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Progress in Prunus Mapping and Application of Molecular

. . Markers to Germplasm Improvement
To determine when a paper is to be presented,yance gaird* Dept. of Horticulture, Clemson Univ., Clemson, SC 29634-0375.

check the session number in the Program Sched- Prunus, which includes peach/nectarine, almond, apricot, cherry, and plum,
is a large and economically important genus in the family Rosaceae. The size and

ule or the Conference at a Glance charts. Thelong generation time of these tree crops have hampered improvement through
Author presenting the paper is indicated by an classical breeding and long-term selection programs. With the advent of DNA-
asterisk based molecular diagnostics, an exciting era in germplasm improvement has
’ dawned. Efforts are underway, notably in the United States (e.g., California, Michi-

gan, North Carolina, and South Carolina) and the European Community (e.g.,
England, France, Italy, and Spain), to apply the tools of molecular mapping and
marker-assisted selection to this important genus. The objective of these projects
is to develop molecular linkage maps of sufficient marker density to tag pheno-
typic trait loci of agronomic importance. These include traits controlled by single
genes (e.g., flower color, compatibility, flesh color, pest resistance), as well as
more-complex, quantitative traits (e.g., cold hardiness, tree architecture, sugar
content). An immediate outcome of these mapping efforts has been the develop-
ment of DNA “fingerprints,” allowing for the discrimination of cultivars—both

8 COLLOQUIUM 1 (Abstr. 001-005)
Genome Mapping of Horticultural Crops
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scion and rootstock. The maps will be used by breeders and molecular biologists
to monitor gene introgression from wild species into elite lines, for marker-as-
sisted selection of desired trait combinations, and for map-based cloning of spe-
cific genes. The molecular markers used in these mapping projects include RFLPs,
RAPDs, and microsatellites. Each has their appropriate applications and advan-
tages depending upon the resources at hand and the project's specific goals.

002

The Application of Genetic Diagnostics to Plant Genome Analy-
sis and Plant Breeding

J.M. Vogel*, A. Rafalski’, M. Morgante?, G. Taramino', W. Powelf, M. Hanafey?,
and S.V. Tingey", *Agricultural Products, E.I. Dupont de Nemours, P.0. Box 80402,
Wilmington, DE 19880-0402; 2Universita Di Udine, Dip Di ProduzioneVegetale,
Via Delle Scienze 208, Udine, 1-33100, Italy; 3Scottish Crop Research Ins.,
Invergowrie, Dundee, DD2 5DA Scotland, United Kingdom.

DNA-based diagnostics are now well-established as a means to assay diver-
sity at the locus, chromosome, and whole-genome levels. As technology has
advanced, DNA sequence-based assays have become easier to use, more effi-
cient at screening for nucleotide sequence-based polymorphisms, and available
to a wider cross-section of the research community. A review of the use of mo-
lecular markers in several different areas of genetics and plant breeding will be
presented, as well as a discussion about their advantages and limitations. Recent
advances in several areas of technology development and laboratory automation
will also be presented, including a summary of direct comparison of different
DNA marker systems against a common set of soybean cultivars.

003

Progress of Apple Genetic Mapping in Europe

Graham J.King*, Breeding & Genetics Dept., Horticulture Research International,
Wellesbourne, Warwick CV35 9EF, United Kingdom.

The progress of the European Apple Genome Mapping Project will be de-
scribed. Five populations segregating for a range of agronomic genes have been
established in six European countries. Isozyme systems, RFLPs, RAPDs, and
other PCR-based markers are being used to construct a unified genetic linkage
map. Genotypic and phenotypic measurements have been precisely defined and
standardized among participants. Phenotypic measurements for many agronomic
traits are being replicated in different geographical locations over several years.
Statistical and genetic analyses are aimed at defining components of genetic varia-
tion that account for “genes” manipulated by apple breeders. The segregation of
fungal and insect resistance genes, tree habit, juvenility, budbreak, and many
fruit characters has been scored. Markers have been identified linked to and flanking
scab and mildew resistance genes. RAPD markers have been converted to codomi-
nant PCR-based markers for selection purposes. The JoinMap program has been
extended for linkage analysis of crosses between heterozygous parents. A method
for mapping QTLs in outcrossing species has been developed, together with soft-
ware that is able to contend with dominant markers and missing data. Associated
research is being carried out on the genetics and diversity of fungal resistance
genes, fruit quality, and the socioeconomic aspects of apple production. The re-
lational database, APPLE-STORE, has been designed and implemented for com-
bined management of agronomic and genetic information. Synteny of linkage
groups between Malus and Prunus has been established.

004

Genetic Studies in Pea and Apple: The Yin and Yang of Map-
ping in Plants

N.F. Weeden*, Dept. of Horticultural Sciences, NYSAES, Cornell Univ., Geneva,
NY 14456.

Linkage maps consisting primarily of molecular markers have been constructed
in pea and apple. Different approaches have been taken to generate these maps.
For pea, F, and recombinant inbred populations have been used to study segre-
gating loci, and a critical factor has been the selection of sufficiently divergent
inbred parents for the crosses. In contrast, a double pseudotestcross format has
been used in apple, and virutally every variety possesses sufficient heterozygos-
ity to permit the development of a map by examination of the F,. Markers have
been identified for many genes in each crop.
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005

Molecular Markers and Mapping in Bulb Onion, A Forgotten
Monocot

Michael J. Havey* USDA/ARS, Dept. of Horticulture, Univ. of Wisconsin, Madi-
son, WI 53706.

Although always among the top five vegetables in value, little genetic infor-
mation has been published on the bulb onion. Genetic and molecular analyses
are hampered by the plant's biennial nature, severe inbreeding depression, and
huge genome. Research is underway to construct a low-density genetic map of
onion based on RFLPs, AFLPs, and RAPDs. Among open-pollinated populations
(OPPs), levels on DNA polymorphisms were in agreement with those of other
outcrossing diploid species. However, we identified little putative-allelic diver-
sity among the OPPs (1.9 polymorphic bands per polymorphic probe—enzyme
combination) supporting a bottleneck during the domestication of onion. Our
segregating family is from the cross of two diverse inbreds and will be used to
map quantitative trait loci conditioning phenotypically correlated production (ma-
turity, storability, and firmness), consumer-preference (pungency, flavor, and bulb
shape), and health-enhancing (anti-platelet aggregation) attributes of onion. We
are also attempting to tag chromosome regions controlling relatively simply in-
herited traits that are difficult or expensive to characterize classically.

49 COLLOQUIUM 2 (Abstr. 006—011)
Biological Control Approaches for
Successful Stand Establishment

006

Biological Seed Treatments

Nancy W. Callan*! and Don E. Mathre?, "Western Agricultural Research Center,
Montana State Univ., Corvallis, MT 59828; 2Dept. of Plant Pathology, Montana
State Univ., Bozeman, MT 59717.

Biological seed treatment offers a safe, environmentally responsible option
for protection of seeds and seedlings from attack by soilborne pathogens. Most
effective biological seed treatments have used either bacterial or fungal agents.
The efficacy of a biological seed treatment depends upon the ability of the biocontrol
agent to compete and function on the seed and in the rhizosphere under diverse
conditions of soil pH, nutrient level, moisture, temperature, and disease pres-
sure. Seed treatment performance may be improved through application and for-
mulation technology. An example of this is the bio-priming seed treatment, a
combination of seed priming and inoculation with Pseudomonas aureofaciens
AB254, which was originally developed for protection of sh-2 sweet corn from
Pythium ultimum seed decay. Bio-priming has been evaluated for protection of
seed of sweet corn and other crops under a range of soil environmental conditions.

007

Factors Affecting Suppressiveness of Composts to Plant Dis-
eases

H.A.J. Hoitink* and A.G. Stone?, 'Dept. of Plant Pathology and 2Graduate Pro-
gram in Environmental Sciences, OARDC, The Ohio State Univ., Wooster, OH
44691.

Many factors affect the potential for composts to provide biological control of
diseases caused by soilborne plant pathogens. Heat exposure during composting
kills or inactivates pathogens and weed seeds if the process is monitored prop-
erly. Unfortunately, most beneficial microorganisms also are killed by this heat
treatment. Conditions must be provided after peak heating that enhance natural
recolonization of composts by biocontrol agents. The raw feedstock, the environ-
ment in which the compost is produced, as well as conditions during curing and
utilization, determine the potential for recolonization by this microflora and the
induction of disease suppression. Controlled inoculation of compost with
biocontrol agents has proved necessary to induce consistent levels of suppres-
sion on a commercial scale. Compost stability is another important factor. Imma-
ture composts serve as food for pathogens and increase disease even when
biocontrol agents are present. On the other hand, excessively stabilized organic
amendments, such as highly decomposed peats, do not support the activity of
biocontrol agents and disease therefore develops. Finally, salinity, C to N ratio,
and other factors affect suppressiveness. Each of these factors will be discussed.
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008

Application of Growth-promoting Rhizobacteria to Transplant
Plug and Seed

George Lazarovits* Agriculture & Agri-food Canada, Pest Management Research
Centre, London, Ontario, Canada N5V 4T3.

Plant growth-promoting rhizobacteria (PGPR) enhance plant development by
many mechanisms. Indirect growth effects result from PGPR activities that dis-
place soilborne pathogens and thereby reduce disease. Direct effects include
improved nutrition, reduced disease due to activation of host defenses, and bac-
terial production of phytohormones. An understanding of the mode of action is
essential for exploitation of PGPR for field use. For instance, bacteria that act as
hiological control agents can only be of benefit at locations where disease oc-
curs. PGPR that stimulate plant growth directly will likely have more universal
uses and greater impacts. Thus, we have been developing model systems for
identifying PGPR with such traits. In this presentation, the effects of bacterization
of tissue culture-grown plants, plug transplants, and seed with a growth-promot-
ing Pseudomonas sp. (PsIN) will be described. Potential uses for this and other
PGPR will also be identified. The talk will consider the advantages and limitations
of: a) screening methods used for selection of PGPR, b) model systems available
for studying the mechanisms of action, and c) why transplants offer an ideal de-
livery system for rhizobacteria. Results from field trials with PGPR with different
modes of action will be presented and their future role in agriculture considered.

009

Biological Control of Root Pathogens in Rockwool and Other
Hydroponic Systems

M.L. Matheny* EcoScience Corporation, 377 Plantation St., Worcester, MA,
01605.

One of the main difficulties in controlling root diseases biologically has been
the inability of biocontrol agents to establish and persist in the rhizosphere. The
inability of biocontrol agents to establish and persist is often attributed to compe-
tition from indigenous microorganisms for space and nutrients and to fluctua-
tions in environmental conditions. The use of biocontrol agents over the entire
geographic range of a crop also has been limited by differences in environmental
and edaphic conditions from field to field and region to region. An advantage of
hydroponic crop production in greenhouses is that environmental conditions such
as temperature, moisture, pH, and growth medium can be consistently controlled
in a house and from site to site. An additional advantage of many hydroponic
systems is that they are virtually sterile upon planting. This initial period of virtual
sterility greatly reduces competition for an introduced biocontrol agent. In addi-
tion, these systems are usually pathogen-free upon planting allowing the estab-
lishment of a biocontrol agent prior to pathogen introduction. Last, the tempera-
tures, high moisture levels, and pH ranges of hydroponic systems can be ideal
for the proliferation of many biocontrol agents. With all of these advantages for
the use of biocontrol agents in hydroponic systems, our company, and many labs
around the world, have focused their attention on developing biological control
agents for these systems. | will provide a review of research focused on controlling
root diseases of vegetables grown in rockwool and other hydroponic systems.

010

Using Entopathogenic Nematodes for the Control of Insect Pests
W. Randy Martin. Jr.* biosys, Inc., 4131 NW 13th St., Suite 212, Gainesville, FL
32609.

Recent advances in the development of large-scale, in vitro rearing techniques
and formulation technology have prompted the commercialization of
entomopathogenic nematodes. The potential for these nematodes as biological
control agents is very promising, with proven efficacy against a wide variety of
soil-inhabiting insects including root weevils, white grubs, mole crickets, and
fungus gnats. Entomopathogenic nematodes are currently marketed in many coun-
tries for a variety of horticultural crops, including turfgrass, vegetables, berries,
ornamentals, and citrus. Specific examples of successful application of nema-
todes for the control of insect pests during stand establishment will be discussed.

011
Principles of Biological Weed Control
Susan M. Boyetchko*, Agriculture and Agri-Food Canada, Research Station, Box
440, Regina, Saskatchewan, Canada S4P 3A2.

Weeds continue to have a tremendous impact on crop yield losses in Canada
and the United States, despite efforts to control them with chemicals. Biological

750

control offers an additional means for reducing weed populations while reducing
the reliance of the agri-food industry on chemical pesticides. Effective biological
strategies that are compatible with good soil conservation practices would ben-
efit farmers while maintaining environmental quality and a sustained production
for the future. Inundative biological control of weeds with microbial agents in-
volves the mass production and application of high concentrations of a plant
pathogen to a target weed. Historically, biocontrol agents used on weeds have
been foliar fungal pathogens. More recently, the soil has become a source for
microorganisms, such as rhizobacteria, for development as biological control
agents. Several naturally occurring rhizobacteria have weed suppressive proper-
ties, where growth and development of weeds such as downy brome, wild oats,
leafy spurge, and green foxtail are significantly inhibited. Although the focus in
weed biocontrol has been on the eradication of weeds, rhizobacteria may be used
to improve seedling establishment of the crop by reducing the weed competition.
This can be achieved through a reduction in weed growth, vigor, and reproduc-
tive capacity and improvement in the ability of the crop to compete with the weed.
Current research in weed biocontrol with microorganisms and its application to
weed management systems will be discussed.

137 COLLOQUIUM 3 (Abstr. 012-017)
Effect of Preharvest Factors on
Postharvest Quality

012

Effects of Temperature, Light, and Rainfall on Superficial Scald
Development in Apples

William J. Bramlage*and Sarah A. Weis, Dept.of Plant & Soil Sciences, Univ. of
Massachusetts, Amherst, MA. 01003-0910.

Preharvest environmental conditions apparently determine susceptibility of
apples to postharvest scald development. Cool temperature, as hours below 10C,
can greatly reduce susceptibility, but greater than 30C appears to enhance it.
These effects appear to interact, because a high-temperature episode can cause
loss of some low-temperature benefit. Shading of fruit increases their scald sus-
ceptibility and preharvest light conditions, along with preharvest rainfall, appear
to be factors in scald susceptibility in New England. Fruit maturation reduces
scald susceptibility. We are constructing models of contributions of these vari-
ables to scald susceptibility of fruit grown under different environmental condi-
tions, and in this the relative importance of these variables is being evaluated.

013

Preharvest Factors Affecting Postharvest Quality of Vegetables
Leslie A. Weston*! and M.M. Bartt¥, ‘Dept. of Horticulture and Landscape Archi-
tecture; 2Dept. of Nutrition and Food Science, Univ. of Kentucky, Lexington, KY
40546-0091.

Vegetables provide a major source of essential vitamins such as ascorbic
acid and beta carotene and other quality components in the human diet. Posthar-
vest yield and quality of vegetables depend upon genetic, biotic, edaphic, chemic
and other factors, as well as combinations of these factors. Successful produc-
tion, quality and nutritional value of vegetables are related to both primary and
secondary metabolic processes occurring during vegetable growth and develop-
ment. Related research has focused upon cultivar selection, cultural practices
used during production, interaction of light and temperature, and use of chemi-
cals for growth regulation, and pest control. We will discuss the effects of ge-
netic, pest, and soil management; crop maturity at harvest; environmental modi-
fication; and climatic conditions. Postharvest vegetable quality will be character-
ized in terms of vitamin content, appearance, yield, and flavor.

014
Production Factors Affecting the Longevity and Quality of Flow-
ering Plants
Terril A. Nell*, Dept. of Environmental Horticulture, Univ. of Florida, Gainesville,
FL 32611.

The quality and longevity of flowering potted plants and cut flowers are af-
fected by the cultivar grown and cultural practices used during production.
Preharvest factors may account for 70% of the life of flowering plants. Longevity
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is directly related to the cultivar grown. In potted chrysanthemums, longevity has
been increased by 100% by carefully selecting a long-lasting variety. Cultural
factors, such as fertilization practices, may increase longevity by 40% to 50%.
Chrysanthemums grown without fertilizer during the final 3 weeks of production
lasted 10 to 14 days longer than plants receiving fertilizer for the entire crop.
Flower and plant quality is influenced by cultivar and cultural practices. Poinset-
tia bract edge burn, a marginal burn or spotting on the bracts, appears to be
caused by a calcium deficiency that may be triggered by use of cool day tempera-
tures or warm night temperatures and use of cultivars sensitive to this disorder.
Light compensation point and carbohydrate status of the plant at flowering have
not been related to differences observed in flower longevity and quality.

015

Preharvest Factors Affecting Postharvest Stone Fruit Quality
Carlos H. Crisosto*, R. Scott Johnson, Kevin Day, and Ted DeJong, Dept. of
Pomology, Univ. of California, Davis, CA 95616.

Studies on the influences of “orchard factors” such as cultivar, harvest time,
crop load, fruit canopy position, irrigation, and nitrogen regimes were investi-
gated for plums, nectarines, and peaches at the Kearney Agricultural Center (San
Joaquin Valley, Calif.a). These preharvest factors affected internal browning and
mealiness incidence differently. More-reliable benefits of treatments to eliminate
or reduce internal breakdown may be accomplished by using outer canopy fruit.
Optimum quality expression and subsequent consumer satisfaction for each cul-
tivar can be achieved by understanding the role of preharvest factors and harvest
time on fruit quality and potential postharvest life.

016

Preharvest Factors Affecting Postharvest Quality of Berry Crops
Robert K. Prange*and Jennifer R. DeEll, Agriculture & Agri-food Canada, Kentville
Research Centre, 32 Main St., Kentville, NS, Canada B4N 1J5.

Berry crops can include a wide variety of plant species, with the most impor-
tant temperate North American species in the genera Fragaria, Rubus, and
Vaccinium. The preharvest factors affecting the postharvest quality of berry crops
can be divided into abiotic and biotic factors. Amongst the abiotic factors, min-
eral nutrition, especially calcium and nitrogen, water, temperature, and light play
important roles in postharvest quality attributes such as size, color, firmness,
acidity, and sweetness. Amongst the biotic factors, several postharvest patho-
gens, which are also present as preharvest pathogens, can cause very significant
reductions in postharvest quality. Grey mold (Botrytis cinera) is considered to be
the most important pre- and postharvest pathogen in berry crops, but other
preharvest pathogens (e.g., Alternaria, Colletotrichum, and Rhizopus) can be-
come major problems, depending on other preharvest factors. In some growing
areas, the presence of fruit fly larvae in the fresh fruit reduces the postharvest
quality. Other biotic factors can be more subtle in their effects on postharvest
quality, such as cultivar, pruning, and pollination.

017

The Role of Calcium and Nitrogen in Postharvest Quality and
Disease Resistance of Apples

Esmaeil Fallahi*, William S. Conway?, Kenneth D. Hickey?, and Carl E. Sams?,
1Dept. of Plant, Soil and Entomological Sciences, Univ. of Idaho, Parma, ID 85660;
ZHorticultural Crops Quality Laboratory, USDA/ARS, Beltsville, MD 17307; 3Fruit
Research Lab., Pennsylvania State Univ., Biglerville, PA 17307; “Dept. of Plant
and Soil Science, The Univ. of Tennessee, Knoxville, TN 37901.

In several experiments, strong negative correlations were found between fruit
and leaf N vs. fruit color and fruit N vs. firmness, but a positive correlation existed
between fruit Ca vs. firmness in apples. Based on these relationships, several
models were developed to predict postharvest quality using preharvest nutrient
status. Quantity and timing of N application to produce optimum-quality fruit in
‘Delicious’, ‘Fuji’, and ‘Gala’ apples have also been investigated. High levels of
nitrogen adversely affected fruit quality and increased endogenous ethylene and
respiration. In separate experiments, the effects of seven post-bloom CaCl, ap-
plications on various postharvest pathogens were studied in four apple cultivars.
Calcium applications did not increase fruit Ca sufficiently enough to reduce colo-
nization or maintain firmness after 4 months of 0C storage, but did slightly re-
duce infection by these pathogens during the growing season.
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167 COLLOQUIUM 4 (Abstr. 018-021)
The Professional Career: Issues and
Concerns

018

Faculty Scholarship and Productivity Expectations—An
Administrator’s Perspective

C.J. Weiser*, Oregon State Univ., Corvallis, OR 97331.

An organization can be effective only when its value system is congruent with
and complementary to its central mission(s). The value system of a university is
most clearly described by its promotion and tenure policies, processes, and the
criteria it uses in evaluating a faculty member's performance. Professorial-rank
faculty members at universities are required to perform assigned duties in teach-
ing, research, extension, advising, administration, etc., that are unique to their
position. All faculty members are required to make scholarly contributions and
are encouraged to perform service that is relevant to their assignment and of
value to their institution and profession. The balance of emphasis between as-
signed duties and scholarship varies from one faculty position to another—ranging
from faculty with few assigned duties who engage predominantly in scholarship,
to faculty with extensive assigned duties who devote a small, but significant,
effort to scholarly achievement. A university's effectiveness can be compromised,
and its faculty inappropriately evaluated, if this reality is not recognized; if schol-
arship is too narrowly interpreted; or if undue weight is given to individual achieve-
ment rather than to the achievements of individuals—including those that re-
sulted from team efforts. Changes that are evolving at Oregon State Univ. to ad-
dress these three issues will be described, including: adoption of a broader defi-
nition of scholarship as intellectual work that is validated by peers and communi-
cated; a description of four fundamental forms of scholarship: discovery, devel-
opment, integration, and creation; incorporation of a dynamic description of po-
sition responsibilities for each faculty member into annual and promotion and
tenure evaluations; and addition of a category entitled, Results of team efforts into
the format for faculty documentation of achievements.

019

Junior Faculty: Their Needs and Professional Development
Dee Fink*, Instructional Development Program, Univ. of Oklahoma, Norman, OK
73019.

This presentation will summarize research on the characteristics and needs
of junior faculty in North America. Following this will be a description of prac-
tices that various institutions, department chairs, and new faculty themselves are
using to assist new faculty. The general perspective is that this is a critical time in
the careers of faculty members, one that will have a major influence on their
research and teaching activities for a long period of time.

020

Mid-career and Senior Faculty: Maintaining Vitality and Pro-
ductivity

Daniel W. Wheeler*, 27 FIC, East Campus, Univ. of Nebraska—Lincoln, Lincoln,
NE 68583-0904.

Over the past 25 years, faculty and their work have been studied on an inten-
sive level. In 1977, Sarason defined a “one life—one career” model, in which
faculty are “called” to a profession. Numerous studies, beginning with
Hodgekinson (1974) and Baldwin and Blackburn (1981), indicate that faculty as
adult learners continue to explore new interests and redefine careers, particularly
as age and experience increase. Although the institutional context is a mediating
factor, a number of researchers, including Baldwin (1985), Creswell, et. al. (1990),
Schuster and Wheeler (1990), Simpson (1990), and Sorcinelli and Austin (1992)
have identified a range of faculty needs and strategies which can aid in meeting
these needs. Department chairs and faculty colleagues are identified as crucial in
encouraging changes to maintain faculty vitality, and to encourage preventative
action rather than remediation. Such investments in human capital have both
short-term and long-term payoffs [Simpson (1990) and Schuster and Wheeler
(1990)].
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021

Approaching Retirement

Bruno C. Moser*, Dept. of Horticulture, Purdue Univ., West Lafayette, IN 47907-
1165.

Society sends numerous signals to those of us who reach official senior citi-
zen status at age 55. Both personal and professional decisions and goals begin to
adapt to that inevitable retirement date, which may no longer be age 65. Our
institutions send mixed signals of early retirement incentives to individuals on
the one hand, but loss of position threats to departments on the other. Elimina-
tion of a required retirement age allows individuals to plan past 65, with a number
of options available. This forces departments to consider the final career years
more closely than in the past. Maintaining viability and aggressiveness of faculty
members during this phase of an individual's career is a challenge. Issues of
deadwood on the one hand, vs. aggressive productivity up to retirement, can
affect a department's capabilities. Discussion of this phase in faculty careers will
center around both the individual and his/her department head who, hopefully,
are on the same track regarding career direction, but often have different plans for
the final years, e.g. semi-retirement and disengagement versus productivity to
the last day. Faculty in departments with competitive peers and strong profes-
sional development programs throughout the career path lead to the latter as
individuals approach retirement.

12 ORAL SESSION 1 (Abstr. 022-027)
Cell and Tissue Culture/Vegetable Crops

022

A Simple Method for Estimating Ploidy of in Vitro Watermelon
Plantlets

Michael E. Comptor*, J.W. Harris, and D.J. Gray, Central Florida Research and
Education Center, Univ. of Florida, IFAS, 5336 University Ave., Leesburg, FL
34748-8232.

Ploidy of in vitro watermelon plantlets was estimated by painting the lower
epidermis of leaves with fluorescein diacetate (FDA) and observing fluorescence
of guard cell chloroplasts with a microscope and UV light. Leaves from shoot-tip
cultures of known diploid and tetraploid cultivars were used to establish the mean
number of chloroplasts per guard cell pair for in vitro plantlets. Leaves from dip-
loid and tetraploid plantlets had 9.7 and 17.8 chloroplasts per guard cell pair,
respectively. This method was used to estimate ploidy of shoots regenerated from
cotyledon explants of the diploid cultivar Minilee. Approximately 10.6% of re-
generated shoots were classified as tetraploid while still in vitro. Putative tetraploids
were transplanted to the field and self-pollinated. A majority of polyploids identi-
fied in vitro were true breeding, nonchimeric tetraploids. This study demonstrate
that FDA can be used to estimate ploidy of in vitro shoots of watermelon prior to
acclimatization and transfer of plants to the greenhouse or field.

023

The Effects of Different Concentrations of Gibberellic Acid (GA,)
and Kinetin on in Vitro Tuberization of Potato (Solanum
tuberosum L.)

Servet Keft*, Paul E. Read, Alexander Pavlista?, and Stephen D. Kachman?®, 1Dept.
of Horticulture, *Dept. of Biometry, Univ. of Nebraska, Lincoln, NE 68583-0724;
2Panhandle Res. and Ext. Center, 4502 Ave. |, Scottsbluff, NE 69361.

To determine the influence of gibberellic acid (GA,) and 6-furfuryl aminopurine
(kinetin) concentrations alone and in combinations on in vitro tuberization of
potato, nine treatments consisting of combinations of gibberellic acid and kinetin
atthree levels of concentration (0, 2, and 5 mg-liter~) were included in Murashige
and Skoog medium supplemented with 6% sucrose. Four single nodes of in vitro
plantlets from Solanum tuberosum L. cultivar Atlantic were placed into each ma-
genta box. All magenta boxes were arranged in a randomized complete box de-
sign with five replications and cultured under a short photoperiod condition (8 h
light/16 h dark). Gibberellic acid strongly inhibited tuberization when used alone
or with kinetin, whereas kinetin induced tuberization at both 2 and 5 mg-liter =,
Although tuberization was initiated in the absence of kinetin because of the high
concentration of sucrose and short photoperiod, the presence of kinetin acceler-
ated the in vitro tuberization process of potato.

752

024

Monitoring Nutrient Levels during the in Vitro Tuberization of
Potato

Fouad H. Mohamed*! and M.M. Shaabar?, 'Dept. of Horticulture, College of
Agriculture, Suez Canal Univ., Ismailia, Egypt; and 2Dept. of Botany, NRC, Dokki,
Cairo, Egypt.

Macro- and micronutrient levels were monitored during the in vitro tuberization
of potato (cv. Alpha) in liquid medium of MS salts and vitamins supplemented
with 8% sucrose and 5 mg-liter~! kinetin under complete darkness at 18C.
Microtubers were formed in 50% of the cultured jars at day 20 and reached their
full size at day 60 of culture initiation. By this time, medium N, P, and K levels had
dropped by 89%, 84%, and 41%, respectively. The major drop in medium N
occurred during the pre-tuberization stage, when it was taken up mostly by shoots.
During tuber enlargement, the rate of Zn, Fe, and Mn removal from medium was
slower than their rate of uptake by tubers. The changes in shoot and tuber Ca
were very small where most of the Ca removed from medium was diverted into
the roots.

025
A Modified Nodal Cutting Bioassay for Assessing Salinity Tol-
erance in Potato (Solanum sp.)
Y. Zhang* and D. Donnelly, Dept. of Plant Science, Macdonald Campus of McGill
Univ., 21,111 Lakeshore Road, Ste. Anne de Bellevue, QC, Canada H9X 3V9.
The potato (Solanum tuberosum L.) is considered moderately sensitive to
salinity stress. Yields can be adversely affected by salinity at EC levels of 2 to 3
dS-m=L. In vitro screening and selection for salinity tolerance may be faster and
more reliable than traditional field assessment. A modified nodal cutting bioas-
say was developed based on that of Morpurgo (1991) and used to rank the salin-
ity tolerance of several potato cultivars, wild Solanum species, and their hybrids.
Nodal cuttings were cultured in Murashige and Skoog (1962) basal medium which
included NaCl at 0, 40, 80, and 120 mM. After 4 weeks at 25C and 16/8 h day/
night period, vegetative growth parameters were assessed. Hybrids derived from
S. chacoense outperformed hybrids of other wild species, their wild parents, and
S. tuberosum cultivars. ‘Russet Burbank’ and ‘Kennebec’ were more salinity-tol-
erant than the three other cultivars tested.

026
In Vitro Ranking of Salinity Tolerance in Potato (Solanum sp.)
T. Khrais* and D. Donnelly, Dept. of Plant Science, Macdonald Campus of McGill
Univ., 21,111 Lakeshore Road, Ste. Anne de Bellevue, QC, Canada H9X 3V9.
Globally, salinization of agricultural soils is an increasing problem. At least
25% of the world's cultivated land area is now salt-affected. Although the potato
(Solanum tuberosum L.) is among the most important of crops plants, little is
known of the range of salt tolerance among cultivars of S. tuberosum, wild Solanum
sp., or their hybrids. The objective of this work was to rank the salinity (NaCl)
tolerance of 200 North American and European cultivars, 13 hybrids of S.
chacoense, S. tuberosum, and primitive cultivated diploids (S. phurejaand/or S.
stenotomum) and their progenies, and 14 accessions of S. chacoense from dif-
ferent collection sites. This was done in vitro, using a modified nodal cutting
bioassay. The parameters evaluated included shoot and root lengths, and fresh
and dry weights. Extreme variation for salinity tolerance was noted among the
cultivars, the hybrids, and the wild species.

027
Photoautotrophic Micropropagation of Triploid Melon. I: Su-
crose, Light, and CO, Affect Growth and Net Photosynthetic
Rates of Shoot Buds
Jeffrey Adelberg*, Kazuhiro Fujiwar#, Chalermpol Kirdmanee?, and Toyoki
Kozai?, Dept. of Horticulture, Clemson Univ., Clemson, SC 29634; 2Faculty of
Horticulture, Chiba Univ., Matsudo, Chiba 271, Japan

Growth and net photosynthetic rates of shoots of a triploid melon clone, ‘(L-
14 x B) x L-14', were observed over 21 days following transfer from a multiplica-
tion MS medium containing 3% sucrose and 10 M BA to a shoot development
medium containing 1 UM BA at varying levels of sucrose in the medium (0%,
1%, and 3%), and light (50, 100, and 150 PPF) and CO, (500, 1000, and 1500
ppm) in the headspace. Largest numbers of shoot buds were observed in media
with 3% sucrose. Increased light and CO, had a positive interactive effect. Fresh
and dry weights were greatest at highest levels of sucrose, light, and CO,. Al-
though there was less growth in the absence of sucrose, fresh or dry weight of
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shoot buds grown without sucrose in the media still doubled over the 21 days of
culture. Net photosynthetic rates of buds were negative 4 days after initiation of
culture and approximately zero after 20 days of treatment. When transferring buds
to fresh, sugar-free media, net photosynthetic rates became highly positive. Buds
that had been cultured in the absence of sucrose and at highest light levels had
the highest net photosynthesis rates upon transfer to fresh, sugar-free media.

13 ORAL SESSION 2 (Abstr. 028—-034)
Education/Cross-commaodity

028

Advancing From Learning to Action Through Writing

Mary Taylor Haque*, Dept. of Horticulture, Clemson Univ., Clemson, SC 29634-
0375.

Teaching is a process that incorporates active participation from both teacher
and student. As the students’ development progresses, they should formulate
questions themselves that provoke thought and compel them to seeks answers
and should become adept at identifying problems and seeking solutions. Have
students write “Persuasive Letters to get Action” provides opportunities for stu-
dents to achieve these learning goals while refining communication skills. Stu-
dents select and research a landscape issue or problem in depth; but instead of
writing a paper for only the teacher to read, they determine whom they could write
to with solutions to the problem. Letters are peer-reviewed and revised before
being mailed to the government officials, CEOs, and others in a position to follow
through on the proposed actions. Students experience a sense of empowerment
when they take action on an issue. They are motivated by a larger audience that
goes beyond the teacher. They receive feedback from individuals outside the class-
room as well as within the classroom, and they are being recognized and asked to
serve on committees as a result of their letter writing. They are being heard na-
tionwide and are experiencing the power of the written word as a means of both
identifying and solving problems.

029

Experimental Evaluation of an Environmental Education Pro-
gram and Its Impact on Knowledge and Attitudes of Texas Sec-
ondary School Students

Jennifer C. Bradley*, J.M. Zajicek, C.D. Townsend, and G.E. Briers, Depts. of
Horticultural Sciences and Agricultural Education, Texas A&M Univ., College
Station, TX 77843-2133.

The objectives of this research project were to: 1) Develop an environmental
science curriculum that was heavily activity-based, 2) evaluate the curriculum for
usefulness as a teaching tool, and 3) test student knowledge and attitude changes
towards the environment resulting from exposure to this 10-day curriculum unit.
The curriculum developed entitled Environmental Technology—"Natural State of
the Environment” was designed to provide an introduction to biological processes
and basic principles of ecology, and to set the foundation for additional environ-
mental studies. The curriculum was sent to 31 high schools in Texas and tested
on 1500 students. Students participating in this study were administered a pre-
test prior to participation in the environmental science curriculum and an identi-
cal post-test after its completion. The questionnaire included an attitude inven-
tory and knowledge section in addition to a biographical information section.
Results examine the relationship between environmental knowledge and envi-
ronmental attitudes, determine the attitude and knowledge changes from before
until after the instructional unit, and focus on the importance and need for envi-
ronmental education programs.

030

The H.0.R.T Project: A Hands-on Educational Experience
David Wees* Farm Management and Technology Program, Macdonald Campus
of McGill Univ., 21,111 Lakeshore Road, P.O. Box 204, Ste.-Anne de Bellevue,
Quebec, Canada H9X 3V9.

The Farm Management and Technology Program (FMT) is a 3-year post-
secondary vocational agriculture program. FMT students may choose to special-
ize in horticulture. Since January 1995, all horticulture students have been in-
volved in a hands-on, practical educational experience called “H.0.R.T.” (Horti-
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cultural Opportunities for Real Training). The students operate a small horticul-
tural “business.” They must plant, maintain, harvest, and sell several horticul-
tural crops, including greenhouse and field-grown vegetables, apples, berries,
and potted flowers. H.0.R.T. lasts two semesters: January through April and Sep-
tember through December. Students may choose to do H.O.R.T. for 2 years to
broaden and deepen their horticultural learning. Through active participation in
H.O.R.T., students will achieve the technical competencies required by the FMT
program and specified by Quebec's ministries of education and agriculture. Each
year of H.O.R.T. counts for 5-2/3 credits out of a program total of 90-1/3 credits.
The goals of H.0.R.T. are not so much the acquisition of “book knowledge” (lower
part of the cognitive domain) as the development of technical skills, planning and
decisionmaking abilities, business sense, and proper communication (higher-
order cognitive skills as well as psycho-motor and affective skills).

031

Need for Systemic Change in Undergraduate Education
Suman Singha* and Harry O. Kunkel?, *Academic Programs, CANR/RHSA, Uni-
versity of Connecticut, Storrs, CT 06269-4090; 2Department of Animal Science,
Texas A&M University, College Station, TX 77845-2471.

Changes in the environment, in technology, and in societal needs will result
in a change in the expectations from our graduates. Meeting these expectations
will require a systemic change in undergraduate education in horticulture. While
we do an excellent job in training students, we are not as effective in educating
them. Our students must develop critical thinking skills and become adept at
solving problems utilizing a multidisciplinary integrated approach rather than in
a reductive manner. Achieving these skills is essential if our graduates are to be
successful in the rapidly changing job market. Implementing curricular change
requires faculty ownership as well as administrative support and an appropriate
rewards and recognition system. These and other principles from the USDA-funded
project on Theoretical Bases for Systemic Change in Higher Education in Agri-
culture will be discussed.

032

The Effectiveness of a Workshop Model in Conveying Informa-
tion on Xeriscaping

Cynthia McKenney*! and Robert Terry, Jr.2, Dept. of Plant and Soil Science,
Texas Tech Univ., Lubbock, TX 79409-2122; 2Dept. of Agricultural Education,
Texas A&M Univ., College Station, TX 77843.

Workshops are one of the primary tools utilized to convey information to
audiences with diverse backgrounds. Frequently, the results obtained are of mixed
success or unmeasurable. In this project, the Environmental Protection Agency
sponsored the development of a model workshop to promote the concept of water
conservation through xeriscaping. Two workshops were conducted in Spring 1994.
Slide presentations, audience discussion sessions, tours of an existing xeriscape,
and the administration of pre- and post-workshop surveys were included in the
model. Statistical analysis comparing the surveys determined the effectiveness of
the model. The results indicated both the perception and the general knowledge
about water conservation were significantly improved. Promotion by newspaper
was the most-effective method of reaching the audience, while TV spots were the
least effective method used. The model was successful in reaching a new audi-
ence which was characterized as being 45 years old, having less than 1 year of
gardening experience, and possessing some college education.

033

Development of Multimedia Software for Plant Materials Courses
and the Landscape Industry—A Developer’s Perspective

Gary Kling*, Christopher Lindsey, and Mark Zampardo, Dept. of Horticulture,
Univ. of lllinois, Urbana, IL 61801.

The authors present a case study of the progress and development of
UIPLANTS from its inception to marketing. Topics such as determining the ob-
jectives of the software program, choosing equipment, authoring software, hard-
ware, personnel, and funding will be addressed. The authors will lead the audi-
ence through the path of development and show how the product being produced
evolves as each of the above factors change in time. Included in the presentation
will be issues relating to copyrights, patents, publishers, and royalties. The ef-
fects of continuous evaluation and testing of software development will be dem-
onstrated. Also discussed will be changes in software development as influenced
by each of these factors. The presentation will include future development of
UIPLANTS as it is being modified to meet industry needs.
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034
Canadian Peat Harvesting and Its Effects on the Environment
G.0. Hood* Canadian Sphagnum Peat Moss Assn., 4 Wycliff Place, St. Albert,
Alberta, Canada T8N 3YB

Canadian sphagnum peat moss has long been the preferred base for growing
media of horticulturists in North America and Europe. Growers, horticultural sci-
entists, and soil media producers have been using peat moss for several decades
with excellent results. In the past 5 years, there has been some concern raised,
especially in the U.K., that harvesting peat is harmful to the environment. The
situation in Canada is far different from that in Europe. The Canadian peat indus-
try is a world leader in restoration research because of its efforts to find the best
ways to return harvested bogs to functioning wetlands. The first stage of research
just completed by Laval Univ. shows that peat bogs can be effectively, economi-
cally, and easily restored. Additional research findings will be described in this
paper. But, the conclusion is clear: Peat moss is a safe, environmentally friendly
growing medium. This paper also will describe the state of resource in Canada as
outlined by an independent environmental group, the steps taken by the Cana-
dian Sphagnum Peat Moss Assn. to ensure that resource development is sus-
tainable, as well as the process of how peat is harvest and how bogs are restored
to functioning wetlands.

14 ORAL SESSION 3 (Abstr. 035-042)
Culture and Management/Vegetables
(temperate)

035
Mechanical Harvesting of Peppers
Dale E. Marshall*, USDA/ARS, Fruit and Vegetable Harvesting Unit, Farrall Agri-
cultural Engineering Dept., Michigan State Univ., East Lansing, Ml 48824-1323.
For nearly 30 years, more than 75 different groups: producers, entrepreneurs,
engineers, processors, consultants, state or federal researchers, or manufactur-
ers have constructed over 195 harvesters attempting to mechanize the harvest of
Capsicum peppers. Countries testing experimental harvesters include: Bulgaria,
Hungary, Israel, Italy, Spain, the United States, and the former Soviet Union. Over
25 principles have been tested. In 1980, there were 10 different university, state,
or federal research agencies experimenting with pepper harvest mechanization.
However, in 1990, there were no active mechanization projects. At least 13 pat-
ents have been identified that have been issued on pepper harvesters and 65
patents on harvesting elements or principles for other crops that have been tested
or might be used to harvest peppers. Interest in mechanization has resumed in
the United States and a number of commercial harvesters are available. Harvester
usage is expected to increase significantly by the year 2000.

036

Watermelon Yield as Affected by Plant Density and Spatial
Arrangement

Warren Roberts*and Jim Duthie, Wes Watkins Agricultural Research and Exten-
sion Center, Oklahoma State Univ., Box 128, Lane, OK 74555.

Watermelons are grown at many different row widths and in-row spacings,
but an ideal plant density has not been established. Experiments were conducted
at one location in 1993 and at two locations in 1994 in southeastern Oklahoma.
Effects of plant density and spatial arrangement on ‘Allsweet’ and ‘Sangria’, two
standard-sized watermelons, were evaluated. Beds 0.3 m wide were formed on
0.91-, 1.83-, 2.74-, and 3.66-m centers. Various in-row spacings that ranged
from 0.30 to 2.44 m were established at each row width. This resulted in various
spatial arrangements of plants with densities of 1500, 3000, 6000, and 12,000
plants/ha. With 1500 and 3000 plants/ha, about one melon was harvested from
each plant, and less than one melon was harvested from each plant when the
density reached 12,000 plants/ha. Yield (weight/ha) increased with plant density
and reached a maximum at 12,000 plants/ha. Isometric spatial arrangements did
not produce greater yields than did the more-rectangular arrangement. Weight
per melon decreased with increasing plant densities in two experiments, but the
decrease was small relative to the increased number of melons/ha.
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037

Effects of Transplanting Depth of Pepper on Flowering and Fruit
Characteristics

William Terry Kelley*and Darbie M. Granberry, Extension Horticulture, Univ. of
Georgia, Rural Development Center, P.O. Box 1209, Tifton, GA 31793.

