had higher
antioxidant capacities compared to other cultivars. ORAC values,
anthocyanins, and total phenolic content increased during storage.
The highest increase in antioxidant activity, anthocyanin and phenolic
content occurred at 15 °C storage. Fruit stored at 20 °C had lower
ORAC values than those stored at 15 °C. A positive relationship
existed between ORAC values and anthocyanin or phenolic content
in all ten cranberry cultivars at different storage temperatures.

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

Poster Session 25: Human Issues
Poster 509

Survival of E.coli O157:H7 on Strawberry Fruit and Removal
by Sanitizing Agents
Keshun Yu1, T.R. Hamilton-Kemp*1, D.D. Archbold1, and M.C.
Newman2; 1Dept.of Horticulture, 2Dept. of Animal Science, Univ. of
Kentucky, Lexington, KY 40546

The survival of the foodborne human pathogen, E.coli O157:H7,
on strawberry fruit at 23, 10, 5, and –20 °C was studied. The bacteria
in suspension were placed as a 25 µL droplet on the surface or
injected into the cortex of the fruit (4.3 log CFU/g) that were then
stored for 1 day at 23 °C or 3 days at the refrigeration or subfreezing
temperatures. E.coli O157:H7 survived on the surface and inside the
fruit at all storage temperatures. At refrigeration and subfreezing
temperatures the bacteria survived as well or better inside the fruit
as on the surface. The greatest reduction in E.coli O157:H7 popula-
tions [3 log CFU/g] occurred on the surface of fruit stored at –20 °C.
Five chemical agents comprising sodium hypochlorite [200 ppm],
Tween 80 [200 ppm], acetic acid [5%], sodium phosphate [5%], and
hydrogen peroxide [3%] in aqueous solution were tested for their
effectiveness in removing E coli O157:H7 from strawberry fruit [4.6
log CFU/g]. None of the compounds yielded more than a 1.4 log
CFU/g reduction in bacterial population beyond reduction from water
rinsing alone [0.8 log CFU/g]. Collectively, the data indicate that if
strawberry fruit were contaminated with E.coli O157:H7 it could
present a food safety hazard due to the capacity of the bacteria to
survive and the relative ineffectiveness of sanitizers.

Poster 510
Arthritis and Agriculture
Norman F. Childers*; Univ. of Florida, Gainesville, FL 32611

Almost 40 years of survey testing on the effect of nightshades
(Solanaceae) on thousands of arthritic cooperators over the world
indicates a close relationship of the food nightshades to arthritis and
other key diseases of people. Food nightshades include tomato,
potato, eggplant, and peppers of all kinds except the black pepper,
and their products. The food nightshades seem to be subtly affecting
health as their close relative—tobacco.

Poster 511
Volunteerism in a Horticultural Therapy Program: Impacts
and Motivations
Eunhee Kim*, Seong-Hyun Park, and Richard H. Mattson; Dept. of
Horticulture, Forestry and Recreation Resources, Kansas State
Univ., Manhattan, KS 66506

Many horticultural therapy programs, particularly in nonprofit
organizations, rely heavily on volunteers to carry out effective
services. To improve volunteer resource management, it is impor-
tant to understand the impact and motivation that volunteerism has
on those who serve. The objectives of this study were to: 1) examine
the psychological benefits on volunteers helping with horticultural
therapy activities; and 2) assess functional motivations of volun-
teers. Sixty-four college students (36 females, 28 males) volun-
teered in a pre-vocational horticulture training program for adults
with developmental disabilities. Each volunteer served in a 50-
minute session, 2 volunteers for each session. The pre-vocational
training program involved such greenhouse activities as propagat-
ing plants, transplanting, and mixing soil. Psychological benefits
were measured using pre- and post-session tests of volunteer self-
esteem levels (Rosenberg Self-Esteem Scales) and affective states
(Zuckerman Inventory of Personal Reactions). Motivations of “gen-
eral” volunteerism were taken at the beginning of the study using the
Volunteer Functions Inventory (VFI). This was compared to the VFI
on “horticultural therapy settings” administered after experience in
the program. Qualitative data were obtained from volunteer written
reports on self-knowledge (What did you learn about yourself?) as a
result of volunteering in this program, and analyzed to identify
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themes in relation to the meaning and impact of the volunteerism.
The discussion will include implications for improving volunteer
resource management in horticultural therapy programs.

Poster 512
Variation of Chemopreventive Constituents in Cabbage and
Chinese Cabbage
Vincent A. Fritz*1, Carl J. Rosen2 and Cindy B.S. Tong2; 1Southern
Research and Outreach Center; 2Dept. of Horticultural Science,
Univ. of Minnesota, Waseca, MN 56093

Increased consumer awareness of vegetables having more than
basic nutritional value has led to increased consumption of many
vegetable crops in recent years. Studies were conducted to char-
acterize glucosinolates having cancer chemopreventive properties
from cabbage and Chinese cabbage cultivars grown in the field. In
addition, selected cultivars were used to determine plant spacing
and soil fertility effects on glucosinolate concentration. Increased
interplant spacing and N fertility increased head size and reduced
time to maturity. Following harvest, the cabbage was stored for up
to 4 months under different postharvest environments to follow
changes in glucosinolate concentrations during the storage period.
Yield, maturity, glucosinolate content, and changes in glucosinolate
content during storage will be presented.

Poster 513
Creating Tomorrow’s Skilled Workforce: Preparing Youth
for Careers in Arboriculture
N. Polanin*1 and A. Toretta2; 1County Agriculture and Resource
Management Agent, Rutgers Univ. Cooperative Extension of
Somerset County., Bridgewater, NJ 088807; 2County 4-H Agent,
Rutgers Univ. Cooperative Extension of Warren County

There has been a prolonged decline in entry level, career-track
individuals to the field of arboriculture. In an attempt to formulate a
new career track and available labor pool, Rutgers Cooperative
Extension of Somerset County launched the first Arboriculture
Training & Internship Program in late Spring 2000. Aimed at
serving at-risk youth, the 3-week pilot program was a workforce
preparation component for New Jersey’s Children, Youth, and
Families at Risk grant. Youth from the New Jersey Youth Corps
program received a one-week classroom and hands-on training
from Rutgers Univ. faculty and professional industry experts,
followed by a two-week paid internship with commercial tree care
companies. The program was designed to fully prepare the youth
in being a contributing, responsible, and skilled worker in society.
The one-week training consisted of several topics from basic
arboriculture, including tree biology, ropes and knots, pesticide
and electrical safety, and work site safety. The youth also experi-
enced hands-on training in tree pruning, chemical and fertilizer
applications, and ascending/tying-in practices in tree climbing. As
training was completed, the youth were introduced to the host
firms, where six of the original class of eighteen spent the next two
weeks as members and employees of commercial tree care crews,
working alongside experienced professionals. With this paid in-
ternship, the youth gained confidence and expertise in the industry,
utilizing their personal experiences for career decision making.
Following the internship, four youth received and accepted full-time
employment offers. Evaluations on knowledge and skills gained,
employee/employer relations, future host participation, training
curriculum, and arboriculture as an intern’s career choice were
completed. The entire program was facilitated through the com-
bined efforts and expertise of Rutgers Cooperative Extension,
CYFAR, and NJ Youth Corps personnel.

Poster 514
Effects of Horticultural Therapy on the Depression of Girls’
High School Students
Lee Young-Hyun*1, Ro Myoung-Rai2, and Ryu Eun-Sook3; 1Divi-
sion of Life Sciences, 2Division of Educational Sciences, 336-600,
Soonchunhyang Univ., Asan City, South Korea; 3Mokchon High

School, Chunan City, South Korea
Early humans were a part of nature. However, they are getting

isolated from the nature as industrialization and urbanization
progress rapidly in the modern society. The gulf between humanity
and the natural environment has steadily widened increasingly.
Moreover, for teenagers, the burden of entering university, espe-
cially in Korea, the stress concerned with their transition develop-
ment step may influence a cause of mental and psychiatric
inadaptability. The physical attributes and psychological factors
associated with a person’s activities of daily living are potentially
important components in their own lives. When horticultural therapy
is recently increasing, the present study was undertaken to exam-
ine some of the potential determinant of horticultural therapy
performance on the depression of girls’ high school students.
Effects on withdrawal, somatic symptom, and depression in two
groups of students were focused for this study. K-YSR translated
Child Behavior Checklist(K-CBCL) into Korean was used as an
inspecting instrument, in which words and structures were para-
phrased fit for student’s level so that they could react K-YSR
directly. They were divided into two groups, experimental group (36
students) and control group (36 students). Two groups were
matched in K-YSR scores in the preliminary test. It suggested that
they were homogeneous groups. The results were as follow. The
horticultural therapy was effective in withdrawal and depression in
students. Students in experimental group showed the decrease of
means to 7.17 from 5.35 in withdrawal symptoms, and the de-
crease of means to 9.65 from 6.41 in depressive symptoms. Group
x Time (Pre/Post) 2-way interaction was significant statistically in
the two items. But there were no physical side-effects (somatic
symptom) practiced among the experimental group. These find-
ings would inform a favorable interpretation of performance on the
horticultural programs. Using these results as a starting point,
further assessment will identify connections to existing people-
plant research, as well as horticultural activities and designs of
children’s garden, educational garden, and home garden. More-
over, various programs have to be developed and applied posi-
tively.

2:00–3:00 p.m. ............................................................ CC 318
Tex Frazier Lecture Committee Meeting
Chair: Alexander A. Csizinszky

2:00–4:00 p.m. ............................................................ CC 105

Journal and HortScience Associate Editors Training
Session
Presiding: Mikal E. Saltveit, Chair, AHS Publications Committee

2:00–4:00 p.m. ............................................................ CC 317

HortTechnology Associate Editors Training Session
Presiding: Neal E. De Vos, Science Editor, HortTechnology

2:00–4:00 p.m. ............................................................ CC 202
Colloquium 3: Water Supplies for Horticulture in the
New Millenium (continued from a.m.)
(see morning session for description)

2:00–4:30 p.m. ............................................................ CC 205
Workshop 21: Woody Plant Breeding on the West
Coast and Beyond
Working Group Sponsor: Ornamental Plant Breeding (OPB)
Presiding: Hannah Mathers, Ohio State Univ., Columbus
Summary: To present information regarding the problems and desirable

characteristics that ornamental woody plant breeders are trying to
consider in their breeding programs. Also, to emphasize the breeding
appproaches that are being conducted to improve on these traits.

2:00 Introduction Hannah Mathers
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2:05 Breeding Deciduous Azaleas for Lacebug Resistance

Carol Robacker; Dept. of Horticulture, Univ. of Georgia

2:25 Development of New Abelia Cultivars through Interspecific
Hybridization

Sloane M. Scheiber, Dept. of Horticulture, Univ. of Georgia

2:45 Insterspecific Pyrus Hybrids with Potential for Urban
Landscapes

Rita Hummel, Puyallup Research and Extension Center,
Washington State Univ.

3:05 Breeding Maples for Tough Sites

Susan Wiegrefe, The Morton Arboretum

3:25 Breeding Pieris for the Midwest Market

Hannah Mathers, Ohio State Univ.

3:45 Discussion

4:00 Business Meeting of the OPB Working Group

Presiding: Hannah Mathers

2:00–4:00 p.m. ............................................................ CC 316
Workshop 22: Microbial Food Safety—Present Status
and Future Needs
Working Group Sponsor: Commercial Horticulture (CHEX)
Presiding: Wesley Kline, Rutgers Cooperative Extension, Millville, N.J.
Summary: The number of people with foodborne illnesses has more

than doubled since 1987. Approximately 5% of illnesses were traced
to fresh produce. At the same time, the U.S. population is being
encouraged to consume greater quantities of fruits and vegetables
to improve their diets. This workshop will review the current status
and future needs of microbial food safety research and extension
activities as they relate to field production and postharvest handling.

2:00 Introduction Wesley Kline

2:05 Field Production for Food Safety—Current Status and
Future Needs

Anusuya Rangarajan*, Dept. of Horticulture, Cornell Univ.,
Ithaca, NY 14853

Over the last few years, there has been growing concern with
potential produce contamination by microbial pathogens that
cause food-borne illness. Several of the media releases have
focused upon fresh or lightly processed fruits and vegetables.
Although the actual cause of these outbreaks can be difficult to
identify, it presents a challenge to all producers to maintain
public confidence in the safety of their products. Many of these
concerns center around the following field management
practices on fruit and vegetable farms: 1) use of manure and
other organic waste materials, 2) irrigation water sources and
application methods, 3) animal and wildlife management, and
4) worker hygiene. Field production practices in these areas
have been characterized and the relative risks of these practices
estimated. However, the level of risk reduction offered by
various practices remains unknown. Use of organic nutrient
sources on farms, for example, is encouraged for nutrient
cycling and soil quality. The recommended practices for
management of manure for environmental risks, however,
conflict with those for microbial pathogen risks. In addition, little
is known about the ecology and source of these organisms on
produce farms. Extension efforts are needed alert growers to
current recommended best management strategies. These
practices may change, as new research data characterizes the
survival of these organisms on produce farms.

2:35 Current Status and Future Needs for Postharvest Research
as It Relates to Food Safety

Trevor Suslow, Univ. of California

3:05 Extension and Training Programs in Good Agricultural
Practices for Food Safety

Wesley Kline, Rutgers Cooperative Extension

3:35 Speaker TBA: Agricultural Business Representative

2:00–3:35 p.m. ............................................................ CC 305
Oral 22: Small Fruit/Viticulture: Genetics/Breeding/
Biotechnology
Presiding: Douglas D. Archbold, Dept. of Horticulture, Univ. of

Kentucky, Lexington
2:00 p.m.

Chlorophyll Fluorescence Identifies Heat Effects upon
Photosynthesis But Not Heat Tolerant Genotypes in Fragaria
Douglas D. Archbold* and Ann M. Clements; Dept. of Horticulture,
Univ. of Kentucky, Lexington, KY 40546-0091

Chlorophyll fluorescence (CF) has been evaluated as a tool for
screening for heat tolerance within a large collection of Fragaria
accessions from both F. chiloensis and F. virginiana. As temperature
increased from 23/15 to 39/15 °C (day/night) in a controlled environ-
ment, whole plant relative growth rate (RGR) and estimated net
assimilation rate (NAR) generally declined with some accessions
showing greater heat effects than others. While no species differ-
ences were evident, differences between provenances within spe-
cies were noted. CF measurements taken on plants grown at 39/15
°C indicated heat effects upon the variable-to-maximal CF ratio.
However, there were no correlations between the RGR and NAR
values and the CF values. Thus CF does not seem a useful tool for
identifying heat tolerant Fragaria accessions during cultivar im-
provement efforts.

2:15 p.m.
Identifying Competitive Strawberry Genotypes Using Solicam
Herbicide
Marvin Pritts*1 and Stan Hokanson2; 1Dept. of Horticulture, Cornell
Univ., Ithaca, NY 14853; 2USDA ARS Fruit Lab, Beltsville, MD

As strawberry production systems evolve towards the use of
higher planting densities and less tillage, new varieties are required
that are less sensitive to competition from other strawberry plants
and that grow well in minimally cultivated soil. Assessing the ability
of strawberry plants to grow and compete in these systems requires
considerable effort as genotypes are evaluated directly in the field
over several years. We have developed a technique that identifies
rapid and deep-rooting genotypes within several weeks of planting,
without the need to excavate plants. The technique involves the
removal of soil from a sloping field, leveling the site, applying a high
rate of norflurazon (Solicam) to the level ground, then replacing the
soil over top of the herbicide to conform to the original slope.
Individual genotypes are then planted up the slope. As roots contact
the herbicide, the chemical is rapidly translocated to the leaves
where it inhibits pigment formation, causing the foliage to turn white.
The progression of discoloration up the slope varies with genotype.
Those exhibiting the most rapid rooting exhibit discoloration up the
slope first. Several genotypes were evaluated for their rooting ability
using this technique. A “rapidly rooting” genotype and a “slowly
rooting” genotype were then planting into a replicated, minimally
tilled, ribbon row production system and into a conventional system.
Plant growth and productivity were evaluated over 2 years. Data
suggest that the herbicide screen has potential for identifying geno-
types that perform well in high density, minimally tilled systems.