Bell pepper (Capsicum annuum) is traditionally transplanted either to the top
of the root ball or to the cotyledons of the transplant. Recent evidence has shown
that increased and earlier yields may be obtained by deeper transplanting of pep-
per. Thus, a study was undertaken to investigate the effects of pepper transplant-
ing depth on flowering and the fruit characteristics of harvest fruit. Pepper was
transplanted to the top of the rootball, the cotyledons, and the first true leaf at two
locations in 1994. Both ‘Camelot’ Hybrid and ‘Jupiter’ (open-pollinated) cultivars
were planted into bareground on Mar. 24 at Tifton, Ga. Only ‘Camelot’ was trans-
planted into a plastic mulch with drip irrigation on Mar. 28 at Cool Springs. Plots
consisted of a single row of seven plants with the internal five plants used for data
collection. Treatments were replicated three times. Normal cultural and pest con-
trol practices were used at both locations. Data on flowering were collected 5
weeks after transplanting. Data on fruit characteristics were collected at harvest.
Number of bloom clusters per plant, number of blooms per cluster, number of
open blooms, and number of set blooms were significantly greater in the deeper-
planted pepper at Cool Springs. The same was true for bloom clusters and blooms
per cluster at Tifton. Number of blooms open and set were greater in deeper-
planted ‘Camelot’ at Tifton as well. There were virtually no differences among
characteristics of harvest fruit. Earlier bloom set appears to occur in deeper-planted
pepper on both bareground and mulched beds.

038

Changes in Broccoli Head Quality during Spring, Summer, and
Fall, in Coastal South Carolina

Robert J. Dufault*and Mark Farnham, Clemson Univ. and USDA Vegetable Lab.,
Charleston, SC 29414,

The objectives of this study were 1) to identify high-quality broccoli cultivars
for field production in spring, summer, and fall seasons; and 2) to illustrate dy-
namic changes in head quality of promising cultivars for a particular growing
season compared to head quality over all seasons evaluated. Twenty-four hybrid
cultivars were grown in spring, summer, and fall growing seasons 1993 to 1995
included ‘Arcadia’, ‘Baccus’, ‘Bonanza’, ‘Citation’, ‘Claudia’, ‘Early Dawn’, ‘Em-
bassy’, ‘Emerald City', ‘Everest’, ‘Exselsior’, ‘Galaxy’, ‘Galleon’, ‘Goliath’, ‘Green
Comet', ‘Green Duke', ‘Leprechaun’, ‘Packman’, ‘Paragon’, ‘Skiff', ‘Southern Comet’,
‘Sprinter', ‘Sultan’, ‘Symphony’, and ‘Viking'. Head density, color, leafiness, and
shape, bead size, and consumer use were documented. ‘Symphony' performed
best in Spring 1993 and 1994, and only ‘Paragon’ tolerated heat in Summer 1993
and 1994. Fall climate in coastal South Carolina is most conducive to high-qual-
ity production versus spring and summer seasons, with the following cultivars
producing superior heads in both years: ‘Symphony’, ‘Embassy’, ‘Galleon’, ‘Gal-
axy', ‘Sultan’, and ‘Emerald City'. Quality defects for each cultivar in each inappro-
priate growing season will be illustrated.

039

Interplanted Small Grain Management in Cucumbers

Bernard H. Zandstra*and William R. Chase, Dept. of Horticulture, Michigan State
Univ., East Lansing, MI 48824.

Small grains are interseeded with several vegetable crops in Michigan to pro-
tect them from wind and water erosion. When the vegetable crop is well-estab-
lished, the small grain is killed with a graminicide. Research was conducted to
determine the optimum combination of small grain species, age of kill, and nitro-
gen application rate for acceptable pickling cucumber yield in a single harvest. In
several experiments, barley, oats, rye, and wheat were seeded at 130 seeds/m? in
the field. Cucumbers were seeded 1 week later. The cover crops were treated with
sethoxydim at 0.21 or 0.31 kg-ha plus 1.25% COC when they were 7 to 10 or
13 to 16 cm tall. Small grain size at application had no effect on their kill with
sethoxydim or on cucumber yields. Barley and rye were the most vigorous small
grains up to 3 weeks after seeding, but oats were similar in size by 4 weeks.
Wheat was slower to develop, and more difficult to kill with sethoxydim. The
optimum nitrogen treatment was 34 kg-ha! before planting the cover crop, fol-
lowed by 45 kg-ha! at the two- to three-leaf stage of cucumber.

HortScience, Vou. 30(4), dLy 1995

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



040

Maximum Improvement of Cucumber Yield is Expected if
Planted Shortly Following Nematode-resistant Tomatoes in
Soils Susceptible to Nematode Buildup

H.Y. Hanna*, T.L. Kirkpatrick,and P.D. Colyer, Louisiana State Univ. Agricultural
Center, Bossier City, LA 71113, and Univ. of Arkansas, Hope, AR 71801.

Our previous studies have indicated that improving cucumber yield in nema-
tode-infested soil is feasible without chemical control if planted after nematode-
resistant tomatoes. The current study was conducted to determine the length of
time this beneficial effect might last. Results indicate that planting cucumbers
shortly after the last harvest of nematode-resistant tomatoes (July) significantly
increased the premium and marketable yields. Nematode injury to the cucumber
root system was extremely low. Cucumbers planted 1 month later (August) also
produced higher premium and marketable yields and sustained less injury to the
root system. However, yield improvements and root injury reduction of cucum-
bers planted 1 month later were not of the same magnitude noticed of cucumber
planted shortly after the termination of the tomato crop. These results may indi-
cate a tendency of a gradual nematode buildup in the soil previously planted with
the nematode-resistant tomatoes.

041

Evaluation of Color Mulches and Oil Sprays for Yield and
Silverleaf Whitefly Control on Tomatoes

A.A. Csizinszky*, D.J. Schuster, and J.B. Kring, Univ. of Florida, Gulf Coast Re-
search and Education Center, 5007 60th St. E., Bradenton, FL 34203.

In Fall 1990 and Spring 1991, the effects of four mulch colors, orange, yel-
low, aluminum, and white or black (fall or spring) were evaluated in the field on
yields of ‘Sunny’ tomato and numbers of insect vectors. In additional treatments,
plants on the orange mulch were sprayed weekly with 2% mineral oil, and the
yellow mulch was sprayed with soybean oil as needed during the season. In fall,
plants were tallest (P < 0.05) on the aluminum and yellow + oil treatments. The
largest number of whiteflys (Bemisia argentifolii, Bellows and Perring) and the
largest proportion of plants with virus symptoms were found on the white and
yellow mulches. Fruit size and marketable yields were best with the yellow + ol
treatment. In the spring, insect populations were low and only a few plants had
virus symptoms. Plant heights, fruit size, and marketable yields were similar with
all treatments.

042

The Effect of Staking vs. Ground Culture on Tomato Posthar-
vest Losses

W.H. Tietien*, M. Maletta, W.P. Cowgill, Jr., P. Nitzsche, and S.A. Johnston,
Rutgers Cooperative Extension of Warren County, Belvidere, NJ 07823.

Freshly harvested and graded tomatoes were held for 7 days at 21C in 1993
and 15.5C in 1994. After the holding period, the fruit were examined for decay
development. In 1993, decay losses were not significantly different between cul-
tural treatments, possibly due to a very warm and dry growing season. However,
decay losses were significantly different during a wet 1994 growing season. Stake-
grown fruit decay loss was 10.1% vs. 34.1% loss for ground culture. Losses due
to anthracnose (Colletotrichum coccodes) was significantly higher on the ground
culture fruit (8.7%) than on the stake culture fruit (0.5%). Sour/watery rot
(Geotrichum candidum), Rhizopus soft rot (Rhizopus stolonifer), bacterial soft
rot (Erwinia carotovora) and the black mold rot complex (Alternaria, Stemphylium,
Pleospora) were the other predominant postharvest decays.

15 ORAL SESSION 4 (Abstr. 043—-049)
Nutrition/Fruit & Nuts (temperate)

Changes of Orchard Soil Property and Fruit Quality of ‘Fuji’
Apples Treated with Energized “Bio-green Water”
Woo Soo Kim?, Hee Jung Kin?, and Seong Bong Kim?, *Dept. of Fruit Cultiva-
tion, Horticultural Research Inst., Rural Development Administration, 475
Imokdong, Suwon 440-310, Korea; 2378-4 Yangjaedong, Sochoku, Seoul 137-
130, Korea.

The energized water, Bio-Green Water (B.G. Water) was manufactured through
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a series of processes: water purification 0 adding catalysts [ exposure with
special energy spectra [ filtering, by Kyungwon Enterprise Co. B.G. Water was
treated with irrigation of 4 liters/tree at 30 Apr. 1994 and 8 liters/tree at 20 June
1994 in the 'Fuji’ apple orchard soil, and a pasting to the trunk of apple trees at 20
Apr. 1994, In terms of orchard soil property, Ca and Mg contents were outstand-
ingly increased; however, P,0. was decreased and K,0 was not influenced by
irrigation of B.G. Water. The B.G. Water treatment changed soil pH from 4.71 to
5.81 of surface soil level (0 to 20 cm) and from 4.82 to 6.45 of deeper soil level
(30 to 50 cm). B.G. Water treatment showed higher soluble solids in apple fruit
juice, and lower flesh browning after peeling than that of control. Of mineral con-
tents in fruit skin, Ca was increased; however, N was decreased by the B.G. Water
treatment. Of the four solvents fraction for Ca extraction, water-soluble Ca con-
tent was increased in the fruit skin treated with B.G. Water, whereas the contents
of N, P, Ca, Zn, and B were decreased in the leaves and stem bark of apple trees
treated with B.G. Water.

044

Irrigation Management Affects Soil Solution NO,-N Concen-
tration

Denise Neilsen*, Gerry H. Neilsen, Peter Parchomchuk, and Eugene J. Hogue,
Agriculture and Agri-Food Canada, Research Station, Summerland, BC, Canada
VOH 1Z0.

Direct application of fertilizers in irrigation water (fertigation) has been advo-
cated as an efficient method of fertilizing fruit trees. However, more information is
needed on the relationship between irrigation and N inputs in order to target
fertigation to meet plant demands. Soil solution NO,-N concentration was mea-
sured at three sites in response to the method of fertilizer application in which 25
g N/tree per year was either spring-broadcast with sprinkler irrigation or fertigated
at 8 weekly intervals through drip irrigation; the amount of irrigation water in
which 50 g N/tree per year was given in 63 daily fertigations with either 4 or 8
liters of water/day for two soil types and the concentration of fertigated N in which
either 75 or 150 ppm NO,-N was given in 63 daily fertigations. Soil solution NO,-
N concentration decreased rapidly for broadcast fertilizer with sprinkler irrigation
and was lower than for weekly fertigation with drip irrigation. Doubling the amount
of irrigation water effectively halved the soil solution NO,-N concentration in both
the silt loam and loamy sand soils, although concentrations were higher in the
silt loam soil. Movement of applied N below the root zone was halted for the silt
loam soil by mid-summer with the lower amount of irrigation water, but was only
delayed in the loamy sand soil. Doubling the average concentration of N in the
irrigation water resulted in a doubling of the concentration of NO,-N in the root
zone. A simple model was devised to predict the soil solution NO,-N concentra-
tion based on N and water inputs and fitted to measured values for daily and
weekly fertigation.

045

Effect of Differential Rates of Nitrogen Fertilization on Subse-
quent Recovery of Isotopically Labeled Fertilizer Nitrogen by
Mature Almond Trees

Steven A. Weinbaum?*, Wesley P. Asai, David A. Goldhamer, Franz J.A.
Niederholzer, and Tom T. Muraoka, Pomology Dept., Univ. of California, Davis,
CA 95616.

There is legitimate concern that excessive fertilizer nitrogen (N) application
rates adversely affect groundwater quality in the San Joaquin Valley of California.
A 5-year study was conducted to assess the interrelationships between N fertili-
zation rates, tree productivity, leaf [N], soil [NO,1, tree recovery of isotopically
labeled fertilizer N, and NO,"leaching. High N trees recovered <50% as much
labeled fertilizer N in the crop as did trees previously receiving low to moderate
fertilizer application rates. Our data suggest that the dilution of labeled N in the
soil by high residual levels of NO,7in the soil had a greater effect than tree N status
(as expressed by leaf N concentration) on the relative recovery of fertilizer N.

046

Nitrogen Partitioning in the Hazelnut Tree

Jeff Olsen*, Timothy Righetti, and Enrique Sanchez, Dept. of Horticulture, Or-
egon State Univ., Corvallis, OR 97331.

Isotopically labeled N was applied to ‘Barcelona’ hazelnut trees planted in
1982. The trees were given the following treatments: 120 g N applied to the ground
in spring (SG), 120 g N applied to the ground after harvest (PHG), 40 g N applied
foliarly after harvest (PHF). The percent of nitrogen from the labeled fertilizer was
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measured in all of the tree tissues. The uptake of 5N in the leaves was measured
monthly for two seasons. The utilization of stored nitrogen reserves was quanti-
fied for each treatment. There was a 28% rate of recovery for the applied N. The
hazelnut tree showed a strong reliance on stored N reserves in all of the tissues.
The fruiting structures were a strong sink for N in the year of application, and for
reserve N. Dry matter (DM) partitioning showed that the nuts accounted for 9.1%
of the total DW of 11-year-old trees. The SG showed 10.63% of N from N in the
buds, and 7.40% in the nuts. The PHG treatment was absorbed into the tree, and
used the next season in amounts similar to the SG treatments. The PHF was
absorbed and used in smaller amounts consistent with the reduced amount of N
applied to the foliage.

047

Bark storage Protein in Peach, Plum, and Cherry Trees

M.P. Bafiados*, M.S. Santiago, and C. Eterovic, Dept. de Fruticulturay Enologia,
Facultad de Agronomia, Pontificia Universidad Catélica de Chile, Casilla 306-
22, Santiago, Chile.

The main form of nitrogen reserves during overwintering are amino acids and
proteins. Specific proteins called bark storage proteins (BSP) have been charac-
terized in many tree species. To identify BSPs in ‘O’'Henry’ peach, ‘Angeleno’ plum,
and ‘Early Burlat' cherry trees, samples of bark were collected from January through
December 1993 from trees growing under field conditions in Santiago, Chile.
SDS-PAGE analyses were used to characterize the seasonal variation on the pro-
tein pattern on the bark of those Prunus species. A 60 kDa BSP was identified in
the bark of all three species, which corresponds to the main protein present in the
bark during the winter. This protein may play an important role as a nitrogen
reserve in these fruit trees.

048

Response to Iron-deficiency Stress of Pear Genotypes

M. Tagliavini*, A.D. Rombola, and B. Marangoni, Dipartimento di Colture Arboree,
Bologna Univ., Via F. Re 6m40126, Bologna, ltaly.

Pear rootstocks differ in tolerance to calcareous and alkaline soils. Roots of
Fe-efficient dicots react to Fe-deficiency stress by strongly enhancing the Fe3*-
reductase system, termed turbo-reductase, and by lowering the rhizosphere pH.
In this study, we tested whether such adaptation mechanisms characterize pear
and quince genotypes. Two trials were performed using micropropagated plants
of three quince rootstocks (BA29, CTS212, and MC), three Pyrus communis
rootstocks (OH x F51 and two selections obtained at Bologna Univ.: A28 and
B21) and of two pear cultivars (Abbé Fétel and Bartlett, own-rooted). In the first
trial, plants were grown in a nutrient solution with [Fe(+)] and without iron [Fe(—
)] for 50 days. Their root iron-reducing capacity (IRC) was determined colori-
metrically, using ferrozine and Fe-EDTA, and Fe uptake of Fe(+) plants was esti-
mated. In the second trial, the rhizosphere pH of plants grown in an alkaline soil
(pH in water = 8.3) was measured by a microelectrode. With the only exception of
pears OH x F51 and A28, whose IRC was similar in Fe(+) and Fe(-) plants, the
Fe-deficiency stress caused a significant decrease of the IRC. Among the Fe(-)
plants, the two pear OH x F51 and A28 had higher IRC than the quince rootstocks
and the cultivar Abbé F. When plants were pretreated with Fe, IRC was highest in
the P. communis rootstocks (more than 50 nmol Fe?*/g fresh weight per h), inter-
mediate in the own-rooted cultivars, and lowest in the quinces (<15 nmol Fe?*/g
fresh weight per h). Fe uptake proved to be linearly and positively correlated with
root Fe-reducing capacity (r=0.91***). Rhizosphere pH, averaged over the first 2
cm from root tips, was highest in quince MC (7.2), intermediate in the other two
quinces and in the cultivar Abbé F. (6.2—6.6) and lowest in the pear rootstocks
and in the cultivar Bartlett (5.2-5.5). The results indicate that roots of pear and
quinces do not increase their ability to reduce the iron under Fe-deficiency stress.
The genotypical differential tolerance to iron chlorosis likely reflects differences
in the standard reductase system and in the capacity of lowering the pH at soil/
root interface. The determination of the root IRC appears very promising as a
screening technique for selecting efficient Fe-uptake rootstocks.

049
Copper Sprays—Effects on Apple Fruit Typiness and Market
Color Grades
Frank J. Peryea*and Rhoda L. Burrows, Washington State Univ., 1100 N. West-
ern Ave., Wenatchee, WA 98801.

Late dormant copper (Cu) sprays and mid-summer foliar Cu sprays are being
promoted within the Washington apple industry as a means to enhance fruit
typiness and red skin color, respectively. While there appears to be theoretical
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bases for these practices, they have not been tested for horticultural significance.
Differential late dormant spray treatments of Cu hydroxide (the Cu source most
commonly recommended by agricultural consultants) were imposed in two ‘Deli-
cious’ orchards. Flower cluster Cu was positively related to Cu rate, but the sprays
had no effect on leaf Cu or on six fruit typiness variables. Differential mid-sum-
mer spray treatments of water, Cu sulfate, and Cu oxysulfate solutions were im-
posed in three ‘Delicious’ orchards and one ‘Fuji’ orchard. The Cu sprays in-
creased leaf Cu, but had no effect on market color grade measured using a com-
mercial color sorter. The results appear to reflect Cu physicochemistry and tim-
ing of application. These preliminary results call into question the utility of the Cu
sprays for improving apple fruit quality characteristics when trees show no visual
signs of Cu deficiency. They do suggest some alternative ways to manage Cu
nutrition in deciduous tree fruit orchards.

20 ORAL SESSION 5 (Abstr. 50-57)
Cell & Tissue Culture/Cross-commodity

050

Changes in Storage Reserves of Pecan Somatic Embryos dur-
ing Maturation and Maturation Enhancement Treatments
Benjamin Jeyaretnam*., Hazel Y. Wetzsteir?, Sharad C. Phatak®, and Russel W.
Carlson', 1Complex Carbohydrate Research Center and 2Dept. of Horticulture,
Univ. of Georgia, Athens, GA 30602; 3Coastal Plain Experiment Station, Univ. of
Georgia, Tifton, GA 31793.

Changes in lipid and total protein content of somatic embryos of pecan (Carya
illinoinensis) were estimated during maturation, cold treatment alone (3, 5, or 8
weeks) or cold followed by dessication (3, 5, or 7 days). Triglyceride was esti-
mated colorimetrically and methyl esters of fatty acids were analyzed by GC-MS.
Total protein was extracted from the same tissue with 2% SDS in Tris-HCL buffer.
Triglyceride content of enlarged somatic embryos was significantly lower than
zygotic embryos and further declined after 5 weeks cold treatment. An even greater
decline was observed during the desiccation treatment. The most abundant fatty
acids in small and enlarged somatic embryos are linolenic > palmitic > oleic >
stearic acid. However, the molar ratio of linolenic to oleic reached 1:1 after 5
weeks of cold treatment. During enlargement, protein content increased to levels
found in zygotic embryos, with desiccation resulting in further elevation.

051
Development of a Nutrient Medium for the Growth of Date Palm
(Phoenix dactylifera L.) Roots by tTissue Culture
Yousef . Dlaigen*, A. E. Said, and M.A. El-Hamady, Plant Production Dept., Col-
lege of Agriculture, K.S.U., P.O. Box 2460 Riyadh, 11451, Saudi Arabia.
Several experiments were conducted in this investigation with the objective
of determining the chemical components and the physical state of an optimal
medium for the growth and elongation of excised date palm, cv Sukkari, roots.
The chemical tests carried out included: Comparison of (MS)-salts with “White's”-
salts mixture and different concentrations of (MS)-salts and its chelated iron;
sugars; Modified White's Organics; inositol; adenine sulfate; growth regulators;
and some antioxidants. The physical tests, on the other hand, included compari-
son of the growth and elongation of cultured roots in a liquid or on solidified
nutrient media. The effects of various pH values were also tested. Roots were
cultured in basal nutrient media composed of: (MS)-salts mixture, and (in mg- liter-
by NaH,PO,-H,0, 170; sucrose, 30,000; inositol, 200; Modified White's Organ-
ics; adenine sulfate, 120; activated charcoal, 1500; (2,4-D), 1; kinetin, 2. pH was
adjusted at 5.7 +01. (MS)-salts mixture was found to be superior to “White's"-
salts. No significant difference was observed between (1/2MS) and full-strength
(MS)-salts. However, twice the concentration was found to be inhibitory. The
normal concentration of (MS)-Fe was found to be optimum for root growth and
elongation. The optimal concentration most suitable for the growth and elonga-
tion of excised date palm roots has been determined for each of: sugars; Modified
White’s Organics; inositol; and adenine sulfate. The only growth regulator that
needs to be added to the nutrient medium is 2,4-D at 0.1-1.0 mg-liter’. The
study showed the importance of the inclusion of activated charcoal to the nutrient
medium. The growth and elongation of roots were both stimulated at all concen-
trations tested. (PVP), on the other hand, was inhibitory at all concentrations
tested. Shaken liquid media was recommended for better root growth and elon-
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gation at pH 7.0-8.0. Incidentally, the medium developed was found to support
the growth and elongation of roots excised from two other cultivars, namely ‘Khudri’
and ‘Khaias'.

052

Use of Forcing Solution Techniques to Improve Chestnut
Micropropagation

Guochen Yang™, Paul E. Reac?, and Marihelen Kamp-Glass®, 1Dept. of Natural
Resources and Environmental Design, North Carolina A&T State Univ., Greens-
boro, NC 27411; 2 Dept. of Horticulture, Univ. of Nebraska, Lincoln, NE 68583-
0724.

Chestnut (Castanea spp.) is considered difficult to micropropagate. The tim-
ing for harvesting explant materials from forced stems is critical, although many
factors need to be considered for successful micropropagation. Previous research
with spirea and five-leaf aralia demonstrated that forcing solution techniques ex-
tended the availability of high-quality explant material, thus expediting
micropropagation. However, preliminary research illustrated that chestnut is very
difficult to force and the new forced softwood growth is very short-lived, which
made micropropagation difficult. It was found that, at about 7 days from budbreak,
the forced chestnut softwood growth (about 2 cm long) served as the best explant
material. If longer than this timing window, the new growth would die. If shorter,
the explants had a high contamination rate, exudation of purported phenolic com-
pounds, and explants would not regenerate. Shoot proliferation and callus regen-
eration were achieved by culturing good-quality explants on Woody Plant Me-
dium supplemented with 0.1 mg BA/liter. The new shoots grew vigorously in
vitro with apparent normal morphology.

053

Commercial Plant Tissue Culture in India—Current Status

J. Thomas*, SPIC Science Foundation, 110, Mount Road, Guindy, Madras,
Tamilnadu, India.

In recent years, there has been an explosion in the number of commercial
plant tissue culture (TC) units in India. More than 25 such companies have pro-
duction capacity of two to five million plants per annum. Almost all units are
export oriented, but the target crops are the same. Indoor foliage plants dominate
the export market. Micropropagation industry in India is providing major support
to Indian agriculture in four crop groups: Fruits, ornamentals, spices, forestry/
plantation crops. Banana is the largest selling TC fruit crop. TC papaya plants are
now marketed for extraction and processing of papain. TC anthuriums, orchids,
and gerberas have attained commercial importance. TC rose plants are used as
pot plants. Nearly 500 ha are under TC cardamom cultivation in southern India
recording 20% to 30% increase in yield. Vanilla cultivation is expected to in-
crease from the existing 50 ha to more than 400 ha in the coming years using TC
plants. Sugar companies have in-house units for micropropagation of sugar-
cane. There is demand for bamboo and eucalyptus for selective reforestation. The
TC Industry is constrained by the non-availability of international varieties, high
infrastructure and electricity costs, and lack of managers with commercial expe-
rience. A shake-up is imperative, during which many of the existing TC units may
not survive the year 2000.

054

The Plant Tissue Culture Information Exchange: A Web Site
for Teachers, Researchers, Practitioners, and Students

R. Daniel Lineberger*, Dept. of Horticultural Sciences, Texas A&M Univ., Col-
lege Station, TX 77843-2133.

The World Wide Web is the most rapidly growing communication tool in use
today. The Web links networked computers of all sizes and types through use of
a hypermedia application known as a “browser.” Hypermedia technology allows
research-based information related to plant tissue culture to be disseminated world-
wide rapidly and cheaply, and to audiences that previously had difficulty access-
ing the information through scholarly journals (practitioners, secondary school
students, consumers). The Plant Tissue Culture Information Exchange resides on
the Aggie Horticulture homepage (http://aggie-horticulture.tamu.edu). Present
contents include information on suppliers of tissue culture equipment and me-
dia, research reports on micropropagation of several ornamental species, and
links to tissue culture related material at other universities. Hardware, software,
and network requirements to access the Information Exchange and the construc-
tion of hypertext documents for inclusion in the Information Exchange will be
presented.
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055

Micropropagation of Achimenes Hybrids for Winter Production
J.C. Vlahos*, M. Dragassaki, and I. Assargiotaki, Dept. of Horticulture, Techno-
logical Educational Inst., 71500 Iraklion, Crete, Greece.

Achimenes is a summer-flowering pot plant commonly propagated by shoot
tip cuttings taken from rhizomes released from dormancy. Micropropagation was
used in this study in order to establish a protocol for producing plants in winter
when Achimenes are not usually available. Leaf segments, taken in August 1993,
from hybrids ‘Flamenco’, ‘Rosenelfe’, ‘Bella’, and ‘Sandra’ grown in a greenhouse,
were cultured on a modified Murashige and Skoog (MS) medium supplemented
with 0.1 mg-liter™ BA and 0.5 mg-liter™; shoots proliferated without callus for-
mation. Leaf explants taken from the proliferated shoots were placed on MS me-
diumwith 0.5 mg-liter-t BA and 0.1 mg-liter~* NAA for 8 weeks for further shoots
proliferation. ‘Bella’ showed vigorous growth and produced the most shoots (82)
with no rhizomes, whereas ‘Flamenco’ had the least shoots (28) along with rhi-
zomes. Shoot tips were then transferred on MS medium supplemented with 0.5
mg-liter* NAA for 6 weeks where more vigorous shoots developed along with
roots. Microcuttings were directly stuck ex vitro under moisture and rooted well
in 4 weeks before planting in individual culture and flowered normally. These
results provide the basis for a successful production of Achimenes hybrids for
growth and flowering in winter months provided optimal temperature and irradi-
ance levels are given.

056

Internal Disinfection for in Vitro Culture of Chrysanthemum
Atelene N. Kdmpf and Katia H. Kraemer, Dep. Horticultura & Silvicultura, Fac.
Agronomia, Universidade Federal do Rio Grande do Sul, C.P. 776, CEP 90001.970,
Porto Alegre, RS, Brazil.

Asymptomatic contaminated cuttings were used in two trials to test 1) the
effects of antibiotica (streptomycin and penicillin) included in MS culture me-
dium and 2) the internal disinfection employing germicide pulsing solutions,
used for cut flowers, as a pretreatment. Before the regular disinfestation, cuttings
were immersed to 3 h in the preservative solutions (treatments): 1) 818 mg- liter-
Lsilver thiosulfate; 2) 1000 mg-liter-'NaOCI; 3) 800 mg-liter~ 8-hydroxyquinolin
sulfate; 4) 600 mg-liter! potassium sulfate. The addition of penicillin to MS
medium reduced bacterial contamination by 50% on chrysanthemum nodal ex-
plants. Streptomycin showed similar results, but not promoted undesirable mor-
phological alternations such as chlorotic, deformed leaves and shoots. All treat-
ments except silver thiosulfate solution reduced the contamination by more than
50%. The highest efficiency (87%) was obtained with aluminum sulfate, without
negative side effects.

057
Shoot Micropropagation in Vitis as a Source of Leaf-derived
Embryogenic Cultures
M. Meyerson*, C.M. Benton,and D.J. Gray, IFAS, Univ. of Florida, Central Florida
Research and Education Center, 5336 University Ave., Leesburg, FL 24748.
Micropropagation of Vitis bourquiniana Lenoir ‘Black Spanish’, V. champini
Planchon ‘Dog Ridge', Vitis hybrids (‘Blanc du Bois', ‘Himrod', and ‘Niagara Seed-
less’), V. rotundifolia Michx. (‘Carlos’ and ‘Dixie’), and V. vinifera L. (‘Autumn
Seedless', ‘Cabernet Sauvignon'’, ‘Carignane’, ‘French Colombard’, ‘Ruby Cabernet’,
and ‘Tokay") was accomplished. Shoot tips taken from micropropagated plants in
long-term culture were inoculated onto solidified C,D medium containing 5 puM
benzyladenine. Culture times consisting of either one or two 4-week cycles were
compared for effect on shoot number. A range of response among cultivars tested
was noted. The best-responding variety was V. champini ‘Dog Ridge’, with 5.8
shoots per apex. All other varieties were less prolific. When shoot micropropagation
from nodal explants and apices was compared, so significant difference was noted.
In vitro micropropagation offers rapid clonal production of grape and is a source
of sterile leaf explant material for embryogenic cultures, which, in turn, are useful
target for genetic transformation.
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21 ORAL SESSION 6 (Abstr. 059—-062)
Extension/Cross-commodity

059

A Computer-based Diagnostic System for Diseases, Disorders,
and Pests of Subtropical and Tropical Fruits

M.B. Thomas™., H.W. Beck?, J.H. Crane®, J.J. Ferguson', and J.W. Noling?, *Hor-
ticultural Sciences Dept., 2Agricultural Engineering Dept., University Center, Univ.
of Florida, Gainesville, FL 32611-0690; *Tropical Research and Education Cen-
ter, Univ. of Florida, Homestead, FL 33031-3314; and “Lake Alfred Citrus Re-
search and Education Center, Lake Alfred, FL 33850-2299.

A computer-based diagnostic system that can assist commercial producers,
extension agents, and homeowners in the diagnosis of diseases, disorders, and
pest damage for citrus, avocado, ‘Tahiti’ lime, mango, carambola, lychee, and
papaya was developed. The program was written in C++ and runs under MS-
DOS. The system design was based on the diagnostic reasoning process of ex-
perts by identifying the location of symptoms, tree vigor, and occurrence within a
grove. Full-screen color images link symptoms to possible diseases, disorders,
and/or pest damage. Users can also refer to expert knowledge, graphic displays,
pop-up menus, dialogue boxes, and retrieve information via hypertext from exten-
sion publications as well as current control methods. The program is available on
CD-ROM, contains over 800 digital color images, and includes a glossary of terms.

060
Using Fax-on-demand to Disseminate Agricultural Production
Information
Peter J. Nitzsche*, Jack Rabin, and Bruce Barbour, Rutgers Cooperative Exten-
sion of Morris County, Morristown, NJ 07963-0900

Fax-on-demand is a new system of communications that combines com-
puter, fax, and telephone technologies. Corporate use of fax-on-demand has shown
it to be a rapid, user-friendly, economical way to disseminate technical support
information. A project was initiated to evaluate the usefulness of fax-on-demand
for disseminating “time-sensitive” crop management information to growers. The
system, named the “RCE FaxInfo Line,” has made extension newsletters, pesti-
cide label updates, market price summaries, IPM insect counts and treatment
thresholds, etc. available to callers 24 hours a day. While most of the producers
surveyed felt the system fit their needs, there has not been widespread use. A
limiting factor has been the lack of producers with fax machines. A recent survey
revealed that only 8% of New Jersey farmers own fax machines. If this technology
is to be effective for extension, the percentage of growers utilizing fax machines
must increase.

061
Factors Essential for the Success of a Master Gardener Dem-
onstration Garden
Lois Berg Stack* and Gleason Gray?, Univ. of Maine Cooperative Extension,
Orono ME 04469; 2Penobscot County Extension Office, Bangor ME 04401.
Penobscot Co. (ME) Master Gardeners initiated a highly successful demon-
stration garden in 1994, on the university’s sustainable agriculture farm. Five
factors for the garden’s success are suggested for consideration by groups plan-
ning similar projects: 1) The garden has a permanent site with excellent road
visibility, on a public farm that supports public service; 2) The farm manager tills
the plot and manages cover crops; 3) 10 to 12 Master Gardeners and two exten-
sion educators commit significant ongoing labor to the project; 4) Local busi-
nesses supply plants and other materials; 5) A vital statewide Master Gardener
Program assures an ongoing supply of volunteers, ideas and enthusiasm.

062
Effects of the Worker Protection Standard on Vegetable and
Fruit Production—A Trainer/Extension Agent’s Perspective
Mary Lamberts*., Carlos F. Balerdi’, and O. Norman Neshein?, *Dade Co. Ext.
Serv., Homestead, FL 33030-2309: 2Univ. of Florida, Gainesville, FL 32611.
The Dade County Extension Service has conducted three types of training
classes related to the new Federal Worker Protection Standard (WPS): Train-the-
Trainer sessions, WPS Worker Training, and WPS Handler Training. All of these
must follow rigid course outlines to comply with requirements of the U.S. Envi-
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ronmental Protection Agency. At the end of training classes, growers and other
audience members are often confused as to how this Standard actually affects
their operation. The discussion will describe: a) materials and supplemental train-
ing classes developed by extension agents to help growers comply; b) opera-
tional changes that local growers have made as a result of this new law; c) the
effects of this Standard on field visits and demonstration-research projects; and
d) interactions between agents and non-traditional clientele groups.

22 ORAL SESSION 7 (Abstr. 063—070)
Culture and Management (Nutrition/
Photosynthesis)/Vegetables (Temperate)

063

Utilization of Municipal Solid Waste Compost for Vegetable
Crop Production

Christopher Worden*, John C. Bouwkamp, Francis R. Gouin, and Charles
McClurg, Dept. of Horticulture and Landscape Architecture, Univ. of Maryland,
College Park, MD 20742-5611.

Vegetable culture with Municipal Solid Waste Compost (MSWC) amended
soils was evaluated with the emphasis on crop and soil responses. There were
three treatments of 0, 20, and 40 t-ha™* of MSWC applied in the fall of 1993 to a
Matapeake Silt Loam on the Eastern Shore of Maryland. The following spring the
soil was prepared for planting tomatoes and green beans. All crop management
practices were in accordance with the standard procedures followed in Maryland
for each crop, except for the addition of the MSWC. Both crop yields were signifi-
cantly increased with the addition of the MSWC. Following the bean crop, broc-
coli transplants were established in the fall of 1994. Again, the yields obtained
with the MSWC plots as compared to the control were significantly greater. Soil
properties were also favorably affected by the addition of the compost. Analysis
of soil samples indicated significant increases with MSWC, such as cation ex-
change capacity, soil pH, percent organic matter, and water-holding capacity.

064

Phasic Control of Photosynthetic Photon Flux for Lettuce Pro-
duction in CELSS

C. Chun*and C.A. Mitchell, NASA Specialized Center of Research and Training,
Purdue Univ., West Lafayette, IN 47907-1165.

For biomass production in a space-deployed Controlled Ecological Life-Sup-
port System (CELSS), efficient usage of limited resources such as light, CO,,
growth area, and labor is more consequential than for biomass production on
Earth. Light will be one of the most energy-consuming environmental factors to
provide in CELSS. Therefore, development of an energy-efficient lighting-control
strategy would make a great contribution to the sustainability of CELSS. Lettuce
(Latuca sativa L.) was used as a model salad crop for the development of new
control methods due to its rapid growth rate and high harvest index (=80%).
Lettuce seeds were sown and plants were cultured hydroponically in the Minitron
I plant growth/canopy gas-exchange system. Canopy net photosynthetic rates
(umol CO,/m? per s) were measured under a specific photosynthetic photon flux
(PPF) and analyzed to decide the PPF of the next 1-h interval. Appropriate PPFs
were provided on the initial day and during the first 1-h interval of each 20-h
photoperiod. Plant-growth indices, crop yield rates (g/m? per day), and power
consumption rates were determined for different lighting strategies to identify the
best compromise between energy cost and yield. Day/night temperature and CO,
concentration were maintained at 25/25C and 1100/400 p-liter ™%, respectively.
This research is supported by NASA grant NAGW-2329.

065
The Influence of Nitrogen Rate and Timing on ‘Beauregard’
Sweetpotato Yield and Quality
Jonathan R. Schultheis*, W.R. Jester, and Charles W. Averre, Horticultural Sci-
ence, North Carolina State Univ., Raleigh, NC 27695-7609; North Carolina Co-
operative Extension Service, Kinston, NC; and Plant Pathology, North Carolina
State Univ., Raleigh, NC 27695-7616.

Sweetpotato yield and quality are influenced by a N fertilization program. These
studies were conducted to evaluate the effect that different N rates and application
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times had on the yield and quality of Beauregard roots. Three experiments were
conducted in separate locations in North Carolina: One in 1992 to evaluate N
rates of 28 to 56 kg-ha=%; and two in 1994 that evaluated nitrogen rate and time of
N application. In 1994, N timing using single applications (21, 28, and 35 days
after planting) were compared with split applications (10-21 and 21-35 days
after planting). Also, in 1994, N rates for the season was varied from 0 to 42
kg-ha~! comparing single and split applications. No yield differences were de-
tected when N rate was varied from 14 to 56 kg-ha. However, the application of
at least 14 kg N/ha increased yield when compared with the control (0 kg N/ha).
The highest yield of US #1 marketable roots was obtained when all N was applied
at 21, 28, or 35 days compared with split applications made at 10 and 21 days
after planting. Roots tended to be shorter with single vs. split N applications.

066
Enhancing Potato Tuber Calcium Concentration Through Cal-
cium Application May Reduce the Incidence of Internal Brown
Spot and Hollow Heart
Matthew D. Kleinhenz*, Christopher C. Gunter, and Jiwan P. Palfa, The Univ. of
Wisconsin—Madison, Horticulture, 1575 Linden Drive, Madison, WI 53706-1590.
A direct comparison was made of several commercially available calcium
sources applied on two different schedules for their effectiveness in increasing
tuber medullary and periderm tissue calcium concentrations in 170-284-g tu-
bers of the cultivar Atlantic grown on a Plainfield sandy loam. Plots (6 x 3 m)
were arranged in a CR design in 1993 and a RCBD in 1994 (eight replications).
Paired measurements of tuber Ca concentration and internal quality (hollow
heart, Hnternal brown spot) were made on individual tubers produced in plots
with no additional or additional Ca (168 kg Ca/ha) supplied from either gypsum,
liquid calcium nitrate, or NHIB. Two Ca and N application schedules were com-
pared: 1) application at emergence and hilling (non-split), 2) application at emer-
gence, hilling, and 4 and 8 weeks after hilling (split). All plots received 224 kg H/
ha balanced with ammonium nitrate. In general, tuber yield and grade were unaf-
fected by treatments in 1993 and 1994, but overall percent A-grade was lowest
and percent B-grade highest in 1993 compared with 1994 data. In 1993, all treat-
ments receiving Ca had greater mean tuber medullary and periderm tissue Ca
concentration values and a greater percentage of tubers with an elevated Ca con-
centration compared with non-Ca-supplemented controls. The overall incidence
of tuber internal defects was 5% in 1993. All split schedule treatments receiving
Ca showed 0% internal defects. In contrast, nearly 8% of the tubers from control
plots showed some defect. The medullary tissue Ca concentration of 65% of the
tubers having either defect was below the median value of Ca concentration for
the entire experiment in 1993. Similar evaluations are underway for the 1994
crop. These data suggest that tuber calcium concentration may be related to the
incidence of these internal defects.

067

Using Spoke Wheel Injectors for Improved N Use Efficiency in
Dry Bulb Onions

Vincent A. Fritz* and Carl J. Rosen, Univ. of Minnesota, Southern Experiment
Station, Waseca, MN 56093-4521, and Dept. of Soil Science, Univ. of Minne-
sota, St. Paul, MN 55108.

Recent adoption of a raised bed production system for improved drainage on
muck soils prompted experimentation to improve N use efficiency. The estab-
lished methods of N fertilization was to simply broadcast 908 kg-ha=! of 10-26—
27 prior to planting in single rows. The raised bed production system results in a
concentrated rooting zone directly underneath the raised bed. A system that places
the N fertilizer within the root zone of influence at a peak time of crop utilization
would increase N use efficiency, reduce fertilizer costs, and promote appropriate
environmental stewardship. The use of a spoke wheel injector to sidedress N
fertilizer effectively reduced total fertilizer costs by halfwhile producing onion
yields equal to or greater than the established broadcast method under the raised
bed production system. In addition, the use of the spoke wheel injector was not
intrusive to the integrity of the raised bed, which allowed realization of benefits
from using raised beds for the entire growing season.
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068

Nitrogen and Potassium Application Scheduling for Drip-irri-
gated Tomatoes

S.J. Locascio™, F.M. Rhoades?, S.M. Olsor?, G.J. Hochmuth?, and E.A. Hanlor?,
Horticultural Sciences Dept., Univ. of Florida, Gainesville, FL 32611; 2North
Florida Research and Education Center, Quincy, FL 32351; 3Soil and Water Sci-
ence Dept., Univ. of Florida, Gainesville, FL 32611.

Tomato (Lycopersicon esculentum Mill.) was grown with drip irrigation on a
fine sand and on a fine sandy loam to evaluate the effect of N and K time of
application on yield. On the sandy soil, 196-112 kg of N—-K/ha was applied with
0%, 40%, or 100% preplant with 100% or 60% applied in six or 12 equal or in
12-week variable applications. Marketable fruit yields were lowest with 100%
preplant, intermediate with 100% drip-applied, and highest with 40% preplant
with 60% drip-applied. With 100% drip-applied, yields were highest with 12
even than with six even weekly applications or with 12 variable N and K applica-
tions. With the 40% preplant, timing of application had little effect on yield. On
the sandy loam soil in 1993, where only N was applied (196 kg-ha1), yields were
highest with 100% preplant, intermediate with 40% preplant and 60% drip-ap-
plied, and lowest with all N drip-applied. In 1994, when excessive rains occurred,
yields were similar with all preplant and with split-N applications.

069

Tomato Petiole Sap Nitrogen and Potassium Seasonal Trends
with Various Fertilization Programs

G.J. Hochmuth*, S.J. Locascio!, F.M. Rhoades?, S.M. Olsor?, and E.A. Hanlor?,
Horticultural Sciences Dept., Univ. of Florida, Gainesville, FL 32611; 2North
Florida Research and Education Center, Quincy, FL 32351; 3Soil and Water Sci-
ence Dept., Univ. of Florida, Gainesville, FL 32611.

Tomato (Lycapersicon esculentum Mill.) was grown on fine sand and fine
sandy loam soils at two sites to evaluate effects of N and K fertilization practices
on petiole fresh sap N and K concentrations and to determine N and K sufficiency
ranges. Treatments included applying N (196 kg-ha™) and K (112 kg-ha™) ei-
ther 0%, 40%, or 100% preplant. With 0% or 40% preplant treatments, the re-
maining N and K was injected through the drip irrigation system in six or 12
equal weekly amounts or by a variable injection rate with most of the N and K
injected between weeks 5 and 10 of the season. Petiole sap K concentration de-
clined during the season, but was not greatly affected by treatment. Petiole N
decreased over the season from 1100 to 200 mg NO,-N/liter and decrease was
greater for preplant N treatments. Petiole N was correlated with tomato yield, espe-
cially for petiole N measured in the period of 5 to 10 weeks after transplanting.