2:30 p.m.
Direct Shoot Organogenesis and Gene Transformation in
Strawberry (Fragaria xananassa cv. Sweet Charlie)
Yousef I. Al-Dlaigan* and Daniel J. Cantliffe; Horticultural Sciences
Dept., Univ. of Florida, IFAS, Gainesville, FL 32611-0690

Capacity for shoot organogenesis in vitro, in general, is highly
affected by genotype. An efficient method has been developed for
direct shoot organogenesis in strawberry (Fragaria xananassa cv.
Sweet Charlie) from leaf blade and petiole explants. Direct adventi-
tious shoots occurred from the cut edge of the leaf-blade bases.
Whereas, in petiole explants, shoots arose along the longitudinal cut
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surface, with most produced along the petiole bases. For both
explant types, maximum shoot production was achieved when a
medium containing MS salts, 3% sucrose, B5 vitamins and 100
mg·L–1 myoinositol (BM), in addition to a combination of 1 µM TDZ
and 10 µM IBA were used in the induction medium for one day. Leaf-
blade and petiole explants were then transferred onto a shoot-
development medium supplemented with 1 µM BA and 1 µM IBA for
two weeks. Adventitious shoots were elongated following transfer
onto a medium containing 0.5–1 µM BA and 0.1 µM IAA or 1 µM IBA.
More than 92% of the elongated shoots were successfully rooted on
a medium containing _ MS, 2% sucrose, B5 vitamins, 100 mg·L–1

myoinositol and 0.5 µM IBA. Shoots were acclimatized ex vitro in
modified-plastic containers placed in a growth chamber at 24/30 °C
under a 16-h photoperiod. Survival of in vitro-rooted plantlets was
100%. This protocol has been successfully employed to obtain
transformed plants using Agrobacteruim tumefaciens containing the
plasmid pMON17204 and GUS as a reporter gene. Recovered
shoots display GUS positive staining. With this protocol, direct shoot
organogenesis can be induced in a short time period, which may be
a great potential for gene transformation in strawberry.

2:45 p.m.
Identification of Self-incompatibility Alleles in Almond
Cultivars Grown in California
Abhaya M. Dandekar*1, Sandra L. Uratsu1, Mihoko Tamura1,
Thomas M. Gradziel1, Ryutaro Tao2, and Hidenori Sassa Kihara3;
1Dept. of Pomology, Univ. of California, Davis, CA, 95616; 2Graduate
School of Agriculture, Kyoto Univ., Kyoto 606-8502, Japan; 3Institute
for Biological Research, Yokohama City Univ., Yokohama 244-
0813, Japan

Self-incompatibility (SI) is a widespread mechanism in flowering
plants which prevents self-fertilization and promotes out-crossing.
In almond this trait is controlled by a single locus with multiple
codominant alleles (similar but not identical family of genes that
perform the same function) referred to as S-alleles. When an
almond pistil is pollinated by its own pollen, SI is triggered which
results in abortion of that pollen growth within the stylar tissues.
Thus, unless the plant is cross pollinated there is greatly reduced
fruit set. The S-alleles encode SRNase proteins (an enzyme that
destroys RNA) that are expressed in stylar tissue and that are
responsible for the inactivation of “self” pollen growth. Our major
objective has been to develop DNA tools to identify the cross-
incompatibility group (CIG) that would clearly distinguish among
the different S-allele family members, with each almond cultivar
having a specific set of S-alleles. Almond has been shown to have
4 predominant S-alleles in California designated, Sa, Sb, Sc and
Sd that correspond to 6 CIG groups (Kester et al., 1994. J. Amer.
Soc. Hort. Sci. 119:1289-1292). We have successfully developed
a DNA test that can clearly distinguish almond cultivars belonging
to any of these 6 CIG groups. We have authenticated our DNA test
by confirming the previous CIG assignments. We have now deter-
mined that this test is so precise that we can expand the list of
almond cultivars that fall into these 6 CIG to include some cultivars
and selections that are of current interest. In addition we have
discovered 7 new S-alleles that can be categorized into 11 addi-
tional CIG groups that include cultivars and selections that did not
fall into the original 6 CIG groups.

3:00 p.m.
Yield Component Analysis of Beach Plum (Prunus maritima
Marshall), a New Fruit Crop
Richard H. Uva*, Thomas H. Whitlow, and Marvin P. Pritts; Dept. of
Horticulture, Cornell Univ., Ithaca, NY 14853

Beach plum is a stone-fruit native to coastal sand dunes in the
northeastern U.S. As commercial development of this crop pro-
ceeds, criteria for making selections from the wild and decisions on
cultural management need to be established. Yield component
analysis was used to identify characteristics that were strongly
associated with yield and that could be further enhanced by breed-

ing. Yield component analysis on 3-year-old plants grown from two
wild collected seed sources was done as part of an incomplete block
factorial experiment evaluating fertilizer, mulch, and irrigation treat-
ments. In the analysis, data was combined across factors. Path
analysis methods were used and components were configured in the
following causal relationship: branch units/plant > buds/unit > flow-
ers/bud > fruit set > diameter/fruit > yield. Branch units/plant, buds/
unit, flowers/bud, fruit set and diameter/fruit all had significant
positive direct effects on yield (dry weight). Branch units/plant had
the only significant positive indirect effect through diameter/fruit. No
significant negative effects were found. Twice as many plants from
seed source one fruited in year three than from seed source two
indicating greater precocity. When yield components were com-
pared by seed source, the significance and magnitude differed;
source one had significant positive effects of buds/unit on flowers/
bud and in turn flowers/bud on yield. In source two, branch units/
plant effected buds/unit significantly. Buds/unit and fruit set had the
strongest significant positive effects on yield indicating that these
may be characters to select for either through genetic or cultural
manipulation.

2:00–3:45 p.m. ............................................................ CC 301

Oral 23: Vegetable Crops: Sustainable Agriculture
Presiding: Gladis M. Zinati, TREC, Univ. of Florida, Homestead
2:00 p.m.

Yield Enhancement of Irish Potato—Effects of High-residue
No-till Systems
Ronald Morse*; Dept. of Horticulture, Virginia Tech, Blacksburg, VA
24061-0327

From 1995–98, tuber yield of “Yukon Gold” Irish potato (Solanum
tuberosum L.) averaged 17% higher when grown in no-till (NT)
raised bed systems than in conventional tillage (CT). In these NT
studies, grain rye (Secale cereale, L.) was fall seeded on raised beds
and killed with contact herbicides during the last week of April, just
before planting potato seed pieces using a NT potato seeder
(Subsurface Tiller-Transplanter, SST-T). A companion treatment in
these experiments (1995-1998) showed that tuber yield benefits
occurred from applying straw mulch after potato stem emergence. In
1999, high levels of in situ mulch (high-residue mulch) were gener-
ated in designated subplots by delayed killing of the rye until 3 weeks
after planting potato seed pieces. Tuber yield in 1999 was highest in
the high-residue mulch treatment (10.2 t mulch/ha), less in moderate
mulch levels (6.5 t mulch/ha) and lowest in NT raised beds without
in situ mulch. High-residue NT systems is a viable alternative for
producing Irish potato, especially in areas prone to erosion and high
soil temperatures and low economic potential for irrigation.