070

Comparison of Specific Electrode Techniques for Measuring
Bell Pepper Petiole Sap Nitrate Concentration

H.G. Taber*L, D.F. Cox?, B.C. Smitf, and K.A. Klockl, 1Dept. of Horticulture,
2Dept. of Statistics, lowa State Univ., Ames, 1A 50011.

Sap nitrate was determined with the ion-selective electrodes, HACH combi-
nation nitrate electrode, and the CARDY nitrate meter on pepper petioles over five
sample dates ( n = 160). The electrode values were compared to the Cd reduction
method performed on a Lachat automated ion analyzer with flow injection analy-
sis. Thirty petioles were collected from plots of each of several N rate studies and
the sap expressed by a hand-held garlic press. Correlation among the techniques
were similar (r > 0.9), but the CARDY meter constantly read 100 to 175 ppm
higher than the HACH. Across all dates the standard deviation of the difference,
compared with the Cd reduction, for the HACH = 16 ppm, while for the CARDY it
was 50. While the CARDY meter is easier to use and has fewer steps, the HACH
electrode values were closer to the true readings and less erratic. One must use
care when interpreting nitrate sufficiency value ranges with different quick-test
techniques.

759

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



23 ORAL SESSION 8 (Abstr. 071-077)
Growth & Development/Floriculture—
Foliage

071

Evaluation of Non-climacteric Senescence of Gladiolus sp.
Flowers

G.H. Pemberton,* Terril A. Nell, and James E. Barrett, Dept. of Environmental
Horticulture, Univ. of Florida, Gainesville, FL 32611.

Senescence of gladiolus flowers, like many geophytes, does not involve a
climacteric burst of ethylene. Eleven gladiolus cultivars were screened and all
were non-climacteric (NC) for both respiration and ethylene production. Average
ethylene levels for individual flowers were 0.5 pl C,H,/kg per h or less. As in
other NC flowers, protein synthesis may be linked to senescence. Our goal was to
identify specific proteins that were involved in the senescence process that could
be used as indicators of postharvest longevity. SDS-PAGE protein profiles of cut
gladiolus flowers were determined from a tight bud stage to senescence. Both
increases and decreases were observed in major polypeptides that may be con-
nected to postharvest flower longevity. Total protein content of gladiolus flower
petals decreased by =70% during the profile period. This could explain the rela-
tively short postharvest life of 3 to 5 days for individual gladiolus flowers. Total
protein profiles were probed with an ACC synthase antibody to establish the rela-
tionship of this enzyme in NC senescence.

072

A Model Describing rRelease of Flower Bud Dormancy in ‘Prize’
and ‘Gloria’ Azaleas

William M. Womack*, James E. Barrett, and Terril A. Nell, Environmental Horti-
culture Dept., Univ. of Florida, Gainesville, FL 32611.

‘Prize’ and ‘Gloria’ azaleas were budded at 29C day/24C night without growth
regulators. Dormant-budded plants were held at 2, 7, 13, or 18C for 0, 0.5, 1, 2,
4,6, 8, or 10 weeks and then forced in walk-in growth chambers (29C day/24C
night). A model was developed to describe the effect of cooling temperature and
duration on days to marketability (eight open flowers) and percent of buds show-
ing color. Holding at temperatures below 7C, increases days to marketability up
to 7 days. Extended cooling (beyond 6 weeks) at temperatures <7C increases
percent of buds showing color. Extended holding at temperatures >7C decreases
buds in color due to development of bypass shoots during cooling and increased
bud abortion. Plants not receiving a cool-treatment or cooled for <2 weeks do not
flower uniformly. Furthermore, the percentage of plants reaching marketability
dramatically decreases for plants held longer than 6 weeks at temperatures >7C.
Both cultivars show similar trends, but ‘Gloria’ has greater variability.

073

Changes in Chrysanthemum Meristem and Lateral Bud Devel-
opment at Elevated Temperatures

Richard K. Schoellhorn*, James E. Barrett, and Terril A. Nell, Environmental Hor-
ticulture Dept., Univ. of Florida, Gainesville, FL 32611.

‘Improved Mefo’ chrysanthemums were grown at 22C/18C and 34C/28C day/
night temperature regimes to evaluate the failure of lateral bud development fol-
lowing pinching of this temperature sensitive cultivar. The number of viable buds
on plants at the high temperatures was 40% of number at low temperature. Loss
of bud viability was categorized as those buds that were: 1) absent, or 2) those in
which growth was present, but inhibited. Inhibited buds were visible swellings
surrounded by dense masses of secondary cell wall material. Anatomical studies
were completed to verify the absence of lateral buds and determine what cellular
changes imposed inhibition on those buds that did develop. A second group of
experiments demonstrated that moving low-temperature plants to the high tem-
perature caused production of viable buds to decline. Plants were moved from
high temperatures to low, and reciprocally to high from low temperature. Ana-
tomical sampling of apical meristems began at time of shift and at 1, 2, 4, and 8
days after temperature shift. High-temperature meristems possessed predomi-
nantly non-viable lateral buds, with few viable buds present.
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074

The Effect of Timing and Duration of Supplemental Irradiance
on Flower Initiation of Plug-grown Geraniums

Mark P. Kaczperski* and Royal D. Heins, Dept. of Horticulture, Michigan State
Univ., East Lansing, MI 48824.

Plug-grown Pelargoniumx hortorum ‘Pinto Red’ seedlings were grown under
natural daylight (average of 4.7 mol/day) or with supplemental irradiance from
high-pressure sodium lamps. Seedlings were grown under 8-, 16-, or 24-h pho-
toperiods with supplemental irradiances of 2.5, 3.75, or 5.0 mol/day at each pho-
toperiod. Supplemental irradiance was provided for 7, 14, 21, and 28 days begin-
ning 7, 14, 21, 28, and 35 days after sowing. Seedlings were transplanted 63
days after sowing to 8-cm containers (121 plants/m? and grown to flower. Leaf
number at time of transplant was not affected by photoperiod, but increased as
daily irradiance and weeks of supplemental irradiance increased. Seedlings were
more responsive to supplemental irradiance applications beginning 28 and 35
days than at 7 to 21 days after sowing. Ninety-two percent of seedlings receiving
28 days of 5.0 mol/day supplemental irradiance under a 24-h photoperiod start-
ing 35 days after sowing had initiated flower buds at time of transplant; 75% of
those receiving 3.75 mol/day were initiated. Plants receiving less than 3 weeks of
supplemental irradiance or with an irradiance period beginning less than 28 days
after sowing had not initiated flowers at transplant.

075

The Influence of Plug Storage Time, Greenhouse Tempera-
ture, and Photoperiodic Manipulations on the Plant Habit and
Flowering of Several Perennial Species

Allen M. Armitage*, Dept. of Horticulture, Univ. of Georgia, 1111 Plant Science
Building, Athens, GA 30602-7273.

Plugs of Arabis ‘Spring Cham’, Cerastium ‘Columnae’, Salvia ‘Blue Queen’,
and Saxifraga ‘Purple Robe’ (128 plugs/tray) were cooled at 2 to 3C for 0, 4, or 8
weeks. Plugs were potted in 10-cm containers and placed in warm (20C day, 17C
night) or cool (10C day, 8C night) and provided with various long- and short-day
combinations. In general, all taxa flowered more rapidly in the warm house, but
were not significantly taller. Arabis showed no response to cooling or photoperi-
odic treatments, but Cerastium and Saxifraga had significantly longer internodes
when subjected to increasing number of LD cycles. Plants of Salviaand Cerastium
also flowered more rapidly when subjected to increasing cycles of LD, but height
of Salviaand Arabis was reduced when LD were followed by SD. Other species of
perennials will also be discussed.

076

Stimulating Germination of Australian Everlasting Daisies
JA. Plummer** and D.T. Bell? *Plant Sciences, Faculty of Agriculture, Univ. of
Western Australia, Nedlands, WA 6009, Australia; 2Dept. of Botany, Faculty of
Science, Univ. of Western Australia, Nedlands, WA 6009, Australia.

Australian everlasting daisies (Asteraceae, Tribe Inulae) have considerable po-
tential as bedding plants, but little is known about their germination requirements.
Florets have a papery corolla, which imparts considerable longevity of the floral
display even under dry conditions. The influence of temperature, light and gibberel-
lic acid (GA,) was determined for several species with spectacular floral displays.
Germination in petri dishes was optimum over the range of 10 to 20C, with little or
no germination at extreme temperatures. Light stimulated germination in most spe-
cies with little or no germination occurring under dark conditions. In the dark, GA,
stimulated germination to similar levels observed in light-treated seeds. In most
species, germination in the dark was optimum over the GA, concentration range 1
to 100 mg-liter, and 500 mg-liter was often inhibitory.

077

Regulation and Function of a Pollen-specific ACC Synthase
Gene from Petunia

Chih-Hsien Lei, Jon T. Lindstrom, and William R. Woodson*, Dept. of Horticul-
ture, Purdue Univ., West Lafayette, IN 47907-1165.

At anthesis, petunia pollen contains large amounts of the ethylene precursor
1-aminocyclopropane-1-carboxylic acid (ACC). This ACC is thought to contrib-
ute to the rapid burst of ethylene produced by the pistil following pollination. An
analysis of ACC content in developing anthers revealed that ACC began to accu-
mulate the day before anthesis, indicating its synthesis was a late event in pollen
development. We employed degenerate DNA primers to conserved amino acid
sequences of ACC synthesis to amplify a cDNA from anther mRNA by RT-PCR.
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The resulting cDNA (pACS2) was sequenced and found to represent ACC synthase.
Use of pACS2 as a hybridization probe revealed an increase in ACC synthase
mRNA concomitant with the increase in ACC content. Further analysis indicated
the ACC synthase mRNA was localized specifically to the haploid pollen grain. In
an attempt to determine the function of ACC in pollen maturation or pollen—pistil
interactions, we have generated a series of transgenic petunias designed to in-
hibit the accumulation of ACC in pollen. For these experiments, we have em-
ployed a pollen-specific promoter (LAT52) from tomato to drive the expression of
antisense pACS2 or the coding region of ACC deaminase. The results of the
experiments will be discussed.

24 ORAL SESSION 9 (Abstr. 078-085)
Modeling & Statistics/Cross-commodity

078

Does Quality Pay?

Laura Sue Kippen*and W. Timothy Rhodus, Dept. of Horticulture, The Ohio State
Univ., 2001 Fyffe Court, Columbus, Ohio 43210.

Quality is extremely important to the processors of horticultural and agricul-
tural commodities. It is important from the standpoint of producing high-quality
end-products as well as resulting in lower costs and higher profits. However,
producers of commodities receive few benefits from the production of higher
quality for several reasons. One important reason is that producers lack informa-
tion about the qualities processors require. In addition, producers are uninformed
of the end-user quality their crops manifest. Presently, little incentive exists for
producers to improve quality, other than that provided by USDA Grades and Stan-
dards. Using experimental economics, empirical evidence is provided demon-
strating that increased awareness of crop quality requirements of processors by
producers influences market efficiency, pricing efficiency, and crop quality man-
agement strategies of producers.

079

Statistical Design and Analysis of Producer/Consumer Evalu-
ations to Assess Plant Quality

Walter W. Stroup*, Stacy A. Adams, and Ellen T. Paparozzi, Depts. of Biometry
and Horticulture, 377 Plant Sciences, Lincoln, NE 68583-0724.

An experiment was performed to investigate the effect of various nitrogen
sulfer combinations on the quality of poinsettias. After various physiological
measurements were taken, commercial growers, retailers, and consumers were
asked to evaluate the salability of the plants. In order to avoid evaluator fatigue,
only a limited number of plants could be evaluated. This presented both experi-
mental design and data analysis problems. In view of these constraints, and in
order to obtain meaningful results, an unreplicated 7 x 8 factorial design was
used. Data were analyzed using the method of half-normal plots in conjunction
with a modification of the analysis of variance procedure. Rationale and alterna-
tive designs will be presented, as well as the step-by-step procedure for using
this method as contrasted with the standard ANOVA technique.

080

A Three-phase Model for the Analysis of Sigmoid Patterns of
Growth

J.H. Lieth*L, P.R. Fisher’, and R.D. Heins? 'Dept. of Environmental Horticulture,
Univ. of California, Davis, CA 95616; 2Dept. of Horticulture, Michigan State Univ.,
East Lansing MI 48824.

A growth function was developed for describing the progression of shoot
elongation over time. While existing functions, such as the logistic function or
Richards function, can be fitted to most sigmoid data, we observed situations
where distinct lag, linear, and saturation phases were observed but not well rep-
resented by these traditional functions. A function was developed that explicitly
models three phases of growth as a curvilinear (exponential) phase, followed by
a linear phase, and terminating in a saturation phase. This function was found to
be as flexible as the Richards function and can be used for virtually any sigmoid
data. The model behavior was an improvement over the Richards function in cases
where distinct transitions between the three growth phases are evident. The model
also lends itself well to simulation of growth using the differential equation ap-
proximation for the function.
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081

A Three-phase Model of Poinsettia Shoot Elongation using
Flower Initiation Date as a Parameter

P.R. Fisher*L J.H. Lieth, and R.D. Heins?, 'Dept. of Environmental Horticulture,
Univ. of California, Davis, CA 95616; 2Dept. of Horticulture, Michigan State Univ.,
East Lansing, MI 48824.

Stem elongation of commercially produced flowering poinsettia (Euphorbia
pulcherrima L.) is often sigmoid. However, sigmoid mathematical functions tra-
ditionally used for representing plant growth fail to adequately describe poinset-
tia stem elongation when a shoot has a long vegetative growth period. A model
was developed that explicitly described three phases of poinsettia stem elonga-
tion: 1) the initial lag phase, where stem length increases approximately expo-
nentially; 2) a period when elongation is linear; and 3) a plateau phase, where
elongation rate declines to zero and stem length reaches an asymptotic maximum
length. The timing of the plateau phase was linked to flower initiation date. Fit of
the resulting model to data from single stem ‘Freedom’ poinsettia grown with
different periods between transplant and flower initiation had an R? of 0.99. Model
parameters had clear biological meaning, and the poinsettia model has horticul-
tural application for simulation and graphical tracking of crop height.

082

Optimization of Nitrogen Fertilization of Subirrigated Container-
grown Chrysanthemum using a Simulation Model

Mark V. Yelanich* and John A. Biernbaum, Dept. of Horticulture, Michigan State
Univ., East Lansing, MI 48824-1325.

A model constructed to describe nitrogen dynamics in the root zone of
subirrigated container-grown chrysanthemum was used to develop and test ni-
trogen fertilization strategies. The model predicts the nitrogen concentration in
the root zone by numerical integration of the rates of nitrogen applied, plant nitro-
gen uptake, and nitrogen movement to the medium top layer. The three strategies
tested were constant liquid N fertilization, proportional derivative control (PD)
based upon weekly saturated medium extraction (SME) tests, or PD control based
upon daily SME tests. The optimal concentration of N to apply using a single
fertilization concentration was 14 mol-m=3, but resulted in greater quantities of N
being applied than if PD controller strategies were used. The PD controllers were
better able to maintain the predicted SME concentration within 7 to 14 mol-m™3
optimal range and reduce the overall sample variability over time. Applying 14
mol-m~3 N at every irrigation was found to be an adequate fertilization strategy
over a wide range of environmental conditions because N was applied in excess
of what was needed by the plant.

083

Modeling Nutrient Uptake and Prolonged Use of Nutrient So-
lutions in Soilless Tomato Culture

Mohamed Benmoussa and Laurent Gauthier*, Dept. de genie rural, FSAA,
Universite Laval, Quebec, Quebec, Canada G1K 7P4.

In soilless culture, the buffering capacity of the root environment for nutrients
is low. This, combined with fluctuations of climatic factors and changes in nutri-
ent uptake rates, can lead to nutrient imbalances. In order to achieve high yield
and better quality, it is necessary to keep the nutrient concentrations in the root
environment at the target levels. This requires frequent analysis and adjustments
to the nutrient solution. Currently, leaching of the growing media or renewal of
the nutrient solution is commonly used to avoid accumulation or depletion of
nutrient in the root environment. However, this practice lowers the efficiency of
fertilizers and can lead to the contamination of the ground water. One way to
remedy to this problem is through the use of nutrients uptake models to track the
composition of the nutrient solutions. The objective of this study was to develop
such models. Such models can be used to maintain balanced nutrient solutions
for longer periods. This can lead to reduced leaching and improved fertilizer use
efficiency. Macronutrient (N, P, K, Ca, and Mg) uptake models were developed
for tomato plants grown in an NFT system using data collected from experiments
conducted in the Laval Univ. greenhouses. Analysis of the experimental results
showed that the main factors affecting nutrients uptakes are light and transpira-
tion.
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084

Integration of a Crop Growth Model in a Greenhouse Manage-
ment Software System

Hassan Zekki*, André Gosselin, and Laurent Gauthier, Dept. de genie rural, FSAA,
Universite Laval, Quebec, Quebec, Canada G1K 7P4.

In greenhouses, computerized climate control systems can be used to dy-
namically and automatically regulate climatic and environmental parameters. To
support such a mode of operation, a crop growth model that was developed for
greenhouse tomato plants (TOMGRO) was chosen. The model describes the phe-
nological development and increase in dry weight of various organs from plant-
ing till maturity under variable environmental conditions. The assimilate parti-
tioning is based on sink strength. A FORTRAN version of TOMGRO was con-
verted to the Smalltalk object-oriented programming environment. This model
was integrated into GX, a dynamic climate management software system that was
developed at Laval Univ. GX defines a general architecture that may accommo-
date different decision-making modules based on mathematical models and rule
bases. The TOMGRO model is being used to evaluate different production sce-
narios and will be used to calculate and predict crop growth rates, development,
and yields. The model can be used to perform real-time and seasonal cost—ben-
efit analysis and for the dynamic optimization of greenhouse climatic parameters.

085

Split-plot Analysis—Now and Then

George C.J. Fernandez*, Dept. of Agricultural Economics, Univ. of Nevada, Reno,
NV 89557-0107.

Split-plot design is a very popular experimental design in analyzing factorial
treatments in horticultural experiments. Two different sizes or types of experi-
mental units are assigned to main plot and the split-plot treatments. The SAS
procedure GLM with the TEST option is commonly used to analyze the split-plot
data by assigning the correct error term to test the main plot factor. In SAS GLM,
no option is available to compare the two main factors within a split-plot factor.
The CONTRAST tests and LSMEAN comparisons are valid only for comparing
split-plot factors within a main plot treatment. The main factor standard error
provided by the LSMEAN option is also incorrect. The new PROC MIXED proce-
dure available in SAS 8.08 or above can be used to correct these problems in
split-plot analysis. The analysis of split-plot experiments using the PROC MIXED
is presented here.

44  ORAL SESSION 10 (Abstr. 086—093)
Breeding/Fruits & Nuts (Temperate)

087

Potential for Noninfectious Bud-failure in ‘Carmel’ Almond Or-
chards in California

Dale E. Kester*, K.H Shackel, T.M. Gradziel, M. Viveros, and W.C. Micke, Dept.
of Pomology, Univ. of California, Davis, CA 95616.

The potential for noninfectious bud-failure in propagation source material for
‘Carmel’ almond in California has been determined in progeny tests from com-
mercial nursery sources. Percentage BF increased with time (temporal), but de-
creased in severity (spatial). Analysis of variability in nursery sources showed
that the key to successful selection for low BF potential is the individual tree,
although variability exists among nurseries, budsticks (within trees), and indi-
vidual buds (within budsticks). One-half of the individual trees of the nursery
population tested have produced BF progeny so far within the test period. Future
BF from the remainder was project by a BF model to be beyond the critical eco-
nomic threshold. Two low BF-potential single tree sources were identified for
commercial usage and progeny tests have started on an additional 19.

088
Genotype x Temperature Interaction during Germination of Sev-
eral Species of Prunus under Stratification
S. Pérez-Gonzdlez*, INIFAP-CENGUA, Prol. Zaragoza 408, Jardines de la Haci-
enda Querétaro, Qro, Mexico 76180.

Previous work has concluded that 7C is the optimum temperature for pro-
moting peach and apricot seed germination. However, these results were based
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only on genotypes from septentrional regions. The objective of this study is to
describe the behavior of a wider range of genotypes and species from temperate-
subtropical regions, as a background to detect potential germplasm sources for
adaptation to this environment. Seed samples from five species of Prunus were
evaluated during stratification at several temperature regimes: Ambient fluctuat-
ing from 810 16C, 7C, 10C, and 14 +1.5C, from 1993 to 1995. Seed germination
was monitored twice a week. Great differences were registered among species
and genotypes for both speed and percent germination within each temperature
treatment. With local species and genotypes germinating equally well and faster
at warm temperatures than previously reported. These results will provide an im-
portant screening tool when selecting for adaptation to local climates, and also as
a way to determine annual “winter quality,” in terms of chilling accumulation in
the southern distribution range of temperate fruit crops in the north hemisphere.

089

‘QAS-13’: A New Promising Cold-hardy Scab-resistant Apple
Selection

Raymond L. Granger, Y. Groleau?, C. Fortin', Gilles L. Roussellé?, and L.P.S.
Spangelo®, 1Agriculture and Agri-Food Canada, Horticultural R&D Centre, 430
Grouin Blvd., St-Jean-sur-Richelieu, Quebec, Canada J3B 3E6; 2Agriculture and
Agri-Food Canada, Research Branch, 930 Carling Ave., Ottawa, Canada K1A 0C5;
31710 Spruce Wood Place, Victoria, BC, Canada V8N 1H3.

‘QAS-13' is an advanced apple selection that has a proven performance and
is in the process of becoming a new cultivar that carries the Vfgene for resistance
to apple scab (Venturia inaequalis Cke. Wint.) derived from ‘Malus floribunda
821", It combines field immunity to scab and cold tolerance under Quebec cli-
mate and soil conditions. The Ott.521 (Melba x 11-51) x ‘Spartan’ cross was
made in Ottawa in 1968. The fruits are very attractive and exhibit a smooth and
shiny finish somewhat similar to that of ‘Spartan’. Their glossy, medium- to dark-
red color is slightly striped over a greenish-yellow background and covers up to
85% of the fruit surface. Their picking season coincides with that of ‘Spartan’,
which is =1 week before that of ‘Red Delicious'. They are round-oblate to oblate
in shape with an average diameter of 70 to 75 mm and weigh =140 g/fruit. The
skin is smooth, thin, and moderately tough, with widely spaced conspicuous
beige lenticels. Both the stem and calyx cavities are fairly deep. The stem re-
sembles that of ‘MclIntosh'. the ‘QAS-13' apples keep better than ‘McIntosh’ apples
both in CA and air storages. Taste panelists have consistently ranked the ‘QAS-
13" apples above ‘Mclintosh’ apples both at harvest and after storage. The ‘QAS-
13' trees are less vigorous than those of ‘MclIntosh’, but more productive. How-
ever, they have exhibited a slight susceptibility to frog eye leaf spot ( Botryosphaeria
obtusa) similar to that of ‘MclIntosh’.

090

Effect of Fruit Maturity on Bitter Rot of Apple

Y. Shi*, C. Rom?, and J.C. Correlf?, Depts. of *Horticulture and ?Plant Pathol-
ogy, Univ. of Arkansas, Fayetteville, AR 72701.

The susceptibility of five apple cultivars to bitter rot was examined by inocu-
lating fruit with multiple isolates of Colletotrichum gloeosporioides and C.
acutatum. Fruit were inoculated at three maturity dates in 1994. Fruit maturity
was analyzed for firmness, soluble solids, and acidity. ‘Smoothee’ and ‘Red Rome’
were wounded-inoculated by placing 0.1 ml of inoculum (106 conidia/ml) into
wounds while ‘Granny Smith’, ‘Golden Delicious’, and ‘Red Delicious’ were in-
oculated by spraying unwounded fruit with inoculum until runoff. Free moisture
was maintained on fruit for 15 h by enclosing fruit in a plastic bag. Bitter rot was
quantified by counting lesion number and measuring lesion diameter. In general,
more-mature fruit had a higher number and larger lesions than younger fruit.
Lesion diameter was highly correlated with increased fruit soluble solids (r=0.76)
and decreased firmness (r = —0.77). The results indicate that fruit susceptibility
increases as fruit ages. Differences in susceptibility were observed among apple
cultivars and differences in virulence were observed among bitter rot pathogens.

091
Phylogenetic Studies on Prunus Species by DNA Fingerprints
Masao Yoshida*Z, T. ShimadaZ, and M. Yanaguchi?, 1Faculty of Agriculture, Kobe
Univ., Nada, Kobe, Japan 657; 2Fruit Tree Research Station, Kobe, Japan.
Twenty-eight Prunus species were examined in order to survey their genetic
diversity. Genomic DNA was extracted from 36 varieties and used for the template
DNA of PCR. DNA fingerprints were generated by random primers or semi-ran-
dom primers, some primers consensus to the repeated units as telomers, and
three sets of sequence-tagged primers specific to domains of chloroplast DNA
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(psbA, rbcL-ORF106, atpB-rbcL). PCR products generated from these three do-
mains were digested by 12 restriction enzymes. RFLPs were detected among va-
rieties and subjected to the UPGMA. Thirty-six varieties were classified approxi-
mately into two groups: “Plum group” and “Cherry group.” It was inferred that
these two groups were divided in old time. P. fomentosa, P. japonica, P. glandurosa,
and P. besseyi, which are classified into the cherries, showed the same fingerprint
patterns from chloroplast DNA of the plum group; plums and cherries have a large
genetic diversity. It was supposed that the diversity of plums depended on nuclear
DNA, besides the diversity of cherries on both nuclear and chloroplast DNA.

092
Genetic Relationships of Diploid Plums Based on RAPD Poly-
morphisms
Unaroj Boonprakob* and David H. Byrne, Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, TX 77843-2133.

Diploid plums such as Prunus salicina, P. simonii, P. cerasifera, P. americana,
P. angustifolia, P. mexicana, and their hybrids have a high level of RAPD poly-
morphisms. Of 71 successfully used primers, there are 417 reproducible RAPD
markers and only 55 (13%) markers are not polymorphic. Genetic relationships
of these diploid plums based on RAPD data is estimated using genetic distance
(GD) defined as GD;; = 1 - Sij, where S;; is similarity coefficient. Two similarity
coefficients, Jaccard's and simple matclning coefficient, are compared. Simple
matching always yields higher similarity coefficients. Genetic distance within and
between each gene pool: California, southeastern U.S., foreign, is estimated.
Genetic distances of these diploid plums ranged from 0.32 to 0.68, and agreed
well with the natural geographic distribution of the species. The cluster analysis
using unweighted pair-group methods using arithmetic averages (UPGMA) was
used to construct phenograms to summarize the relationships among these cul-
tivated diploid plums and plum species.

093

Heritability, Genetic, and Phenotypic Correlations of Several
Peach Traits

Valdomiro A.B. de Souza*, David H. Byrne', and Jeremy F. Taylor?, 'Dept. of
Horticultural Sciences and 2Dept. of Animal Science, Texas A&M Univ., College
Station, TX 77843-2133.

Heritability estimates are useful to predict genetic progress among offspring
when the parents are selected on their performance, but they also provide infor-
mation about major changes in the amount and nature of genetic variability through
generations. Genetic and phenotypic correlations, on the other hand, are useful
for better planning of selection programs. In this research, seedlings of 39 fami-
lies resulting from crosses among 27 peach [Prunus persica (L.) Batsch] culti-
vars and selections were evaluated for date of full bloom (DFB), date of ripening
(DR), fruit period development (FDP), flower density (FD), node density (ND),
fruit density (FRD), fruit weight (WT), soluble solids content (SS), apical protu-
berance (TIP), red skin color (BLUSH), and shape (SH) in 1993 and 1994. The
data were analyzed using the mixed linear model. The best linear unbiased pre-
diction (BLUP) was used to estimate fixed effects and predict breeding values
(BV). Restricted maximum likelihood (REML) was used to estimate variance com-
ponents, and a multiple-trait model to estimate genetic and phenotypic covari-
ances between traits. The data indicates high heritability for DFB, DR, FDP, and
BLUSH, intermediate heritability for WT, TIP, and SH, and low heritability for FD,
ND, FRD, and SS. They also indicate year effect as a major environmental compo-
nent affecting seedling performance. High correlation estimates were found between
some traits, but further analysis is needed to determine their significance.

45 ORAL SESSION 11 (Abstr. 091-100)
Nutrition/Floriculture

094
Influence of Fertilizer Rregime on Leaf Chlorosis/Necrosis of

Two Varieties of Chrysanthemum
Trinidad Reyes*, Terril A. Nell , and James E. Barrett, Dept. of Environmental
Horticulture, Univ. of Florida, Gainesville 32611.

‘Tara' and ‘Boaldi’ were fertilized with 150 and 450 ppm from 20N-4.7P—
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16.6K soluble fertilizer and moved at flowering to postproduction conditions (21
+2C and 10 pmol-m=2-sY), Shipping was simulated for 1 week at 26C. ‘Tara’
exhibited burned leaf margins (necrosis) and chlorosis following shipping. At
150 ppm, leaves had brown, dried margins, but the damage did not progress
indoors. Necrosis was worse at 450 ppm. Leaf chlorosis/necrosis of non-shipped
plants at the 450 fertilizer level did not appear until the 3rd week indoors. At
experiment termination, no leaf damage occurred in non-shipped ‘Tara’ or ‘Boaldi’
with 150 ppm. ‘Boaldi’ did not show damage after shipping regardless of the
treatment but symptoms (necrosis and wilting of leaves) evolved during the first
2 weeks indoors on plants fertilized with 450 ppm. A 50% reduction in root soluble
carbohydrates was found at the highest fertilizer rate at flowering, suggesting that
leaf chlorosis/necrosis is related to carbohydrate depletion in chrysanthemum.

095

Aluminum Amendments Increase Retention of Triple Super-
phosphate-P in Soilless Container Media

Kimberly A. Williams*and Paul V. Nelson, Dept. of Horticultural Science, North
Carolina State Univ., Raleigh, NC 27695-7609.

Soilless container medium components such as peatmoss and perlite have
almost no capacity to retain PO,-P, and preplant amendments of triple super-
phosphate (TSP) are readily leached. Al amendments were tested to reduce P
losses from these media. Al(SO,), solutions at rates of 320 and 960 Lg Al/cc
were applied to a 70 peat : 30 perlite medium and dried at 70C. Adsorption iso-
therms were created at 25C for the Al,(SO,),-amended media and an unamended
control using solutions of Ca(H,PQ,), at concentrations of P ranging from 0 to
500 pg-mlL. Isotherms showed that P retention increased as Al concentration
increased. In a greenhouse study, Dendranthemaxgrandiflorum‘Sunny Mandalay'
was grown in these media with 100 g P/m? from TSP incorporated into the mixes
before planting. PO,-P, soluble Al, and pH were determined on unaltered me-
dium solutions collected throughout the cropping cycle and foliar analyses were
determined on tissue collected at mid- and end-crop. The highest rate of Al was
excessive and resulted in low pH and soluble Al levels in the medium solution
early and in the cropping cycle, which were detrimental to plant growth. When Al
was applied at 320 pg/cc, soluble Al levels in medium solution were not signifi-
cantly higher than in the unamended control, PO,-P leached from TSP was re-
duced, and sufficient PO,-P was released throughout the cropping cycle to result
in optimal plant growth.

096
Persistence and Replacement of Preplant Fertilizers from
Highly Leached Peat-based Root Media
John A. Biernbaum*, William R. Argo, Brian Weesies, Allen Weesies, and Karen
Haack, Dept. of Horticulture, Michigan State Univ., East Lansing, MI 48824-1325.
A series of experiments was conducted to quantify the rate of nutrient loss
from a container medium in a 15-cm-wide (1.3-liter) pot with a container capac-
ity (CC) of 0.7 liter/pot under mist propagation and to determine the effectiveness
of reapplying fertilizer to medium at 90% of CC with either top watering or
subirrigation. Reducing the volume of water applied per day decreased the rate of
nutrient leaching. Based on CC leached (CCL), the rate of nutrient loss was simi-
lar for all treatments. Differences in the rate of macronutrient removal from the
media were measured, but, by 2 CCL, the concentration of all nutrients tested was
below acceptable levels for the saturated media extract. With top watering, reap-
plying water-soluble fertilizer (WSF) at volumes under 0.2 liter/pot did not affect
the nutrient concentration in the lower half of the pot at WSF concentrations up to
86 mol N/m?. Applying up to 0.8 liter/pot did increase nutrient concentrations in
the lower half of the pot, but the media nutrient concentrations were lower than
that of the applied WSF concentration. Applying WSF with subirrigation was lim-
ited by the moisture content of the media prior to the irrigation.

097

Effect of Lime, Irrigation Water Quality, and Water-soluble Fer-
tilizer on pH and Macronutrient Management of Peat-based
Root Media

William R. Argo* and John A. Biernbaum, Dept. of Horticulture, Michigan State
Univ., East Lansing, MI 48824-1325.

Impatiens were planted into peat-based media containing two dolomitic lim-
ing materials [Ca(OH),-Mg(OH), at 1.8 kg-m=3 or CaC0,-MgCO0, at 8.4 kg-m~
%] and subirrigated for 17 weeks using four irrigation water qualities (IWQ) with
varied alkalinity, Ca*, Mg?, and SO,-S content and three water-soluble fertiliz-
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ers (WSF) with varied NH,:NO, ratio, Ca?*, Mg?, and SO,-S content. After 8
weeks, medium pH ranged from 4.5 to 8.5. Lime type did not affect the long-term
increase in medium pH, Ca%*, and Mg?* concentrations with IWQ/WSF solutions
containing low NH,-N and high Ca®* and Mg?* concentrations. The carbonate
lime did buffer the medium pH, Ca?*, and Mg?* concentrations with IWQ/WSF
solutions containing high NH,-N and low Ca2* and Mg?* concentrations. With
both lime types, there was a linear increase in tissue Ca and Mg as the applied
concentrations increased from 0.5 to 4.0 mol-m=3 Ca?* and 0.3 to 3.0 mol-m~2
Mg?* with the various IWQ/WSF. The relationship was similar for both lime types
up to week 8, after which tissue Ca and Mg decreased with the hydrated lime and
low solution Ca?* and Mg?*. Relationships were also developed between the ap-
plied SO,-S concentration and tissue S and medium pH and tissue P.

098

Controlled-release Fertilizer and Constant Media Moisture Af-
fects the Growth of a Salt-sensitive and Salt-tolerant New
Guinea Impatiens Cultivar

Darren L. Haver*and Ursula K. Schuch, Botany and Plant Science Dept., Univ. of
California, Riverside, CA 92521.

Salt-sensitive (‘lllusion’) and salt-tolerant (‘Blazon’) New Guinea impatiens
cultivars were grown for 70 days with a controlled-release fertilizer at 3.3, 6.6, or
9.9 g/pot under constant media moisture of 1-3 kPa or 4—6 kPa. Optimum growth
for both cultivars occurred using 6.6 g/pot and a media moisture level of 1-3
kPa. The leaf area (LA), leaf number (LN), leaf dry weight (LDW), stem dry weight
(SDW), and root dry weight (RDW) were significantly reduced at 9.9 g/pot in
‘MNusion’, with values similar to those at 3.3 g/pot. LDW, SDW, RDW, LA, and LN
were similar for 6.6 g/pot and 9.9 g/pot in ‘Blazon'. At 4—6 kPa LDW, SDW, RDW,
LA, and LN decreased from low to high in ‘Illusion’. LA in ‘Blazon’ also decreased
from low to high, but LDW, SDW, RDW, and LN were unaffected. Media EC levels
were greater in the upper half of the media regardless of moisture level. EC values
as high as 7.3 dS-m~ in the upper half of the media and as high as 5.2 dS-m™!
in the lower half of the media were measured without causing plant mortality.

099

Response of New Guinea Impatiens to Various Levels of Sa-
linity in a Subirrigation System

Nancy K. Todd* and David Wm. Reed, Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, TX 77843-2133.

Concerns over groundwater contamination due to greenhouse runoff have
caused many growers to turn to subirrigation as an alternative watering method.
One reported problem is the movement of salts to the top layer of the rootzone
due to zero leaching. Many growers are faced with the added challenge of
subirrigating plants with poor-quality water than contains a high salt content be-
fore the addition of fertilizer. An experiment was conducted to investigate the
movement of salts in the root zone and the effects on root development and over-
all plant growth. Plants were grown using water treated with NaCl + CaCl, (1.1
equivalent basis) at the following total concentrations: 0, 2, 4, 6, 8, 10, 14, and 18
mM. Treatment time was 10 weeks (marketable stage). At harvest, height was
measured and plants were cut off at the soil line and divided into shoots (stems
and leaves) and roots for fresh and dry weight. Leaf area was measured. The root
zone was divided into three layers—top, middle, and bottom (=3 cm each). Roots
were separated from each soil layer and soil samples collected for measuring EC
and pH using 1.2 dilution. Soil samples showed EC in the top layer of the root
zone was much higher than the middle and bottom layers. Root weight also de-
creased substantially in the top layer of the root zone. Height, FW, DW, and leaf
area of plants did decrease with increasing salt concentration, indicating that the
detrimental effects of poor-quality water on subsequent plant growth, especially
in a subirrigation system.

100

Effects of Fertilizers, Salinity, and Medium on Growth of

Phalaenopsis Orchid

Yin-Tung Wang*, Dept. of Horticultural Sciences, Texas A&M Univ. Agricultural

Research and Extension Center, 2415 East Hwy. 83, Weslaco, TX 78596.
Seedling Phalaenopsis (P. Taisuco Eagle x P. Taisuco Rose) plants with an

8- to 10-cm leaf span were grown in 10-cm pots filled with a medium consisting

of 70% fine fir bark and 30% peatmoss (by volume). Plants were given (in N—

P,0-—K,0) 10-30-20, 15-10-30, 15-20-25, 20-5-19, 20-10-20, or 20-20—

20 fertilizers at the 100 or 200 mg N/liter rate. Pots were leached with water
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following every two fertigations. After 7 months, leaf span, leaf size, total leaf
area, and fresh weight were not affected by fertilizer type. The differences in leaf
numbers were small. The higher rate of fertilizer resulted in plants with wider leaf
span (32.8 vs. 28.5 cm), more (5.5 vs. 4.8), larger (103 vs. 89 cm?) leaves, and
greater total leaf area (355 vs. 275 cm?) than did the lower rate. In another experi-
ment, similar plants with a leaf span of 15 to 18 cm were grown in 10-cm pots
with 100% fine fir bark or a mixture of 80% fine fir bark and 20% peatmoss. They
were fertigated with water having an EC - 0.05, 0.40, 0.75, 1.10, or 1.40 dS-m™*
containing 1 g-liter~ 20~20-20 fertilizer three times and then drenched with
their respective water containing 0.6 g-liter* Ca NO,),-4H,0. After 11 months,
water salinity did not affect the date of spiking. Plants receiving water with EC =
1.10 dS-m~* had more leaves and spikes than other treatments. Plants in the
bark/peatmoss mix began spiking earlier, had more leaves (6.7 vs. 5.7), and more
inflorescences (1.9 vs. 1.5) than those in 100% bark. There was no salinity x
medium interaction in all the parameters recorded.

100A
Phytotoxicity and Plant Growth Regulation Associated with In-
secticidal Dipping of Rooted Poinsettia Cuttings
Michelle L. Bell*, James R. Baker, and Douglas A. Bailey, Dept. of Horticultural
Science and Entomology, North Carolina State Univ., Raleigh, NC 27695.
Potential phytotoxicity and plant growth-regulating activity of insecticidal dips
for poinsettias was investigated by dipping, then growing unpinched, rooted cut-
tings of ‘Red Sails', ‘Freedom’, and 'V-14 Glory' in the following insecticidal emul-
sions for five durations: 2% insecticidal soap (Safer's), 2% horticultural oil
(Sunspray Ultrafine), fluvalinate (Mavrik Aquaflow), oxythioquinox (Joust),
kinoprene (Enstarll), azadirachtin (Margosan-0), fenoxycarb (Precision), and an
oil-carrier formulation of Beauveria bassiana (Naturalis-L). Dips in soap,
oxythioguinox, Naturalis-L, and oil were phytotoxic to all three cultivars. Also,
kinoprene and fenoxycarb were phytotoxic to ‘Red Sails'. At dip durations of 10 s
and greater, soap, Naturalis-L, and oil were phytotoxic. Oxythioguinox was phy-
totoxic at durations of 1 min, 15 min, and 1 h. Only fluvalinate was not phytotoxic
as a 4-h dip. After 2 weeks, plants dipped in oxythioquinox, Naturalis-L, and oil
were stunted. By week 4, differential cultivar effects were seen: six dips (all but
fluvalinate and azadirachtin) stunted growth of ‘Red Sails’, whereas only Naturalis-
L and oil retarded growth of 'V-14 Glory'. Six weeks after treatment, growth of all
cultivars was stunted by oxythioquinox, Naturalis-L, and oil, but was not retarded
by fluvalinate or azadirachtin. Dip duration significantly affected growth by weeks
4 and 6, when all durations of Naturalis-L and oil reduced growth. Additionally,
4-h dips of oxythioquinox and kinoprene stunted plants after 4 weeks, and 1- and
4-h dips of oxythioquinox, kinoprene, and fenoxycarb adversely affected growth
after 6 weeks.

46 ORAL SESSION 12 (Abstr. 101-108)
Growth Regulators/Fruits & Nuts

101

Improving Fruit Firmness and Reducing the Need for Hand-
thinning in Peach by using Sprays of Release® LC

Stephen M. Southwick*, James T. Yeager, and Kitren G. Weis, Dept. of Pomol-
ogy, Univ. of California, Davis, CA 95616.

‘Loadel cling peach [Prunus persica (L.) Batsch] trees were sprayed with
Release® LC (Abbott Laboratories, North Chicago, Ill.) in 1993. Preharvest (har-
vested 16 July) sprays of 50, 75, 100, and 120 ppm applied on 15 June improved
fruit firmness without altering fruit maturity (flesh color by commercial standards)
in 1993. In the following 1994 season, flower number per centimeter of shoot
length was reduced by sprays ranging from 50 to 120 ppm applied on 15 June
and 9 July. No hand-thinning was required on trees treated on 15 June. Trees
treated 9 July had 50% fewer fruit removed than on untreated trees, where more
than 3000 fruit were removed by hand-thinning. Salable yield was higher than
untreated control trees where Release® LC had been applied at 50 ppm on 15
June and 9 July. Fruit size equaled those of hand-thinned controls. As concentra-
tion increased on 15 June, salable yield decreased linearly. Fruit size (diameter
and individual weight) increased with reductions in salable yield. Interestingly,
fruit were evenly distributed along shoots after Release® LC treatment, similar to
those found after hand-thinning. Release® LC will be available for commercial
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chemical thinning of stone fruit in California during 1995. Additional results from
peach and other stone fruit will be presented.

102

Bloom Thinning of Peach, Nectarine, and Apricot

Max Williams*, USDA, Agricultural Research Service, 1104 N. Western Ave.,
Wenatchee, WA 98801.

Chemicals being tested for bloom thinning of apples are effective for bloom
thinning of stone fruit. Sulfcarbamide (Wilthin) and Endothall applied to peaches,
nectarines, and apricots at 90% of bloom open reduced fruit set by 50%. Fruit
size and quality of crop were improved. Slight phytotoxicity occurred on leaves
and twigs, but no injury occurred on fruit. Two years of data will be presented and
comparisons will be made with other new thinning agents.

104

Effect of Concentration and Time of Accel Application on Crop-
ping of Selected Cultivars

Jerome Hull, Jr.*, Martin J. Bukovac, and Brent L. Black, Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824.

The effect of Accel concentration and time of application on fruit size and
yield was studied using ‘Delicious’ (Redchief), ‘Empire’, ‘Jonathan’, and ‘Gala’.
High-volume sprays of Accel were applied at 25 to 150 mg-liter! to ‘Delicious’
and ‘Empire’ at king fruit diameter (KFD) of 5 to 20 mm. ‘Jonathan’ and ‘Gala’ were
treated at KFD of 5 to 20 mm with 10 to 40 g/A. The effect of spray volume (500 to
2000 liters-ha~t) and surfactant (Regulaid) was studied using ‘Jonathan’. Re-
sponse was indexed by yield and fruit size distribution at harvest. Although yield
in ‘Delicious’ was reduced with all concentrations of Accel, the percentage of
fruits in the larger-size classes (3"+) was not significantly increased. In contrast,
with ‘Empire’, Accel reduced fruit load similar to hand-thinning (HT) and percent-
age of large fruit equaled or exceeded that of the HT treatment. Increasing con-
centration of Accel was related to an increase in fruit size; early application (5 mm
KFD) was more effective than late (10, 20 mm KFD) application. There was no
significant effect of spray volume or Regulaid. Increasing Accel rate (10 to 20 g/
A) resulted in significant yield reduction and increase (4% to 9%) in mean fruit
weight in ‘Gala’.

105

Interaction of NAA with Accel and Promalin on Fruit Size in
‘Delicious’ and ‘Empire’ Apples

Martin J. Bukovac*, Brent L. Black, and Jerome Hull, Jr., Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824.

NAA and Accel are used for fruit thinning of apples. However, when com-
bined, many small (<65 mm) fruit were produced in ‘Delicious’. We extended our
studies using Redchief ‘Delicious’ and ‘Empire’, and, since BA is common to both
Accel and Promalin, to study the effect of NAA-thinning sprays on Promalin-
treated Redchief trees. NAA (10-15 mg-liter?) and Accel (25-100 mg-liter?)
were applied to Redchief and ‘Empire’ at 100-mm king fruit diameter (KFD). NAA
interaction with Promalin was studied using Redchief. Promalin (1.5 pt/A) was
applied as a single spray (80% king bloom, KB) and as a split application (0.75
pt/A, 80% KB and repeated at 10-mm KFD) with NAA (15 mg-liter-t) at 10-mm
KFD. In ‘Delicious’, 2% to 9% of the fruit from Accel-treated trees was <65 mm in
diameter, compared to 11% for NAA alone. However, when NAA was applied with
Accel, 22% to 30% of the fruit was <65 mm and percentage of large fruit (75
mm+) was reduced by 24% to 36%. There was no strong interaction for fruit size
in ‘Empire’, but the combination decreased yield. NAA applied to Promalin-treated
‘Delicious’ increased percentage of small fruit dramatically (14% to 25%). No
increase in small fruit was observed with Accel of Sevin.

106

Growth Response of Apple Fruit to NAA and Accel: Effect of
Intraspur Competition and Position on a Spur

Brent L. Black*, Martin J. Bukovac, and Matej Stopar, Dept. of Horticulture, Michi-
gan State Univ., East Lansing, MI 48824-1325.

Apple fruit size is influenced by position on the spur, and location and num-
ber of competing fruits. King fruit appear to have the greatest potential to size and
grow best in the absence of intraspur fruit competition (ISFC). Accel (A) and
NAA (N), commercial thinning chemicals, influence fruit size beyond their effects
on crop load. A 2-year study was conducted to determine the effect of ISFC and
position (king, K, or lateral, L) on fruit growth in response to A and N. Branches
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from ‘Redchief Delicious’ were thinned, after petal fall, to one K, one L, one K +
one L, or two L fruits per spur. Whole-tree treatments of N (15 mgeliter%), A (50
mg-litert, 1993; 25 mg-liter-t), and a combination (N+A) were applied at 10-
mm king fruit diameter. A nontreated control was included. In 1993, N and N+A
reduced fruit size only with ISFC, while A increased fruit size in the absence of ISFC.
In 1994, A had no effect, but N and N+A reduced fruit growth with ISFC. In both
seasons, A and N decreased the frequency of spurs bearing multiple fruit, while
N+A dramatically increased number of spurs with multiple fruits (branch survey).

107

‘Empire’ Apple Responses to Fruit-thinning Chemicals

Warren C. Stiles*, Dept. of Fruit & Vegetable Science, Cornell Univ., Ithaca, NY
14583.

Effects of NAA at 5, 10, and 15 ppm, Accel at 50, 75, and 100 ppm, NAA at 7.5
ppm plus carbaryl at 600 ppm, and a nontreated control on fruit set, fruit size,
length—diameter ratio, seed numbers per fruit, and total yield of fruit were evalu-
ated during the 1994 season. All treatments were applied to 10-year-old ‘Empire’/
M.9/MM.111 trees as dilute sprays at a rate of 935 liters-ha~* with an airblast
sprayer on 3 June. King fruit measured 9—11 mm in diameter at time of applica-
tion. Fruit set (fruits per 100 blossom clusters) was reduced significantly by Accel
at 50 ppm (17%) and by NAA plus carbaryl (26%) in comparison with the
nontreated control. Total yield of fruit was increased by all treatments; however,
fruit from trees treated with NAA plus carbaryl was significantly larger than that
from all other treatments. Percentages of small fruit, <108 g, were reduced by all
treatments. Percentage of fruit > 153 g was increased significantly only by NAA plus
carbaryl. Length—diameter ratios and numbers of fully developed seeds per fruit
were not influenced significantly by treatments. NAA at rates of 5, 10, and 15
ppm, or Accel at 50, 75, or 100 ppm, were less effective than a combination of
NAA at 7.5 ppm plus carbaryl at 600 ppm in reducing fruit set and in affecting
fruit size or fruit size distribution.

108

Response of Several Apple Cultivars to Thinning Sprays of
Benzyladenine, NAA, Carbaryl, and Combinations Thereof
F.G. Dennis, Jr.*, Dept. of Horticulture, Michigan State Univ., East Lansing, MI
48824-1325.

In 1994, benzyladenine (BA, formulated as Accel, containing 1.8% BA and
0.18% GAW) was evaluated as an apple fruit-thinning agent. Naphthaleneacetic
acid (NAA, 10 ppm) and carbaryl (60 g-liter™) were also used, as well as combi-
nations of these chemicals with BA. Whole trees were treated with either an airblast
sprayer or a hand gun, BA being used at 15-20 g/acre. Good responses to BA
were obtained in one of two trials, with both ‘Empire’ and ‘Gala’, but ‘Jonagold’
and ‘Jonathan’ were not responsive (one trial each). In general, response to NAA
and carbaryl was more consistent. In only one orchard (‘Gala’) did BA appear to
increase fruit size without reducing crop load. Combinations of BA with NAA or
carbaryl were generally no more effective than one chemical alone, but such com-
binations overthinned in one experiment with ‘Empire’.

47 ORAL SESSION 13 (Abstr. 109-114)
Postharvest Physiology/Vegetable Crops

109

Pungency and Sugar Changes in ILong-day Onions Due to Dif-
ferent Storage Times and Temperatures

Bhimanagouda S. Patil* and Bill B. Dean, Irrigated Agriculture Research and Ex-
tension Center, Washington State Univ., Rt. 2, Box 2953-A, Prosser, WA 99350-
9687.

Twenty-four genotypes of ‘Walla Walla’ sweet onion (Allium cepaL.) grown
in two locations were evaluated for several characteristics associated with bulb
flavor and storage losses. The range of pyruvic acid content in bulbs stored (at
5C and 65-75% RH) for 0, 2, and 4 months were 3.4-7.54, 3.48-18.81, and
3.92-12.61 (umol-g), respectively, among different genotypes. Bulb quality of
several genotypes decreased during storage, as indicated by lower total sugar
concentration (fructose, glucose, and sucrose) and greater pungency. At 5C after
4 months of storage, the range of marketable bulbs (percent by weight) was 31%
to 89% among genotypes; however, at 15C, only two genotypes survived with
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60% marketable bulbs. Pungency and sweetness changed independently during
storage. Pyruvic acid was not correlated (r=0.038) with the percentage of mar-
ketable bulbs remaining after 4 months of storage. In comparison with the short-
day sweet onions (*Vidalia' and ‘Texas Grano 1015Y), ‘Walla Walla’ sweet onions
showed two-fold higher sugar : pungency ratio among genotypes.

110

Changes in Onion Bulb Quality during Storage of Short- and
Long-day Cultivars

David E. Kopsell*and William M. Randle, Dept. of Horticulture, Univ. of Georgia,
Athens, GA 30602-7273.

Short-day (SD) and long-day (LD) cultivars of onion (Allium cepaL.) repre-
senting various storage and flavor characteristics were greenhouse-grown to
maturity. Bulbs were harvested and cured, then stored at 4C and evaluated monthly
for pyruvic acid concentration (EPY), soluble solids content (SCC), and weight
loss (WL). The EPY of ‘Dehydrator #3' (SD) decreased linearly with storage while
EPY of ‘Granex 33' (SD) increased linearly. The EPY of ‘Zenith’ (LD) had a qua-
dratic response, decreasing then increasing during storage, while EPY of ‘Sweet
Sandwich’ (LD) increased then decreased quadratically during storage. Cultivar
SSC generally decreased, while WL increased during storage.

11

Electronic Sensing of Melon Ripeness Based on Volatile Gas
Emissions

Amots Hetzroni, Denys J. Charles, and James E. Simon*, Center for New Crops
& Plant Products, Purdue Univ., West Lafayette, IN 47907-1165.

A nondestructive electronic sensory system (electronic sniffer) that responds
to volatile gases emitted by fruit during ripening was developed. It is based upon
a single semi-conductor gas sensor placed within a rigid plastic cup equipped
with a gas inlet to flush the head between samples. This gas sensor reacts with
the range of reductive gases such as the aromatic volatiles that are naturally emit-
ted by the ripening melon fruit. The sensor cup is placed on the exterior of the
fruit and the change in electrical conductivity is recorded. In 1994, we examined
the electronic sniffer as a tool to nondestructively determine ripeness in ‘Super-
star’, ‘Mission’, and ‘Makdimon’ melons. Fruits were manually classified into five
ripeness stages based on external appearance and slip stage. Melons were first
sampled nondestructively for color, weight, size, and slip stage, and then sub-
jected to the electronic sniffer. Then, fruit volatiles, flesh firmness, and total soluble
solids were measured. The electronic sniffer was able to accurately classify mel-
ons into three ripeness classes: unripe, half-ripe, and ripe for ‘Superstar’ and
‘Mission’. The sniffer was only able to separate ripe from over-ripe in ‘Makdimon’,
which is known to become over-ripe and deteriorate rapidly. Using the sniffer as
a tool to nondestructively measure ripeness and its potential application in fruit
quality will be discussed.

112

Enhancing Ripening Characteristics of “Netted” and ‘Honey-
dew”-type Melons

Krista C. Shellie*! and David Wolf, YUSDAJARS, 2301 S. International Blvd.,
Weslaco, TX 78596; 2Texas A&M Research and Extension Center, Weslaco, TX
78596.

“Netted” (Cucumis melovar. reticulatus Naud.) cantaloupes typically abscise
when mature, and have a shorter postharvest life than “Honeydew” (Cucumis
melo var. inodoris Naud.) -type melons. The amount of ethylene and carbon di-
oxide produced by two cantaloupe genotypes (slipping), one Honeydew geno-
type (non-slipping), and the F, hybrids derived from the slipping x non-slipping
genotypes were measured during ripening to understand the genetic control of
ethylene and fruit abscission. Sterile, nondestructive gas sampling ports inserted
into 20-day-old fruit were used to extract samples from the central cavity of the
melons and monitor ethylene and carbon dioxide from day 30 until the fruit was
horticulturally mature. Honeydew melons had a lower rate of respiration during
maturation and ripening than Netted melons, and Netted melons produced 10-
fold more ethylene during ripening than Honeydew types. F, fruit produced ethyl-
ene at levels similar to the Netted parent, abscissed 2 to 4 days later than the
Netted parent, yet respired during maturation and ripening like the Honeydew-
type parent. Ethylene production, respiration, and abscission appear to be con-
trolled by dominant gene action.
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114
Controlled-atmosphere Storage of Shredded Carrots
Hidemi Izumi*., Nathanee P. K¢?, and Alley E. Watada? ‘Faculty of Biology-
Oriented Science and Technology, Kinki University, Naga, Wakayama 649-64
Japan; 2Horticultural Crops Quality Lab., USDA/ARS, Beltsville, MD 20705-2350.
Quality and physiology of carrot shreds were monitored during storage in air,
low O, (0.5%, 1%, and 2%), or high CO, (3%, 6%, and 10%) at 0, 5, and 10C to
evaluate the response to controlled-atmosphere (CA) storage. Oxygen uptake and
CO, production from respiration were reduced under low-0, or high-CQ, atmo-
sphere, the reduction being greater at lower O, and higher CO, levels. The respi-
ratory quotient was about 1 with samples in air, more than 1 in low-0,, and less
than 1 in high-CO, atmosphere during storage at all temperatures. No differences
were found in ethylene production, which were less than 0.2 pl-kg~t-h=! with all
samples. The CA containing 0.5% O, and 10% CO, reduced weight loss and
formation of white-colored tissue and decreased pH, but did not affect microbial
count and texture at all temperatures. Off-odor and black root rot were not de-
tected in both CA and air atmospheres.

48 ORAL SESSION 14 (Abstr. 115-122)
Crop Protection/Cross-commodity

115

Techniques for Inoculation of Guayule Seedlings with Two Soil-
borne Pathogens

J.O. Kuti*, G.V. Latigo?, and J.0. Bradforc?, Horticultural Crops Research Labo-
ratory, Dept. of Agronomy and Research Science, Texas A&M Univ., Kingsville,
TX 78363; 2USDA, ARS, CPSR, Weslaco, TX 78956.

Soil-borne pathogens such as Macrophomina phaseolina(the causative agent
of charcoal rot) and Phymatotrichum omnivorum (the causative agent of cotton
root rot) contribute to mortality of transplanted guayule (Parthenium argentatum,
Gray) seedlings in southern Texas. In order to select guayule genotypes for resis-
tance to these pathogens, it would be useful to develop reliable greenhouse in-
oculation procedures for screening guayule seedlings. Twelve-week-old guayule
seedlings ('11591', a USDA standard breeding line) were inoculated using two
inoculation methods (soil-drenching and root-dipping) in two soil media (field
soil and commercial soil mix). Plants were rated for disease severity 2 to 5 months
after inoculation and pathogens were re-isolated from diseased plants to estab-
lish Koch postulates. The soil drenching technique, using field soil, caused rapid
development of disease symptoms that were consistent with re-isolation frequen-
cies of pathogens from the diseased plant tissues.

116

Transgenic Resistance to Virus Diseases in Squash and Can-
taloupe

George H. Clough*and Philip B. Hamm, Oregon State Univ., Hermiston Agricul-
tural Research and Extension Center, PO Box 105, Hermiston, OR 97838.

Three transgenic yellow crookneck squash (Cucurbita pepo var. melopepo)
and five transgenic cantaloupe (Cucumis melo, Reticulatus group) lines were
field-tested in 1993 and 1994, respectively, for resistance to Zucchini Yellow
Mosaic Virus and Watermelon Mosaic Virus II. During both years, non-transgenic
plants were inoculated with virus before transplanting to provide a high virus
threat to the transgenic plants. Before and after transplanting, serological (ELISA)
testing was used to obtain baseline information on transformed plants and to
confirm field virus infection. In both years, plant disease development was rated
weekly; yield was assessed during 1993. Disease progression, yield, and end-of-
season ELISA indicated a significant reduction in frequency of disease incidence
in the transgenic lines. Total squash yields did not differ between the transformed
and unchanged lines, but the transgenic lines yielded more marketable fruit than
the non-transgenic line.
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117
Bicarbonates and Botrytis: VI. Control of Gray Mold Enhances
Geranium Growth
C.L. Palmer*, R.W. Langhans, R.K. Horst, and H.W. Israel, Depts. of Floriculture
& Ornamental Horticulture and Plant Pathology, Cornell Univ., Ithaca, NY 14853.
Botrytis cinerea Pers. causes gray mold on greenhouse-grown geraniums
(Pelargonium xhortorum L. H. Bailey), among many other crops. Bicarbonates
effectively control rose powdery mildew (Plant Dis. 76:247—480) and inhibit B.
cinereain vitro colony growth and conidial germination (Phytopathology 84:546,
1065). To examine bicarbonate effects on gray mold incidence and geranium
growth, we sprayed seedling geranium cultivars Red Elite and Scarlet Elite weekly
with 0, 25, and 50 mM NH,HCO, or KHCO,. Seedlings were transplanted in
Metromix 360 and misted every 24 m for 5 s to enhance disease development.
Data were collected biweekly on disease incidence, floral number, plant height,
and dry weight. Both cultivars performed similarly. Disease incidence decreased
with application of bicarbonates. KHCO, at 25 mM slightly increased dry weight
and height over 0 mM, whereas 25 and 50 mM NH,HCO, greatly increased both
features. Fifty mM KHCO, decreased height slightly, but had no effect on dry
weight. Floral number decreased slightly with all bicarbonate treatments. It is
indicated that KHCO, at low levels and NH,HCO, enhance seedling geranium
growth by controlling gray mold incidence and by providing additional nutrients.
(Supported by H&I Agritech Inc., Ithaca, NY 14850.)

118

Tomato Little-leaf Syndrome—A Possible Explanation

S.M. Olson*, D.O. Chellemi, and P.C. Andersen, Univ. of Florida, NFREC, Rt. 3
Box 4370, Quincy, FL 32351.

Since the fall of 1986, tomato growers in northwestern Florida and south-
western Georgia production areas have encountered plants in their fields with
unusual growth characteristics. Early symptoms consist of interveinal chlorosis
of the young leaves. Subsequent top growth becomes severely distorted with
leaflets along the midrib failing to expand properly, resulting in a “little-leaf”
appearance. Additional symptoms included cessation of terminal growth, leaves
with twisted and brittle midribs, and axillary buds failing to develop properly.
Fruit that set on mildly affected plants are distorted, with radial cracks extending
from the calyx to the blossom scar. In severely affected plants, fruit failed to set.
The problem usually occurs at very low levels, but in 2 years since 1986, the
problem has caused some economic damage. To determine a possible cause,
samples were taken for virus detection. None were detected in affected plants.
Samples were also taken of tissue and soil from affected areas for nutrient and
pesticide analysis. No explanation could be developed from any of the tissue or
soil samples. The problem usually occurs in wet areas and after very warm tem-
peratures. The problem appears to be very similar to a nonparasitic disease that
occurs in tobacco, called “frenching.” In tobacco, frenching occurs in wet, poorly
aerated soils with a soil pH >6.3 and during warm temperatures. There seems to
be an organism or organisms present under certain conditions that live on the
root surface and exude chemicals that cause this distorted growth.

119

Pest Resistance in Redbud

Sanford Eigenbrode and Jimmy Tipton*, Depts. of Entomology and Plant Sci-
ence, Univ. of Arizona, Tucson, AZ 85721.

Mexican redbud (Cercis canadensis var. mexicana) exhibits resistance to leaf
cutter bees (Megachile spp., LCB). Resistant trees (CMG) have glossy leaves and
sustain little LCB damage as compared to dull-leaf Mexican redbud (CMD) and
the closely related eastern redbud (Cercis canadensis, CC). On average, LCB
made 35 times as many cuts per week on CC as on CMG and CMD, even though
there were half as many leaves available. Mexican redbud leaves are twice as
thick as CC leaves, which may account for LCB preference for the latter. However,
leaves from CMG and CMD are similar in leaf thickness, cuticle wax content, and
resistance to penetration, yet LCB had an even stronger preference for the former.
More than 83 times as many cuts per week were made on CMD over CMG, even
though the number of leaves was comparable. CMG leaves have a thicker cuticle
on the upper surface that lacks wax crystals present in the CMD and CC. The
upper cuticle from CMG leaves also contains fewer lipids and an altered lipid
composition (notably fewer long-chain alcohols) compared to CMD.
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120

Potential of Proteinase Inhibitors for Insect Pest Control: The
Case of the Colorado Potato Beetle

S. Overney*, V.Q. Le, S. Visal, and S. Yelle, Horticultural Research Center,
Envirotron, Laval Univ., Québec, Canada G1K 7P4.

Bioengineering economically important plants with proteinase inhibitors (PIs)
is a promising method for the control of insect pests. In the case of the Colorado
potato beetle (CPB; Leptinotarsa decemlineata Say), the major insect pest of po-
tato fields, 80% of the digestive proteases are of cysteine type. We showed that
60% of these cysteine proteases are inhibited by oryzacystatins (OCs). The use of
these cysteine protease inhibitor genes therefore appears of great interest for the
production of Coleoptera-resistant transgenic plants of potato. Complementary
studies of biochemical in vitro assays showed an apparent absence of direct in-
terference between OCs and potato proteases. The high regeneration efficiency of
the genetically transformed plants with OC gene and the “normal” phenotypical
growth of the resulting transgenic potato plants suggested that these foreign genes
do not interact with important physiological processes in the potato plants. In vivo
assays of Pls against CPB at various developmental stages suggest the significant
potential of OCs as an effective way to control CPB populations and crop damage.

122

Role of Endogenous Allelochemicals in Host Plant Resistance
to Japanese Beetles

Thomas G. Ranney*, James D. Burton, James F. Walgenbach, D. Mason Pharr,
Cindy A. Patton, and Eleanor P. Maness, Dept. of Horticultural Science, North
Carolina State Univ., 2016 Fanning Bridge Rd., Fletcher, NC 28732.

No-choice feeding trials were conducted with adult Japanese beetles on leaves
from 14 taxa of rosaceous trees. Feeding intensity (leaf area consumption) ranged
from 0.08 to 6.1 cm?/day for Prunus virginiana and P. sargentii, respectively.
Analysis of endogenous chemical constituents suggested that the mechanisms
of resistance varied for the different plant genera. Among the Prunus taxa there
was a significant negative correlation between cyanide potential and feeding in-
tensity (r=—0.56). Tissue toughness (resistance to tearing) was also negatively
correlated with feeding intensity (r=—0.39) for all taxa. Soluble sugars (glucose,
fructose, sucrose, and sorbitol) had no significant phagostimulatory effect, sepa-
rately or in combination.

51 ORAL SESSION 15 (Abstr. 123-128)
Breeding/Small Fruit & Viticulture

123
Morphological Variation in Western Trailing Blackberry (Ru-
bus ursinus) in the Pacific Northwest
Angela K. Anderson* and Chad E. Finr?, 1Dept. of Horticulture, 4017 Ag. & Life
Sciences Bldg., Oregon State Univ., Corvallis, OR 97331; 2USDA/ARS, NW Cen-
ter for Small Fruit Research, 3420 NW Orchard Ave., Corvallis, OR 97330.
Trailing blackberry cultivars, such as ‘Marion’, can be traced to relatively few
chance selections of Rubus ursinus Cham. & Schlecht. Wild R. ursinus offer a
range of horticulturally desirable traits to breeders, from high fruit quality to im-
proved cold hardiness. Cuttings from 460 plants, representing 20 populations in
southern British Columbia, Washington, and Oregon, collected in 1993. Rooted
clones were planted in 1994 in a replicated field trial to assess morphological
variation. A greenhouse study was also undertaken, with 10 clones represented
from each site, in two replications. Preliminary data from the greenhouse and
field studies show variability in the following morphological characters: Glandu-
lar hairs; cane and prickle color; cane diameter; prickle density; internode length;
leaf color, size, shape and density; and senescent leaf drop and color change.
Floricane morphology will be assessed in 1995. Analysis of these data will deter-
mine relative genetic distances among the populations and enhance the under-
standing of the diversity available in R. ursinus.

767

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



124

New Strawberry Selections from the Quebec Breeding Program
Shahrokh Khanizadeh® and Deborah J. Buszard?, *Agriculture and Agri-Food
Canada, Horticultural Research Centre, 430 Gouin Blvd., St-Jean-sur-Richelieu,
QC, Canada J3B 3E6; 12Dept. of Plant Science, Macdonald College of McGill
Univ., Ste-Anne-de- Bellevue, Quebec, Canada H9X 3V9.

Promising 1989 strawberry selections from the Agriculture Canada/McGill
Univ. breeding program have been evaluated since 1990 at three different sites in
Quebec. ‘Kent', ‘Glooscap’, ‘Honeoye', ‘Bounty’, and ‘Veestar' were used for com-
parison. Yield, average fruit weight at each harvest, firmness, color, taste, and
other fruit characteristics were evaluated. SJ89288-2 had the highest yield with
large fruit. SJ89700-1 and SJ89264-6 produced similar yield to ‘Kent' and
‘Glooscap', with firm and large fruit. SJ89700-1 had bright red skin color and
SJ89264-6 had bright pale red color. Both are suitable from fresh-market and
pick-your-own (PYO). SJ8976-1, another selection, had a firm, large, bright pale
red fruit. All four selections have good shelf life quality and will be tested at four
sites during 1993-95.

125
Effect of June Yellowbuds on Yield, Fruit Weight, and Fruit
Quality in ‘Blomidon’ Strawberry
Andrew R. Jamieson*and Katherine Sanford, Agriculture and Agri-Food Canada,
Kentville Research Centre, 32 Main St., Kentville, N.S., BAN 1J5, Canada.
Twelve clones of ‘Blomidon’ strawberry (Fragariaxananassa) exhibiting a range
of severity of June Yellows symptoms were grown in field plots to measure ef-
fects on productivity. Field plot layout was a randomized block design with four
blocks. Plots were matted rows developed from five plants spaced at 45 cm in-
row. Fruit samples were frozen and later analyzed for soluble solids concentra-
tion, total acidity, and pH. In the greenhouse, self-pollinated seedlings grown
from these clones were rated for symptom expression as an additional measure
of severity of June Yellows. Large differences in marketable yields were recorded,
ranging from 1.94 t-ha~! to 14.67 t-ha-L. Clones with severe symptoms pro-
duced smaller fruit. Small clonal differences were measured in total acidity and
pH. A strong correlation was observed between the percentage of symptomless
seedlings and the yield of the parental clone. This may lead to a test to predict
whether a new cultivar will succumb to June Yellows.

126
Actinidia spp. Seedling Evaluation
Chaim Kempler* and Todd Kabaluk, Agriculture and Agrifood Canada, Pacific
Agriculture research Centre Agassiz, British Columbia, Canada VOM 1A0.
Kiwifruit (A. chinensis, A. deliciosa) seedlings were propagated from seeds
collected from their native habitat in China. They were planted at the Pacific Agri.
Res. Center in 1988 for the purpose of selecting superior fruit. Out of 2212 Actinidia
seedlings, 1425 flowered by 1994, with 794 being male and 631 female. Some
selections flowered 1 month earlier and matured 3 weeks earlier than ‘Hayward’
kiwifruit. One accession had fruit of comparable size to ‘Hayward' while maturing
about 2 to 3 weeks earlier. Some hairless selections had an average fruit weight
of 90 g, °Brix index of 18%, light flesh color, 207 mg/100 g of vitamin C, and
early maturation. Most of the seedlings were hardy under a coastal British Co-
lumbia climate.

127

Anthracnose Fruit-rot Resistance in Highbush Blueberry Culti-
vars

Mark K. Ehlenfeldt*, Allan W. Stretch, and Vickie Brewster, USDA/ARS, Rutgers
Blueberry and Cranberry Research Center, Lake Oswego Road, Chatsworth, NJ
08019.

Thirty-three Vaccinium corymbosum selections and cultivars were artificially
inoculated with spores of Colletotrichum gloeosporioidesin the green fruit stage.
Fruit was harvested when ripe and incubated under high-humidity conditions for
1 week, before evaluation. A wide range of susceptibility to anthracnose fruit-rot
was found, ranging from 8% to 85%. Among the most-resistant cultivars were:
‘Elliott' (8%), ‘Murphy’ (8.3%), ‘Stanley’ (13%), and ‘Weymouth’ (16.9%). Among
the most-susceptible cultivars were: ‘Bluetta’ (85%), ‘Spartan’ (82.7%), ‘June’
(69.9%), and ‘Northblue’ (69.5%). Uninoculated checks had a maximum of 6%
infection.
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128

Metrical Analysis of a Semi-seedless Rabbiteye Blueberry Se-
lection

Melvin R. Hall*! and Mark K. Ehlenfeld?, Dept. of Horticulture, Univ. of Georgia,
Coastal Plain Experiment Station, Tifton, GA 31793; 2USDA/ARS, Blueberry and
Cranberry Research Center, Lake Oswego Road, Chatsworth, NJ 08019.

A rabbiteye blueberry selection, T-285, appears parthenocarpic when grown
in the greenhouse and sparsely seeded when grown in the field. This semi-seed-
less character was analyzed to determine the nature and degree of its cross- and
self-fertility in comparison to its parents, ‘Tifblue’ and ‘Delite’. Ovule numbers
from T-286 were similar to those of ‘Tifblue’, but lower than those of ‘Delite’. Seed
numbers of open-pollinated ‘Tifolue' and T-286 were similar, and lower than
‘Delite’, but T-286 was notable in having fruit 60% larger than ‘Tifblue’ and 10%
larger than ‘Delite’. Both ‘Tifblue’ and T-286 had a tendency to produce some
open-pollinated fruit with few or no seed present. None of the selections pro-
duced significant amounts of fruit when self-pollinated. When cross-pollinated,
all selections set more seed, but this was less pronounced with T-286 than with
either of its parents.

52 ORAL SESSION 16 (Abstr. 129-136)
Nutrition/Vegetables

129

Effects of Various Nitrate : Ammonium Ratios on Sweetpotato
Growth

P.P. David*, A.A. Trotman, D.G. Mortley, D. Douglas, and J. Seminara, Tuskegee
Univ., Tuskegee, AL 36088.

A study was initiated in the greenhouse to examine the effects of five NHZNO;
ratios on sweetpotato growth. Plants were grown from vine cuttings of 15-cm
length, planted in 0.15 x 0.15 x 1.2-m growth channels using a closed nutrient
film technique system. Nutrient was supplied in a modified half-strength
Hoagland's solution with a 1:2:4 N:K ratio. NH;:NO; ratios investigated were
100:0, 0:100, 40:60, 60:40, and a control that consisted of a modified half-
Hoagland solution with an N:K ratio of 1:2:4 and an NH;NO5 of 1.7. Treatments
were initiated 30 days after planting (DAP). Sequential plant harvest began 30
DAP and continued at 30-day intervals until final harvest at 150 DAP. Results
showed a linear increase in fresh storage root fresh weight until 90 DAP for all
treatments. However, from 60 DAP until the end of the growing season, plants
grown in a 100% NH;solution consistently produced significantly less storage
roots than in all other treatments. While all other treatments showed a decrease in
storage root fresh weight after 90 DAP, plants grown in 100% NOzand the control
solution continued to increase linearly in storage root production. Storage root
dry weight throughout the growing season followed similar trends to that of stor-
age root fresh weight. Data suggest that a nutrient solution containing NOzas its
sole nitrogen source may be adequate for sweetpotato growth. This would make it
possible for utilizing a one-way pH control method for nutrient solution.

130

Preplant Calcium Affects Onion Bulb Quality and Shelf-life
William M. Randle*, Dept. of Horticulture, Univ. of Georgia, Athens, GA 20602-
7273.

Field-grown ‘Granex 33’ onions were subjected to four preplant calcium (Ca)
treatments and evaluated for bulb quality and shelf-life over two seasons. Mature,
cured bulbs were analyzed at harvest and after 1, 2, and 3 months of 4C storage.
As preplant calcium increased, percentage of seed stems decreased, yield and
soluble solids concentration increased, and then decreased, bulb firmness in-
creased. Bulb pungency was unaffected by Ca fertility, except at the highest treat-
ment. Percent bulb rot during storage first decreased with increasing Ca fertility,
but then increased at the highest Ca treatment.
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131
Antiplatelet Activity is Positively Correlated with Pungency and
Solids in Onion (Allium cepa L.)
M. Kopelberg, I.L. Goldman*, J.E.P. Debaene, and B.S. Schwartz, Depts. of Hor-
ticulture and Medical Science, Univ. of Wisconsin—-Madison, Madison, W| 53706.
Onion (Allium cepa L.) and other vegetable Alliums have long been recog-
nized for the antiplatelet properties. Consumers may benefit from the medicinal
value of onions because they are commonly eaten raw in salads and the antiplatelet
factor is destroyed by heat. Recent work indicates antiplatelet activity in Allium
sp. may be due to the presence of native organosulfur compounds. The concen-
tration of organosulfur compounds correlates positively with pungency, varies
with onion cultivar, and is influenced by environmental factors. Bulb dry matter
content, or solids, is positively correlated with pungency. Because antiplatelet
activity may also be based on the activity of organosulfur compounds, it is pos-
sible these three factors are significantly correlated. The objective of this investi-
gation was to examine the relationship among pungency, solids, and antiplatelet
activity in four diverse onion genotypes. Replicated trials consisting of two mild
and two pungent genotypes were conducted at four locations in 1994. Onion
bulbs were harvested and analyzed for all three traits. Results from this investiga-
tion indicate significant positive correlations between antiplatelet activity, pun-
gency, and solids in onion.

132

Selenium Affects Sulfur Uptake and Metabolism in Onions (Al-
lium cepa L.)

Dean A. Kopsell* and William R. Randle, Dept. of Horticulture, Univ. of Georgia,
Athens, GA 30602-7273.

The affects of selenium (Se) on sulfur (S) uptake and metabolism were evalu-
ated in ‘Granex 33’ onions. Plants were grown in a half-strength Hoagland's solu-
tion and modified with increasing Se fertility. Selenium was added as sodium
selenate. During growth, plants were sampled biweekly and divided into root,
bulb, and foliar tissue. Tissues were dried and ground for total S, and wet-ashed
for total Se (GFAA). Selenium increased S uptake by onions. As Se increased in
concentration, S utilization first increased then decreased in a quadratic trend.

133

Effects of Varying Sulfate Concentrations on Growth and Min-
eral Nutrition of the Greenhouse Tomato

J. Lopez*, L.E. Parent., N. Tremblay?, and A. Gosselin®, *Soil Science Dept. and
SHorticulture Research Centre, Laval Univ., Quebec, Canada G1K 7P4; 2Agricul-
ture and Agri-Food Canada, St-Jean-sur-Richelieu, Quebec, Canada J3B 3E6
Canada.

In hydroponic recirculating systems, sulfate ions can accumulate to exces-
sive levels and interfere with other nutrient ions. The objective of this research
was to determine the effects of four sulfate concentrations on growth and mineral
nutrition of greenhouse tomato plants (Lycopersicon esculentum Mill. cv. Trust).
Tomato seeds were sown in flats and subsequently transplanted into rockwool
slabs. Ten days after transplanting, plants were given four sulfate concentrations
in nutrient solutions (S,=0.1, S, =5.2, S, = 10.4, and S, = 20.8 mM). The plots
were arranged in a randomized complete-block design with four replications. Treat-
ment S, reduced dry weight of the top portion of the plant. A sulfate shortage in
the nutrient solution decreased S concentrations in the leaf and decreased fruit
number. Activities and concentrations of major ions in solutions expressed in
mM or as row-centered logratios were correlated with corresponding foliar con-
centrations expressed in grams of nutrient per kilogram of dry matter or as row-
centered logratios. Data were presented in this manner in order to explore inter-
active models describing relationships between mineral composition of both nu-
trient solutions and plant tissues. High concentrations of sulfate ions in the nutri-
ent solution up to 20.8 mM did not affect tomato growth or yield. Tomato plants
appeared prone to sulfate deficiency, but tolerant to sulfate concentrations up to
20.8 mM in the nutrient solution.

134
Foliar-applied Boron and Root-applied Potassium Affect
Growth, Yield, Quality, and Nutrient Content of Tomato
W.J. Sperry* J.M. Davis, D.C. Sanders, and P.V. Nelson, Dept. of Horticultural
Science, North Carolina State Univ., Raleigh, NC 27695-7609.

Fresh-market tomato (Lycopersicon esculentum Mill.) was grown in a growth
chamber, hydroponically, and in a field to evaluate the effect of foliar-applied
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boron (B) and root-applied K on growth, yield, quality, and tissue nutrient levels.
Plant and root dry weight, plant height, fruit set, total yields, marketable yields,
fruit shelf life, fruit firmness, and fruit crack were positively influenced by B treat-
ments. Boron-treated plants contained more K than plants not treated with B.
Plants not treated with B contained less calcium (Ca) than plants treated with B.
Leaflets from plants treated with B maintained higher K levels during fruit devel-
opment than leaflets from plants not treated with B. Roots from plants treated with
foliar B had significantly more B than roots from plants not treated with B. Fruit
from B-treated plants had significantly more B than fruit from plants not treated
with B. This indicates B was translocated from leaves to root and fruit tissues.

135

Improving Nitrogen Management of Vegetable Crops Through
Intensive Monitoring

T.K. Hartz*and F.J. Costa, Dept.of Vegetable Crops, Univ. of California, Davis,
CA 95616.

The production of cool-season vegetable crops in California’s coastal valleys
is characterized by high N input (typically 200-300 kg-ha=* per crop), with two
crops per year the norm. N. removal in harvested biomass seldom exceeds 100
kg-ha1, suggesting a high degree of inefficiency in N management. A project
was conducted on a commercial farm in Santa Maria to document the utility of
intensive monitoring of soil and plant N status on improving N management.
Eight fields were monitored through successive cropping cycles. Slow-release N
fertilizer was applied preplant at 110250 kg-ha* in subplots in each field to
provide a reference of known N sufficiency against which to compare field pro-
ductivity; these reference plots also received the same in-season fertilizer N ap-
plied in the balance of the field. N monitoring techniques included: in situ and
controlled-environment soil incubation to estimate net N mineralization, soil NO -
N analysis by a “quick test” technique using colormetric test strips, and petiole
sap analysis by NO,-N selective electrode. It was consistently demonstrated that,
for lettuce, cauliflower, and broccoli, maximum crop productivity was obtained
with seasonal N applications 50—100 kg N/ha less than the industry norm and
that fertilizer cost savings more than offset the cost of crop and soil monitoring.

136

Response of Desert Lettuce to Controlled-release N Fertilizer
C.A. Sanchez*, Univ. of Arizona, Yuma Agricultural Center, 6425 W. 8th St., Yuma,
AZ 85364.

Lettuce produced in the desert typically shows large yield responses to N
fertilization. However, concern about the potential threat of nitrate-N to ground-
water has prompted additional studies aimed at developing improved N manage-
ment practices. Field experiments were conducted between 1992 and 1995 to
evaluate the response of crisphead lettuce to controlled-release N fertilizer (CRN).
The use of CRN was compared to a soluble N fertilizer applied preplant (PP), and
asoluble N fertilizer applied in split-sidedress applications (SD). Rates of N fer-
tilizer application ranged from 0 to 300 kg-ha. Lettuce generally showed sig-
nificant responses to N rate and N management practice. However, response to
management practice varied by site-season. When conditions for N loss were
high, SD and CRN management strategies were superior. However, in other site-
seasons, SD management sometimes resulted in inferior head quality and mar-
ketable yield when compared to other management strategies. Data averaged over
six site-seasons shoed improved yield and quality to CRN management strate-
gies compared to PP and SD strategies.

53 ORAL SESSION 17 (Abstr. 137-144)
Growth & Development/Fruit & Nuts
(Temperate)

137
Selection of the Best Pollinizer for Late-flowering Almond Va-
rieties
Ali Reza Talaei*and Ali Imani, Horticultural Dept. of Faculty of Agriculture, Tehran
Univ., Tehran, Iran.

In order to select the best pollinizer for late-flowering varieties of Azar (A.H.50),
Shokoufeh (AH.3) Sahand (L-62), and Feragues, a range of studies were carried
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out at Azar-Shahr Horticultural Research Station (Tabriz, Iran) and actions under-
taken for introduction of the best pollinizers for these varieties under both labora-
tory and orchard conditions by a Dactroil Statistical Plan with a completely ran-
dom base plan. Seven types of pollens from Shokoufes (AH.3), Azar (A.H.50),
Sahand (L-62), Ferragnos (Fer), Neplus Ultra (N.P.U.), None Paril (N.P.), and
Harir (A.H.25) were selected and the pollen prepared. Pollen was collected from
the experimental grounds. Hand-pollination was repeated in three stages for 3
days. Honeybees and other insects were controlled before and after artificial pol-
lination to not interfere with the experiment. Percent fruiting was recorded twice 1
month after pollination (1 June) and again 1 July and analyzed statistically. Aver-
age fruiting for female flowers (pollen receivers) was from 0% to 47%. Thus, all
varieties could not produce fruit (control). Average fruiting from other pollens
with different ratios were significant from 1% to 5%. The almond varieties Azar,
Shokoufeh, Sahand, and Ferragnos are self-incompatible and there is no need to
emasculate pollen in pollination programs. However, Azar and Harir are incom-
patible with each other. Pollination efficiency of late-flowering almond varieties
depends on the pollinizers and the compatibility with the cultivars, provided that
pollination is carried out only by insects, particularly honeybees. The effect of
wind on pollination in our almond orchards appeared to be insignificant.

138

Nonstructural Carbohydrates and Mesocarp Development as a
Result of Blossom Thinning in Peach

Janet S. Mrosek*and Stephen C. Myers, Dept. of Horticulture, Univ. of Georgia,
Athens, GA 30602.

The relationship between cell division, nonstructural carbohydrates and fruit
size was investigated using 5-year-old ‘Encore’ peach [Prunus persica (L.) Batsch].
The trees, which were trained to two opposing scaffolds, were selected for unifor-
mity based on tree size and floral bud density. One-year-old shoots ranging in
size from 20 to 30 cm were tagged from throughout the canopy. At anthesis, one
entire scaffold was thinned of 75% of its flowers, leaving 25% in the mid-section
of each shoot. The opposing scaffold served as the control. Samples were taken
at three intervals for histological analysis: Anthesis, 30 days, and 45 days after
full bloom. Nonstructural carbohydrates were analyzed on samples taken at five
intervals: Anthesis, 10, 20, 30, and 45 days after full bloom. Volumetric size
increased 29% by 30 days after full bloom, and 64% by 45 days after full bloom.
Final fruit size (volumetric) was increased 8% by harvest.