2:15 p.m.
Utilization of Cover Crops, Compost, and Plastic Mulch as
Alternatives to Methyl Bromide for Watermelon Production in
South Florida
Gladis M. Zinati*1, Herbert H. Bryan1, Robert McSorley2, and Aref A.
Abdul-Baki3; 1Univ. of Florida, Tropical Research and Education
Center, Homestead, FL 33031, 2Univ. of Florida, Entomology and
Nematology Dept., Gainesville, FL 32611, 3U. S. Dept. of Agriculture,
Agricultural Research Service, Sustainable Agriculture Laboratory,
Beltsville, MD 20705-2350

Sunn hemp singly and in combination with either cowpea, Austrian
winter pea, cahaba white vetch or crimson clover were planted on
calcareous soils of south Florida in Oct. 1999. These cover crops were
grown on raised beds, were mowed at 9 and at 16 weeks old and were
left on the surface of the beds as a mulch. Co-compost was applied on
top of the cover crop mulch at the rate of 26.7 Mt·ha–1. Beds were either
covered with polyethylene plastic mulch or were uncovered. Treat-
ments were compared to a fallow/methyl bromide-chloropicrin (67:33)
treatment. In Mar. 2000 ‘Mardi Gras’ watermelon plants were trans-
planted 183 cm in row into the beds. Sunn hemp biomass singly (6.7
Mg·ha–1) or in mix with cahaba white vetch or Austrian winter pea (5.8
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Mg·ha–1) were significantly higher than those of sunn hemp with
cowpea (4.0 Mg·ha–1) or fallow treatments. Treatments with polyeth-
ylene plastic mulch had higher watermelon yields (19.4 Mg·ha–1) than
those without plastic mulch (6.0 Mg·ha–1). In treatments without plastic
mulch, spurge weed cover was lowest (4% to 10%) in mixes of either
sunn hemp with cowpea or Austrian winter pea, highest in that of sunn
hemp and cahaba white vetch (70%) and none of the treatments
suppressed nutsedge. However, there was no significant difference in
weed control under any treatment covered with plastic mulch in
comparison to that of methyl bromide treatment. Root-knot nematode
(M. incognita) density was very low at the end of the growing season
under any treatment whereas ring nematode population decreased in
treatments that were covered with plastic mulch. Although treatments
with plastic mulch were higher yielding treatments they did not provide
high yields to be recommended for replacing methyl bromide that
yielded 42.7 Mg·ha–1.

2:30 p.m.
Biofumigation Utilizing Brassica sp. Increases Marketable
Tomato Yield
Stephanie G. Harvey* and Carl E. Sams; Univ. of Tennessee, Dept.
of Plant and Soil Sciences, Knoxville, TN 37901

In previous experiments, allyl isothiocyanate (AITC) inhibited myce-
lial growth and sclerotia germination of Sclerotium rolfsii, a common
soilborne pest of tomatoes. Volatiles from macerated Brassica juncea,
(which included AITC) were more suppressive than AITC alone. The
objective of this study was to determine the effect of biofumigation
utilizing Brassica sp. on tomato production yield in the field. The
experiment was a split plot with three soil pH ranges (<6.0, 6.5–7.0,
and >7.0) as main treatments. The subplot treatments were fall-
planted, winter cover crops of Indian mustard (B. juncea) (two seeding
densities (0.9 and 1.8 g·m–2), ‘Fall Raab’ (B. campestris) (1.2 g·m–2)
and a control cover of winter rye. Cover crops were over wintered and
then incorporated into the soil three weeks prior to tomato transplant-
ing. Incorporation consisted of mowing the cover, tilling in the plant
material, and forming plastic-mulch covered beds. Number and total
weight of tomato fruit were measured. Neither pH nor the interaction
between main and subplot treatments was significant. The number
and total weight of marketable fruit (>6.43-cm diam) differed signifi-
cantly among the Brassica treatments and the control (P < 0.01). The
‘Fall Raab’ cover crop produced 18.5% more marketable fruit with
19.2% greater marketable weight than did the Indian mustard cover
crop and 45.4% and 40.0%, respectively, greater, than the rye control.
Indian mustard treatments produced 22.7% to 23.5% more market-
able fruit with 18.2% greater marketable weight, than the rye control
(P < 0.01). No significant differences in number of fruit or weight were
detected between the two Indian mustard densities. Variations in soil
carbon and nitrogen content were not correlated to yield differences.

2:45 p.m.
Breeding Rye (Secale cereale) for Increased Allelopathy
Chris Reberg-Horton*, Nancy Creamer, Jim Burton, Noah Ranells,
and Paul Murphy; North Carolina State Univ., Raleigh, NC 27695-
7609

The environmental and horticultural benefits of cover crops may be
enhanced through plant breeding. Weed control by a cover crop mulch
may be achieved through physical inhibition of seedling growth as well
as through the release of phytotoxic allelochemicals. A collection of
268 accessions of winter rye (Secale cereale) were screened for their
ability to suppress weeds by releasing allelochemicals. Rye is known
to produce the allelochemical DIBOA [2,4-dihydroxy-1,4-(2H)-
benzoxazine-3-one] in large quantities (as high as 1.2 mg·g–1). Acces-
sions were initially screened for general toxicity, using a petri dish
bioassay. Next they were tested for DIBOA with an inexpensive
procedure that involves adding FeCl3 to the extracts and measuring
the color change with a spectrophotometer. The most promising
accessions from these two methods were then analyzed for DIBOA
content using High Performance Liquid Chromatography. The meth-
ods used in this screening have been tested in a two-year study of nine

commercial varieties of rye. Data on suppression of weeds in the field
was used to verify findings from the less expensive laboratory meth-
ods. The cultivar Wheeler was found to be extremely toxic in the field
and in the bioassays. The bioassays gave highly repeatable results,
with little between replicate or between run variation. This suggests
bioassays would be an effective tool for assessing allelopathic poten-
tial in a rye breeding program.

3:00 p.m.
Influence of Arbuscular Mycorhiza Indigenous to Peru and a
Flavonoid on Growth, Yield, and Leaf Elemental Concentration
of ‘Yungay’ Potatoes (Solanum tuberosum L.)
Fred T. Davies, Jr.*1, Constantino Calderón2, and Zosimo Huaman3;
1Dept. of Horticultural Sciences, Texas A&M Univ., College., Station,
TX 77843-2133; 2Dpto. de Suelos, Facultad de Agronomia, Universidad
Nacional Agraria La Molina (UNALM), Lima, Peru; 3International
Potato Center (CIP), Lima, Peru

The influence of arbuscular mycorrhiza (two Peruvian mixed iso-
lates, Glomus intraradices) and the flavonoid, formononetin, were
tested on growth, yield, and leaf elemental concentration of ‘Yungay’
potatoes (Solanum tubersoum L.). Plants started from tissue culture-
produced prenuclear minitubers of ‘Yungay’. Non-colonized (non-
AM) plants were fertilized with Long Ashton nutrient solution modified
to supply phosphorus at 11 and 44 mg·mL–1 P. Mycorrhizal (AM) plants
received low P (11 mg·mL–1 P) and were inoculated with either a sierra-
maize mixed isolate, sierra-papa mixed isolate, Glomus intraradices,
sierra-maize mixed isolate + formononetin, or a sierra-papa mixed
isolate + formononetin. Plants were grown in 3-L containers with
sterilized sand: sandy loam soil under greenhouse conditions in Lima,
Peru. Non-AM plants at low P had poorest growth, while high P plants
had the greatest overall growth. All AM plants had greater growth,
including a higher root/shoot ratio, higher phosphorus use efficiency
[(g tuber) (g P kg–1 tissue)–1], and a lower leaf/tuber ratio (indicating
greater leaf efficiency in producing tuber dm) compared to non-AM
plants at low P. The mycorrhizal inoculation effect ranged from +37%
to +48%. Plants colonized with the sierra-papa isolate + formononetin
had comparable tuber development and a leaf/tuber (g·g–1) ratio
compared to high P non-AM plants. Formononetin enhanced
extraradical hyphae formation. Mycorrhizal enhancement was in part
due to greater P, Fe, and Mg uptake, a higher phosphorus use
efficiency and greater extraradical hyphae formation.