139

Abundance of cab RNA in Expanding Leaves of Peach cv Loring
under Non-flowering Conditions

Carole L. Bassett*and Ann M. Callahan, USDA, ARS, Appalachian Fruit Research
Station, 45 Wiltshire Road, Kearneysville, WV 25430.

Leaf expansion in peach (Prunus persica) cv Loring was monitored by mea-
suring the increase in blade length during the spring and early summer of 1994,
a season inwhich no flowers were observed on the sampled trees. Expansion was
correlated with time after vegetative budbreak and with leaf position on growing
apical shoots. In preliminary studies, information from these measurements was
used to identify the relative maturity of leaves during the growing season in order
to define sampling times that would represent “old,” “mature,” and “young” leaves.
Leaves in these categories were sampled and pooled on two different dates, and
total RNA was isolated from each sample. The RNAs were examined by Northern
blot analysis using a 3P-labeled cDNA clone encoding a peach cab (chlorophyll
a/b binding protein) gene. Estimates of abundance based on the intensities of
RNA bands hybridizing to the probe indicated that RNAs representing the cab
gene family were most abundant in “mature” leaves. Further examination of abun-
dance in pooled, individual leaves representing positions 1 through 19 (num-
bered acropetally) revealed a substantial decline in abundance in leaves from
positions 1 through 5, which were already showing signs of senescence. These
results are consistent with enhanced expression of the cab gene in the most pho-
tosynthetically active leaves.

140
Vegetative Flush Development and Leaf Area Contribution to
Citrus Canopies
L. Gene Albrigo*, Citrus Research and Education Center, 700 Experiment Station
Road, Lake Alfred, FL 33850.

The recent infestation of Florida citrus by the Asian citrus leafminer required
that more information be obtained about the time interval for a flush to expand
and the leaf area contributed by flushes in seasons when leafminer populations
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are likely to increase and cause leaf area loss. Time for leaf and shoot expansion
was determined for spring and summer flush. Leaf area contribution from previ-
ous-year and current flushes was determined by seasonal tagging and measuring
leaf area for flush in frame areas of 1/4 m? surface projected to the center of the
tree. Flush of 1/3 m length required 30 days to expand from first leaf feathers to
full expansion. Summer flush in 1994 was 40% to 45% of total leaf area. Spring
and previous year's flush averaged 20% each. Fall flush contributed 5% to 12%
to leaf area, more on young, low-bearing trees. Summer flush resulted in more
canopy leaf area and previous year's flushes less leaf area than expected by the
end of the growing season.

141

Accumulation and Partitioning of Dry Matter in Fruiting and
Nonfruiting Pineapple Plants

Thomas E. Marler* and Patrick D. Lawton, College of Agriculture and Life Sci-
ences, Univ. of Guam, Mangilao, GU 96923.

‘Smooth Cayenne’ pineapple plants were propagated from suckers of uniform
size. The plants were grown in containers, and a large percentage of them natu-
rally flowered in synchrony at 13 months. This provided an opportunity to study
the accumulation and partitioning of dry matter in fruiting and nonfruiting plants
of uniform age. Six plants with or without fruit were harvested when the syncarps
developed color. Plants and fruit were separated into crown, syncarp, slips, pe-
duncle, leaves, stems, and roots. Plants without fruit were separated into leaves,
stem, and roots. There were no suckers, and the stem was divided at the ground
level. Leaves were counted and all tissue was dried to a constant weight. Total dry
matter accumulation and the ratio of below- to above-ground dry matter was not
different between the two groups of plants. The plants were similar in size and leaf
number at the time of flowering, but the number of leaves was fixed at that time in
the plants with fruit. As a result, plants that did not flower had about twice as
many leaves as the plants with fruit at the termination of the study. Thus, the
vegetative growth of continued at a rate similar to that of the reproductive struc-
tures of the plants that did flower.

142

Effects of Elevated CO, on Sorbitol Partitioning in Sink and
Source Apple Leaves

Qi-yuan Pan* and Bruno Quebedeauyx, Dept. of Horticulture and Landscape Ar-
chitecture, Univ. of Maryland, College Park, MD 20742-5611.

Apple and many other Rosaceae plants translocate sucrose as well as sorbi-
tol. How photosynthates are partitioned between sorbitol and sucrose in the
Rosaceae is not understood. This study was designed to examine the effects of
elevated air CO, on partitioning of sorbitol and other soluble sugars in sink and
source apple leaves. Young ‘Gala’ apple plants were exposed to the ambient air
and 700, 1000, and 1600 p-liter™ of CO, for 8 days under a light intensity of 928
pmol-m2-s~1 with a 14-h day/10-h night cycle. Sorbitol, sucrose, glucose, and
fructose concentration in sink and source leaves were determined by HPLC analy-
sis. In source leaves, sorbitol was significantly increased, while sucrose was de-
creased as the air CO, was elevated from 400 to 1600 u-liter-1. The sorbitol/
sucrose ratio varied from 1.31 in air and 2.26 at 1600 pl-liter of CO,. In sink
leaves, sorbitol concentration did not vary across the four CO, levels; however,
sucrose was higher at the three super-atmospheric CO, levels. Our results sug-
gest that increased photosynthesis via elevated CO, favors photosynthate parti-
tioning into sorbitol rather than sucrose. A mechanism for regulating this parti-
tioning will be discussed.

143
Apple Shoot and Trunk Growth as Affected by Rootstock
C.R. Rom*, Dept. of Horticulture, Univ. of Arkansas, Fayetteville, AR 72701.
Annual shoot and trunk xylem growth increment of ‘Starkspur Supreme’ in
the 1984 NC-140 uniform rootstock trial was studied of 10 selected rootstocks
representing a range of tree sizes. Shoot growth was measured weekly from
budbreak through harvest in each of four seasons. After 11 seasons of growth,
whole trees were cut, placed in water containing diffuse fuschin dye for 30 to 60
min during mid-day. After that, a section of trunk (10 to 15 cm long) was excised
at 25 cm above the graft union. Trunk xylem thickness and percent of water trans-
port active xylem were measured. Shoot length during the study was related to
both the duration and rate of growth; however, growth duration contributed more
to variation among stocks. In all stocks, it appears that almost all xylem translo-
cated water and that there was very little “plugged” or active xylem. There were no
differences among stocks for the relative percentage of active xylem. Annual xy-
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lem increment width varied with stock. The vegetative growth of these trees will
be discussed relative to the production efficiency of scions on these stocks.

144

Rootstock and Scion Interact to Affect Apple Tree Performance:
A 5-year Summary of the 1990 NC-140 Trial

Wesley R. Autio*, Dept. of Plant & Soil Sciences, Univ. of Massachusetts, Amherst,
MA 01003-0910.

In 1990, a trial was established at 17 locations in the United States and Canada
including the scions ‘Golden Delicious', ‘Jonagold’, ‘Empire’, and ‘Rome” and the
rootstocks M.9 EMLA, B.9, Mark, 0.3, and M.26 EMLA. In 1994, trees on M.26
EMLA were the largest and trees on B.9 and those on Mark were the smallest,
regardless of scion. Trees on M.9 EMLA were intermediate. ‘Golden Delicious’
and ‘Empire” trees on 0.3 were larger than those on M.9 EMLA. ‘Jonagold’ and
‘Rome’ trees on 0.3 were similar in size to those on M.9 EMLA. With all scions,
B.9 and Mark resulted in the lowest cumulative yields. With ‘Jonagold’, ‘Empire’,
or ‘Rome’ as the scion, 0.3, M.26 EMLA, and M.9 EMLA resulted in the greatest
and similar yields. With ‘Golden Delicious’ as the scion, however, trees on M.9
EMLA yielded only as much as those on B.9 or Mark. Trees on B.9 and those on
Mark were the most yield-efficient, regardless of scion. ‘Golden Delicious’ and
‘Rome’ trees on 0.3 were similar to those on B.9 and those on Mark, but ‘Jonagold’
and ‘Empire’ trees on 0.3 were less efficient than those on B.9 or on Mark. Over-
all, M.26 EMLA resulted in the lowest efficiency; however, M.9 EMLA resulted in
more efficient trees only with ‘Empire’ as the scion. Participants include: J.L.
Anderson (Utah), W.R. Autio (Mass.), J.A. Barden (Va.), G.R. Brown (Ky.), P.A.
Domoto (lowa), D.C. Ferree (Ohio), A. Gaus (Colo.), R.L. Granger (Quebec), R.A.
Hayden (Ind.), F. Morrison (Kan.), C.A. Mullins (Tenn.), S.C. Myers (Ga.), R.L.
Perry (Mich.), C.R. Rom (Ark.), J.R. Schupp (Maine), and L.D. Tukey (Pa.).

54 ORAL SESSION 18 (Abstr. 145-150)
Culture & Management/Floriculture

145
Municipal Solid Waste Compost and Fertigation Frequency on
Growth of Potted Poinsettia
Catherine S.M. Ku*, John C. Bouwkamp, and Frank R. Gouin, Dept. of Horticulture
and Landscape Architecture, Univ. of Maryland, College Park, MD 20742-5611.
Municipal solid waste (MSW) may be a potential substitute for peat substrate
in soilless medium. Adequate N and P are needed for a complete composting of
MSW. MSW piles treated with diammonium phosphate (MSWP) or without P on
Mar. 1994 were cured for 5 months. In Fall 1994, a factorial treatment combina-
tion of nine mixes and 3 fertigation treatments were evaluated in a completely
randomized design on soft-pinched, single-stem ‘Red Sail’ poinsettia. Mixes were
MSW or MSWP ranging from 33% to 100% by volume in 1 peat : 1 perlite (v/v)
and Sunshine mix was used as the control. Fertigation treatment began on the
1st, 2nd, or 3rd week after potting. Fertigation solution contained 266 mg-liter!
N from 30N—4.4P-8.8K. The total fertigations ranged from eight to 10 for the 13-
week study. With MSW mixes, shoot dry mass at the week 1 fertigation was 36%
larger than at the week 3 fertigation. At the week 3 fertigation, shoot dry mass with
100% MSWP was =53% greater than with the 100% MSW. Shoot dry mass with
100% MSWP was similar to the control at the week 1 fertigation.

146

Determining the Juvenile Phases of Coreopsis grandiflora, Gail-
lardia grandiflora, Heuchera sanguinea, and Rudbeckia fulgida
Mei Yuan*, William H. Carlson, Royal D. Heins, and Arthur C. Cameron, Dept. of
Horticulture, Michigan State Univ., East Lansing, Ml 48824-1325.

Most plants have a postgermination juvenile phase in which flower induction
will not occur. Some species require a cold period for flower induction and will
not respond to the cold treatments during the juvenile phase. We determined
juvenile phases of Coreopsis grandiflora‘Sunray', Gaillardia grandiflora‘Goblin’,
Heuchera sanguinea ‘Bressingham’, and Rudbeckia fulgida ‘Goldsturm’. Plants
were exposed to 5C for 0, 10, or 15 weeks when Coreopsishad 0, 2, 4, 6, 8, or 10
leaves (>1 cm); Gallardia, 4, 8, 12, or 16 leaves; Heuchera, 8, 12, 16, or 20
leaves; Rudbeckia, 5, 10, 15, or 20 leaves. Plants were grown under a 4-h night
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interruption lighting (LD) or under a 9-h photoperiod (SD) after cold treatments.
Based on time to flower and final leaf count, the juvenility of Coreopsis, Gaillar-
dia, Heuchera, and Rudbeckia ended when they had about 6, 10, 12, and 15
leaves, respectively. Cold treatments were necessary for flower induction of Core-
opsis and Heuchera and they increased the flowering percentage of Gaillardia
and Rudbeckia. Heuherawas a day-neutral plant, Rudbeckia was on obligate LD
plant, and Gaillardia and Coreopsis were quantitative LD plants.

147

Effects of Temperature, Photoperiod, and Light Quality on Flow-
ering in Several Herbaceous Perennial Species

Catherine Whitman*, Royal Heins, Arthur Cameron, and William Carlson, Dept.
of Horticulture, Michigan State Univ., East Lansing, MI 48824-1325.

The influence of low temperatures on Campanula carpatica ‘Blue Clips' and
Lavandula angustifolia‘Munstead' flowering was determined; plants were stored
at 5C for several weeks and forced under 9-h photoperiods with a 4-h night inter-
ruption (NI). C. carpatica, L. angustifolia, and Asclepias fuberosa were forced
under NI at five temperatures (15—27C) and time to flower under each treatment
was calculated. Flower number and size were reduced at highest temperatures.
The effectiveness of cool-white fluorescent (CWF), high-pressure sodium (HPS),
incandescent (1), and metal halide (MH) lights in inducing flowering in C. carpatica
and Coreopsis lanceolata ‘Early Sunrise’ was compared. Lighting was delivered
as a 7-h daylength extension with PPF ranging from 0.05-2.0 pmol-m=2-s.,
Minimum irradiances above which all C. carpatica flowered were approximately
0.14, 0.12, 0.1, and 0.17 pmol-m2-s1, respectively. C. lanceolata under CWF
displayed irregular flowering throughout the range of intensities used. Under HPS
and MH, minimum irradiances for 100% flowering were 0.37 and 1.0 pmol-m~
2,571 respectively, with sporadic flowering at lower intensities. Under | light, all
C. lanceolata exposed to 0.12 pmol-m~2-s1 or more flowered.

148

Water Relations and Growth of Catharanthus roseus ‘Cooler
Peppermint’ as Influenced by Moisture Stress Conditioning
Brent M. Chapman?*, James E. Barrett, and Terril A. Nell, Dept. of Environmental
Horticulture, Univ. of Florida, Gainesville, FL 32611.

Catharanthus roseus ‘Cooler Peppermint’ were grown under four different
watering regimes [well-watered (WW), wilt plus 1 day (W+1), wilt plus 3 days
(W+3), and wilt plus 1 day during the last 2 weeks only (L W+1)] and two different
light levels [1100 and 750 pmol-m-2-s1]. Stress treatments affected finished
plant size and leaf area as well as stomatal conductance, water potential and time
to wilt during two dry-down periods imposed at the end of an 8-week production
cycle. W+3 plants were 50% smaller with 50% less leaf area compared to WW
plants. During the second dry-down period, WW plants in high light wilted in 2
days vs 4 days for the W+3 plants. Similarly, WW plants in low light wilted in 3
days vs 6 days for the W+3 plants. The W+3 plants maintained significantly higher
water potentials and greater stomatal conductances than the other treatments
throughout both dry-down periods.

149

Poinsettia Bract Edge Burn: Potential Causes and Role of Cal-
cium Sprays and Botrytis

J.E. Barrett*, T.A. NellX, T.J. Blom? and P.A. Hammer3 ‘Environmental Horti-
culture Dept., Univ. of Florida, Gainesville, FL 32611; Horticultural Research
Inst. of Ontario, Vineland Station, Ontario, Canada LOR 2E0; *Dept. of Horticul-
ture, Purdue Univ., West Lafayette, IN 47907.

Bract edge burn (BEB) is a serious commercial problem, and a cooperative
trial with six cultivars was conducted at the above research locations and in com-
mercial greenhouses in the respective areas. ‘Success’ and '21-91" had less BEB
than ‘Celebrate 2', 'V-14 Glory’, or ‘Supjibi’. BEB symptoms increased with time
during postproduction. Number of bracts with BEB spots on ‘V-14 Glory' at box-
ing, unboxing, 7 and 14 days were 1, 3, 6, and 10, respectively. Weekly Ca sprays
(400 ppm at start of color) reduced or prevented BEB in the greenhouse at all
locations where BEB developed and reduced the development in BEB during
postproduction. BEB increased with fertilizer level and was higher in plants with
elevated potassium or ammonium. These effects were reversed by Ca sprays.
BEB was increased by boxing wet plants or inoculating plants with Botrytis. BEB
was reduced by boxing dry plants, fungicide treatment, or terminating fertiliza-
tion. BEB symptoms for different cultivars will be presented.
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150

Sodium Silicate Sprays Reduce the Incidence of Bract Edge
Burn in Poinsettia

Richard McAvoy* and Bernard Bible, Dept. of Plant Science, Univ. of Connecti-
cut, Storrs, CT 06269-4067.

Bract edge burn (BEB) starts as a necrosis on veins near the margins of ma-
ture bracts. Typically, BEB first appears at anthesis and symptoms progress over
time. In 1993, the incidence of BEB on plants sprayed with sodium silicate
(Na,Si0,)—490 ppm Si at weekly intervals during bract development—uwas com-
pared to unsprayed controls using the cultivar Supjibi. BEB appeared soon after
anthesis on unsprayed plants, and, by 309 days post-anthesis, 11.5% of the
bracts on unsprayed plants had BEB, but only 0.4% of the bracts on Na,SiO,-
treated plants had symptoms. Calcium levels in bract margins were similar
(0.194% in both treatments. In 1994, the following spray treatments were applied
weekly from 31 Oct. to 5 Dec. (initial anthesis) to the cultivars Supjibi and V-17
Angelika White: CaCl, (400 ppm Ca), Na,SiO, (50, 100, 150, or 200 ppm Si), DI
H,0 (sprayed control), or unsprayed control. Both cultivars developed similar
BEB symptoms and responded similarly to all treatments. One week post-anthe-
sis, 5.7% of the bracts on unsprayed plants (averaged for both cultivars) devel-
oped BEB and 2.5% of the bracts on sprayed controls developed BEB, but only
0.19% of the bracts on CaCl,- or Na,SiO,-treated plants developed BEB symp-
toms. By 5 weeks post-anthesis, the incidence of BEB was similar for plants sprayed
with CaCl, and Na,SiO, at 100, 150, or 200 ppm (1.1%, 6%, 6.7%, and 5.7%,
respectively); but higher on sprayed controls (22%), and still higher on unsprayed
plants (28.5%).

70 ORAL SESSION 19 (Abstr. 151-158)
Breeding/Vegetable Crops |

151

Comparison of Molecular Marker and Morphological Data to
Determine Minimum Distance among Tomato Cultivars

Julie Villana*, James Nienhuis, Paul Skroch, and Jan Tivang, Dept. of Horticul-
ture, Univ. of Wisconsin, Madison, W1 53706.

Precise cultivar descriptions are necessary to support Plant Variety Protec-
tion and utility applications for patent protection. However, accurate discrimina-
tion among cultivars is contingent upon the dependability of the method used to
delineate lines. The efficiency and reliability of Amplified Fragment Length Poly-
morphisms (AFLPs), Random Amplified Polymorphic DNAs (RAPDs),
microsatellite polymorphisms, and phenotypic traits were studied in order to de-
termine a method's ability to accurately predict pedigree relationships among a
set of 20 California processing tomato cultivars. All molecular marker and phe-
notypic trait data sets were independently produced using identical cultivar seed
sources. Data was reduced to a genetic distance measure and presented as a
multidimensional scaling (MDS) plot. Principal component analysis using the
scored quantitative phenotypic traits was computed and is compared to molecu-
lar marker data results. Experimental error, sampling variance, and independence
of scored bands for each molecular marker technique are presented. These esti-
mates should assist breeders to determine a sufficient level of characterization,
determine a minimum distance considered to be unique, and defend pedigree
relationships.

152

Comparison of Five Molecular Marker Systems in Assessing
Genetic Relationships among 39 Elite Corn Belt Inbreds

J.G. Tivang*, J. Nienhuis, 0.S. Smith, and J.S.C. Smith, Dept. of Horticulture,
Univ. of Wisconsin, Madison, WI 53706; Pioneer Hi-Bred International,Inc.
Johnston, IA 50131.

The statistical properties associated with molecular markers are important
when used to characterize germplasm. Evaluation of these properties are neces-
sary for informed selection of one marker system over another. Five different
molecular marker systems, Amplified Fragment Length Polymorphism (AFLPs),
Arbitrary Primed Polymerase Chain Reaction (AP-PCR), Random Amplified Poly-
morphic DNA (RAPDs), Restriction Fragment Length Polymorphism (RFLPs), and
Isozymes were used to evaluate 39 elite corn belt inbreds. Each system was char-
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acterized for fragment frequency distribution, and band correlation distribution
as a measure of independence. A regression model estimating resolution and
rate of information addition was constructed using the sampling variance. All
marker systems were evaluated according to this model. The model facilitated
genetic relationships among the inbreds to be compared at equivalent perfor-
mance level among all marker systems. Four performance levels resulted in 10
comparisons. Pairwise test of significance were conducted using f tests where
the null-distributions were obtained by the bootstrap procedure. The maker sys-
tem were ranked, assisting breeders in selecting marker systems for germplasm
organization.

153

Integration of RAPD Marker Genetic Linkage Maps in Phaseolus
vulgaris L.

Paul Skroch*., Jim Nienhuis', Geunwha Jung?, and Dermot Coyné?, *Dept. of
Horticulture, 1575 Linden Drive, Univ. of Wisconsin, Madison, WI 53706; 2Dept.
of Horticulture, Univ. of Nebraska, Lincoln, NE 68583.

Currently, we are studying the genetics and linkage relationships of impor-
tant quantitative and qualitative traits in common bean, including disease resis-
tances, plant architecture, seed size and shape, and pod size, shape, and fiber
content. Study of the genetics of these traits is being facilitated through the use of
RAPD marker-based linkage maps in four Rl populations. Cultivated P.vulgaris
has two primary centers of diversity—Meso-american and Andean, the RI popu-
lations used for mapping are Meso x Andean (Bat93 x Jalo EEP558 and Eagle x
Puebla 152), Andean x Andean (PC50 x Xan159), and Meso x Meso (BAC6 x
HT7719) crosses. Maps in these four populations are being integrated through
the use of cosegregating markers. Integration of maps will allow integration of the
linkage relationships of relevant genes and also allow more efficient sampling of
markers for future linkage studies.

154

Comparison of Genetic Diversity in Core and Whole Germplasm
Collections for Phaseolus vulgaris L.

J. Nienhuis*, P. Skroch?, M. Sass', S. Beebé?, J. Tohme?, and F. Pedraza?, ‘Dept.
of Horticulture, University of Wisconsin, Madison, W1 53706; 2C.I.A.T., AA6713,
Cali, Columbia.

The number of Phaseolus vulgaris germplasm accessions numbers more than
30,000. While the large numbers of accessions increase the probability of pre-
serving genetic variability they simultaneously limit the efficient and routine uti-
lization of this resource. From the approximately 4000 P. vulgaris accessions in
the C.I.A.T. whole collection that were collected in Mexico, a core collection of
400 accessions was developed based on variation for agronomic performance,
ecological adaptation, and seed characteristics. Random samples of 90 acces-
sions each were drawn from the core and whole collections and evaluated for 224
polymorphic RAPD bands. Based on analysis of the RAPD data there were no
significant differences in genetic diversity between the two samples. The correla-
tion of marker frequency for the two samples was 0.984 confirming that the two
samples represent the same population.

155

Diallel Analysis for Rain Check in Tomato

Cheryld L. Emmons*and J.W. Scott, Gulf Coast Research and Education Center,
IFAS, Univ. of Florida, 5007 60th St. E., Bradenton, FL 34203.

To investigate the genetic control of rain check (cuticle cracking) in tomato
(Lycopersicon esculentum), a full diallel cross including five parents ranging
from very resistant to very susceptible was grown in late spring 1994. A random-
ized complete-block design with four replications was used and the proportion of
fruit showing check was measured on all mature fruit from eight plants per repli-
cation at three harvests. Analysis of variance indicated significant (P < 0.0001)
variation for line, harvest, and line by harvest interaction. The proportion of fruit
affected increased with each successive harvest. Reciprocal differences were tested
on a hy-harvest basis and found to be nonsignificant. Reciprocals were com-
bined and a Hayman'’s analysis was performed on a by-harvest basis on the means.
Additive effects on variance were significant (P < 0.05) for all harvests. Under
high environmental stress (harvest 3), dominance effects were negative and sig-
nificant (P < 0.05). Narrow-sense heritability ranged from 0.54 to 0.67 and in-
creased with increasing environmental stress. General combining ability was sig-
nificant for all harvests, whereas specific combining ability was significant only
for harvest 3 (P < 0.05).
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156
Inter- and Intraspecific RAPD Variation in Four [pomoea Spe-
cies
Dapeng Zhang*! and Wanda W. Collins?, "Dept. of Genetic Resources, Interna-
tional Potato Center (CIP), Apartado, 1558, Lima, Peru; 2Dept. of Horticultural
Science, Box 7609, North Carolina State Univ., Raleigh, NC 27695-7609.
Randomly amplified polymorphic DNA (RAPD) analysis was performed on
18 accessions belonging to four different species of the genus jpomoea, includ-
ing sweetpotato and three related species. Twenty-two out of 30 primers tested
revealed polymorphisms among these four species. Eight primers were selected
on the basis of the number and repeatability of polymorphism produced. With
these, a total of 98 different DNA bands were obtained and 85% of them were
polymorphic. Based on the presence/absence of the bands, a genetic similarity
among accessions and among species was calculated. Unweighted pair-group
method with arithmetical averages (UPGMA) based on the similarity coefficients
clearly discriminated these four species. jpomoea trifida and sweetpotato share
more genetic similarity. jpomoea trilobaand . leucantha fall into another cluster.
This study demonstrated that RAPD techniques can be a very useful tool for geno-
type/accession identification and studying the genetic relationship among geno-
types/accessions of sweetpotato and among species of jpomoea.

157

Application of RFLP Analysis for the Assessment of QTLS in
Cucumber (Cucumis sativus L.)

A. Dijkhuizen and J. Staub* USDA/ARS and Dept. of Horticulture, Univ. of Wis-
consin, 1575 Linden Dr., Madison, WI 53706.

Cross progeny (F, and BC) of a Cucumis sativus var. sativus (GY 14) x C.
sativus var. hardwickii (P1 183967) mating were used in conjunction with RFLP
analysis to identify regions of the genome influencing yield and fruit quality, and
to test the consistency of QTLs over environments and generations. QTLs affect-
ing earliness, sex expression (F), fruit yield, and fruit size were identified. The
number and map location of these QTLs was consistent over environments (years
and plant densities). Differences in number and map location of QTLs were found
when F; and BC families were compared. Some of these differences could be
attributed to disparities in population size (102 and 59 for F, and BC families,
respectively), dominance, and the amount of genetic information available (F, >
BC). Two shared chromosomes regions were identified that conditioned days to
anthesis, fruit number, and weight. One of these regions coincided with the QTL
affecting number of barren nodes, while the other was near the F-locus. Three to
five QTLs were found to control fruit length (L), diameter (D), and L/D ratio. De-
pending on the locus, QTLs affecting fruit size appeared to express themselves
with various degrees of dominance according to the direction of dominance ob-
served in either parent.

158

Genetic Relationships among Accessions and Cultivars of Faba
Bean (Vicia faba L.) Based on RAPD Molecular Markers
Mario Crespo*, James Nienhuis, Jan Tivang, and Paul Skroch, Dept. of Horticul-
ture, Univ. of Wisconsin, Madison, WI 53706.

Knowledge of relative genetic distance among genotypes is useful in a breed-
ing program because it permits organization of germplasm resources. Genetic
distance (GD) was estimated among 113 faba bean, Vicia faba L. genotypes, which
included three botanical varieties from different geographical areas around the
world. The genotypes included 87 accessions from Bolivia, 14 accessions from
the Middle East and North Africa, five accessions from Australia, and seven com-
mercial varieties from Europe. Twenty-three RAPD primers were scored yielding
four to 13 polymorphic bands resulting in a total of 165 bands. Our objective was
to determine genetic relationships among accessions and cultivars as measured
by RAPD markers. The genetic relationships were estimated using the ratio of
discordant to total bands scored. A multidimensional scaling (MDS) plot indi-
cated four clusters corresponding to: i) European commercial cultivars; ii) the
Middle East, North Africa, and Australian accessions; iii) the Bolivian highland
landraces; and iv) the Bolivian collection maintained in a valley environment. A
permutation test confirmed the four clusters (P < 0.01). Sampling variance re-
sults indicated that a CV of 10% could be obtained with as few as 148 bands
between groups. Selection and drift appears the main cause of divergence of two
populations in the Bolivian faba bean collection.The results of this study indi-
cated that RAPDs are a powerful tool for evaluation of germplasm conservation
methods in faba bean.
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Nutrition/Fruits & Nuts (Subtropical &
Tropical)
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159

Foliar Nitrogen Fertilization of Citrus in Florida

B.R. Bondada*, J.P. Syvertsen, L. Albrigo, A. Alva, and P. Petracek, Univ. of Florida,
IFAS, CREC, 700 Experiment Station Road, Lake Alfred, FL 33850.

Foliar applications of urea nitrogen (N) is a relatively new practice in Florida
citrus production resulting from applied research and changes in citrus fertilizer
management philosophy. The present study investigated the effect of leaf age and
surface morphology on leaf wettability as measured by contact angles, and ab-
sorption efficiency of foliar-applied N. Young leaves (0.25 and 1 month) were
more efficient than old leaves in the absorption of foliar-applied N. Contact angles
of water, urea-, and triazone-N solutions were low in the young leaves. The adaxial
surfaces had lower contact angles than abaxial surfaces in each leaf age group.
Inefficient N absorption and large contact angles in old leaves (3 and 6 months)
were related to surface wax deposition and cuticle thickness, which increased
with leaf age. 15N- and 14C-labeled urea are being used to determine precisely
how the cuticle and wax affect foliar N absorption in citrus leaves.

160

Foliar and Soil Zn Applications Increase Yield of Grapefruit Trees
Dariusz Swietlik*, Texas A&M Univ.—Kingsville, Citrus Center, P.0. Box 1150,
Weslaco, TX 78599.

The effects of soil and foliar Zn applications on growth, yield, and fruit quality
of ‘Rio Red’ grapefruit were studied in the field for 4 years. Two annual foliar
sprays applied in winter (W), spring (S), or W+S were compared to a single appli-
cation of 10 or 30 g of Zn/tree applied to the soil around the tree as ZnDTPA or
ZnEDTA chelate. In the first 2 years, when control trees displayed severe Zn defi-
ciency symptoms affecting 60% to 70% of the tree foliage, the W and W+S sprays
resulted in significant yield increases. Similar yield increases were obtained after
a single soil application of 30 g Zn as ZnEDTA. The effects of other soil treat-
ments were statistically insignificant. Foliar Zn deficiency symptoms were much
more severe in winter than summer months irrespective of treatment. As the trees
aged, however, the severity of symptoms decreased in all treatments. Corrective
foliar or soil Zn applications were found to increase grapefruit yield when 15% or
more of the canopy foliage showed Zn deficiency symptoms in January, =2 months
before anthesis.

161
Nitrate-N Distribution Pattern in Ground Water under a Florida
Citrus Grove
Heinz K. Wutscher*, USDA/ARS, USHRL, 2101 Camden Road, Orlando, FL 32803-
1419

An 8-ha block of 9-year-old Valencia orange trees, surrounded on three sides
by drainage ditches, was divided into four equal-sized plots. A 4-m deep sam-
pling well was drilled in the middle of each plot and a short piece of perforated
pipe was placed above the water level in the bank of one of the drainage ditches to
intercept seepage water. Water from the well in the third plot and the correspond-
ing seepage pipe contained consistently NO,-N in the 20-ppm range, in contrast
to the other sampling points, ranging from 0.1 to 9 ppm. Electrical conductivity
was higher in plots 3 and 4, downstream from plots 1 and 2, in the ground water
flow. Sodium in the water followed the same pattern P and K were the same, and
pH was higher in plots 1 and 2 than in 3 and 4. Soil pH (5.2-5.8) and water-
extractable NO,-N showed no patterns, organic matter (0.79% to 0.12%) and
soil moisture (5.5% to 6.3%) were higher in plots 3 and 4. Leaf nitrogen (2.60%
to 2.90%) was highest in the high-nitrate plot 3. The soil on the east side of this
plot showed a higher nitrate-holding capacity compared to the other plots in an
anion-exchange capacity procedure.

773

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



162

Fertilization of Young ‘Hamlin’ Orange Trees with Controlled-
release Fertilizer

J.J. Ferguson*and F.S. Davies, Horticultural Sciences Dept., 1251 Fifield Hall,
Univ. of Florida, Gainesville, FL 32611.

Young ‘Hamlin’ orange trees [Citrus sinensis (L.) Osbeck] were fertilized six
times/year with water-soluble N fertilizer at recommended rates (0.20, 0.34, and
0.38 kg N/tree per year) and with controlled-release fertilizer one time/year
[Osmocote, IDBU, and a 44.5% urea-N fertilizer coated with a sulfonated ethyl-
ene-propylene-diene polymer (Sherritt, Inc.)] at 0.04, 0.06, and 0.08 kg N/tree
per year for years 1, 2, and 3, respectively. There were no differences in trunk
diameter, tree height, or tree rating among treatments in any year, although there
was a slight reduction in tree rating for some trees with biuret symptoms in the
Sherritt treatment in year 2. Leaf nitrogen content was acceptable for all treat-
ments in all 3 years, except for the Osmocote treatment in year 2, which had low
to deficient levels. Levels of other nutrients were all within acceptable ranges,
except for low potassium levels for the Osmocote in year 2. There were no signifi-
cant differences in yields of young trees in year 3, the first bearing year. Given its
44.5% N analysis, the total amount of Sherritt controlled-release fertilizer applied to
young citrus trees was 4% that of the standard, water-soluble fertilizer and from
39% to 45% that of the two other controlled-release fertilizers in years 1, 2, and 3.

163

Assessment of Nitrogen Uptake Capacity in Mature Alternate-
bearing Pistachio (Pistacia vera) Trees

Richard C. Rosecrance*, Steve A. Weinbaum, and Patrick H. Brown, Dept. of
Pomology, Univ. of California, Davis, CA 95616.

The interrelationships between crop load, root growth, and nutrient uptake in
mature, pistachio trees were examined in this study. Nutrient uptake was deter-
mined during the spring, summer, and fall using labeled nitrogen (**N) and bo-
ron (19B) and by differences in whole-tree accumulation between tree harvests for
other nutrients (e.g., P, K, Ca, Zn). Nitrogen and boron uptake were double in
fruiting compared with nonfruiting trees in the spring. Most of the labeled N was
found in the developing fruits and leaves. Total labeled N recovery during the
spring flush period, however, was low, indicating that much of the N in the fruit
came from N reserves from within the tree rather than uptake from the soil. In
contrast, significant amounts of N were taken up from the soil during the summer
uptake period. Thus, our data support the hypothesis that sink demand (i.e., fruit
development) conditions N uptake in pistachio. The relationship between root
growth and N uptake was also examined in this study. Root observation cham-
bers were constructed, and root growth determined by tracing roots growing up
against the glass windows. Root length, root growth rate, relative root growth
rate, and total tree fine root weight were all greater in nonfruiting compared to
fruiting trees during the fruit development period (late May to mid-July). Surpris-
ingly, fruiting trees had less root growth, but greater N uptake than nonfruiting
trees during this period. This evidence suggests that N uptake is decoupled from
root growth in mature pistachio trees.

164
Effect of Pollen of Five Different Male Palm Trees on the Chemi-
cal Characteristics of Jiroft Mazafati Date
A. Talaie and B. Panahi*, Faculty of Agriculture, Univ. of Tehran, Tehran, Iran.
The type of pollen of date palm trees could affect the chemical characteristics
of the fruit, and determine the quality and quantitative aspects. Careful selection
of proper pollen for pollination of date palm is very important. This research was
conducted for the selection of the best pollinizers and to study the effects of five
varieties of male trees from the Shahdad area on the chemical characteristics of
‘Jiroft Mazafati’ date. A completely random block was used for analysis of the 2
years of data (1991-1993). The study sight was in the Jiroft area of Kerman Prov-
ince, Iran. Samples of fruit were collected after the pollination process and the
required information recorded. Total dry matter, fruit moisture, total sugar con-
tent, fruit ash, and fruit pH were measured. Statistical calculations analysis and
compound variations and evaluations of the treatments by Duncan’s test indicate
that, statistically, the different treatments have no effect on the fruit pH, and the
difference are not significant. There are statistically significant effects on the other
chemical characteristics of the fruit.

774

165
Effect of Urea, Some Micronutrients, and Growth-regulator Fo-
liar Sprays on the Yield, Fruit Quality, and Some Vegetative
Characteristics of ‘Washington’ Navel Orange Trees—Vegeta-
tive Growth and Mineral Leaf Content
Ahmed M. Akl, Abdel-Fattah M. Eid*, and Mohamed Y. Hegab, Horticulture Dept.,
Faculty of Agriculture, Minia Univ., Minia, Egypt.

This investigation was carried out during the experimental seasons of 1991—
92 and 1992-93 on 25-year-old ‘Washington’ navel orange trees grown in an
orchard at Beni Suef (=120 km south of Cairo). This part of the investigation
studied the effect of foliar spraying urea (0.5%), a mixture of Zn (0.4%), Mn
(0.3%), Fe (0.5%), and Cu (0.3%) in sulfates from 23% Zn, 28% Mn, 19% Fe,
and 30% Cu, respectively, and two growth regulators (GA, at 25 ppm and a-NAA
at 10 ppm) on some vegetative aspects and leaf content of some macro- and
micronutrients. The investigation also included the effect of number and date of
spraying (one spray 3 weeks before flowering, one spray 4 weeks after fruit set,
and two sprays at the two dates) on the studied traits. The results showed that the
overall treatments included two sprays of urea, micronutrients (Zn, Mn, Fe, and
Cu) and NAA at 10 ppm achieved the highest values for average leaf area and
shoot diameter in both seasons. The treatment on shoot length was more effec-
tive when GA, replaced NAA. Leaf analysis showed that the application of any of
the nutrients was responsible for a pronounced increase in leaf content of that
element, but reduced the contents of others. Growth regulator treatments lowered
leaf content of the determined elements. However, all other treatments in this
study reduced leaf content of P and K.

166

Effect of Urea, Some Micronutrients, and Growth Regulator
Foliar Sprays on the Yield, Fruit Quality, and Some Vegetative
Characteristics of ‘Washington’ Navel Orange Trees—Yield and
Yield Components

Ahmed M. Akl*, Abdel-Fattah M. Eid, and Mohamed Y. Hegab, Horticulture Dept.,
Faculty of Agriculture, Minia Univ., Minia, Egypt.

This investigation studied the effects of foliar sprays of urea (0.5%), a mix-
ture of Zn (0.4%), Mn (0.3%), Fe (0.5%), and Cu (0.3%) in sulfates from 23%
Zn, 28% Mn, 19% Fe, and 30% Cu, respectively, and two growth regulators (GA,
at 25 ppm and a-NAA at 10 ppm), as well as number and date of sprays, on the
number of fruit/tree, average fruit weight, and yield/tree in kilograms. Spraying
‘Washington' navel orange trees with urea and/or micronutrients significantly in-
creased the number of fruit/tree, average fruit weight, and yield/tree expressed in
kilograms. However, the treatment including both of them was the most effective
in 1991-92 and 1992-93. Application of GA, and NAA effectively increased the
value of the three traits compared with the control; however, spraying the trees
with NAA was responsible for higher fruit numbers, while GA, was more effective
in increasing fruit weight. Two sprays of urea, micronutrients, and NAA (or GA),
the first applied 3 weeks before flowering and the second 4 weeks after fruit set,
were more effective than spraying once at any of the two dates in producing high
numbers of fruit/tree, average fruit weight and yield per tree by weight.

72 ORAL SESSION 21 (Abstr. 167-174)
Temperature Stress (General)/Cross-
commodity

167
Imitation of Cold Stress in ‘Beautiful Arcade’ Apple Root using
Electrical Impedance Analysis
Jean-Pierre Prive* and M..N. Zhang?, 'Agriculture Canada, P.0. Box 667,
Bouctouche N.B., Canada EOA 1GO0; 2Dept. of Physiology and Cell Biology, Univ.
of Texas Medical School, Houston, TX 77030.

2,3,5-triphenyltetrazolium chloride (TTC) staining and electrical impedance
(?) analyses of apple roots (Malus domestica Borkh. ‘Beautiful Arcade’) taken in
late March from either the field or from 3C refrigerated storage (cold-stored).
LT, levels using TTC were much lower than those found using electrical imped-
ance. No loss of viability in the roots was detectable using TTC staining until a
freeze—thaw stress of —9C whereas ? analysis detected changes in cell viability
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after a freeze—thaw stress of only —3C. With increasing cold stress, two param-
eters: extracellular electrical resistance (R ) and time constant ?, decreased lin-
early for cold-stored roots and exponentially for field roots. Impedance analysis
also revealed that the values for both extracellular R and total tissue electrical
resistance (R,) for the field roots were approximately 5 and 8 times lower, respec-
tively, than in the cold-stored roots. It is believed that the smaller R, and R,
values obtained from the field roots were due to natural in-field freeze—thaw cy-
cling prior to the controlled stress tests in the laboratory. Based on the analyses
of winter hardiness using the two methods, the impedance technique ? provided
the physiological information not only about the hardiness level, but also about
freeze—thaw history prior to the hardiness assessment.

168

Freeze Tolerance of ‘Braeburn’ Apple Shoots

D.O. Ketchie* and R. Kammereck, Washington State Univ. Tree Fruit Research
Center, 1100 N. Western Ave., Wenatchee, WA 98801.

Differential thermal analysis (DTA) and tetrazolium triphenyl chloride (TTC)
were done on shoots of 4-year-old ‘Bragburn’ apple trees for 3 years. The trees
acclimated slowly in autumn. If cold temperatures last long enough in winter,
shoots will acclimate as low as —40C. Shoots are sensitive to warm temperatures
and deacclimated rapidly. An attempt to run a controlled test on freeze resistance
of ‘Braeburn’ did not respond to DTA. Moisture samples indicated trees were
freeze dried. Different sets of trees were rehydrated and showed an exotherm pat-
tern. Exotherms could be seen after 3 days at 26C, 14 days at 10C, and 21 days at
4C. Another controlled freeze test was performed on 1-year-old ‘Braeburn’ trees.
Trees were acclimated outdoors. An exotherm pattern could be seen upon DTA
analysis. After artificial freezing, DTA and TTC tests showed pith killed at —24C,
primarily xylem at —28C, and all tissue at —35C. After freezing, trees were placed
in a greenhouse and warmed over 2 months. Upon dissection, we found xylem
produced before freezing was dead, but a large amount of new xylem was gener-
ated. Trees appeared to have normal leaf and shoot growth for about a month, but
eventually wilted and died. Dissection of these showed the same results as the first
set dissected. New xylem evidently was not enough to carry the growth of the trees.

169
Cold Hardiness in Two Interspecific Populus Hybrids
Thaddeus McCamant*and R. Alan Black, Dept. of Botany, Washington State Univ,,
Pullman, WA 99164.

Cold hardiness was studied in two interspecific Populushybrids (P. trichocarpa
X P. deltoides, and P. trichocarpa x P. maxomowiscii), using laboratory freezing
tests of mid-winter dormant tissues and fully expanded leaves in the autumn.
These laboratory measurements were compared to field observations. Hybrids
having one parent from southern-source populations and the other parent from
northern sources were compared to hybrids in which both parents were from
southern-source populations. Populus hybrids with one parent of northern origin
were generally hardier than hybrids from parents of southern sources; however,
significant differences in cold hardiness were detected between hybrids having
the same genetic parents. Field observations generally supported laboratory mea-
surements and showed clonal differences in mid-winter cold hardiness and au-
tumn leaf frost tolerance. Fully expanded leaves of different clones from the same
parent also exhibited differences in frost tolerance.

170

Gene Expression and Membrane Changes in Bermudagrass
during Cold Acclimation

John Wells*, Jiyu Yan, Melissa Riley, Suresh Samala, and Vance Baird, Horticul-
ture Dept., Clemson Univ., Clemson, SC 29634-0375.

Bermudagrass (Cynodon dactylon) cultivars may exhibit increased tolerance
to cold following periods of exposure to moderately cold temperature (i.e., accli-
mation). We are evaluating biochemical changes and the regulation of gene ex-
pression in two cultivars—'Midiron’ and U-3—during this acclimation period.
Total membrane lipid fatty acids per unit of total lipids (MLFA/TL; pg-mg™) in-
creased in crowns over the 4-week exposure to chilling temperatures (8C day/2C
night). Of the fatty acids comprising 95% of total MFLA, concentrations of short-
chain and saturated FAs declined significantly while unsaturated longer-chain FA
concentration increased. As a result, the double bond index (percent of each FA x
number of double bonds in the FA) increased during the period of low tempera-
ture exposure, indicative of increasing membrane fluidity. Changes in MFLA were
evident as early as 4 days following exposure to chilling temperatures. Identifica-
tion of mMRNA species expressed in response to low temperature utilized differen-
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tial display-PCR. Initial screening with paired TLININ 2 3'-anchor and 5'-ran-
dom decamer primers has identified transcripts differentially expressed as early
as 23 h post-exposure and was maintained for at least an additional 36 h. Isola-
tion, reamplification, and cloning of these identified PCR products is in progress.

171

Effect of Chilling on Respiration and Induction of Cyanide-re-
sistant Respiration in Cucumber Roots

Eleazar Reyes*and Paul H. Jennings, Dept. of Horticulture, Forestry and Recre-
ation Resources, Kansas State Univ., Manhattan, KS 66506.

The effect of chilling stress on induction of the cyanide-resistant pathway was
investigated using roots of 3-day-old cucumber (Cucumis sativus L.) grown at
26C and then chilled at 2C, 10C, or 15C for 24, 48, 72, and 96 h. A 24-h post-
chilling treatment was imposed on different sets of chilled cucumber roots at
26C. Exposing seedlings to 2C, 10C, and 15C, as well as to a post-chilling treat-
ment, induced differential responses in the activity of the cyanide-resistant path-
way. Cucumber seedling roots exhibited an increase in the cyanide-resistant path-
way after a 96-h chilling treatment at 2C. The involvement of the cyanide-resis-
tant pathway in the chilling stress response will be discussed.

172

Influence of Warming Temperatures on Shoot Dehardening of
Container-grown Nursery Stock

Jennifer L. Dwyer*, N. Curtis Peterson, and G. Stanley Howell, Dept. of Horticul-
ture, Michigan State Univ., East Lansing, MI 48824-1325.

Studies were conducted with Physocarpus, Weigela, Hibiscus, Euonymus,
Forsythia, Spiraea, Lonicera, and Taxus to evaluate the effects of warming tem-
peratures on shoot dehardening. Container-grown plants were stored pot-in-pot,
allowing shoots to receive natural outdoor conditions until early March. Control
plants remained at 0C (32F), while treatment plants were placed in a temperature-
controlled chamber at 21C (70F) and given up to 8 days of warming. Controlled-
temperature freezing was used to evaluate plant hardiness. Hardiness levels of
Weigela, Spiraea, and Forsythia rapidly decreased after 1 day of warming and
again after the 7th day. Hibiscus gradually decreased in hardiness until the 7th
day. The influence of polyhouse storage, in which plants were stored pot-in-pot,
on the dehardening of Weigela, Hibiscus, and Euonymus was compared to out-
door storage, where plants were stored pot-in-pot. The warming effects of the
polyhouse decreased the cold hardiness of the species studied. Results of the
warming effects will be presented.

173

Involvement of HSP Synthesis and Protease Inhibitors in Heat
Shock-induced Cucumber Seedling Chilling Tolerance

Paul H. Jennings*and Ann Fitzpatrick, Dept. of Horticulture, Forestry and Recre-
ation Resources, Kansas State Univ., Manhattan, KS 66506.

Heat shock induction of chilling tolerance in cucumber seedlings is not blocked
by inhibitors of protein synthesis. Treatment of germinating seeds with cyclohex-
imide and actinomycin-D, prior to heat shock and chilling, does not block the
heat shock induction of chilling tolerance, while the inhibitors alone promote
chilling tolerance of seedling roots. To test whether the heat shock effect might be
acting on proteases, two protease inhibitors (bestatin and PMSF) were tested for
their ability to induce chilling tolerance. Although PMSF slowed germination, it
still provided protection against chilling, but bestatin was much more effective.

174

Evidence for Genetic Variability in the Speed of Cold Acclima-
tion among Tuber-bearing Wild Potato Species

Sandra E. Vega-Semorile*, John B. Bamberg, and Jiwan P. Palta, Dept. of Horti-
culture, Univ. of Wisconsin, Madison, W1 53706.

Frost damage to the foliage is a common problem where potatoes are grown,
and results in significant reductions in tuber yield. Frost injury also limits the
cultivation of high-yielding S. tuberosum cultivars in the mountain regions of
Central and South America, where potato is a staple crop. Recent studies have
shown that some wild potato species possess a high degree of non-acclimated
frost tolerance (growing in normal conditions) as well as high cold acclimation
capacity (able to increase frost tolerance upon exposure to cold). Natural frosts
affecting potatoes are of two types: a) late spring or early fall frost, where the
minimum temperature during the frost episode can be very low; b) frost during
the growing season, where the minimum temperature during the frost episode is
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not as low. It is expected that potato species able to acclimate rapidly would
survive better from the latter type of frosts, whereas species having higher accli-
mation capacity might have a great chance to survive better from the former type
of frosts. The objective of this study was to find out if there is genetic variability
for the speed of acclimation among different tuber-bearing wild potato species.
The species used were: S. acaule, S. commersonii, S. megistacrolobum, S.
multidissectum, S. polytrichon, S. sanctae-rosae, and S. toralapanum. Relative
freezing tolerance of these species was measured during cold acclimation. Pre-
liminary results suggest that there are differences in the speed of acclimation
among these species. We found that these species can be divided into four groups:
i) non-acclimators; ii) rapid acclimators, with low to medium acclimation capac-
ity; iii) slow acclimators, with low to medium acclimation capacity; iv) slow
acclimators, with high acclimation capacity. We plan to use this information in
our breeding program aimed at improving the freezing tolerance of potatoes.

73 ORAL SESSION 22 (Abstr. 175-182)
Seedling Establishment/\egetables

175

The Effects of Mechanical Conditioning on Tomato Transplant
Growth and Field Performance

Lauren C. Garner* and Thomas Bjérkman, Dept. of Horticultural Sciences,
NYSAES, Cornell Univ., Geneva, NY 14456.

Stretching is a problem in high-density transplant production. Mechanical
conditioning provides good height control for many crops, but information con-
cerning the dosage and timing of stimulation, and possible effects on field per-
formance are necessary for successful commercial implementation. Mechanical
conditioning was applied to processing tomatoes (* Ohio 8245") grown in #288-
deep flats (=2000 plants/m?). Brushing was applied by daily gentle stroking of
the plant canopy with a Styrofoam planter flat. The appropriate dose as deter-
mined by stroking 0, 10, 20, or 40 times daily back and forth. Twenty strokes
provided sufficient height control with minimal plant damage. The interval be-
tween strokes was also varied, using 0.6 6, 60, or 600 s. These intervals were all
equally effective in reducing the growth rate of the canopy. This broad range
provides flexibility in commercial use of this technique. To test for effects on field
performance, two methods of conditioning were used: brushing and impedance.
Brushing was 20 continuous strokes daily. The impeded plant canopy was com-
pressed slightly by a piece of Plexiglas suspended overnight. The treatments
were applied from canopy closure until transplanting to the field. At transplant-
ing, brushed and impeded plants were significantly shorter than control plants
without a reduction in shoot dry weight. The treatments did not affect the speed at
which the plants grew in the field. Within 5 weeks after transplanting, there were
no significant differences between treatments in any measured parameter, in-
cluding final yield. Therefore, both brushing and impedance provide a flexible
and effective method for controlling tomato transplant height without adversely
affecting establishment or yield.

176

Matriconditioning Integrated with GA to Hasten Seed Germi-
nation and Improve Stand Establishment of Pepper and To-
mato

Claudinei Andreoli* and Anwar A Khan, EMBRAPA/CNPMS, Cx. Postal 151, Sete
Lagoas, Brazil 35701-970.

Emergence and stand establishment of pepper and tomato seeds often are
slow and erratic, particularly under stress conditions. Field emergence trials some-
times have not responded to priming in pepper. In this study, we examined the
combining effect of matriconditioning with GA, , to hasten germination and im-
prove stand establishment of pepper and tomato seeds. The results showed that,
in all cases, even under stressful conditions, the combined matriconditioning
plus GA treatment was effective in improving germination and emergence of pep-
per and tomato seeds. Emergence was improved in 20% when seeds were treated
with GA,,, up to 200 mM. Thus, matriconditioning during which germination is
suspended, provides a unique means to rapidly and efficiently digest the en-
dosperm by GA-induced enzymes and reduce not only the mechanical restraints
but also provide the energy for embryo growth.
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177

Efficiency of Nitrogen Assimilation in Tomato Seedlings as Af-
fected by Nitrogen Regime and Photoperiod

Silvana Nicola*., Luigi Basocct, and Salvino Leoni?, 'Dipartimento di Agronomia,
Selvicoltura e Gestione del Territorio, Universita, Italy; 2Centro Regionale Agrario
Sperimentale, Regione Sardegna, Italy.

Excessive nitrogen can be detrimental to transplant quality when supplied
during the period of suboptimal photoperiod conditions. This investigation was
made to determine the relationship between nitrogen and photoperiod on the
growth rate of the transplants. The growth analysis included the determination of
the net assimilation rate (NAR) and the nitrogen productivity (NP). ‘Camone’ to-
mato (Lycopersicon esculentum Mill.) seedlings were grown in the greenhouse
under two photoperiods 8 and 12 h) at a constant light intensity and fertilized with
three different N concentrations (8, 15, and 30 mmol-liter) applied four times.
Longer photoperiods enhanced plant growth by increasing the internode, LAR,
SLA, and SWR. Root fresh weight, dry weight, stem dry matter, NAR, and RWR
were minimal when 30 mmol-litert N concentration was supplied, while LAR
and SLA were at their maximum level. The interaction between N and photoperiod
was significant. Increasing N supply during an 8-h photoperiod decreased growth.
During a 12-h photoperiod, 15 mmol-liter* was the optimum N concentration
for fresh growth and 8 mmol-liter for shoot dry growth. The RGR had the lowest
value, with 30 mmol-liter N and 8-h photoperiod. PNC was highest when plants
received 30 mmol-liter! N during an 8-h photoperiod, and when the plants re-
ceived 15 and 30 mmol-liter N during the 8-h photoperiod. LNC doubled in
plants fertilized with 30 mmol-liter > N compared to those with 8 mmol-liter
when grown under a 12-h photoperiod. The NP was at the maximum in plants
fertilized with 8 mmol-liter™ N at the 12-h photoperiod. The lowest NP values
occurred when plants were fertilized with 30 mmol-liter=: N. When photoperiod
is a limiting factor in growing seedlings, N supply must be limited to optimize the
efficiency of its utilization by the plant.

178

Evaluating the Impact of Transplanting Depth on Tomato Yield
Charles S. Vavrina*, Univ. of Florida, Southwest Florida Research and Education
Center, P.O. Drawer 5127, Immokalee, FL 33934.

Tomato transplants when planted to the cotyledon leaves, or to the first true
leaf, yielded more than transplants set to the top of the root ball. Yield increase
appears to be a function of increased extra-large fruit number, which suggests
advanced maturity. Results held across four widely separated geographic loca-
tions for both spring and fall plantings. These data suggest that planting tomato
transplants deeper is commercially beneficial in Florida.

179

Nitrogen Fertilization Effects on Growth, Yield, and Quality of
Lettuce (Lactuca sativa) Transplants

Puffy Soundy*, D.J. Cantliffe, G.J. Hochmuth, and P.J. Stoffella, Horticultural
Sciences Dept., Univ. of Florida, IFAS, Gainesville, FL 32611.

‘South Bay' lettuce transplants were grown in F392A styrofoam Speedling®
flats at different levels of N to evaluate the effect of N on transplant quality and
subsequent yield and head quality in the field. Plants were irrigated eight times
over a 4-week growing period by floating flats for 30 min in nutrient solution
containing eight 0, 15, 39, 45, or 60 mg-liter* N supplied from NH4NO3. Dry
shoot mass, leaf area, and plant height increased linearly with increasing N rates
and dry root mass and stem diameter increased in a quadratic fashion. Trans-
plants with the greatest plant biomass were, therefore, produced with 60 mg-liter-
L N. Plants from the 15, 30, 45 and 60 mg-liter™" N treatments were planted in
sandy soil in plastic-mulched beds under drip irrigation. To optimize lettuce head
maturity among the treatments, plants from the N treatments were harvest 53, 56,
and 59 days after transplanting (DAT). The optimum time to harvest was deter-
mined to be 56 DAT. There was no yield response (measured in terms of head
mass) or quality response (measured in terms of head height, head diameter,
head compactness or core length) to N applied during transplant production.
This indicated that transplants produced with 15 mg-liter™* N gave equally good
yield to those produced with 30, 45, or 60 mg-liter™* N when N was applied via
flotation irrigation.
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180

Thermotolerance in Lettuce

Yu Sung?, D.J. Cantliffe, and R.T. Nagata, Horticultural Sciences Dept., Univ. of
Florida, Gainesville, FL 32611.

Lettuce seeds differentially fail to germinate at temperatures above 21C ac-
cording to genotype. Twenty-one lettuce lines were screened for their ability to
germinate at temperatures from 24C to 36C. Four cultivars, ‘Dark Green Boston',
‘Valmaine', ‘Floricos 83', and ‘P1251245’, were selected for this study because of
their range of ability to germinate at temperatures above 24C. Seeds of the four
cultivars were collected from mother plants grown in growth chambers at 20/
10C(day/night temperature), 25/15C, 30/20C and 35/25C. Seeds were germi-
nated on a thermogradient table from 24C to 36C under light ( 12 h). Seeds from
‘Floricos 83' produced above 30C had higher germination percentage at 33C and
36C than those produced below 30C temperatures. At 30C germination tempera-
ture seeds of ‘Valmaine' produced above 30C had 98% germination compared to
45% of those produced below 30C. ‘Dark Green Boston’ seeds produced at 35C
had higher germination percentage(70%) at 30C than those produced at other
temperatures. Seeds collected from the mother plant grown above 30C day tem-
peratures had greater germination than those grown below 30C.

181

Preventing Thermodormancy in Lettuce Seeds by Fluridone
Treatment

Anwar A Khan*, New York State Agricultural Experiment Station, Cornell Univ.,
Geneva, NY 14456-0462.

Fluridone (FL), a catotenoid biosynthesis inhibitory herbicide, prevented
supraoptimal temperatures from inducing thermodormancy in seeds and permit-
ted seedling emergence in several lettuce cultivars. A 48-h dark soak at 35C with
23 UM FL completely prevented the induction of thermodormancy in ‘Mesa 659'
and ‘Emperor’ lettuce seeds as more than 90% of the seeds germinated on trans-
fer to water in darkness at 25C. Abscisic acid (100 uM) applied with FL did not
prevent FL from acting. Dormancy was released completely in the naturally dor-
mant ‘Garnet’ and ‘Grand Rapids’ lettuce seeds at 25C in darkness by 1 pM FL. FL
applied following thermodormancy induction at 35C in ‘Mesa 659’ lettuce seeds
had little effect on releasing the induced dormancy. A 2-h presoak of ‘Mesa 659’
lettuce seeds with 0.47 pM FL followed by washing, drying, and sowing in a peat-
lite mix at 25C/35C (12 h/12 h), permitted 80% seedling emergence. Higher
concentrations resulted in the emergence of albino seedlings. Similar results were
obtained with seeds of other lettuce cultivars (‘Prizehead’, ‘Emperor’, ‘lthaca’, and
‘Empress’). A 6-h matriconditioning (MC) (A.A. Khan, Hort. Rev. 13:131-181,
92) of ‘Mesa 659’ lettuce seeds in 7.5 UM FL enhanced the emergence to a greater
extent than by MC alone at 25C/35C. The FL procedure in alleviating high-tem-
perature stress in lettuce and other seeds is being tested further.

182

Seed Coat Permeability Influences Sinapine Leakage from Non-
germinable Brassica Seeds

P.C. Lee*, A.G. Taylor, and T.G. Min, Dept. of Horticultural Sciences, NY State
Agr. Expt. Station, Cornell Univ., Geneva, NY 14456.

Sinapine leakage to detect seed germination potential on a single-seed basis
in Brassica has been developed as a rapid test. In this test, sinapine leakage
predicts that a seed is non-germinable; however, the major source of errors in
this method are false-negative (F-)—i.e., the method predicted a seed was
germinable because the seed did not leak, and it did not germinate. The sinapine
leakage index (SLI) was used to asses the F— for any seed lot by dividing the
number of non-germinable seeds that leaked sinapine by the total number of
non-germinable seeds. Seed lots including cabbage, cauliflower, and broccoli
(B. oleracea L., Captitata, Botrytis, and Italica groups, respectively) were used to
examine the F—. The leakage rate as measured by T, the time for 50% of heat-
killed seeds to leak, was linearly correlated to SLI. Cabbage seeds were viewed by
scanning electronic microscopy and leaking non-germinable seeds either had
cracks or were shrunken. NaOClI pretreatment has been found to increase the rate
of sinapine leakage and SLI. The mode of NaOCI was due to high pH altering the
seed coat permeability. Chemical analysis was conducted on isolated seed coats
for pectin, tannins, hemicellulose, cellulose, phenolic lignin, and cutin. It was
found that the higher SLI (more permeable) lots contained lower amounts of cu-
tin, suggesting that cutin may restrict the diffusion of sinapine through the testa.
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183

‘Florida Calypso’: A Multicolored Caladium for the Landscape
and Containers

Gary J. Wilfret*, Univ. of Florida, IFAS, Gulf Coast Research and Education Cen-
ter, 5007 60th St. W., Bradenton, FL 34203.

Caladiums, grown for the colorful foliage in containers and the landscape,
are the major floricultural tuber crop grown in Florida. They are planted for their
variety of leaf colors, shapes, color patterns, and their ability to grow in areas of
reduced light and high temperatures. ‘Florida Calypso’ (FC), a fancy leaf cala-
dium with dark-red central venation and rose and white blotches, was released by
the Univ. of Florida in 1995. It is in the same color classification as ‘Carolyn
Whorton' (CW), a top-selling rose/pink cultivar. When grown with on de-eyed
6.5-cm-diameter tuber per 10-cm pot, FC was 33 cm tall, produced five leaves
within 33.4 days from planting, and had 33.6 leaves after 8 weeks, compared to
42.9 cm, 48.2 days, and 11.0 leaves, respectively, of CW. When grown in the
field for tuber production, FC produced larger tubers, had a greater total tuber
yield by weight, and had a higher production index than CW. Tuber yields of FC
were not significantly different than ‘Candidum’, the cultivar produced most in
Florida. ‘Florida Calypso’ can be grown in heavily shaded areas or in full sun in
the landscape and in 10- to 40-cm containers.

184
DNA Amplification Fingerprinting (DAF) Identifies Closely Re-
lated Cultivars in Six Series of Chrysanthemum
M.C. Scott*, G. Caetano-Anollés, and R.N. Trigiano, Dept. of Ornamental Horti-
culture and Landscape Design, Univ. of Tennessee, Knoxville, TN 37901-1071.
The genetic distance of closely related cultivars of Dendranthema grandiflora
(chrysanthemum) was assess using DAF. Twenty-three cultivars of chrysanthe-
mum included in the study were members of the following series: Anne (3), Blush
(3), Boaldi (4), Charm (5), Davis (4), and Pomona (4). The genetic variability
within and between series were evaluated using 11 arbitrary octamer primers. A
few polymorphic loci were evident that uniquely identified closely related culti-
vars within a series. In contrast, many polymorphisms were observed between
members of different series. Genetic distances between cultivars within and be-
tween series were evaluated using marker comparison and analyzed with PAUP
(phylogenic analysis using parsimony) and UPGMA (unweighted pair group clus-
ter analysis using arithmetic means). The average distance between series was
10-fold greater than between cultivars within a series. Furthermore, series with
similar flower morphology, pompon or daisy-like, were more closely related than
those with different phenotypes. DNA from all cultivars belonging to a series were
also bulked to generate DNA profiles containing unique amplified products for
each series. Polymorphic loci that were generated by the DAF technique can pos-
sibly be used for patent protection and phylogenetic studies, and may be useful
in breeding chrysanthemums.

185

Molecular Phylogeny and DNA Amplification Fingerprinting of
Petunia

Teresa A. Cerny and Terri W. Starman?*, Dept. of Ornamental Horticulture and
Landscape Design, Inst. of Agriculture, Univ. of Tennessee, Knoxville, TN 37901-
1071.

Seed of five species of petunia and 10 cultivars of Petunia xhybrida were
obtained from several sources and plants were fingerprinted using DNA amplifi-
cation fingerprinting (DAF). Within some species, variable fingerprints were gen-
erated between individual plants from the same seed source and/or different
sources. Consistencies were found among DAF profiles by bulking the leaf tissue
from 10 different plants, but not five plants. Each of 10 octamer primers used
during the study revealed polymorphic loci between the species and cultivars.
Among the 201 bands produced, 146 (73%) loci were polymorphic and these
could be used to distinguish between each of the species and cultivars. Scoring
for presence and absence of the amplified bands was used to generate a phyloge-
netic tree and to calculate the pairwise distances between each of the taxa using
parsimony (PAUP) analysis. The tree generated using DAF molecular markers
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separated P. axillaris from P. parodii (two white-flowered species), and distin-
guished between the violet-flowered species, P, inflata, P. integrifolia, and P.
violacea.

186

Colchicine-induced Amphidiploids of Rose Interspecific Hybrids
Yan Ma*, David H. Byrne, and Jing Chen, Dept. of Horticultural Sciences, Texas
A&M Univ., College Station, TX 77843-2133.

An objective of our rose breeding research is to transfer resistance to blackspot
and other diseases from wild diploid species to modern rose cultivars. Interspe-
cific hybrids among blackspot-resistant diploid species were chosen for chro-
mosome doubling to produce fertile amphidiploids that could be hybridized to
the tetraploid commercial germplasm. Five such F, interspecific hybrids were
treated with colchicine. The study included two different application procedures
(shake in colchicine solution or colchicine in media), four colchicine concentra-
tions (0.05%, 0.1%, 0.15%, and 0.20%), and five treatment periods (1, 3, 5, 8,
and 10 days). After colchicine treatment, all the materials were cultured in vitro.
One thousand-thirty-seven surviving explants were selected for typical “gigas”
characteristics of doubled diploids. Chromosome counts on shoot tips of these
selected genotypes confirmed 15 amphidiploids. The best colchicine treatment
varied among the interspecific hybrids. Higher colchicine concentrations or du-
ration reduced growth rating, rooting, and percent survival. The recognition of
amphiploids and ploidy chimeras from young seedlings will also be discussed.

187
Amphidiploids as a Source of Blackspot Resistance in Rose
Germplasm Development
D.H. Byme*., Y. Ma®, W. Black, and H.B. Pembertor?, 'Dept. of Horticultural
Sciences, Texas A&M Univ., College Station, TX 77843-2133; 2Texas Agricul-
tural Research and Extension Center, Drawer E, Overton, TX 75684-2127.
Extensive field screening of rose (Rosa spp.) germplasm at two sites in Texas
has determined that most modern roses are susceptible to blackspot [Diplocarpon
rosae (Lib.) Wolf]. Fortunately, there is a high level of resistance in a number of
diploid rose species, such as Rosa laevigata, R. ganksiae, R. rugosa, R.
wichuraiana, and R. roxburghii. These species were used to create three amphid-
iploids: 84-1000 (R. roxburghiix R. laevigata), 86-3 (R. banksiaex R. lagvigata),
and 86-7 (R. wichuraiana x R. rugosa rubra). These were examined for fertility to
determine their usefulness in a breeding program. 86-7 had the most abundant
pollen production and the greatest pollen fertility, as measured by hip set (38%),
followed by 86-3 (19%), and 84-1000 (13%). The female fertility of 86-3 and 84-
1000 is low, and 86-7 is female-sterile. Although 86-7 showed poor female fertil-
ity, F, hybrids exhibited a wide range of fertility, indicating that the fertility of this
germplasm can be quickly increased in subsequent generations.

189

Protected/Unprotected Study of Blackspot Resistance in Rose
William A. Black*, David H. Byrne, and H. Brent Pemberton, Dept. of Horticultural
Sciences, Texas A&M Univ., College Station, TX 77843-2133.

Five commercial cultivars and one species of rose were evaluated in a field
trial for resistance to blackspot caused by Marssonina rosae. The trial was set up
as a split-plot with two treatments. Each subplot was either protected on a weekly
basis with a fungicide application to control blackspot or left to progress natu-
rally with the disease. The trial was evaluated for blackspot resistance and for
growth characteristics. Only the one species, Rosa roxburghii, was disease-free
in both situations. Two cultivars, Peace and Sunflare, were the least resistant.
They averaged 65% defoliation and a 50% infection rating. This corresponded to
a50% reduction in height and a 90% reduction in fresh weight of the plant. ‘Red
Radiance’ had =20% less defoliation than the two above cultivars, which was
reflected by a 20% increase in growth. ‘Old Blush’ had a higher resistance rating,
but its propensity to quickly drop its foliage upon infection left it with a similar
growth reduction as ‘Red Radiance’. ‘Carefree Wonder' was the most-resistant
commercial cultivar. It had only a 43% decrease in fresh weight. ‘Red Radiance’
and ‘Carefree Wonder' both displayed much greater defoliation during December,
whereas the other susceptible cultivars showed the same degree of defoliation as
earlier in the season.
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190

Breeding for Drought Tolerance in New Guinea Impatiens
Mark S. Strefeler* and Robert Quen, Univ. of Minnesota, Dept. of Horticultural
Science, 305 Alderman Hall, 1970 Folwell Avenue, St. Paul, MN 55108.

Six commercial cultivars (Anna, Aurore, Danhill, Danlight, Melanie, and
Thelca), one drought-tolerant cultivar (Orangeade), nine breeding selections, and
one check genotype of Impatiens hawkeri Bull were evaluated for differences in
drought tolerance based on water loss and time to wilt. The six commercially
available cultivars had significantly higher mean water loss than the breeding
selections and ‘Orangeade’. These cultivars wilted in 5.11 days vs. 7.33 for ‘Or-
angeade’ and 9.10 for the breeding selections. These results suggests that suffi-
cient variability exists in New Guinea impatiens germplasm for the reduction of
water loss to improve drought tolerance. Regression analysis revealed that total
transpirational water loss 96 h after withholding water was an excellent predictor
of the time to wilting (a simple measure of drought tolerance) after water was
withheld (2 = 0.95). Thus, a simple, efficient, and objective method for selection
of drought-tolerant genotypes has been developed for New Guinea impatiens. A
comparison of offspring to parental genotypes showed that, after only one cycle
of selection, water loss was significantly reduced by more than 30%. These re-
sults suggest that there is sufficient genetic variability present for the develop-
ment of more drought-tolerant cultivars.

85 ORAL SESSION 24 (Abstr. 191-198)
Photosynthesis/Vegetables & Fruit

191

Effects of Continuous Lighting and Light Spectral Compaosition
on Photosynthesis and Related Processes of Greenhouse-
grown Tomato and Pepper Plants

Dominique-André Demers*, Sylvain Dubé, Serge Yelle, and André Gosselin, Centre
de rechereche en horticulture, Dép. phytologie, Université Laval, Québec, Qué,
Canada G1K 7P4.

Growing tomato and pepper plants under continuous light causes negative
effects such as leaf chlorosis and deformities, and decreased growth and yield.
Such effects are more pronounced on tomato plants. Our general objectives are
to identify the physiological process(es) responsible for these negative effects
and to explain the difference in sensitivity of tomato and pepper plants to con-
tinuous light. The specific objective of this experiment was to determine the ef-
fects of continuous light and light spectral composition on photosynthesis and
related processes of tomato and pepper plants. Tomato and pepper plants were
place on 7 June 1994 in growth chambers under photoperiod treatments of 12 h
[high-pressure sodium (HPS) lamps], 24 h (HPS lamps), and 24 h [metal halide
(MH) lamps]. For all treatments, FPP was 350 pmol-m=2-s~1, temperatures were
21C (day) and 17C (night), and RH was 70%. Every 2 weeks (7 June until 2
Aug.), tomato and pepper leaf samples were harvested and frozen in liquid nitro-
gen for subsequent measurements of starch content (Robinson et al, 1988, Plant
Physiol.), sucrose phosphate synthase activities (Dali et al., 1992, Plant Physiol.)
and chlorophyll and carotenoid content (determination on HPLC). A system that
measured gas exchange and chlorophyll fluorescence of fresh leaf samples was
used to determine the photosynthetic rate and quantum yield of CO, fixation and
electron transport. Development of the negative effects of continuous light on
plants was monitored. Light spectral composition of the two types of lamps was
measured using a spectroradiometer. Results show that, under continuous light,
pepper plants were less-¢fficient than tomato plants in using light for CO, fixa-
tion, but were more efficient in dissipating the extra energy received. This may
explain why pepper plants are less sensitive to continuous light than tomato plants.
MH lamps caused more-severe chloroses on tomato leaves than HPS plants. We
believe that the higher proportion of UV-light provided by MH lamps may be
related to this effect. Detailed results will be presented.
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192

Impact of Mites and Miticides on the Photosynthetic Biology
of Strawberry and Red Raspberry Leaves

J. Scott Cameron*, Chuhe Chen, and Stephen F. Klauer, Washington State Univ.
Research and Extension Unit, 1919 NE 78th St., Vancouver, WA 98665.

Limited twospotted spider mite feeding significantly reduced the CO, assimi-
lation rate of red raspberry leaves and damaged the photosynthetic apparatus
prior to visible damage to the leaf. The impact of miticides on the photosynthetic
biology of raspberry and strawberry leaves was tested in growth chambers, green-
houses, and the field, with similar results across environments. In general, miti-
cides appear to reduce the photosynthetic capacity of the leaves for 10 to 14 days,
with reductions of =30% occurring within the first several days. Chlorophyll fluo-
rescence and fourth-derivative spectroscopy of intact leaf lamina showed changes
in the structure and function of the photosynthetic apparatus in response to chemi-
cal treatment. High temperature reduced physiological processes in strawberry
plants grown at two diurnal regimes (30/24C, 21/15C); however, the relative de-
gree of reduction in photosynthetic activity due to miticide application was simi-
lar for both. A preliminary screening of mite-resistant and -susceptible red rasp-
berry genotypes after prolonged infestation suggested varying levels of physi-
ological tolerance of mite damage, which are not well-correlated with visual ap-
pearance.

193

Effect of Fruiting on Net CO, Assimilation Rates of Peach and
Nectarine Trees

Maria Derkacz*, Calvin Chong, and John Proctor, Dept. of Horticultural Science,
Univ. of Guelph, Guelph, Ont., Canada N1G 2W1.

Growth of peach fruits is characterized by a double-sigmoid curve; two peri-
ods of rapid enlargement (stages | and IIl) separated by a lag phase (stage II).
Seasonal net CO, assimilation rates (NAR) were compared in leaves from fruiting
and non-fruiting (deblossomed) trees of ‘Harrow Diamond’ (early), and ‘Vivid’
(mid-summer) peach (Prunus persica L. Batsch.) and ‘Fantasia’ (late) nectarine
(P. persica) to determine 1) the influence of fruits on photosynthesis and 2) the
relationship between NAR and fruit growth. Seasonal trends in NAR tended to be
qualitatively similar among the three cultivars, despite genotypic and phenotypic
differences. There was a distinct increase in NAR at the time of horticultural fruit
maturity (stage Il1) of each cultivar. Shortly after harvest, NAR rates declined. The
average seasonal NAR of fruiting ‘Harrow Diamond', ‘Vivid', and ‘Fantasia’ trees
was 9%, 11%, and 10% higher, respectively, than that of corresponding non-
fruiting trees. Parallel data for total chlorophyll was 28%, 20%, and 19% higher,
and specific leaf weight (SLW) was 3%, 5%, and 6% lower, respectively. A nega-
tive correlation between NAR and SLW may indicate a feedback inhibition of pho-
tosynthesis.

194

Carbon Partitioning as Affected by Shoot Type and Light Expo-
sure in Peach

L. Corelli-Grappadelli*, G. Ravaglia, and A. Asirelli, Dipartimento di Colture
Arboree, Universita di Bologna, Via F.Re 6, 40126 Bologna, Italy.

Carbon partitioning and translocation in 1-year-old fruiting limbs of the peach
cultivar Elegant Lady was studied, as affected by source [leaves on actively grow-
ing extension shoots (EXT), or on lateral shoots emerging from nodes with (F) or
without (NF) fruit], five times during the season [2, 4, 7, 11, 17 weeks after full
bloom (WAFB)]. Growing shoot apices were the strongest sinks early in the sea-
son (2 WAFB), with the EXT apices capable of attracting more C, and over longer
distances, than the NF or F ones. The major source of newly synthesized carbo-
hydrates for fruit growth 2 WAFB was the F lateral shoot; i.e., the most-important
C contributor for fruit growth well into stage Il (11 WAFB in this study). EXT
shoots began contributing to fruit growth before the NF ones: 4 WAFB on, they
exported to the fruit in amounts similar to the F shoots. This contribution was
even larger 17 WAFB, when the F shoots retained more C than the other two
shoot types. The NF shoots exported to the growing apices 2 WAFB, but this
export decreased 4, 7, and 11 WAFB, compared to the other treatments. Seven-
teen WAFB, they contributed to fruit growth in the same amounts as the EXT
shoots, and more than the F ones. Shade did not consistently affect patterns of
carbon partitioning within limb components, except for the F treatment, where it
diminished C export to the fruit in the first four treatment dates. Partitioning within
fruit components (mesocarp, endocarp, and seed) followed the fruit growth curve,
with more C allocated to endocarp tissues at 11 WAFB (stage ).
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195

Carbon Partitioning in Primocane-fruiting Red Raspberry as
Influenced by Groundcover and Supplementary Irrigation
David C. Percival*, John T.A. Proctor, and J. Alan Sullivan, Dept. of Horticultural
Science, Univ. of Guelph, Guelph, Ont., Canada N1G 2W1.

Field experiments consisting of trickle irrigation (Tl), IRT-76 plastic film (PF),
and straw mulch were initiated to determine the influence of soil temperature and
water status on carbon partitioning during the establishment of Rubus idaeus L.
‘Heritage’ (1993, 1994), ‘Autumn Bliss' (1994), and ‘Summit’ (1994)
micropropagated raspberries. Environmental, vegetative, reproductive, and nu-
trition data were collected. Photosynthesis (Pn) measurements were recorded
under field conditions using a Li-Cor LI-6200 portable photosynthesis system.
Neither node number nor shoot : root ratio was influenced by T, PF, or straw
mulch. PF, however, increased root and shoot weight, total flowers produced,
total berries harvested, and foliar N and P. Although differences existed among
cultivars, field Pn measurements indicated that, regardless of groundcover treat-
ment or cultivar examined, the maximum Pn rate occurred at a root-zone tempera-
ture of 25C. Hence, results from this study indicate that conditions in both the air
and root zone physical environment regulate carbon assimilation and partitioning.

196

An Inexpensive, Whole-plant, Open Gas-exchange System for
the Measurement of Photosynthesis in Potted Woody Plants
David P. Miller, G. Stanley Howell*, and James A. Flore, Dept. of Horticulture,
Michigan State Univ., East Lansing, MI 48824.

The measurement of whole-plant CO, uptake integrates leaf-to-leaf variabil-
ity, which arises from such sources as angle of incident radiation, source/sink
relationships, age, and biotic or abiotic factors. Respiration of above-ground veg-
etative and reproductive sinks is also integrated into the final determination of
whole-plant CO, assimilation. While estimates of whole-plant CO, uptake based
on single-leaf determinations have been used, they do not accurately reflect ac-
tual whole-plant assimilation. Chambers were constructed to measure gas ex-
change of entire potted grapevines. The design and construction are simple, in-
expensive, and easy to use, allowing for the measurement of many plants in a
relatively short time. This enables the researcher to make replicated comparisons
of the whole-plant CO, assimilation of various treatments throughout the grow-
ing season. While CO, measurement was the focus of this project, it is also pos-
sible to measure whole-plant transpiration with this system.

197

Simulating Biotic Stress with Terbacil on Apple

J. A. Flore* and Edgardo Disegna, Dept. of Horticulture, Michigan State Univ.,
East Lansing, MI 48824.

Terbacil an inhibitor of photosynthesis was applied to 10-year-old ‘Redchief
apple trees in the field carrying a heavy or light fruit crop,or to trees in pots. This
simulated the effect of photosynthetic inhibition (PN-I) by either biotic or abiotic
stress. Current as well as the next season’s crop and physiology were deter-
mined. The magnitude and duration of photosynthetic inhibition was dose-de-
pendent. A concentration of 63 mg-liter was applied at 15-day intervals from
bloom through harvest. Photosynthesis was in inhibited by 50% to 80% within
24 h of application, but recovered to control levels 10 to 14 days later. Terbacil at
15 and 30 DAFB induced fruit abscission, but not at later dates. The earlier the
application the greater the effect on current seasons yield and fruit size. There
was also a significant interaction with crop load. There were no significant effects
on fruit soluble solids, fruit firmness, fruit density, or fruit color at harvest. Terbacil
did not affect cold acclimation, deep winter hardiness, or deacclimation. Pn inhi-
bition at 30, 60, 80, and 100 DAFB reduced return bloom.

198

Crop Load Effects on Irrigated and Non-irrigated Vitis vinifera
L. cv. Thompson Seedless

Larry E. Williams* Dept. of Viticulture and Enology, Univ. of California, Davis,
CA 95616.

A study was conducted to determine the effects of crop removal on gas ex-
change parameters of ‘Thompson Seedless’ grapevines grown in the San Joaquin
Valley of California. Vines were either irrigated at full ET or not irrigated through-
out the growing season. Clusters were removed subsequent to veraison, when
the fruit soluble solids were =15°Brix. Reductions in leaf net CO, assimilation
rate (A) were measured within 1 day of fruit removal for both irrigation treatments
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and remained such until the end of the experiment. The greatest reduction in A
due to crop removal on a diurnal basis was with the non-irrigated vines between
0800 and 1000 Hr. The reduction in A subsequent to crop removal was not the
result of an accumulation of either starch or sugars in leaf tissue. The greater
reduction in A of non-irrigated vines after fruit removal may have been due to the
lack of strong, alternate sinks as vegetative growth was minimal due to water
stress during the experimental period.

86 ORAL SESSION 25 (Abstr. 199-204)
Stress Physiology (General)/Fruits & Nuts

199

Physiological Basis for the Interaction of Mite and Crop Load
on ‘Starkrimson Red Delicious’ Apple Trees

Ana H.D. Francisconi*, Alan N. Lakso, Jan Nyrop, and Steve Denning, Cornell
Univ., NYS Agr. Expt. Station, Geneva, NY 14456.

Most research on the effects of European red mite (ERM) [Panonychus
umli(Koch)] on apples has shown highly variable results. Those variations were
probably due to different genotypes, internal status of the tree (e.g., crop load),
environment and timing and severity of mite stress. We propose that limitations
in carbon availability for fruit growth is the primary mechanism of foliar feeder
injury to apple trees. Heavy-cropping tress should be more sensitive to ERM
stress than low-cropping trees and differences in responses of apple trees should
be better-related to carbon supply/demand than to cumulative mite-days (CMD)
along. Eighteen mature ‘Starkrimson Red Delicious'/M26 trees were hand-thinned
to low (=20 t-ha~1) and high (=40 t-ha™) crop loads and submitted to low (<400
CMD), medium (400-1000 CMD), and high (>1000 CMD) target levels of ERM.
A range of crop loads and CMDs was obtained. Mite population, fruit growth,
single-leaf photosynthesis, and whole-tree gas exchange were monitored through
the season. ERM reduced leaf and whole-tree net CO, exchange (Pn). Heavy-
cropping trees showed fruit weight reduction earlier and more severely than low-
cropping trees with high ERM injury. The main effect, variations in final fruit
weight, was much better related to whole-tree Pn/tree than to CMD.

200

Changes in Water Relation Parameters in Leaves of Olive (Olea
europaea L.) during Salinity Stress and Relief

Riccardo Gucci*, Leonardo Lombardini, and Massimiliano Tattini, DCDSL, Univ.
of Pisa, 56124 Pisa; IPSL-CNR, 50018 Scandicci (Fl), Italy.

Water relation parameters were calculated from analysis of 92 pressure-vol-
ume isotherms of leaves of two olive varieties, ‘Leccino’ and ‘Frantoio’, measured
after 4 weeks of salinity stress and 4 weeks of subsequent relief either in hydro-
ponics or soil culture. ‘Frantoio’ was more salt-tolerant than ‘Leccino’, but no
major differences in water relation parameters emerged between the two varieties.
Increasing salinity from 0 to 200 mM NaCl decreased predawn leaf water poten-
tial from —0.5 MPa to —1.3 MPa, relative water content (RWC) from 97.6% to
89%, and leaf osmotic potential (W) from —2.0 to —3.5 MPa. Relative water
content at turgor loss point (RWC, ) was decreased from 89% to 85% (soil cul-
ture) and from 86% to 80% (hydroponic culture) in 0 to 200 mM CaCl-treated
plants, respectively; a lower RWC,  was also retained during the relief from salin-
ity. Active osmotic adjustments induced by salinity was the result of accumula-
tion of both inorganic ions and compatible solutes (e.g., mannitol). Maintenance
of lower W_and RWC,  during relief indicated that salinized plants were better
adapted to withstand further stress and that this potential might be exploited to
harden olive plants to be used in arid or saline environments.

201

Nitrogen Leaching, Water, and Nitrogen Use Efficiency of Cit-
rus Trees Fertilized at Three Rates of Nitrogen

Jim Syvertsen* and M.L. Smith, University of Florida, CREC, 700 Experiment
Station Road, Lake Alfred, FL 33850.

Effects of nitrogen (N) rate and rootstock on tree growth, fruit yield, evapo-
transpiration, N uptake, and N leaching were measured over a 2-year period.
Four-year-old ‘Redblush’ grapefruit trees on either sour orange (SO), a relatively
slow-growing rootstock, or ‘Volkamer' lemon (VL), a more-vigorous rootstock,
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were transplanted into 7.9-m? drainage lysimeter tanks filled with native sand
and fertilized at three N rates. N rates averaged from about 14% to 136% of the
recommended rate when trees were 5 and 6 years old. More N leached below
trees on SO as trees on VL had greater N uptake efficiency. Canopy volume and
leaf N concentration increased with N rate, but rootstock had no effect on leaf N.
Fruit yield of trees on SO was not affected by N rate, but high N increased water
use and yield for larger trees on VL. Canopy growth or yield per volume of water
used (water use efficiency) was lowest at low N, but N use efficiency was highest
at the low N rates.