3:15 p.m.
Utilization of Municipal Organic By-products for Tomato and
Calabaza Production in Florida
Herbert H. Bryan*1, Peter J. Stoffella2, Merlyn M. Codallo1, Aime
Vasquez-Colls3; Randy C. Ploetz1, and Edward A. Hanlon4; 1Univ. of
Florida, Tropical Res. and Educ. Center, Homestead, FL 33031;
2Univ. of Florida, Indian River Res. and Educ. Center, Ft. Pierce, FL,
34945; 3USDA-ARS, Miami, FL 33157; 4Southwest FL Res. and
Educ. Center, Immokalee FL 34142

Three types of compost [solid waste (SWC), biosolids (BSC), and
co-compost (COC)] were applied at rates to provide equivalent
amounts of available N on acid sandy soil in Ft. Pierce and on gravelly
calcareous soil in Homestead, south Florida. These were compared
to a complete fertilizer (FER) treatment with 168 kg N·ha–1. An
additional unfertilized (UFER) treatment was included in Ft. Pierce.
Composts and fertilizer treatments were applied for 3 years starting
in Fall 1996 on plastic mulch covered beds with drip irrigation. In
Homestead, half of each plot received methyl bromide-chloropicrin
(M75-C25). ‘Sanibel’ tomatoes were transplanted and following
harvest short-internode hybrid calabaza were transplanted into the
same beds. At Homestead, tomato yields were higher in three
compost treatments than in the FER treatment for year 2 (Y2). The
fruit size was larger in SWC than those of FER or COC. Yields from
plants grown in non-fumigated (NF) plots were 8.4 Mg·ha–1 com-
pared to 12.5 Mg·ha–1 in MC plots. Marketable yield (36.5 Mg·ha–1)
and fruit size (173 g) were largest in BSC and lowest in SWC treatment
(34.5 Mg·ha–1, 164 g) in Y3. Tomato yields were similar in MC (34.1
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Mg·ha–1) and NF (32.5 Mg·ha–1) plots. Calabaza yields were 41.6
Mg·ha–1 in FER and 20.8 Mg·ha–1 in SWC treatments in Y1; 17.1
Mg·ha–1 in COC and 3.4 Mg·ha–1 in FER in Y2 and 21.2 Mg·ha–1 in COC
and 6.9 Mg·ha–1 in FER treatments in Y3. At Ft. Pierce marketable
tomato yields were similar for all organic byproducts and were
significantly greater than in the UFER plots. Highest calabaza yields
were from COC, SWC, and BSC.

3:30 p.m.
Effect of Soil Amendments on Yield of Fresh-market Tomato
L.M. Carrera*, A. Abdul-Baki, L.J. Sikora, and J.R. Teasdale; USDA,
ARS, ANRI, SASL, Beltsville Agricultural Research Center, Belts-
ville, MD 20705

Utilization of poultry manure compost and poultry manure as
alternatives to synthetic N source for tomato (Lycopersicon
esculentum Mill.) production, and as amendments to improve soil
structure was investigated. A randomized block design experiment
was conducted at the Agricultural Research Center, Beltsville, MD,
and consisted of seven treatments: hairy vetch (Vicia villosa Roth.)
mulch, conventional plastic mulch (PM), three levels of poultry
manure compost (5, 10, 20 t/ha) with PM, and two levels of poultry
manure (2.5 and 5 t/ha) with PM. Rates of N mineralization from
compost and manure were determined prior to field application, and
adjusted optimum levels of N were attained by adding NH4NO3 at
time intervals commensurate with plant growth. Tissue N analysis
was performed during the growing season and showed adequate N
levels in plant tissues. Highest yields were produced in soil amended
with poultry manure at 5 t/ha (52.2 t/ha), hairy vetch at 8 t dry matter/
ha (48.8 t/ha), and soil amended with poultry manure compost at 20
t/ha (48.3 t/ha). Fruit size was significantly smaller in the hairy vetch
mulch and medium level poultry manure compost treatments than in
all other treatments. The highest levels of poultry manure and poultry
manure compost resulted in yields similar to those observed with the
use of hairy vetch mulch. This research suggested that the addition
of farm by-products such as poultry manure compost or manure that
are available in most farming areas can efficiently provide part of the
N requirement for tomato production.

2:00–4:00 p.m. ............................................................. CC 304
Oral 24: Vegetable Crops: Genetics/Breeding/
Biotechnology
Presiding: Mark W. Farnham, USDA/ARS, Charleston, S.C.
2:00 p.m.

A Secondary Gene Influencing Resistance to Zucchini Yellow
Mosaic Virus in a Cross between a Yellow Squash and
‘Nigerian Local’
Rebecca Neslon Brown* and James R. Myers; Oregon State Univ.,
Corvallis, OR 97331

Cucurbita moschata ‘Nigerian Local’ has been widely used as a
source of resistance to zucchini yellow mosaic virus in Cucurbita pepo.
Many breeders believe that resistance from ‘Nigerian Local’ is con-
trolled by a dominant major gene, Zym, and an unknown number of
secondary modifying genes. We screened 84 individuals of the BC1
of a C. pepo x ‘Nigerian Local’ cross for resistance to ZYMV using both
visual rating of symptoms and ELISA testing, and identified a second
locus, epistatic to Zym, which appears to control virus replication. The
expressed phenotype was that 24 of the 42 plants which were visually
free of symptoms (genotype Zym zym) tested positive with ELISA,
while the other 18 were negative. All 42 of the plants with virus
symptoms (genotype zym zym) tested positive with ELISA. This locus
is dominant, and segregates independently of Zym. Both Zym and the
new locus fit the expected 1:1 segregation ratio in the BC1.

2:15 p.m.
Identification of Genetic Markers Linked to Downy Mildew
Resistance in Broccoli
Janel L. Giovannelli, Mark W. Farnham*, and Min Wang; USDA–
ARS U.S. Vegetable Laboratory, 2875 Savannah Hwy., Charleston,

SC 29414
Downy mildew is one of the most destructive fungal diseases of

Brassica oleracea L. crops and is especially damaging to broccoli.
This disease is distributed worldwide, and the causal agent is the
biotrophic parasite Peronospora parasitica (Pers. Fr.) Fr. Fungicides
can provide significant control of downy mildew, but resistant culti-
vars offer an alternative control measure that can provide a practical
and environmentally benign means to limit damage due to this
disease. We have developed resistant doubled haploid (DH) lines of
broccoli that exhibit a high level of resistance to downy from the
cotyledon stage through mature plant stages and have determined
that resistance is conditioned by a single dominant gene. Using
broccoli individuals from a segregating F2 population, we conducted
Bulked Segregant Analysis in combination with RAPD marker as-
sessment to identify DNA markers linked to resistance. Approxi-
mately 700 oligonucleotide primers were used to generate RAPD
profiles and to compare resistant and susceptible bulked DNA
samples, as well as samples from the original parents. Over 1000
polymorphic RAPD bands were observed to differ between the
original parents, but only seven bands were ultimately observed to
exhibit significant linkage with downy mildew resistance in the
segregating population. Two of the linked RAPD fragments exhibit
relatively close linkage, falling ≈5 cM from the resistance locus.
These bands are being used as the basis for developing Sequenced
Characterized Amplified Regions (SCARs) that could be used for
marker-assisted selection in the creation of new resistant breeding
lines or cultivars.

2:30 p.m.
Identification of Molecular Markers Linked to Black Rot
Resistance in Cole Crops
Muhammet Tonguc* and Phillip Griffiths; Dept. of Horticultural
Sciences, Cornell Univ. NYSAES

Black rot (Xanthomonas campestris pv. campestris) is one of the
most serious diseases of cole crops (Brassica oleracea) particularly
during warm, damp seasons. Current host plant resistance used in
cultivars is inadequate and does not fully protect against the disease.
A new resistant source has been identified from an accession of
Ethiopian mustard (B. carinata, PI 199947) and introgressed into
broccoli using protoplast fusion. Crosses were made between black
rot susceptible cauliflower and black rot resistant broccoli lines (11 and
11B) derived from Ethiopian mustard. Resulting F1 plants were self-
pollinated to produce F2 populations segregating black rot resistance.
Disease severity ratings at the juvenile and mature plant stages
indicated that complete resistance to black rot was recovered in the F2

populations. Two-hundred plants from two populations were inocu-
lated, and recovery of resistant plants (≈10%) suggested that more
than two genes controlled this resistance source. A total of 800 primers
were used to identify RAPD polymorphisms between the resistant and
susceptible parents, and 90 identified polymorphisms were used to
screen the F2 populations. Linkage analysis using Join-map 1.3
identified 22 polymorphisms linked with the resistance trait, and three
polymorphisms (OPAB04-2,UBC426-5, UBC221-5) linked within 3.5
cM. Linked polymorphisms were observed in lower than expected
proportions in the F2 populations as was observed for the resistance
trait. The results suggest that the resistance might be controlled by a
single gene that is not fully stabilized in the resistant parents used.

2:45 p.m.
Cloning, Sequencing, and Mapping of P-loop Containing
Genes for Disease Resistance in Phaseolus vulgaris L.
Nedim Mutlu*, Dermot P. Coyne, and Kulvinder S. Gill; Dept. of
Agronomy and Horticulture, Univ. of Nebraska, Lincoln, NE 68583

Plant diseases are major production constraints, causing yield
and quality losses. Breeding for resistance based on inoculation and
selection for phenotypic reactions has been a slow and challenging
process. However, use of molecular markers tightly linked to known
plant resistance genes is expected to expedite and to increase the
precision of the selection process. The objective was to clone
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resistance genes and/or to find markers tightly linked to known
resistance genes for breeding purposes. ATP/GTP binding domain
is conserved in 13 protein families, including the NBS-LRR type plant
resistance gene class containing kinase-1a (P-loop). Degenerate
primers based on conserved motifs were used to pull out fragments
with kinase-1a domain targeting plant resistance genes. Sequence
analysis indicated that about 20 clones possess similarities in
conserved domains of known NBS-LRR type resistance genes, but
none of these shares high overall sequence similarity to Resistance
Gene Analogs (RGA). Thirty Phaseolus vulgaris lines/cultivars re-
sistant to different diseases, including common bacterial blight
(CBB) caused by Xanthomonas campestris pv phaseoli (Xcp), were
inoculated with Xcp strains. The mRNAs were then used in bulk for
initial amplification of the kinase-1a containing fragments. RFLP
mapping of these fragments is underway using two RIL populations
of common bean and an F2:4 population of soybean. This is
expected to show the distribution of this gene family in the genome,
especially relative to known resistance genes. Detected linkages to
disease resistance genes is expected to be useful in breeding for
disease resistance.

3:00 p.m.
Transmission Ratio Distortion due to the bl Gene in Table
Beet
Diane Austin and I.L. Goldman*; Dept. of Horticulture, Univ. of
Wisconsin–Madison, Madison, WI 53706

The bl gene conditions a blotchy phenotype (irregular sectors of
red and white root color) in table beet (Beta vulgaris ssp. vulgaris).
Segregation of the bl gene was found to be consistent with a single
recessive gene, however, some evidence for a departure from a
single gene model were observed when blbl plants were used as
females. Segregation of the bl gene was examined in greater detail
in 10 F2 populations derived from crosses of red blotchy-rooted
females (genotype blbl, denoted blotchy) with red-rooted males
(BlBl, denoted red,), and 10 F2 populations derived from the recipro-
cal cross. In blbl x BlBl crosses, the proportion of red-rooted progeny
was >0.75 in seven of the crosses, and was significantly greater (P
< 0.005) in three crosses. A test for heterogeneity was significant,
indicating that the proportion of red-rooted progeny differed signifi-
cantly in these 10 crosses. In BlBl x blbl crosses, the proportion of
red-rooted progeny was <0.75 in seven of the crosses and there
were no significant departures from the expected 3:1 ratio in any
individual crosses. However, a pooled estimate of the segregation
ratio showed a significant (P < 0.01) departure from 3:1 (0.71). These
data demonstrate transmission ratio distortion at the bl locus when
blbl plants are used as both females and males in matings with wild
type plants, but the degree of distortion is greater when blbl plants
are used as females. Ratio distortion in such crosses may be due to
a variety of factors, including increased transmission of the bl gene
through female or male gametes, reduced fitness of maternally
derived blbl progeny, or linkage of the bl gene to viability genes.

3:15 p.m.
Overproduction of Pea (Pisum sativum) Cytosolic Ascorbate
Peroxidase Gene in Tomato Provides Protection against
Oxidative Stress
Yueju Wang*1, Charles Boyer1, Lailiang Cheng2, Leslie Fuchigami1,
Michael Wisniewski3, Richard Meilan4, and Abhaya Dandekar5;
1Dept. of Horticulture, Oregon State Univ.; 2Dept. of Horticulture,
Cornell Univ.; 3USDA–ARS, West Virginia; 4Dept. of Forest Science,
Oregon State Univ.; 5Dept. of Pomology, Univ. of California

Tomato (Lycopersicon esculentum cv. Zhongshu No5) plants
were transformed with a chimeric gene encoding a cytosolic ascor-
bate peroxidase (APX) from Pea (Pisum sativum) via Agrobacterium
tumefaciens. Transformants were selected by using Kanamycin
resistance and confirmed by PCR and Southern analysis. Several
independently transformed lines were obtained and evaluated for
resistance to oxidative stresses. Transgenic plants exhibited a
several-fold increase in the total leaf APX activity as compared to

untransformed controls. When subjected to cold temperature (6 °C)
or paraquat, these plants showed higher survival rate and lower
electrolyte leakage than untransformed controls as evaluated by
either visual scoring or electrolyte leakage measurement. The
overexpression of APX in tomato protected plants from oxidative
stress damage caused by cold temperature or paraquat.

3:30 p.m.
Screening Melon (Cucumis melo L.) Germplasm for
Resistance to Monosporascus cannonballus
Kevin M. Crosby*1 and David W. Wolff2; 1Texas A&M Univ., Texas
Agricultural Experiment Station, Weslaco; 2Sakata Seed America

Vine decline of melons caused by Monosporascus cannonballus
has become increasingly severe in many intensively cultivated fields
in Texas and other hot regions of the world. Failure of popular
commercial varieties of western shipper melons to withstand this
disease has led to crop loss and poor quality fruit, particularly when
plants are stressed by other factors. Chemical control of the fungus
has not been completely effective to date and is expensive in any
case. The process of developing host plant resistance was initiated
at the TAES in 1994 with extensive screening of commercial melon
varieties. Initially, melon lines were screened in infested field soils.
Since 1996, controlled inoculations with a severe isolate of the
fungus have been employed as well. Seed of 494 USDA-NPGS
melon accessions were planted in germination media inoculated
with 50 colony forming units (CFUs) per gram of severe M. cannon-
ballus isolate TX 90-25. After 6 weeks, all entries were transplanted
to the field in three replications in August and observed for symptoms
of vine decline. After 6 more weeks plants from each rep for every
entry were excavated with a shovel and root symptoms observed.
Roots were rated on a scale of 1 = no symptoms to 5 = completely
necrotic and dead. Twelve entries had a mean damage rating less
than 3, superior to the best commercial line ‘Deltex’. Seed of the six
best accessions were planted in pasteurized sand inoculated with
TX 90-25 at 60 CFUs per gram. Standard susceptible checks as well
as ‘Deltex’ were included. After 4 weeks, roots were washed and
scored for disease damage. The three accessions with lowest
damage ratings were PI 212210, PI 165449 and PI 124104. All three
exhibited less damage than ‘Deltex’. Over 50% of commercial
western shipper lines in the test died before the end of the 4-week
period. These three accessions are being utilized in the breeding
program to create M. cannonballus resistant western shipper lines.