202

The Effect of Salinity on Growth and Physiology of ‘Hass’ Avo-
cado on Three Rootstocks

Michael V. Mickelbart* and Mary Lu Arpaia, Dept. of Botany and Plant Sciences,
Univ. of California, Riverside, CA 92521.

Salinity effects on ‘Hass’ avocado was studied on three rootstocks, ‘Thomas’
(TH), ‘Toro Canyon'’ (TC), and ‘Duke 7' (D7). Four levels of salinity (1.4, 3.0, 4.5,
and 6.0 dS-m~1) were applied to 1-year-old trees grown in sand culture for 10
weeks. Increased salinity resulted in decreased trunk cross-sectional area and
reduced shoot growth. Specific leaf area and dry weight decreased linearly with
increased salinity. TH was significantly more affected than TC of D7. Leaf necro-
sis was also greatest in TH. Older leaves had the highest percentage of leaf necro-
sis, while younger leaves of TH exhibited symptoms only in the 6.0 dS-m~" treat-
ment. TH had the highest Cl leaf levels. TC maintained the lowest Na levels in the
scion plant organs, indicating an ability to sequester Na in the rootstock. TC also
had the lowest Na:K ratio in leaf tissue, indicating that TC can utilize K as an
osmoticum. Predawn xylem potential decreased linearly with increased salinity
in all rootstocks. Leaf osmotic potential decreased with increased salinity; how-
ever, leaf age moderated the response, indicating an adjustment to the stress. No
rootstock differences were observed. Net CO, assimilation (A) decreased with
time only in trees exposed to 4.5 or 6.0 dS-m‘Ql. Reduction in A due to increased
salinity was less in younger leaves. No rootstock differences were noted. Chloro-
phyll per leaf area decreased with increased salinity to the greatest degree in TH.

203

Leaf Gas-exchange and lon Content of Papaya Plants Simulta-
neously Exposed to Salinity and Flooding

Thomas E. Marler*, College of Agriculture & Life Sciences, Univ. of Guam,
Mangilao, GU 96923.

A container study and a hydroponics study were conducted to determine gas-
exchange and ion content of ‘Cariflora’ papaya plants as influenced by a combi-
nation of salinity and flooding. Plants grown in nutrient solution were subjected
to 1 or 8 dS-m~! as salinity treatments and 6.54, 3.62, or 0.92 mg oxygen/liter as
the flooding treatments. Plants in the container study were subjected to 0, 4, or 8
dS-m! as salinity treatments, and half of the plants in each salinity level were
flooded. Leaf gas-exchange began to decline by day 1 in all plants receiving
flooding, and was zero by day 5. In contrast, gas-exchange of plants experiencing
salinity began a slow decline after 5 to 7 days. Stomatal conductance of salinized
plants was 25% to 33% of the control plants in the container study after 39 days.
No interaction occurred between flooding and salinity treatments since the sto-
matal response to flooding was so rapid across all levels of salinity. Roots and
stems played a major role in storing Na* and CI~in salinized plants. For example,
stems contained more than two times the dry weight concentration of both ions
as did leaves. Older leaves accumulated more Na* and CI~than did younger leaves.
Flooding decreased Na* and CI~ accumulation in roots, stems, and leaves in all
salinized plants.

204
Effect of Root Zone Temperature on the Mineral Compaosition
of Xylem Sap and Plasma Membrane K*-Mg**—ATPase Activ-
ity of Grafted Cucumber and Figleaf Gourd Root Systems
Kyong Ju Choi, Gap Chae Chung, and Sung Ju Ahn, Dept. of Horticulture, Col-
lege of Agriculture, Chonnam National Univ., Kwangju 500-757, Korea.
Cucumber (Cucumis sativusL.) seedlings were grafted onto cucumber- (CG)
or figleaf gourd (FG, Cucurbita ficifolia Bouche) seedlings in order to determine
the effect of solution temperature 12, 22, and 32C) on the mineral composition of
xylem sap and plasma membrane K*—Mg**—ATPase activities of the roots. Low
solution temperature (12C) lowered the concentration NOzand H,PO7in xylem
sap of CG plants, but not of FG plants. Concentrations of K*, Ca**, and Mg** in
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xylem sap were less affected than anions by solution temperature. The plasma
membrane of FG plants grown in 12C solution temperature showed the highest
K*—Mg**—ATPase activity at all ATP concentrations up to 3 mM and at low reac-
tion temperature up to 12C, indicating resistance of figleaf gourd to low root
temperature.

87 ORAL SESSION 26 (Abstr. 205-208)
Growth & Development/Small Fruit &
Viticulture

205

Yield and Dry Matter Partitioning of Strawberry Plants Grown
with Three Preplant Soil Fumigation Treatments

Kirk D. Larson*, Douglas V. Shaw, and Jerry Sterrett, Dept. of Pomology, Univ. of
California, Davis, CA 95616.

Three preplant soil fumigation treatments were applied to a strawberry fruit
production field in Summer 1993: 1) a mixture of 67 methyl bromide : 33 chlo-
ropicrin (wt/wt, 392 kg-hat) (MBC); 2) chloropicrin (trichloronitromethane, 336
kg-ha™1) followed by metam sodium (935 liters-ha~t) CMS); and 3) nonfumigation
(NF). Bare-rooted ‘Camarosa’ strawberry plants were established in each treat-
ment on 1 Nov. in annual hill culture. Plant mortality was <1%; thus, differences
in growth and productivity among treatments were due to sublethal effects of
competitive soil organisms. Fruit yields were recorded weekly from 14 Jan. to 23
May 1994. For the NF treatment, early season (January—March), late season (April—
May), and total yields were 86%, 69%, and 72%, respectively, of those of the
MBC treatment. Early season yields were greatest for the MBC treatment, but late
and total yields were greatest for the CMS treatment. From Jan. through May
1994, 20 plants were destructively harvested from each treatment at about monthly
intervals for determination of leaf (LDW), crown (CDW), and root dry weight (RDW).
For a given date, LDW, CDW, and RDW of plants in the MBC and CMS treatments
were greater than those of the NF plants. From January to March, plants in the NF
treatment allocated a proportionally greater amount of dry matter to roots, and
proportionally less dry matter to crowns and leaves than fumigated plants. In
April and May, root : shoot ratios were similar for all three treatments. These data
demonstrate the marked influence of soil fumigation treatment on yield and dry
matter partitioning of strawberry, and suggest that combinations of chloropicrin
and metam sodium may be a viable, albeit expensive, alternative to fumigation
with methyl bromide.

206

High-speed Blown Air as a Source of Thigmic Stress: Effect of
Physiology and Yield of Red Raspberry

Todd A. Kostman*, J. Scott Cameron, Chuhe Chen, and Stephen F. Klauer, Wash-
ington State Univ. Research & Extension Unit, 1919 NE 78th St., Vancouver,
WA 98665.

The effect of mechanical stress from sources such as wind on the physiology
of higher plants has been documented in many species. Some of these reported
changes, such as decreased photosynthetic activity, are not well-documented
and bear closer examination. Mechanical stress has been reported to decrease
the productivity of some crop plants. In both field and greenhouse trials, high-
speed blown air was used as a thigmic stress for the temporary, nonchemical
suppression of primocane growth in red raspberry. Field trials with the cultivar
Meeker in 1993-94 have shown that high-speed blown air can be used to ad-
equately control primocane height for mechanical harvest, while increasing yield
through greater numbers of fruit per cane. In both field and greenhouse experi-
ments, photosynthetic activity or red raspberry leaves was not affected by 273
km/h of wind applied twice daily, 5 days per week. Anatomical analysis demon-
strated changes in the cross-sectional anatomy of mechanically stressed canes.
Stressed canes had increased callose deposition and greater numbers of second-
ary xylem cells.
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207

Influence of Floricane Number on Primocane Growth, Cold Har-
diness, and Yield Components in ‘Marion’ (Rubus sp.) Black-
berry

Jessica M. Cortell*and Bernadine C. Strik, Dept. of Horticulture, Oregon State
Univ, ALS 4017, Corvallis, OR 97331.

In Spring 1993 and 1994, treatments of 0, 4, 8, and 12 floricanes per plant
were established in a mature ‘Marion’ planting. Primocanes were measured weekly
for the number and length of primocanes and primocane branches. Maximum
hardiness of primocanes was determined in Jan. 1994 and 1995 by controlled
freezing. Yield components were measured in both the current and following sea-
son. Additional plants were harvested in summer and winter for dry-weight parti-
tioning. Plants with no floricanes had an increased number and length of
primocanes and branches than plants with floricanes in 1993, with similar trends
in 1994. Primocane growth on plants without floricanes showed a 65% increase
in primocane dry weight in 1993. However, in 1994, there were no significant
differences among treatments. Primocane branch dry weight generally increased
with decreasing floricane number. The relationship between primocane growth
and the following season’s yield components will be presented.

208

Relationship of Winter Stage of ‘Concord’ Grapevine Buds, Pre-
vious Season, and Return Bloom

Martin C. Goffinet*and Mary Jean Welser, Dept. of Horticultural Sciences, New
York State Agricultural Experiment Station, Geneva, NY 14456.

Overwintering buds and internodes of Vitis labruscana ‘Concord’ were taken
from minimal- (MP) and balance-pruned (BP) vines in Dec. 1993 and Dec. 1994
from canes whose weight, crop weight, total nodes, and nodes with periderm
were known. Winter characters recorded were: node-5's primary bud basal area,
total nodes, and developmental stage of cluster primordia; stage of largest cluster
in the secondary bud; vascular area of cane internode 5. Fifty node-5 buds were
tagged in each treatment and flower and fruit number per cluster later recorded.
Regression analysis showed no effect of a shoot's crop, cane weight, node num-
ber, or nodes having periderm on any character measured in the overwintering
buds or canes for either treatment. Regression analysis did show mean flower
number per cluster was linearly related to mean winter stage per cluster in both
treatments, with all values falling on one line. Differences between treatments
were one of degree of cluster development; BP vines had more-developed winter
and spring clusters and more flowers and fruit per shoot. The slope of the regres-
sion was identical the last 3 years, although the y intercept varied each year; thus,
a given cluster stage in the overwintering bud was capable of producing a vari-
able number of flowers the next season, depending on year. Flower number per
shoot appeared positively related to growing-degree-days the previous season.

88 ORAL SESSION 27 (Abstr. 209-216)
Postharvest Physiology/Apples

209

Aroma Volatile Production in Preharvest AVG-treated ‘Golden
Delicious’ Apple Fruit and the Effect of Poststorage Ethylene
Treatment

Jun Song*! and Fritz Bangerth?, 'Dept. of Horticulture, Michigan State Univ.,
East Lansing, MI 48824; 2Horticulture Dept., Hohenheim Univ., 10599 Stuttgart,
Germany.

Changes in the profile of aroma volatiles during ripening and after ethylene
treatment in apple fruit have revealed a close relationship exists between ethylene
production and the timing and magnitude of volatile synthesis. Therefore, AVG
(ethylene biosynthesis inhibitor) was used to study the relationship between volatile
biosynthesis and metabolic processes affected by ethylene in apple fruits. AVG-
treated fruit were stored either for 1 month at 2C in air or 5 months in ULO condi-
tion. During the post-storage ripening, the fruits were exposed to 50 pll-liter? of
ethylene at least 12 h/day. Aroma production was determined at 20C. Total vola-
tile compound production by AVG-treated fruit was much lower than that of un-
treated fruit. A significant increase in the production of most aroma volatile after
1 month storage in air was induced by ethylene treatment to AVG-treated fruits. |
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was noted that branched-chain volatile, such as 2-methylbutylacetate, which origi-
nates from branched-chain amino acids, has increased prior to butylacetate and
hexylacetate, which are derived from fatty acids. Ethylene treatment was unable to
stimulate the production of straight-chain volatile compounds following the 5
months of ULO storage. These results are consistent with observations suggest-
ing apple fruit lose their sensitivity to ethylene after long ULO storage.

211

Chlorophyll Fluorescence as an Indicator of Low O, or High
CO, Stress in Apples during Storage

Jennifer R. DeEll*, Robert K. Prange’, and Dennis P. Murr?, *Agriculture and
Agri-Food Canada, Kentville Research Centre, 32 Main St., Kentville, NS, B4N
1J5, Canada; 2Dept. of Horticultural Science, Univ. of Guelph, Guelph, ON, N1G
2W1, Canada.

Chlorophyll fluorescence, measured using a Plant Productivity Fluorometer
Model SF-20 (Richard Brancker Research, Ottawa, Ont.), was evaluated as a rapid
and nondestructive technique to detect low O, and/or high CO, stress in apples
during storage. ‘Marshall' McIntosh apples were held for 5, 10, 15, 20, or 25 days
at 3C in the following four treatments: standard O, (2.5% to 3%) and low CO,
(<1%); low O, (1% to 1.5%) and low CO, (<1%); standard O, (2.5% to 3%) and
standard CO, (4% to 4.5%); or standard O, (2.5% to 3%) and high CO, (11%to
12%). Only 10% of the apples had skin discoloration after 5 days in 1% to 1.5%
0,, while 80% developed skin discoloration after 20 days in low O,,. Small desic-
cated cavities in the cortex, associated with CO, injury, developed in 10% of the
apples after 20 days in 11% to 12% CO,. Both 1% to 1.5% O, and 11% to 12%
CO0, for 5 days caused chlorophyll fluorescence [Fv = (P —T)/P] of apple fruit to
decrease, as compared to those held in standard atmospheres. Additional expo-
sure time did not significantly affect Fv in either the low-O, (1% to 1.5%) or
high-CO, (11% to 12%) treatment. The results of this study suggest that chloro-
phyll fluorescence can detect low-0, and high-CO, stress in apples, prior to the
development of associated physiological disorders.

212
Effects of “Colormotor” on Anthocyanin Accumulation, Fruit Col-
oration, and Superficial Scald Susceptibility of ‘Delicious’ Apples
Zhiguo Ju, Chenglian Liu*, Yongbing Yuan, and Yongzhan Wang, Laiyang Agri-
cultural College, Shandong Province, People’s Republic of China.
“Colormotor” is a new product formulated mainly from seaweed extracts for
promoting anthocyanin synthesis and improving fruit coloration in apples. The
product was applied (150 ppm) 3 weeks before harvest in 2 years of experiments
with ‘Delicious’ apples. Colormotor treatment promoted anthocyanin accumula-
tion by 2.5-fold and increased color index of fruit by 50% over controls. Only
23.5% of control fruit had full red color when harvested 140 DAFB, whereas 80%
of the fruit sprayed with Colormotor had full red color. UDPG-0-3-
glucosyltransferaw activity also was significantly greater in treated fruit. Treat-
ment did not affect ethylene synthesis, fruit firmness, soluble solids, total sugars,
or titratable acid incidence either at harvest or during prolonged storage. How-
ever, scald incidence after 20 weeks at 0C was significantly decreased by
Colormotor treatment. The scald scores were 1.59 in control fruit and 0.67 in
treated fruit, respectively, on a scale of 1 to 4.

213

Elevated CO, and/or Low O, Atmospheres Influence ACC
Synthase and ACC Oxidase during Long-term Storage of
‘Golden Delicious’ Apple Fruit

James R. Gorny*and Adel A. Kader, Dept. of Pomology, Univ. of California, Davis,
CA 95616.

The objective of this study was to compare and contrast the mode of action by
which elevated carbon dioxide and/or reduced oxygen atmospheres inhibit ethyl-
ene biosynthesis. ‘Golden Delicious' apple fruit were placed at 0C in one of the
following four atmospheres: 1) air; 2) air + 5% CO,, 3) 2% O, + 98% N, or 4)
2% O, + 5% CO, + 93% N, and then sampled monthly for 4 months. Ethylene
biosynthesis rates and in vitro ACC synthase activities were closely correlated in
all treatments. In vitro ACC synthase activity and ethylene biosynthesis rates were
lowest in fruit treated with 5% CO, + 2% O,, while air-treated fruit had the highest
ethylene biosynthesis rate and in vitro ACC synthase activity. Fruit treated with
air + 5% CO,, or 2% O, + 98% N,, had intermediate ethylene and in vitro ACC
synthase activities. In vitro ACC oxidase was significantly different among treat-
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ments, but not as closely correlated with the ethylene biosynthesis rate as in vitro
ACC synthase activity. Western blot analysis of the ACC oxidase protein was
performed to determine if activity differences among treatments were correlated
with the amount of enzyme present in vivo. ACC synthase and ACC oxidase mRNA
transcript of abundance was determined via Northern blot analysis. Results will
be discussed regarding how ethylene biosynthesis is inhibited at the molecular
level by elevated CO, and/or reduced O,

214

Lipid Changes during Heat Treatment of Apple Fruit

Bruce D. Whitaker*, Joshua D. Kleir?, and William S. Conway", *Horticultural
Crops Quality Lab., USDA/ARS, Beltsville, MD 20705; 2ARO-Volcani Center, Bet
Dagen, Israel.

Postharvest heat treatment of apples maintains fruit firmness and reduces
decay during storage. Four days at 38C are beneficial, but 1 or 2 days are detri-
mental. The cellular basis of these effects may involve changes in cell wall and
membrane lipid metabolism. Lipids from hypodermal tissue of ‘Golden Delicious’
apples were analyzed after 0, 1, 2, or 4 days at 38C. Major lipids included phos-
pholipids (PL), free sterols (FS), steryl glycosides (SG), and cerebrosides (CB).
Galactolipids (GL) were minor components. PL content fell ?10% after 1 day at
38C, was unchanged after 2 days, and began to rise again after 4 days. PL class
composition did not change with heating, but fatty-acid unsaturation declined
throughout. FS and CB content and composition changed little, whereas SG con-
tent cropped by =20% over 4 days. GL fell =50% during 1 day at 38C, with no
change at days 2 or 4. A burst of PL catabolism followed by recovery of synthesis
may in part explain the different effects of 1-, 2-, or 4-day heat treatments. GL
loss (in plastids) may be related to the effect of heat on fruit color (yellowing).

215

Superficial Scald Development on Apples at Chilling and
Nonchilling Temperatures

William J. Bramlage*, Dept. of Plant and Soil Sciences, Univ. of Massachusetts,
Amherst, MA 01003-0910.

‘Cortland’ and ‘Delicious’ apples were stored at OC for up to 25 weeks, and at
20C in either open boxes or non-sealed poly bags for up to 8 weeks. At 20C,
lesions occurred mostly around lenticels, but with some calyx bronzing and scald-
like symptoms on shaded areas. At 0C, typical scald symptoms occurred. At both
temperatures, high concentrations of alpha-farnesene and conjugated trienes
occurred in conjunction with symptom appearance, and both these concentra-
tions and discolorations decreased with later harvest of fruit. Scald development
appeared to be chilling-enhanced, but not chilling-dependent.

216

Effect of Storage Humidity and Post-storage Handling Tem-
perature on Bruising of CA-stored ‘McIntosh’ Apples

Robert K. Prange*, Peter A. Harrison, and Jennifer R. DeEll, Agriculture and Agri-
Food Canada, Kentville Research Centre, 32 Main St., Kentville, NS B4N 1J5
Canada.

In a 2-year study, ‘McIntosh’ apples were stored in a CA regime of 4.5% CO,
+2.5% 0,. Within the CA cabinets there were three humidity levels: >75% RH
(CaCl, salt in the chamber), >90% RH (ambient), or >95% RH (distilled water in
the chamber). After removal at 4 and 8 months, the fruit were warmed to handling
temperatures of 0C, 10C, or 20C and subjected to three levels of impact bruising
of 0, 10, or 20 Ib with a Ballauf pressure tester with a 1.5 x 1.5-cm tip. The results
showed that low-humidity CA storage decreased visible bruising. Although vis-
ible shrivel was not observed, the low-humidity treatment may increase the pos-
sibility of its occurrence. Respiration, measured as O, consumption or CO, pro-
duction immediately after removal from CA storage, was lowest in low humidity
(>75% RH) and highest in ambient humidity (>90% RH) CA storage. The humid-
ity treatments did not affect firmness, soluble solids, titratable acids, or ethylene
production. Increasing the temperature during post-storage handling decreased
the amount of visible bruising without affecting other variates such as firmness,
soluble solids, titratable acids, respiration, or ethylene production.
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100 ORAL SESSION 28 (Abstr. 217-222)
Biotechnology/Cross-commodity

217

Studies on DNA Polymorphism of Silver Maple (Acer
saccharinumL.)

A. Virginia Freire*, John E. Preece, and David A. Lightfoot, Dept. of Plant and Soil
Science, Southern Illinois Univ., Carbondale, IL 62901-4415.

Silver maple has great potential as a biomass feedstock. We compared three
clones from each of seven provenances located on east to west and north to south
transects across the natural range of silver maple and one red maple. DNA ex-
tracted by a modification of the CTAB technique (Murray and Thompson, 1980)
was not suitable for RAPD analysis. Using this technique, polymorphism was
either not reproducible or there was poor amplification for some clones. A new
DNA extraction technique using PVPP, chloroform, and cesium chloride was tested
(a modification of Yoon et al., 1991). this method yielded DNA that was more
suitable for PCR amplification. Both RAPD and DAF (Caetano-Anolles and
Gresshoff, 1994) methods were used for amplification. Polymorphism was de-
tected among and within provenances. DAF was more efficient than RAPDs for
determination of the genetic relationship among silver maple clones.

218

Unigue and Quick in Vitro Procedure to Detect Grapevine Vi-
rus Diseases

N. Shlamovitz*, P. Spiegel-Roy, and E. Tanne, Dept. of Virology, ARO, The Volcani
Center, P.O. Box 6, Bet Dagan 50250, Israel.

In many cases the diagnosis of a viral disease in perennial woody plants
requires indexing by grafting on indicator plants. In the case of grapevine leafroll
and corky-bark diseases, indexing requires 2 to 3 years for symptom recording.
Both diseases are found in all grapevine-growing countries. It would therefore be
advantageous to develop a sensitive, quick, and reliable diagnostic technique.
Explant shoots infected with corky-bark were micrografted onto healthy indicator
rootstocks and maintained in vitro. Typical corky-bark symptoms appeared on
the indicator within 8 to 12 weeks. Osmotic stress, in vitro, induced by sorbitol,
enhanced leafroll symptoms. Explants expressed symptoms after 2 to 3 months
of growth on these media. The advantages of these techniques are: Rapid index-
ing, saving of space and labor, could be performed year-round. Further experi-
ments are underway for adaptation of the micrografting to leafroll disease and the
stress method for corky-bark disease.

219

Progress in the Characterization of Cold-hardy Grapes using
Simple Sequence Repeat DNAsS (SSRs)

Warren Lamboy*%?, Christopher Alpha?, Amy Szewc-McFadden, and Sharon
Bleik?, 'USDA/ARS Plant Genetic Resources Unit and Dept. of Horticultural Sci-
ences, Cornell Univ., Geneva, NY 14456-0462.

The cold-hardy Vitis (grape) collection at the USDA/ARS Plant Genetic Re-
sources Unit in Geneva, N.Y., comprises =1300 accessions. While much of the
collection has been evaluated for morphological and viticultural traits, little of it
has been well-characterized genetically. Lack of genetic information hampers the
identification of accessions, the determination of genetic relationships among
them, the evaluation of potential new accessions, and the construction of a core
subset of the collection. Because simple sequence repeat DNA polymorphisms
(SSRs or microsatellites) have already been proven to be useful genetic markers
in Vitis vinifera (non-cold-hardy wine, raisin, and table grapes), our research
focuses on the use of the markers both for the identification (“fingerprinting”) of
species, hybrids, subspecies, cultivars (varieties), and accessions of cold-hardy
Vitis, and for the determination of genetic relationships between these taxa. Our
latest research results in this area will be presented.
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220

RAPDs are Useful for Genetic Analysis of Xylella fastidiosa
and for Development of Strain-specific PCR Primers

Margaret R. Pooler*and John S. Hartung, Fruit Laboratory, Agricultural Research
Service, U.S. Dept. of Agriculture, Beltsville Agricultural Research Center, Build-
ing 004, Beltsville, MD 20705.

Xylella fastidiosa is a fastidious gram-negative, xylem-limited leafhopper-
transmitted bacterium that has proven to be the causal agent of many economi-
cally important horticultural plant diseases, including Pierce’s disease of grape-
vine and citrus variegated chlorosis. Genetic relationships among 11 X. fastidiosa
strains isolated from mulberry, almond, ragweed, grape, plum, elm, and citrus
were determined using randomized amplified polymorphic DNA (RAPD). Twenty-
two 10-base primers amplified a total of 77 discrete polymorphic bands. Phe-
netic analysis based on a similarity matrix corresponded well with previous re-
ports on RFLP-based similarity relationships, indicating that RAPD-PCR amplifi-
cation products can be used as a reliable indicator of genetic distance in X.
fastidiosa. RAPD products have been cloned and sequenced, and pairs of 21-
nucleotide PCR primers have been developed that detect X. fastidiosain general
and the causal agent of citrus variegated chlorosis specifically.

221

Somatic Embryogenesis using Immature Zygotic Embryos from
Developing Fruits of Papaya (Carica papaya)

S.K. Dhir*and U.L. Yadava, Dept. of Plant Sciences, Agricultural Research Sta-
tion, School of Agriculture, Home Economics, and Allied Programs, Fort Valley
State College, GA 31030-3298.

An efficient protocol has been developed for the in vitro multiplication of
papaya (Carica papaya L.) through somatic embryogenesis utilizing immature
zgotic embryos. Somatic embryos were initiated on MS basel media supplemented
with 5 mg-liter 2,4-D, 400 mg-liter* glutamine, and 6% sucrose. After cultur-
ing for 2 months, 65% of the explants became highly embryogenic. Each explant
produced 50 to 80 embryos in 4 months on culture induction medium. Frequency
of embryogenesis was increased (75 to 150 somatic embryos on 80% explants)
upon supplementing medium with 4% maltose as a carbon source and 100
mg-liter! L-asparagine. The embryogenic callus appeared yellow and embryos
at different stages of development were well-organized. On regular subculturing,
these cultures continued to produce secondary embryos. Following their transfer
to the hormone-free medium supplemented with 4% maltose, these embryos ger-
minated. The somatic embryogenesis system is rapid, repetitive, and highly pro-
liferative. Thus, this system may have a potential use in the development of syn-
thetic seed and transgenic papaya plants. Details of important factors affecting
somatic embryogenesis will be discussed.

222
Development of Scar Markers Tightly Linked to the CTV Resis-
tance Gene in Poncirus trifoliata
Zhan'ao Dengl, Fred G. Gmitter, Jr.*2, Shunyuan Xiao', and Shu Huang?,
Huazhong Agr. Univ., Wuhan 430070, China; 2Univ. of Florida, Citrus Research
and Education Center, 700 Experiment Station Road, Lake Alfred, FL 33850.
Citrus tristiza virus (CTV) is the most-significant viral pathogen of citrus in
the world. Rapid decline of trees on sour orange and stem pitting of grapefruit
and sweet orange, two diseases induced by CTV, severely jeopardize citrus pro-
duction worldwide. It is recognized that all future rootstocks should be resistant
to this virus, and scion resistance to stem pitting stains is desirable. To facilitate
introgression of the CTV resistance gene from Poncirus trifoliata and develop-
ment of CTV-resistant varieties in citrus, gene mapping projects have been initi-
ated and more than a dozen RAPD markers have been identified with tight linkage
to the resistance gene. As part of our efforts to use marker-assisted selection with
a large number of crosses, and ultimately to accomplish map-based cloning of
the CTV resistance gene, we have been converting the most tightly linked RAPD
markers into SCAR (sequence characterized amplified region) markers by clon-
ing, sequencing the marker fragments, and designing locus-specific primers. One
codominant and several dominant SCARs have been developed thus far. The up-
dated progress and utilization of these SCARS in marker-assisted selection and
possibly in characterization of a BAC library will be presented and discussed.
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101 ORAL SESSION 29 (Abstr. 223-229)
Nutrition/Small Fruit & Viticulture

223

Aluminum Uptake and Root Cation Exchange Capacity (CEC)
in Mycorrhizal and Non-mycorrhizal Blueberry (Vaccinium
carymbosum L.) Plants

Wei Qiang Yang*and Barbara L. Goulart, Dept. of Horticulture, The Pennsylvania
State Univ., University Park, PA 16802.

Aluminum (Al) uptake and root cation exchange capacity (CEC) of mycor-
rhizal (M) and non-mycorrhizal (NM) blueberry plants (Vaccinium corymbosum
L.) were studied. Mycorrhizal roots took up more Al than non-mycorrhizal roots
over a 48-h period. Different patterns of Al uptake occurred between M and NM
roots. The M roots contained more Al at hour 1, followed by a deep decrease at
hour 3, and then increased gradually. However, Al uptake in NM roots increased
with time. Foliar Al analysis indicated that Al concentration increased with time in
both M and NM plants, but a significant increase of foliar Al concentration during
the first 3-h period was not observed in M plants. The results suggested that the
rate of Al transport and the redistribution of foliar Al were different in M and NM
plants. The higher Al concentration in M roots may be due to the higher CECin M
roots and vice versa. Further, the CEC of M roots was decreased by the respira-
tion inhibitor (CN-) treatment while the CEC of NM roots was not, suggesting that
CEC in M roots is related to respiration.

224

Effect of Boron and Calcium on in Vitro and in Vivo Lowbush
Blueberry Pollen Germination

Youzhi Chen *and John M. Smagula, Applied Ecology and Environmental Sci-
ences, 5722 Deering Hall, Univ. of Maine, Orono, ME 04469-5722.

Ten clones of lowbush blueberry (Vaccinium angustifolium) having low leaf
boron (B) concentrations (<20 ppm) were selected to receive fall foliar B (400
ppm), Ca (4000 ppm), B (400 ppm) + Ca (4000 ppm), or water (control). B con-
centration was raised in stem and bud tissue 3 months after application, but Ca
concentration was unaffected. Two randomly selected 5-inch sod plugs from treat-
ment plots within each clone were transported to cold storage at 2.7C for 1000 h
to satisfy flower bud dormancy, then to a growth chamber at 24C to blossom.
Pollen from plants receiving B had lower in vitro germination rates on 5% agar
with 12% lactose after 20 h compared to control and Ca treatments. For in vivo
germination, 10 blossoms were randomly selected on sod plugs of each treat-
ment plot to receive 15 control-treatment pollen grains, which were allowed to
germinate for 3 days. With the aid of fluorescence microscopy, a higher pollen
germination percentage was observed in blossoms of plants receiving B, Ca, and
B + Ca. B and Ca may have more influence on the ability of the stigma to stimulate
pollen germination than on the germinability of pollen grains themselves.

225

Pruning Method Affects Lowbush Blueberry Yields

John M. Smagula* and Scott Dunham, Applied Ecology and Environmental Sci-
ences, 5722 Deering Hall, Univ. of Maine, Orono, ME 04469-5722.

Flail mowing was compared to traditional pruning by oil fire over a 12-year
period in two fertility experiments testing interactions with pruning method. In
study one (1983-1986), urea at 0, 22.4, 44.8, 67.2, or 89.6 kg-ha was applied
preemergent in a split-block design with fertility as the main effect, and pruning
method split within six blocks. Study two (1987—1994) continued the pruning
and application of fertilizer on the treatment plots with similar rates, but
diammonium phosphate (DAP) replaced urea as the fertilizer. Leaf tissue N con-
centrations were above the 1.6% standard and urea had no effect or decreased
yield. There was no interaction of fertility and pruning and no effect of pruning
method on yield. No interaction of fertility and pruning was found in study two,
but DAP increased leaf P concentrations and yield and, after three cycles of mow-
ing, yields had begun to decline in mowed plots compared to burned plots. No
meaningful differences in leaf nutrient concentrations were found between plants
in mowed and burned plots.
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226

Calcium and Fruit Firmness in Highbush Blueberry: Natural
Gradients and the Effect of Foliar Applications

Jorge B. Retamales* and Cerardo A. Accedondo, Escuela de Agronomia,
Universidad de Talca, Casilla 747, Talca, Chile.

Calcium gradients were established in firm (‘Bluecrop’ and ‘Blueray’) and soft
(‘lvanhoe’) highbush blueberry (Vaccinium corymbosumL.) fruits from a 7-year-
old planting at La Union, southern Chile. Manual firmness measurements estab-
lished that ‘lvanhoe’ fruit was softer than either ‘Bluecrop’ or ‘Blueray'. In all vari-
eties, Ca concentrations were: seed > pulp > epidermis; opposite trends were
found for K+Mg/Ca ratios. Seed number and Ca concentration in the pulp were
negatively correlated in ‘Bluecrop’ and ‘lvanhoe’, but not in ‘Blueray’. In a related
experiment, the response of ‘Bluecrop’ to preharvest sprays of two calcium sources
(chloride and nitrate) in four doses (0, 47.5, 35, or 190 g Ca/100 liters of water)
was studied; dose and source interactions were not significant. Both calcium
sources affected fruit Ca concentrations similarly;l calcium applications, either
as nitrate or chloride, increased Ca significantly in epidermis and seed; the high-
est dose was required to raise significantly Ca concentrations in the pulp. K+Mg/
Ca ratios in nitrate- or chloride-treated fruit were: pulp > seed > epidermis.

227

Effects of Dicyandiamide on Blueberry Uptake and Soil Trans-
formations of Nitrogen

Philip Throop*and Eric Hanson, Dept. of Horticulture, Michigan State Univ., East
Lansing, Ml 48912.

Absorption of 1N-enriched fertilizer by young ‘Bluecrop’ bushes was com-
pared following application of the nitrification inhibitor dicyandiamide (DCD).
Ammonium sulfate solutions containing 7.9 g N (10.2 atom % N) were applied
to the soil surface. Treated plants received 0.6 g of DCD and were compared to
fertilized untreated controls. Fruit was collected during the growing season and
bushes were excavated at the end of the season. The bush was partitioned into
root stems and current season’s growth (shoots, leaves, fruit). Tissues were dried,
ground, and analyzed for 1N and N by mass spectrometry. No significant dif-
ferences in N absorption were observed. Available soil fertilizer nitrate and am-
monium content is presently being analyzed for effects of DCD.

228

Phosphorus Forms for Cranberry Production

Carolyn DeMoranville*, Univ. of Massachusetts Cranberry Experiment Station,
P.0. Box 569, Wareham, MA 02538.

Commercial cranberry (Vaccinium macrocarpon Ait.) soils are high in iron
and calcium and have low pH. This soil chemistry causes conditions where phos-
phorus is tightly bound and is, to a large extent, unavailable to the cranberry
plants. In theory, P forms that directly enter the plant (foliar), or that do not quickly
dissolve to become rapidly immobilized (organic, slow-release, other insoluble
forms) could be more efficient for cranberry production. To test this hypothesis,
two separate sets of field plots, one comparing 19 kg P/ha from sole P sources
(all received 22 kg-ha= each N and K,0 as ammonium sulfate and potassium
sulfate) and the other comparing “complete” N—P—K fertilizers containing P, were
established at six locations on three cranberry cultivars. Experiment #1 showed
that, over all locations, there were no differences in mean yield for plots fertilized
with triple super phosphate (current practice), foliar, or rock phosphate. How-
ever, fruit rot levels differed by treatment. In Experiment #2, organic forms (ex-
cept bone meal) gave the lowest yields, while rock phosphate plots had the great-
est yields. These field studies indicated that, while some organic P sources may
not be suitable for cranberry production, low-leaching P forms such as bone
meal and rock phosphate were as effective for cranberry production as the more-
soluble triple super phosphate.

229

Influence of Rootstock on Bloomtime Petiole Analyses of Se-
lected Grape Cultivars

J. Wolpert*, E. Weber?, R. Duncan?, D. Hirschfelt?, and M. Anderson, Dept. of
Viticulture and Enology, Univ. of California, Davis, CA 95616; 2Univ. of Califor-
nia Cooperative Extension.

Petioles were gathered at bloomtime in four trials, one each of ‘Chardonnay
and Zinfadel’ and two of ‘Cabernet Sauvignon’ over 2 years, 1993 and 1994. In
each trial, scions were grafted onto 12 to 14 rootstocks. Petioles were analyzed
for NO,-nitrogen, NH,-N, K, P, and Mg. NO,-N levels differed among rootstocks
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by as much as 16-fold (126 to 2064 pg-g1), NH ,-N by as much as 4-fold (253 to
1-28 w-g™Y), K, P, and Mg by about 3-fold (9.7 to 30.6 mg-g~!, 1.8 to 6.3
mg-g~1, and 2.9 to 7.5 mg-g~1, respectively). ‘Freedom’ had the highest levels of
NO,-N. ‘Salt Creek’ had moderate levels of NO,-N, but had the highest levels of
NH,-N. The rootstock 420A Mgt was consistently low in NO-N, NH-N, and K.
Freedom was among the highest in K content. The rootstock 44-53 Malégue’ had
high levels of K and low Mg. Implications for vineyard fertilization programs will
be discussed.

102 ORAL SESSION 30 (Abstr. 230-234)
Growth & Development/Vegetable Crops

230

Developmental and gGenetic Differences in the Fruit-recep-
tacle Separation Zone in Tabasco Pepper

Carl E. Motsenbocker*, Marshall D. Sundberg?, and Yuehe Huang?, *Dept. of
Horticulture and 2Dept. of Plant Biology, Louisiana State Univ., Baton Rouge, LA
70803.

Two lines of tabasco pepper (Capsicum frutescens) were previously identi-
fied that differ significantly in ease of fruit detachment force. Greenhouse-grown
plants of these lines, ‘Mcllhenny Select’ and ‘HP', were investigated for differ-
ences in cell organization in the fruit-receptacle area and the separation zone at
different developmental stages. Histological examination indicated that fruit of
‘HP’, which requires greater force to separate, exhibited a larger region of sclerified
cells within the fruit-receptacle area. In contrast, fruit of ‘Mcllhenny Select', the
line that detaches easier, had fewer sclerified cells in this region. Cell sclerification
increased for both lines with increasing fruit maturity. The fruit-pedicel separa-
tion zone in both lines is distal to the sclerified region and is composed of paren-
chymatous fruit tissue. The separation zone for ‘HP" includes at least 10 addi-
tional distal cell layers in the fruit septal region than ‘Mcllhenny Select'.

231

Temperature Influences Yield, Leaf Expansion and Unfolding,
and Vine Growth of Sweetpotatoes Grown in NFT

Desmond G. Mortley*, P.A. Loretan, C.K. Bonsi, and W.A. Hill, G.W. Carver Agr.
Expt. Station, Tuskegee Univ., Tuskegee, AL 36088.

Growth chamber studies were conducted to evaluate the effect of four diurnal
temperatures (24/18C, 26/20C, 28/22C, and 30/24C) on yield, leaf expansion
and unfolding, and vine length of sweetpotatoes [jpomoea batatas (L.) Lam]. Four
vine cuttings (15 cm in length) of ‘TI-155" and ‘Georgia Jet' were grown for 120
days using a modified half-Hoagland nutrient solution with a 1:2.4 N:K ratio.
Irradiance at canopy level averaged 600 pmol-m=2-s~! at an 18/6 photoperiod,
and RH of 70%. Storage root number/plant for both cultivars decreased with
increased temperature. Storage root fresh and dry weights for both cultivars in-
creased with temperatures up to 28/22C and declined at 30/24C. Foliage fresh
and dry weights were not influenced by temperature for either cultivar. Leaf ex-
pansion rate and vine length were highest at 26/20C and lowest at 24/18C for
both cultivars. Leaf unfolding rate was not affected by temperature foe either cul-
tivar, but was more influenced by time of measurements.

232

Growth and Metabolism of Tomato Seedlings Grown with Roots
Warm during the Day and Cold at Night, or Vice Versa
Yong-Zhan Ma* and Martin P.N. Gent, Dept. of Forestry and Horticulture, The
Connecticut Agricultural Experiment Station, New Haven, CT 06504-1106.

Do root temperatures warm during the day and cool during the night benefit
plant growth? Tomato (Lycopersicon esculentum Mill.) seedlings were grown at
aconstant 20C air temperature but with varied root temperature, either 28/12C or
12/28C day/night for 8 days. Eight seedlings were grown in troughs in continu-
ously flowing nutrient solution containing 200 pM 14N03?xcess amounts of other
mineral elements. The flow rate was 0.6 liters/day per trough on the first day,
when plants weighed 20 mg, and increased with plant size. After 8 days, 1NO3
was provided for 12 h when roots were warm, and eight plants were harvested at
the end of labeling or 12 h later. During the treatments, weight per plant increased
more in leaves, 3.5 to 44 mg, than roots, 4.3 to 19 mg, and least for stem, 12 to
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30 mg. The whole-plant relative growth rate did not differ among treatments, 0.17
to 0.19/day, but was less than for plants grown at a constant 20C root tempera-
ture, 0.22/day. Uptake of 2NOfrom the media and exudation from the stem of
decapitated plants were greater when roots were warm than when roots were cold,
regardless of light. After labeling for 12 h at the warm root temperature, N en-
richment in plant tissues was greater with roots warm during the day, 0.20, 0.15,
and 0.16, than in those with roots warm during the night, 0.16, 0.11, and 0.10, for
roots, stems, and leaves, respectively. Enrichment with roots warm during the
day was 22%, 33%, and 62% greater, for roots, stems, and leaves, respectively,
than with roots warm during the night. However, uptake of NOzat night by roots
that were warm during the night was sufficient so that plants grown at out-of-
phase root temperature grew as fast as plants grown at in-phase root tempera-
ture. Research supported in part by grant 93-37100-9101 from the NRI Competi-
tive Grants Program/USDA.

233

Yield and Growth Responses of Asparagus to Between-row
Spacing and Planting Depth

Arthur Loughton*L, Randy Baker', and O. Brian Allen?, Horticultural Experiment
Station, Horticultural Research Inst. of Ontario, Box 587, Simcoe, Ont, N3Y 4NK
Canada; “Dept. of Mathematics and Statistics, Univ. of Guelph, Guelph, Ont.,
N1G 2W1, Canada.

Five between-row spacings of asparagus ranging from 60 to 120 cm were
combined with five planting depths ranging from 15 to 30 cm, in a central com-
posite rotatable design. After seven harvest seasons, the accumulated yields
(kg-ha™) declined linearly by 108 (+18) kg-ha! for each increase of 1 cm of
depth. Accumulated yield also declined linearly by 6.6 (+4.5) kg-ha=! with each
increase of 1 cm in row width. Depth and row width did not interact. Effects of
treatment on average spear weight were negligible. When the experiment was
terminated, the final depth of all crowns, regardless of original planting depth,
had floated to about 11.3 cm.

234

Growth Analysis of Two Pea Cultivars as Influenced by Plant-
ing Date

Abdullah A. Alsadon*, Dept. of Plant Production, College of Agriculture, King
Saud Univ., P.0. Box 2460, Riyadh 11451, Saudi Arabia.