3:45 p.m.
Bacterial Spot Resistance, Yield, and Quality of Bell and
Specialty Peppers
Brent Rowell*1, R. Terry Jones1, William Nesmith2, April Satanek1,
and John C. Snyder1; 1Dept. of Horticulture, 2Dept. of Plant Pathol-
ogy, Univ. of Kentucky, Lexington, KY 40546-0091

Bacterial spot epidemics, caused by Xanthomonas campestris pv.
vesicatoria (Doidge) Dye (Xcv), remain serious risks for commercial
pepper (Capsicum annuum L.) growers in eastern, southern and
mid-western states. Newly released bell pepper cultivars with the
Bs2 gene for resistance to Xcv races 1, 2, and 3 were compared
under bacterial spot-free and severe (natural) bacterial spot epi-
demic conditions in central and eastern Kentucky where similar trials
had been conducted from 1995 to 1997. In addition to the replicated
bell pepper trials, 49 hot and specialty pepper cultivars were grown
in single plots at the same two locations. As in previous trials, there
were economically important differences in resistance and market-
able yields among bell pepper cultivars having the Bs2 gene; some
“resistant” cultivars were as susceptible as susceptible checks.
Others were highly resistant in spite of the presence of Xcv races 3
and 6 in the eastern Kentucky trial. Only a few were highly resistant
with excellent fruit quality. With a few notable exceptions, most of the
hot and specialty cultivars were very susceptible to bacterial spot.
Two of the three new jalapeño cultivars carrying Bs2 were highly
resistant to bacterial spot and high yielding under severe epidemic
conditions.
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2:00–4:00 p.m. ............................................................ CC 319

Oral 25: Floriculture/Foliage: Crop Physiology
Presiding: J. Heinrich Lieth, Dept. of Environmental Horticulture,
Univ. of California, Davis
2:00 p.m.

The Effect of Transient Changes in Salinity on the
Elongation of Rose Stems
Lorence R. Oki* and J. Heinrich Lieth; Dept. of Environmental
Horticulture, Univ. of California, Davis, CA 95616

Changes in stem elongation rates of Rosa hybrida L. ‘Kardinal’
stems were measured using linear displacement position sensors
(LDPS) while plants were exposed to salinized nutrient solutions
for 2 h. Greenhouse-grown plants were acclimated in a growth
chamber under constant 25 °C and continuous light for at least 36
h before treatment. While in the growth chamber, plants were
automatically irrigated based on substrate moisture tension with
half-strength Hoagland’s nutrient solution in deionized water (NS).
A pretreatment irrigation of NS was initiated at 1:00 and was
followed 2 h later by an application of deionized water (DI), NS, or
NS with NaCl to increase the solution electrical conductivity (EC)
by 1, 2, 4, or 8 dS/m. A post-treatment irrigation with NS followed
after 2 more hours. The stem elongation rate of plants treated with
DI increased by 0.23 mm/h, then returned to the pretreatment rate
after the final irrigation. Increasing salt concentrations resulted in
decreasing rates of growth except the lowest salt concentration
solution. This treatment resulted in a growth rate 0.18 mm/hour
greater than the pretreatment rate. The higher concentrations
resulted in decreases in elongation of 16.3, 33.5, and 83.3%
respectively. Stem growth rates of salinized plants returned to or
exceeded pretreatment rates after the final irrigation. The use of
this information in modeling rose crop growth and development is
discussed.

2:15 p.m.
Effects of Solute Leakage and Seed Maturation on Priming
Efficiency of Impatiens Seed
Wenting Li*, Miller B. McDonald, Mark A. Bennett, and Francis
Kwong; Dept. of Horticulture and Crop Science, The Ohio State
Univ., Columbus, OH 43210

Priming is a presowing treatment in which seeds are soaked in
an osmotic solution that allows them to imbibe water and go
through the initial stages of germination, prior to radicle protrusion
through the seedcoat. Seeds then can be dried to their original
moisture contents and stored, or planted immediately after priming.
In the last two decades, seed priming has been a common seed
treatment to increase the rate and uniformity of emergence in many
vegetable and flower species. Until recently, priming techniques
have been developed primarily on an empirical basis, and more
work is needed to decide on the optimum priming conditions of
different species. Impatiens (I. wallerana) is now the most popular
bedding plant in garden centers, where the crop accounts for 25%
of sales. It has been observed that when different amounts of
impatiens seeds (e.g., 1,000 vs. 10,000) were placed in the same
amount of priming solutions, the solutions with greater seed num-
ber produced faster germination when these seeds were soaked in
the solution. This may be a result of germination promoters or
hormones or other leachates from the seeds (e.g. lepidimoide)
activating the induction of germination. The first objective of this
research is to identify any leaching product(s) from the primed
impatiens seeds that may improve germination. In addition, prim-
ing effects are often different among seeds with different sizes (e.g.
0.1-mm size classes from the 1.1- to 1.5-mm range), which indicate
the different maturity levels. The second objective of this research
is to investigate the relationship between priming and different
sizes of impatiens seed.

2:30 p.m.
Effects of Ethephon on Leaf Stomatal Function,

Photosynthesis, Transpiration and Plant Nutrient Uptake of
Pelargonium sp.
C.E. Mikula*, Y. Zheng, and M.A. Dixon; Dept. of Plant Agriculture
(Horticulture Division) Univ. of Guelph, Guelph, Ontario, N1G 2W1
Canada

Ethephon (2-chloroethylphosphonic acid), an ethylene-releas-
ing compound, is widely used in the floriculture industry to promote
branching, abort inflorescences, and retard growth. Growers of
zonal geraniums (Pelargonium sp.) use ethephon in stock plant
production to increase cutting production and abort inflorescenses.
Though the morphological effects of this compound are well
defined, there are conflicting results in the literature on the physi-
ological effects of ethephon. The objective of this study was to
investigate the effect of ethephon on leaf stomatal function, transpi-
ration rate, photosynthesis, and plant nutrient uptake in zonal
geraniums. Three concentrations of ethephon (250, 500, and 1000
mg·L–1) solutions were sprayed until runoff on leaves of zonal
geranium cultivar Evening Glow in hydroponic culture. Measure-
ments of transpiration were taken 2 days per week starting the day
after ethephon application. Measurements of leaf stomatal con-
ductance and net CO2 assimilation rate were taken daily for the first
week of the 4-week-long experiment, and nutrient uptake was
measured twice per week. Whole plant transpiration was mea-
sured gravimetrically once a week for 4 weeks. Leaf impressions
were also made using oraprint impression material to determine
stomatal density and degree of opening of the apertures. The
experiment was repeated 3 times in the greenhouse of Univ. of
Guelph at different seasons of the year. No significant effect of
ethephon on leaf stomatal function, net CO2 assimilation rate, or
transpiration rate was found in the first week after ethephon
application. Ethephon did not show any constant effect on plant
nutrient (N, P, K) or water uptake during experimental periods.

2:45 p.m.
Parameterization and Validation of a Model for Rose Leaf
Photosynthesis and Stomatal Conductance
Soo-Hyung Kim* and J. Heinrich Lieth; Dept. of Environmental
Horticulture, Univ. of California, Davis, CA 95616

A coupled model of leaf photosynthesis and stomatal conduc-
tance as a function of photosynthetically active radiation, ambient
CO2 concentration, leaf temperature, relative humidity and leaf age
was formulated for rose leaves. The photosynthetic parameters:
maximum carboxylation rate (Vcmax), potential rate of electron
transport (Jmax) and leaf dark respiration rate (Rd) were determined
using the gas exchange data of fully expanded young leaves grown
in high and low light. The temperature dependence and leaf age
effect of Vcmax and Jmax were investigated. The stomatal conduc-
tance model was calibrated using the gas exchange data for
various combinations of relative humidity, light and temperature.
The model was calibrated and validated for the cut-flower rose
variety ‘Kardinal’. The model was also found to be valid for other
cultivars as long as the leaves developed under similar light
environments. However, seasonal variations within each cultivar
were observed, indicating that light acclimation is a major determi-
nant of rose leaf photosynthetic capacity. Specific leaf area (SLA)
has been reported to be a function of the light history. Negative
linear relationships between SLA and Vcmax, Jmax, and the photosyn-
thetic capacity at ambient CO2, were found in this study, suggesting
that SLA may be used to predict the seasonal variation of photosyn-
thetic capacity.

3:00 p.m.
Far-red Light Concomitantly Controls Flowering and Stem
Extension of Pansy
Erik S. Runkle* and Royal D. Heins; Dept. of Horticulture, Michigan
State Univ., East Lansing, MI 48824-1325

Plastics that selectively reduce the transmission of far-red light
(FR, 700 to 800 nm) reduce extension growth of many floricultural
crops. However, an FR deficient (FRd) environment delays flower-
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ing in some long-day plants (LDP), including ‘Crystal Bowl Yellow’
pansy (Viola xwittrockiana Gams). Our research objective was to
determine if additional FR light could be added to an otherwise FRd

environment to facilitate flowering with minimal extension growth.
In one experiment, plants were grown under a 16-h FRd base
photoperiod and FR-rich light was added during portions of the day
or night. For comparison, plants were also grown with a 9-h
photoperiod [short day (SD) control] or under a neutral (N) filter with
a 16-h photoperiod (long day control). Flowering was promoted
most (i.e., flowering percentage increased and time to flower
decreased) when FR-rich light was added during the entire 16-h
photoperiod, during the last 4 h of the photoperiod, or during the
first or second 4 h of the otherwise dark period. In a separate
experiment, pansy was grown under an N or FRd 9-hour base
photoperiod with 0, 0.5, 1, 2, or 4 h of night-interruption (NI) lighting
that delivered a red (R, 600 to 700 nm) to FR ratio of 0.56 (low), 1.28
(moderate), or 7.29 (high). Under the N filter, the minimum NI
duration that increased flowering percentage was 2 h with a low or
moderate R : FR and 4 h with a high R : FR. Under the FRd filter,
2 or 4 h of NI lighting with a moderate or low R : FR, respectively,
was required to increase flowering percentage, but a 4-h NI with a
high R : FR failed to promote flowering. Conditions that promoted
flowering also promoted extension growth. Therefore, it appears
that in LDP such as pansy, light duration and quality concomitantly
promote extension growth and flowering and cannot readily be
separated with lighting strategies.

3:15 p.m.
Supplemental Blue or Red Light with Low Photosynthetic
Photon Flux in Sunrise and Sunset Twilight Influence
Growth and Morphogenesis of Ageratum, Marigold, and
Salvia Seedlings Cultured in Greenhouse
Jeongwook Heo*, Chunwoo Lee, and Keeyoeup Paek; Research
Center for the Development of Advanced Horticultural Technology,
Chungbuk National Univ., Cheongju, Chungbuk, 361-763, Korea

The effect of supplemental blue or red light with low light intensity
in sunrise and sunset twilight on growth and morphogenesis of
Ageratum houstonianum Mill., Tagetes erecta L., and Salvia
splendens F. Sello ex Ruem & Schult. was investigated. The
seedlings, which developed with two true leaves, were used for
plant materials. Different supplemental lights with 30 or 60 minutes
per day were established in a greenhouse with 25 °C day/15°C
night air temperature and 40% relative humidity, on average. This
experiment was carried out from January to March at local time.
The photosynthetic photon flux for the supplemental lighting,
except for natural condition without any supplemental light, was
≈15 µmol·m–2·s–1 for 70 days. The treatment of supplemented red
light with 30 minutes, respectively, in sunrise and sunset twilight
(totally 60 minutes per day) gave the greatest shoot and root dry
weights in Marigold seedlings. Blue and red supplemental lights,
regardless of the lighting time, significantly stimulated develop-
ment of lateral branches in Marigold. Plant height per plant in
Ageratum and Salvia seedlings was significantly shorter in supple-
mental red treatment with 30 or 60 minutes than in natural light
treatment during the culture period. Number of flower buds in
Marigold was ≈2 times higher in red light treatment with 60 minutes
per day than in other treatments. In Salvia seedling, number of
open flowers was 2 times greater in natural light than in the
supplemental treatments, although the number of flower buds was
not remarkably different in the supplemental light qualities. Differ-
ent characteristics on formation and development of stomata in all
the seedlings could be observed by the treatment of supplemental
blue or red light in sunrise and sunset twilight during a day
compared to natural light without any supplemental light.

3:30 p.m.
Photoperiod and Irradiance Affect Flowering of Several
Annual Bedding Plant Species
Neil S. Mattson*, Ryan M. Warner, and John E. Erwin; Dept. Hor-

ticultural Science, Univ. of Minnesota, 1970 Folwell Ave., Saint
Paul, Minn., 55108

Flower induction of many plant species is synchronized tempo-
rally during the year by utilizing changes in day or night length. A
lack of application of photoperiod manipulation to induce flowering
of spring annuals has, in part, been due to a lack of information
identifying photoperiodic classifications of each species. A series
of experiments were conducted to classify bedding plant species
into appropriate photoperiodic response groups and to classify the
impact of irradiance on the flower induction and/or initiation pro-
cess of those same species. Plants were grown under either short-
days (9 h) or long-days (16 h) under ambient light, or ambient light
plus supplemental irradiance provided with either incandescent or
high-pressure sodium lamps ranging from 2 to 150 µmol·m–2·s–1.
More than 40 species were studied. Short-day, day-neutral, and
long-day species were identified based on whether a species
flowered after 20 weeks and on leaf number below the first flower
on those species that did flower. Increasing irradiance decreased
days to anthesis and leaf number below the first flower of several
but not all species. Implications of these data with respect to crop
scheduling will be discussed.

3:45 p.m.
Daily Light Integral, Photoperiod, and Vernalization Affect
Flowering of Digitalis purpurea L. ‘Foxy’
Beth A. Fausey*, Arthur C. Cameron, and Royal D. Heins; Dept. of
Horticulture, Michigan State Univ., East Lansing, MI, 48824

Seed-propagated plugs of Digitalis purpurea L. ‘Foxy’ with three
to four leaves were vernalized at 5 EC for 0, 5, 10, or 15 weeks
beginning on 29 Nov. 1999. After vernalization, plugs were trans-
planted into 5” containers and grown under three light treatments:
9-h SD (black cloth was used to limit natural light to 9 h from 0800
HR to 1700 HR; average DLI of 8 to10 mol·m–2·day–1); 16-h INC (black
cloth was used to limit natural light to 9 hours from 0800 HR to 1700
HR and supplemented with day-extension lighting with incandes-
cent bulbs from 1700 HR to 0200 HR; average DLI of 8 to10 mol·m–

2·day–1); and 16-h HID (natural light supplemented to16-h from
0600 HR to 0800 HR and 1700 HR to 2200 HR with high-pressure
sodium lamps; average DLI of 10 to14 mol·m–2·day–1). Flowering
percentage increased with vernalization duration under SD and 16-
h INC when DLI averaged 8 to 10 mol·m–2·day–1, but never achieved
100% flowering. Complete (100%) flowering was achieved only
after ≈5 weeks vernalization under 16-h HID with an average DLI
of 11 to14 mol·m–2·day–1. Time to flower decreased as vernalization
duration increased. Fifteen weeks of vernalization hastened flow-
ering 35 d for plants grown with an average DLI of 8 to10 mol·m–

2·day–1 and 24 days with an average DLI > mol·m–2·day–1. Plants
were most attractive and had the greatest number of flowers when
grown with DLI >10 mol·m–2·day–1. Leaves were dark green with
brittle petioles under SD at DLI <10 mol·m–2·day–1. Flower bud
abortion, flower abnormalities and strap-like leaves occurred on
plants grown under the 16-h INC treatment.

3:00–4:00 p.m. ............................................................ CC 318
Continuing Education Committee Meeting
Chair: William R. Woodson

3:00–6:00 p.m. .................................................... CC 103–104
ACB Horticultural Commodity Judging Contest

4:00–5:30 p.m. ............................................................ CC 305
ASHS Leadership Seminar
Presiding: Paul L. Smeal

4:00–6:00 p.m. ............................................................ CC 318
Root and Bulb Vegetable CAC
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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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