‘Lincoln’ and ‘Rondo’ pea cultivars (Pisum sativum L. subsp. hortense) were
planted at early, midseason, and late dates during 1989-90 and 1990-91 grow-
ing seasons. Plant growth analysis data were collected via weekly harvests through-
out the growing season. Plant height, leaf area, and shoot dry weight were mea-
sured, and LA, SLA, and SLW were also determined. Derived growth quantities
such as RGR, NAR, and CGR were calculated. ‘Rondo’ plants were taller, larger in
leaf area, had more vegetative and dry weight, and were earlier in flowering than
‘Lincoln’ plants. Leaf area was not significantly affected by planting date. Opti-
mum LAl was obtained between harvests 7 and 9, which coincides with the time
of highest values of NAR and CGR. Significant correlation coefficients were ob-
tained between growth attributes in both seasons, and, in most cases, for all
planting dates.

103 ORAL SESSION 31 (Abstr. 235-239)
Postharvest Physiology/Vegetable Crops

235

Sites of Superoxide Production in Mitochondria Isolated from
Bell Pepper Pericarp Tissue

A.C. Purvis*, J.W. Gegogeine, and R.L. Shewfelt, Univ. of Georgia, Horticulture
Dept., CPES, Tifton, GA 31793-0748 and CFSQE, Georgia Station, Griffin,
GA 30223-1797.

Reactive O, species produced when electron transport is disrupted have been
implicated in several environmental stress-induced disorders. Superoxide (O; is
produced at two or more sites in mitochondria isolated from bell pepper fruit
supplied with succinate and NADH. SOD and KCN completely inhibited O pro-
duction with both substrates. Antimycin A inhibited Ozproduction with succinate,
but not with NADH. Insensitivity of O, uptake to KCN increased in mitochondria
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isolated from bell peppers stored at 2C and their O;production increased with
NADH as substrate, but decreased with succinate. Disrupting the mitochondrial
membranes enhanced O; production with NADH and reduced production with
succinate. Greater Ozproduction with NADH may result from the inability to transfer
electrons from NADH through the alternative path. The KCN-insensitive alterna-
tive path in some plant tissues appears to reduce the potential production of 0;

236

Bruising Susceptibility of Green Bell Pepper Fruit Varies with
N Level and Planting Time

A.N Kaaya*, J.K. Brecht, S.J. Locascio, S.A. Sargent, and M. Alligood, Horticul-
tural Sciences Dept., POB 110690, Fifield Hall, Univ. of Florida, Gainesville, FL
32611-0690.

Green ‘Jupiter’ bell peppers (Capsicum annuum L.) were grown in the spring
and fall seasons of 1994 on polyethylene mulch with drip irrigation. Seedlings
were planted on three dates in each season, either 2 weeks (spring) or 1 week
(fall) apart, with N applied at rates of 0, 100, 200, or 400 kg-haL. Primary fruit
were harvested upon reaching full size (diameter) and the bioyield-point (which
reflects bruising susceptibility) measured at the fruit shoulder with an Instron
machine; pericarp thickness was measured adjacent to the area where bioyield-
point was measured. Dry weight of the fruit tissue was measured in the fall only.
Bioyield force decreased with increasing N rate and increased with later planting
time in the fall, but did not change with N rate and decreased only slightly with
planting time in the spring. Pericarp thickness increased with N rate in both spring
and fall, but increased with planting time in the spring while decreasing in the
fall. Dry matter increased with planting time, but decreased with N rate in the fall
peppers. These results indicate that bioyield force is not controlled by pericarp
thickness, but rather may be more closely related to cell size or cell wall thick-
ness, as suggested by dry weight differences.

237

Tomato Locule Cell Wall Polysaccharides: Changes during
Maturation and Ripening

Guiwen W. Cheng*and Donald J. Huber, Horticultural Sciences Dept., Univ. of
Florida, Gainesville, FL 32611.

Softening and liquefaction of ‘Solar Set' locules was studied by examining
cell wall polysaccharides during fruit developmental stages (FDS) of immature
green, mature green and breaker. Ethanol insoluble solids (EIS) were sequen-
tially extracted by H,0, CDTA, and Na,CO, solutions. The chromatograms of gel
filtration among the same-solution extracts of EISs from three FDS were similar.
Gradient DEAE also yielded similar patterns among FDS in each extraction sol-
vent, even though the patterns of Na,CO, extracts differed from those of H,0 and
CDTA extracts. The mole ratio of total polyuronides decreased for Gal, Ara, and
Xyl at later FDS in both EIS and in all extracted polymers. Gal had the highest
mole percentage of total neutral sugars, followed by Ara, Xyl, and Rha. While the
mole percentage of neutral sugars for Gal, Rha, Ara, and Xyl were relatively simi-
lar among FDS in H,0 extracts, those in CDTA and Na,CO, extracts either in-
creased or decreased, depending on individual neutral sugar. SDS-PAGE showed
increased density in locule-tissue proteins, especially one with a molecular weight
of less than 20 kDa, during later FDS. Results indicate that pectin depolymeriza-
tion was limited and major neutral sugars commonly composing side chains
showed a net decrease.

238

Instrumental and Sensory Analysis of Tomato Flavor

E.A. Baldwin*, J.W. Scott, T.M. Malundo, and R.L. Shewfelt, USDA/ARS, Citrus
and Subtropical Products Lab, Winter Haven, FL 33883; Univ. of Florida,
Bradenton; Univ. of Georgia, Tifton.

Sugars, acids, and flavor volatiles are components of flavor that have been
measured instrumentally, revealing differences among tomato cultigens. For ob-
jective measurements to be useful, however, they need to relate to sensory data.
In this study, objective and sensory analyses of tomato flavor were compared.
Seven tomato cultigens were ranked for sweetness, sourness, and flavor and rated
for overall acceptability by a panel of 32 experienced judges. Sucrose equivalents
(SE), measured by HPLC, but not soluble solids correlated with sweetness at P=
0.10. In addition, SE highly correlated with flavor (P= 0.03), while titratable acid-
ity (TA) negatively correlated with overall acceptability (P = 0.03). Regression
analysis indicated that 2+3-methylbutanol, ¢is-3-hexenal, and 6-methyl-5-hepten-
2-one significantly contributed to flavor at a 5% level of significance. It is appar-
ent from this study that sucrose equivalents are more meaningful than soluble
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solids for measurement of sweetness, and that certain flavor volatiles play a role
in tomato flavor.

239

Heat Treatments Extend Shelf-life of Tomato Fruit

R.E. McDonald*, T.G. McCollum, and E.A. Baldwirn?, 'USDA/ARS, U.S. Horti-
cultural Research Laboratory, 2120 Camden Road, Orlando, FL 32803; 2USDA/
ARS, Citrus and Subtropical Products Lab., P.0. Box 1909, Winter Haven, FL
33883.

Mature, green tomatoes were either gassed or not gassed with C,H, for 24 h,
immersed in 42C water for 60 min, or held in 38C air for 48 h or not treated, and
then stored at either 2C or 13C for 14 days before ripening at 20C. During ripen-
ing, the fruit were evaluated for color development, internal quality, and decay
and for volatiles when full ripe. Both high-temperature treatments reduced chill-
ing injury and inhibited decay. Days to ripen after removal from storage at 2C or
13C was not influenced by heat treatment method. Color development, lycopene
content, and internal quality characteristics of fruit were similar at the ripe stage,
irrespective of heat treatment. Of 15 volatiles analyzed, seven showed decreased
levels of concentrations as a result of C,H, gassing, nine showed decreased lev-
els when stored at 2C prior to ripening, and most were unaffected by the heat
treatments. Heat treatments appear to be beneficial for maintaining tomato fruit
quality.

104 ORAL SESSION 32 (Abstr. 240-247)
Culture & Management/Fruit & Nuts
(Temperate)

240

Soft Sour Cherries—What'’s the Problem?

Mario Mandujano*, F.G. Dennis, Jr.%, D.E. Guyer?, E. Timn¥, and G.K. Brown?,
1Dept. of Horticulture, 2Dept. of Agricultural Engineering, SUSDA/ARS, Michigan
State Univ., East Lansing, MI 48824,

Michigan growers often have severe problems with soft ‘Montmorency' sour
cherries. Causal factors may include weather conditions, orchard practices, har-
vesting methods, and conditions during hold of fruits prior to processing. In this
study, efforts were concentrated on orchard practices, including shading to re-
duce solar radiation, irrigation, nutrient level, and application of growth regula-
tors, especially ethephon and gibberellin. Fruit firmness decreased as maturity
approached, then stabilized. Significant fruit softening occurred only during me-
chanical harvesting. No treatments, including sprays of calcium and potassium,
consistently increased firmness, but firmness was reduced in 1993 by spraying
with ethephon. Firmness varied among orchards, but no “soft” fruit, as defined by
industry standards, were observed in harvested fruit. Softening appeared to be
caused by excessive bruising, and was always associated with mechanical dam-
age. Advanced maturity and heavy cropping appear to predispose the cherries to
greater bruise damage.

241

Potential Relationship between Peach Tree Short Life
Symptomology and Aberrant Wood Anatomy

Dennis Werner!, Michael L. Parker*., and Elisabeth Wheeler?, 1Dept. of Horticul-
tural Science, 2Dept. of Wood and Paper Science, North Carolina State Univ.,
Raleigh, NC 27695.

Peach tree short life (PTSL), a major disease complex impacting peach cul-
ture in the southeastern United States for decades, accounts for millions of dol-
lars of losses annually. In spite of the overwhelming amount of research that has
been conducted on PTSL, many uncertainties still exist regarding the factors in-
volved in the syndrome and the true cause of tree death. As a consequence, we
examined the wood structure and anatomy of 6-year-old peach trees, some showing
the initial visible symptoms of PTSL, and others that appeared unaffected and
healthy. Very dramatic differences in wood anatomy were observed between healthy
and stricken trees. Stricken trees showed a total lack of vessel formation in some
earlywood zones, a decrease in vessel formation in latewood, and a marked in-
crease in ray parenchyma cells. Healthy trees showed normal vessel and ray for-
mation. Preliminary results indicate that in some way PTSL may be associated
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with increased gum production in the xylem and decreased earlywood vessel
production, thereby significantly reducing water conduction, leading to tree death.
Results of studies currently in progress to further investigate this hypothesis will
also be presented.

242

Rootstock, Time, Technique, and Quantity of Nitrogen Effects
on Production, Mineral Nutrition, and Postharvest Quality of
‘Fuji’ Apple

Esmaeil Fallahi* and Brenda R. Simons, Dept. of Plant, Soil and Entomological
Sciences, Univ. of Idaho, Parma R & E Center, 29603 U of | Lane, Parma, ID
83660.

The influence of three rootstocks, various levels of soil-applied nitrogen in
fall, and spring spray applications with and without minimum ground nitrogen on
tree growth, productivity, leaf and fruit nutrient partitioning, and postharvest quality
of fruit at harvest and after storage in ‘B.C. 2 Fuji' apple was studied over several
seasons. Early results showed that trees on M.26 and M.9 were more precocious
and had higher yield and yield efficiency. Trees on M.9 had significantly higher
leaf Ca and incidence of sunburned fruit than those on other rootstocks. Trees on
M.7 had larger fruit and higher leaf N, K, and Cu, but had lower fruit starch deg-
radation pattern (SDP) and leaf Ca. Soluble solids at harvest were lower in fruit
from trees on M.26 rootstock. Trees with fall nitrogen application had lower leaf
N and better fruit color. Lower quantities of N application had smaller fruit but
better fruit color and higher firmness at harvest. Fruit from all rootstocks did not
produce ethylene for several days in the ripening chambers. After this period,
fruit on M.9 rootstock produced ethylene before those from other rootstocks.
Trees established with only nitrogen spray without any ground application had
leaf N deficiency after they started bearing fruit. Establishment of a new ‘Fuji’
orchard based on only nitrogen spray produced weak trees with low yield and
yield efficiency, while addition of a small quantity of ground-applied N improved
tree growth and fruit quality.

243

Improvement of ‘Fuji’ Apple Color and Fruit Size using Reflec-
tive Materials

Harry L. Andris*and Carlos Crisosto, Univ. of California Cooperative Extension,
Fresno Country, 1720 S. Maple, Fresno, CA 93702.

Soil-applied reflective materials significantly improved the red color devel-
opment, fruit size, and early harvestability of ‘Fuji’ apple grown under hot climate
conditions of the the San Joaquin Valley of California. Red surface color was
significantly improved from 7.35% in the control to 14.27% where 60-inch-wide
silver polypropylene o 48-inch-wide crinkled foil on cloth backing were applied
to the soil between rows of ‘Fuji’ apple grown on a Lincoln trellis. The weight per
apple was also significantly increase where the reflective materials were used.
There was no significant difference in soluble solids, acidity, pH, pounds firm-
ness, or starch content. Packinghouse records showed a 33% increase in first
harvest pack-out where the reflective materials were used. Total pack-out in the
larger sizes was improved in the extra-fancy and US#1 grades, while the utility-
grade fruit was reduced by using these materials. Ground color was shifted from
green to yellow where the reflective materials were used.

244

Effects of Rowcover Microclimate on ‘Delicious’ Apples

Dawn M. Gatherum?*, L. LaMar Anderson, and Schuyler D. Seeley, Plants, Soils
and Biomet. Dept., Utah State Univ., Logan, UT 84322-4820.

Plastic covers were placed over rows of ‘Delicious’ apple trees/M.26 to test
their effect on canopy temperature and hence on bud phenology and growing
season duration. In 1992, plastic covers enclosed the treated plots to within 0.5
m of the soil and the tunnel ends were left open. Average daily temperatures
within the rowcovers were 0.1C cooler in April, 0.2C warmer in May, and 0.1C
cooler in July than uncovered canopy temperatures. In 1993, rowcovers com-
pletely enclosed the treated plots (both ends and sides); average daily tempera-
tures within the enclosed plots were 1.6C warmer in April, 0.1C cooler in May,
0.2C cooler in June, and 1.3C cooler in July. There was no difference in the date
of anthesis in 1992; however, within the complete enclosures in 1993, anthesis
occurred 7 days earlier than in the uncovered plots. Apple weight and shape were
comparable in 1992, but, in 1993, apples in the covered plots average 31.1 g
more than fruit in the uncovered trees and had slightly great length/width ratio.
Complete and uniform red color development did not occur either year under
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rowcovers. In addition, rowcovers prevented sunscald and hail damage, and re-
duced windfall of nearly ripe fruit.

245

Influence of Environmental Factors on Pecan Oil Composition
and Nut Quality

Laurence Sistrunk* Dan Chapman, and J. Benton Storey, Dept. of Horticultural
Science, Texas A&M Univ., College Station, TX 77843-2133.

Four cultivars of pecan [Carya illinoinensis (Wangenh.) K. Koch] were se-
lected for the study (‘Cheyenne’, ‘Mohawk’, ‘Pawnee’, and ‘Osage’). The influence
of total climatic heat units, during nut filling, on nut quality was compared from
14 geographic locations over a 3-year study. Nut quality parameters included nut
size by weight, kernel percentage by weight, kernel color by Hunter Color Differ-
ence Meter, fatty acid profile by GC, and total oil by NMR. Nuts were harvested at
shuck split, dried to 3% moisture, and stored at —20C prior to analysis.
Monounsaturated fatty acids (MUFA) and total oil increased, and polyunsatu-
rated fatty acids (PUFA) decreased in ‘Mohawk’ 2 out of 3 years with increased
heat units. Fatty acids in ‘Pawnee’ responded the same as in ‘Mohawk’ in 1992,
but were variable in 1991. In 1993, ‘Pawnee’ kernel whiteness and total oil de-
creased with increased heat units. Higher heat units caused the testas of ‘Chey-
enne’ to be darker in all 3 years. MUFA of ‘Cheyenne’ increased with increased
heat units 1 out of 3 years. The PUFA content of ‘Cheyenne’ decreased with in-
creased heat units in 1993. ‘Osage’ showed a reversal of MUFA and PUFA with
increased heat units. High negative correlation between oleic and linoleic acid
were obtained for all cultivars.

246
Thinning and Diametric Fruit Growth Response of Apple Trees
Treated with Benzyladenine and GA,, (Accel®), Carbaryl, and
NAA
John A. Cline*., Mary Bom", and Donald C. Elfving?, *Horticulture Research Insti-
tute of Ontario, Ontario Ministry of Agriculture, Food, and Rural Affairs, P.0. Box
587, Simcoe, Ontario, Canada N3Y 4N5; 2Washington State University, Tree Fruit
Research and Extension Center, 1100 N. Western Avenue, Wenatchee, WA 98801.
A series of seven fruit thinning experiments with benzyladenine (BA),
benzyladenine and GA,,, (10:1 BA:GA,,,, Accel), carbaryl (CB), and NAA were
conducted at the Horticultural Experiment Station, Simcoe, during the 1993 and
1994 growing seasons. In 1993, BA and Accel at 0, 100, 200, and 300 mg of BA/
liter were applied to mature ‘Redspur Delicious’/M.26 and ‘Empire’/M.26 trees
when fruit were =10 mm in diameter. In one set of experiments in 1994, Accel
was applied at 0, 25, 50, 100, 150, and 200 mg of BA/liter to mature ‘Mclntosh'/
M.26 and ‘Empire’/M.7 trees. In a second set of experiments in 1994, Accel was
applied at 0, 50, and 100 mg of BA/liter to mature ‘Idared’/M.26, ‘Empire’/M.26,
and ‘Marshall McIntosh'/Mark trees when fruit were =10 mm in diameter. Addi-
tional treatments included bloom sprays of Accel at 50 mg of BA/liter, and sprays
of BA at 50 mg a.i/liter, NAA at 10 mg a.i./liter, CB at 1000 mg a.i./liter, and a
“low” (two fruit remaining/flower cluster) and “high” (one fruit remaining/flower
cluster)rate of hand thinning. In all experiments, thinning response to BA and
Accel increased with concentration. Concentrations below 50, 100, and 300 mg
BA/liter were generally ineffective for thinning ‘Empire’, ‘Idared’, and ‘Mclntosh’,
and ‘Delicious’, respectively. Fruit size of ‘Idared’ and ‘Empire’ was increased at
rates of 50 mg BA/liter, whereas rates of 100 mg BA/liter were needed to increase
fruit size of ‘Mcintosh’ . Accel applied to ‘Empire’ at 150 mg BA/liter decreased
the number of seeds per fruit and increased fruit length:diameter (L:D) ratios.
Concentrations of Accel exceeding 100 mg BA/liter in ‘Red Delicious’ decreased
the number of seeds per fruit, while having little effect on fruit L:D ratios even though
lower concentrations increased fruit L:D ratios. Diametric fruit growth measure-
ments in 1994 indicated a temporary, but sharp, decline in growth rate immediately
following treatment imposition for trees that responded positively to thinning. Addi-
tional data describing treatment effects on fruit size distribution, vegetative growth,
and fruit maturity will be presented and discussed in relation to crop load.

247
GA,, GA,,,, and GA, Inhibit Flower Bud Formation and Reduce
Alternate Bearing in Apple (Malus domestic Borkh.)
Steven J. McArtney* and Li Shao Hua, Dept. of Horticulture and Crop Science,
Howlett Hall, 2001 Fyffe Court, The Ohio State Univ., Columbus, OH 43210-
1096.

Assingle spray of either GA, or GA,,, at full bloom reduced the severity of the
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alternate bearing cycle of ‘Braeburn’ apples, measured as the proportion of flow-
ering spurs over the 2 years following treatment. Increasing the concentration of
GA, applied in the light-flowering year linearly reduced the proportion of flower-
ing spurs in the following year and linearly increased the proportion of flowering
spurs 2 years after treatment. Application of GA, or GA,,, at full bloom inhibited
flower bud formation on spurs only, whereas, in a separate experiment, GA, or
GA, applied later than 8 weeks after bloom inhibited flower bud formation on 1-
year wood only. Thus, delayed GA treatments may provide suitable technology
for the selective removal of fruit from 1-year wood in apple.

115 ORAL SESSION 33 (Abstr. 248—-252)
BioTechnology/Vegetable Crops

248

Gene Transfer for Enhancing Plant Disease Resistance to Bac-
terial Pathogens

Zhanyuan Zhang*., D.P. Coyne?, and A. Mitra?, Depts. of *Horticulture and 2Plant
Pathology, Univ. of Nebraska, Lincoln, NE 68583.

Gene transfer can provide plants with a novel source of disease resistance.
Two different antibacterial peptides, Shiva-1 and lactoferrin, were tested in vitro
for antibacterial activity. The former is from cecropin B in insects, and the latter
from human or mammal fluids such as milk. Both peptides exhibited high anti-
bacterial activity against all tested gram-negative phytopathogenic bacterial strains.
Lactoferrin was more lethal than Shiva-1. A particular lactoferrin domain showed
a much higher activity against bacterial strains. A gene encoding lactoferrin was
then transferred to Nicotinia tabacum L. xanthi-nc to evaluate the gene expres-
sion using Agrobacterium. Stable transformation was confirmed by Southern,
Northern, and Western blot analysis. Delayed wilting of the transgenic plants
inoculated with Pseudomonas solanacearum was observed. A significant posi-
tive relationship between the gene expression levels and resistance was also found
by either Northern or Western blotting. Biolistic transformation using a gene gun
is currently underway to transfer this novel gene to common beans.

249

Comparison of Methods to Transform Embyrogenic Cotyledons
of Melon

D.J. Gray*., E. Hieberf, C.M. Lin? K.T. Kelley’, M.E. Compton’, and V.P. Gaba®,
ICentral Florida Research and Education Center, Univ. of Florida, 5336 Univer-
sity Ave., Leesburg, FL 34748; 2Dept. of Plant Pathology, Univ. of Florida, POB
110680, Gainesville, FL 32611-0680; 3Virology Dept., Inst. of Plant Protection,
ARO, Volcani Center, Bet Dagan 50250, Israel.

Agrobacterium-mediated transformation (AMT) was compared with a particle
bombardment (PB) for stable transformation of ‘Eden Gem', a melon with high
embryogenic potential. Pretreated cotyledonary explants were either wounded via
particle bombardment prior to Agrobacterium infection or were bombarded with
plasmid-coated gold microparticles, using a modified particle inflow-type gun.
Although similar numbers of embryos initially were obtained with each method,
most produced via AMT became abnormal, possibly due to the growth-regula-
tory effects of the antibiotic mefoxine, which was used to inhibit Agrobacterium.
Stably transformed plants and progeny were obtained only with PB, as deter-
mined by detection of the NPTII gene in R, plant by Southern hybridization and,
in progeny, by PCR amplification.

250

A Method for Transforming Whole Plants via the Electrophore-
sis of Shoot Tips

R.J. Griesbach*! and J. Milo? ‘Floral and Nursery Plant Research, U.S. National
Arboretum, USDA/ARS, Beltsville, MD 20705; Dept. of Field & Vegetable Crops,
Hebrew Univ. of Jerusalem, Rehovot 76100, Israel.

Most methods developed to transform plants either require tissue culture to
regenerate a whole plant from transformed tissue or the transformation of repro-
ductive tissue. These approaches are not applicable to vegetatively propagated
crops or crops that can not be tissue-culture propagated. We have modified a
procedure that was developed to transform zygotic meristems for use with whole
plant meristems. We developed a method to introduce DNA via electrophoresis
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into the cells of axillary meristems of whole plants growing in soil. About half of the
treated meristems developed into shoots. Of those shoots, up to half had some level
of GUS marker gene expression. We were able to transform Cercis, Chrysanthe-
mum, Capsicum, and Prunus. In Capsicum, the GUS gene was inherited.

251

Morphological Trait QTL Mapping in Tomato Recombinant In-
bred Line Population

. Paran?, I.L. Goldman*2, and D. Zamir®, *Volcani Center, Bet Dagan, Israel; 2Dept.
of Horticulture, Univ. of Wisconsin-Madison, Madison, Wi 53706; SThe Hebrew
Univ. of Jerusalem, Rehovot, Israel.

Quantitative trait loci influencing morphological traits were identified by re-
striction fragment length polymorphism (RFLP) analysis in a population of re-
combinant inbred lines (RIL) derived from a cross of the cultivated tomato
(Lycapersicon esculentum) with a related wild species (L. cheesmanii). One-hun-
dred-thirty-two polymorphic RFLP loci spaced throughout the tomato genome
were scored for 97 RIL families. Morphological traits, including plant height,
fresh weight, node number, first flower-bearing node, leaf length at nodes three
and four, and number of branches, were measured in replicated trials during 1991,
1992, and 1993. Significant (P < 0.01 level) quantitative trait locus (QTL) asso-
ciations of marker loci were identified for each trait. Lower plant height, more
branches, and shorter internode length were generally associated with RFLP alle-
les from the L. cheesmanii parent. QTL with large effects on a majority of the
morphological traits measured were detected at chromosomes 2, 3, and 4. Large
additive effects were measured at significant marker loci for many of the traits
measured. Several marker loci exhibited significant associations with numerous
morphological traits, suggesting their possible linkage to genes controlling growth
and development processes in Lycopersicon.

252

Analysis of Anther-derived Potato by RAPDs and SSRs

R.E. Veilleux*, L.Y. Shen, and M.M. Paz, Dept. of Horticulture, Virginia Polytech-
nic Inst. & State Univ., Blacksburg, VA 24060-0327.

RAPD and SSR analyses were used to characterize the genetic composition of
anther-derived plants of a diploid potato clone, CP2 (S. chacoense 80-1 x S.
phureja 1-3). The ploidy of anther-derived plants was first determined by flow
cytometry. A total of 44 decamer primers was screened for polymorphism. The
loci that segregated were selected and scored. The monoploids had only half as
many loci carrying RAPD markers compared to the anther donor. Among the 13
anther-derived diploids, four were identified as homozygous by marker frequency
similar to monoploids and nine as heterozygous. Five of seven SSRs obtained
from published potato sequences were polymorphic in CP2. CP2 was found to be
heterozygous with two alleles at four SSR loci (TC/TA, AAG, AGA, CTT), and
three alleles at an ACTC locus. Primer pairs flanking each of the five polymorphic
SSRs revealed that monoploids had only the allele contributed by chc 80-1. Ho-
mozygous diploids had only one band per SSR locus, whereas heterozygous
diploids displayed more than one allele for at least one SSR locus. Results of the
SSR analysis supported the findings based on RAPD markers; the same diploid
clones were characterized as homozygous by both SSR and RAPD markers.

116 ORAL SESSION 34 (Abstr. 253-260)
Nutrition/Cross-commodity & Ornamentals

253

Contrasting Responses of Amur maackia and Black Locust to
Culture in Hoagland Solution

Anthony S. Aiello*and William R. Graves, Dept. of Horticulture, lowa State Univ.,
Ames, |A 50011-1100.

Hydroponic culture of tree seedlings is commonly used to study root biology;
however, we have found that species differ in their responses to this practice.
Responses of 2-week-old seedlings of Amur maackia (Maackia amurensis Rupr.
& Maxim.) and black locust (Robinia pseudoacaciaL.) to 1%, 5%, 10%, 25%,
50%, and 100% Hoagland solution #1 were determined over 5 weeks. Dry mass
of black locust increased with increasing solution concentration up to 50%. For
Amur maackia, dry mass was highest in 5% solution, and dry mass declined by
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=50% in 50% solution. Purpling, chlorosis, and necrosis occurred on leaves of
Amur maackia in solutions =10%, and symptom severity increased with solution
strength. Amur maackia leaf ion content increased dramatically with increasing
solution strength; for instance, leaf P content increased 688% as solution strength
increased from 5% to 50%. No symptoms occurred on Amur maackia grown ina
soil-based medium and irrigated with 50% solution. These data indicate that
black locust can be grown hydroponically using standard methods. However,
growth of Amur maackia is inhibited at high solution concentrations, suggesting
a sensitivity to the availability of ions, and perhaps an enhanced ability to se-
quester ions from its media.

254

Root-zone Temperature Effects Onion Content of Tomato, Musk-
melon, and Honey Locust

Kimberly A. Klock*, Henry G. Taber, and William R. Graves, Dept. of Horticulture
lowa State Univ., Ames, 1A 50011.

Horticultural species vary in growth response to high root-zone temperature
(RZT), but little is known about the effects of RZT on nutrient uptake. We deter-
mined P, K, Ca, Mg, Zn, and Mn total plant content of tomato (Lycopersicon
esculentum Mill. cv. Jet Star), muskmelon (Cucumis melo L. cv. Gold Star), and
honey locust (Gleditsia triacanthos L. var. inermis Willd.) grown in nutrient solu-
tion kept at 24, 27, 30, 33, and 36C. RZT effects on plant dry mass gain and gain
in nutrient per plant varied by species. Honey locust and tomato total plant gain
in P decreased linearly with increasing RZT, while melon P content increased
linearly to 36C. Trends in total Mg and Mn content will be presented, as well as
results from further research on correlations between supraoptimal RZT, root res-
piration, and shoot and root P content of tomato.

255

Effect of Different Nitrogen—Sulfur Ratios on 2-Phenylethyl
isothiocyanate (PEITC) Levels in Watercress

Usha Rani Palaniswamy*., Richard McAvoy!, Bernard Bible!, Suman Singha,
and Dennis HilP, 'Dept. of Plant Science and 2Microchemistry Laboratory, Univ.
of Connecticut, Storrs, CT 06269-4067.

A study was initiated to identify cultural conditions that optimize the production
of important chemopreventive agents in watercress. Chemopreventatives are chemical
compounds that reduce or prevent diseases such as cancer. Watercress (Nastur-
tium officinale) contains phenylethyl glucosinolate that, on hydrolysis, yields PEITC,
and PEITC is one of the most-important anti-carcinogens among the cruciferous
chemopreventatives tested. Watercress was grown in closed hydroponic systems
containing 200 ppm nitrogen and either 64, 128, and 192 ppm sulfur to yield N:S
ratios of 1:0.3, 1:0.6, and 1:0.9. The experiment was laid out as RCBD in the green-
house with six replications. PEITC levels in leaf and stem tissue was assayed using
gas chromatograph. After 36 days in the treatment solutions, watercress grown at a
N:S ratio of 1:0.6 produced 90.1% and 65.3% (in repeated experiments) more PEITC
than plants grown at a N:S ratio of 1:0.3. Plants grown in nutrient solution with a
N:S ratio of 1:0.9 produced 57.4% and 24.2% greater PEITC than those grown with
a N:S ratio of 1:0.3. Plants grown in a nutrient solution with a N:S ratio of 1:0.9
produced 17.2% to 24.2% less PEITC than those grown with a N:S ratio of 1:0.6.
Leaves contained 54% to 70% more PEITC per unit dry mass than stems, suggest-
ing that the leaf is the major site of synthesis and storage of PEITC.

256

Nitrogen-Yield Relationships in Greenhouse Roses

Raul I. Cabrera* and Richard Y. Evans?, 1Dept. of Plant Science, Cook College,
Rutgers Univ., New Brunswick, NJ 08903; 2Dept. of Environmental Horticulture,
Univ. of California, Davis, CA 95616.

The establishment of critical tissue N (N_;) for greenhouse rose production
has been primarily based on visual symptoms of N deficiency, with relatively less
consideration to yield parameters. This work examined the relationship between
rose leaf N concentration and flower yield and quality. Microlysimeter-grown ‘Roy-
alty' rose plants were irrigated with complete nutrient solutions containing N con-
centrations of 30, 60, 90, 120, 150, and 220 mg-liter%. Results after 1 year indi-
cated no significant differences in total dry weight, number of flowers, and stem
length for plants irrigated with 90 to 220 mg-liter* N. Tissue N concentrations
were significantly lower for plants that received 30 or 60 mg N/liter. Estimated
N, for yield parameters were =2.7% of leaf dry weight. Chlorophyll content and
color leaf attributes (hue, chroma, and value) were correlated with tissue N con-
centration. The results suggest that the rate of N application typically recom-
mended for greenhouse roses is considerably higher than necessary.
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257

Influence of Nitrogen and Phosphorus Rates and Soil pH on
Growth and Yield of Goldenseal

Jeanine M. Davis* Dept. of Horticultural Science, North Carolina State Univ.,
Raleigh, NC 27695.

Goldenseal (Hydrastis canadensisL.) is a widely used medicinal herb that is
commonly collected from forests in North America. An increasing demand for
goldenseal has put intense pressures on wild populations and increased the in-
terest in cultivation. Cultural information on goldenseal, however, is limited and
contradictory. A 3-year study was initiated to examine the effects of soil pH (4.5,
5.5, 6.5, and 7.5) and four rates of P.and N (0, 0.1, 0.2, and 0.3 kg P or N/m® of
soil) on growth and development of goldenseal. In Spring 1993, small rhizome
pieces were planted in pots of forest soil and grown under a wood-lath structure.
Plant growth, flowering, and fruiting are monitored throughout each growing sea-
son. The plants are brought into an underground storage facility for overwinter-
ing. In late winter, roots are weighed, evaluated, and replanted. After one season
of growth, root weights were highest with pH 5.5 and 6.5 and no additional P or
N. During the second season of growth, the greatest plant growth and fruiting
were obtained with pH 5.5 and 6.5 and with the two highest rates of phosphorus.

258

Screening Fine Fescues for Aluminum Tolerance

H. Liu*, J.R. Heckman, and J.A. Murphy, Rutgers Univ., New Brunswick, NJ 08903-
0231.

The fine fescues are generally considered to be acid-tolerant compared to
many other cool-season turfgrasses. However, there is a lack of documentation
on aluminum tolerance of fine fescues at both the species and cultivar levels. A
total of 58 genotypes belonging to five species or sub-species were screened
under greenhouse conditions using solution culture, sand culture, and acid Tatum
subsoil. This soil had 69% exchangeable Al and a pH of 4.4. An Al concentration
of 640 M and a pH 4.0 were used in solution screening and sand screening.
Differences in Al tolerance were identified at both species and cultivar levels based
on relative growth. The genotypes with endophyte infection generally exhibited
greater Al tolerance than endophyte-free genotypes. The results indicate that fine
fescues vary in Al tolerance and there is potential to improve Al tolerance with
breeding and to refine management recommendations for fine fescues regarding
soil pH.

259

Utilization of Aquaculture Effluent to Supplement the Water
and Nutrient use of Native Plant Nursery Production

Masud A. Khan and James N. McCrimmon*, Dept. of Agronomy and Horticul-
ture, New Mexico State Univ., Las Cruces, NM 88003.

The multiple use of water from aquaculture to supplement irrigated crop pro-
duction could minimize the cost of growing fish and irrigating crops. Aquaculture
effluent was utilized to supplement the fertility and irrigation of six native shrub
species (big sage, fourwing saltbush, mountain mahogany, Mormon tea, rubber
rabbitbrush, and winterfat). Plants were established in two container types: 20-
liter standard polypot and nonwoven UV-stabilized Duon synthetic fiber growbags.
The plants were irrigated with fish effluent or city water. Plants irrigated with fish
effluent were not given any fertilizer treatment, while plants irrigated with city
water were fertilized with Osmocote®. Fish effluent was suitable for production of
fourwing saltbush, rubber rabbitbrush, big sage, and winterfat. Fourwing salt-
bush irrigated with effluent had the best survival rate, while mountain mahogany
irrigated with effluent had the poorest growth and survival rates. Big sage, rubber
rabbitbrush, and winterfat had better growth and survival rates in the growbags,
while Mormon tea had better growth and survival rate in the polypot containers.

260
The Earth Box—A Sustainable Production System
C.M. Geraldson*, 1111 99th St. N.W., Bradenton, FL 34209.

The Earth Box is made of recycled plastic and designed to maintain a water
table. A nutritional gradient is initiated with N—K fertilizer applied on the surface
of the soil or media contained in the box. The box is designed to facilitate the
functioning of a nutritional procedure known as the gradient concept. Basically,
the concept synchronizes the nutrient/water input with removal, providing stabil-
ity and nutritional predictability to the ionic composition of the soil solution.
Crop response (yields and, especially, quality) with the Earth Box has been most
positive, indicative of an optimal nutritional precision. The positive response is
also evident in the field—average tomato yields in Florida more than doubled
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with the inception of the gradient-mulch system (1970s). the gradient as the domi-
nant nutritional component eliminates the soil (type and/or quantity)—plant—sea-
son as nutritional variables. The Earth Box with minimal water, minimal pollu-
tion, minimal management, and the potential for a minimal unit cost could be the
basis of a globally sustainable production system.

117 ORAL SESSION 35 (Abstr. 261-268)
Growth & Development/Vegetable Crops

261

Multiplication of Bigger Potato Tubers by Sprout Cutting can
Produce More Than 140 Cuttings in 16 Days

Andrew Fréve*, Horticultural Research and Development Center, Agriculture and
Agri-Food Canada, Saint-Jean-sur-Richelieu, Quebec, Canada J3B 3E6.

The multiplication technique by sprout cutting has been improved at St-Jean-
sur-Richelieu in 1994. The tuber size has been increased to medium-large tubers
and two different pre-sprouting periods has been extended to 190 days. In one
trial, potatoes of 20 seedlings were warmed up after 4 to 8 weeks of storage at 3C
and were placed under dry conditions under light or not, for more than 6 months.
They were planted in flats (28 x 53 cm) filled with a soil mixture at 16 h of light
22-24C. When 50% of the sprouts had 3 to 4 cm, they were placed in the dark for
3 days or less. The sprout cutting was done the day after returning to the initial
lighting condition. The tubers were sprout-cut after 6, 10, 16, 20, 24, and 32 days
after planting. A yield of more than 90 sprout cuttings in 26 days was obtained
with seven seedlings. LP86065 gave 140 cuttings in 16 days. In another trial,
tubers with 7 months of cold storage were tested with the technique. In 23 days,
‘Superior’ and LP85619 gave an average of 68.4 sprout cuttings in 23 days with
only three steps of multiplication. A third trial with different periods of storage
and pre-sprouting will be discussed. The multiplication rate depends on may
factors, such as: firmness, number of sprouts by eye and eyes by tuber, sprouting
conditions, and cultivar.

262

Accumulation of Possible Potato Tuber-inducing Factor in Con-
tinuous-use Recirculating NFT sSystem

R.M. Wheeler 2, G.W. Stutte?, C.L. Mackowiak? N.C. Yorio?, and L.M. Ruffé?,
INASA Biomedical Operations and Research, 2Dynamac Corp., Kennedy Space
Center, FL 32899.

Potatoes (Solanum tuberosumL.) have been grown successfully with a recir-
culating nutrient film technique (NFT) when a fresh nutrient solution is used for
each planting. During the past year, we conducted two studies in which the same
nutrient solution was used for successive plantings (EC and pH were maintained
at 0.12 S-m~! and 5.8). Results showed that successive plantings became pre-
maturely induced (tubers initiating near 20 days after planting—DAP), causing
stunted shoot growth and reduced yields per plant. When “old” nutrient solution
from a continuous production system was regularly added to a newly started
plant system maintained under a non-inductive environment (12-h photoperiod
with night break of 6 h into dark), tubers formed on “old” nutrient solution plants
(24 DAP), but not on “new” solution plants. When charcoal water filters were
placed on the systems, plants grown on either “old” or “new” nutrient solutions
showed no tuber initiation (plants harvested at 42 DAP). Results suggest that a
tuber-inducing factor(s) emanating from the plants accumulates in the nutrient
solution over time and that the factor(s) can be removed by charcoal absorption.

263

Continuous Production of Potato in an AFT System

G.W. Stutte*, C.L. Mackowiak, N.C. Yorio®, R.M. Wheeler?, and L.M. Ruffel.
1Dynamac Corp., and ZNASA Biomedical Operations and Research, Kennedy Space
Center, FL 32899.

An experiment was conducted in the Biomass Production Chamber (BPC) at
Kennedy Space Center to determine the feasibility of continuous steady-state pro-
duction of potato (Solanum tuberosum L.). Plants were grown in a “batch” or
continuous production mode using either 0.5 x modified Hoaglands or effluent
from aerobically processed inedible potato biomass as a nutrient source. EC and
pH were controlled to 0.12 S-m~! and 5.8, respectively. The batch harvest oc-
curred after 104 days and continuous harvest occurred every 26 days, with re-
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planting occurring in the same solution. Continuous production on “aged” solu-
tion resulted in earlier tuber initiation, reduced plant height, and smaller cano-
pies than the “batch” treatment. Planting density of the continuous treatment was
increased from eight to 16 plants/m2. Because one quarter of the planting area
was harvested and replanted every 26 days, a steady-state of canopy coverage
between 60% to 75% of the chamber was maintained. Steady-state of CO, fixa-
tion was also maintained in the continuous treatment. There was no effect on
either quantum efficiency, tuber yield, or harvest index of the plants grown in
continuous production. Although replanting into “aged” nutrient solution resulted
in earlier tuber initiation and reduced plant size, the system reached a steady state
of production, which is desirable for advanced life support system.

264

A Heat Unit Model to Predict Growth and Development of Musk-
melon SCucumis melo var. reticulatus Naud.) to Anthesis

S. Jenni*L, D.C. Cloutier?, G. Bourgeois®, and K.A. Stewart’, *Plant Science Dept.,
McGill Univ., Ste-Anne-de-Bellevue, Quebec, Canada; 2Agriculture Canada,
L’Assomption, Quebec, Canada; 3Agriculture Canada, St-Jean-sur-Richelieu,
Quebec, Canada.

Plant dry weight of muskmelon transplants to anthesis could be predicted
from a multiple linear regression based on air and soil temperatures prevailing
under 11 mulch and rowcover combinations. The two dependent variables of the
regression model consisted of a heat unit formula for air temperatures with a base
temperature of 14C and a maximum-reduced threshold at 40C, and a standard
growing-degree-day formula for soil temperatures with a base temperature of
12C. Based on 2 years of data, 86.5% of the variation in the dry weight (on a log
scale) could be predicted with this model. The base temperature for predicting
time to anthesis of muskmelon transplants was established at 6.8C and the ther-
mal time ranged between 335 and 391 degree-days during the 2 years of the
experiment.

265

Weather Parameters Affecting Dry Bean Yields in Western Ne-
braska

D.S. Nuland*and R.G. Taylor, Univ. of Nebraska, Panhandle Research and Ex-
tension Center, 4502 Ave. |, Scottsbluff, NE 69361.

A phenological approach was used to test the effect of weather parameters
upon yield of dry beans. A time series (1940 to present), cross-section of western
Nebraska bean-growing counties coupled with weather variables taken from re-
spective weather stations was used to estimate regression equations. Weather
parameters in context of the phenological development of the dry bean were tested
in predicting yields. Analysis of the error was used to explain unique historical
events that impact yield outside of weather. The predictive ability of the equation
can then be used by producers, Ag. Lenders, and other industry personnel to pre-
dict yield and thus total production for the western Nebraska dry bean industry.

266

The Maintenance of Charge Balance and pH in Hydroponic So-
lutions by Stock Nutrient Addition: A Possibility?

John D. Lea-Cox*., G.W. Stutte?, and W.L. Berry®, National Research Council,
2Dynamac Corp., NASA Biomedical Operations and Research, Kennedy Space
Center, FL 32899; 3UCLA/DQE Lab., Los Angeles, CA 90024.

The maintenance of pH in unbuffered nutrient solutions has important conse-
quences for the hydroponic industry and proposed nutrient delivery systems for
plants in space. The requirement for charge balance by a model plant system,
dwarf wheat (Triticum aestinum cv. Yecora rojo), is largely a function of the up-
take ratio of four cation species (NH, K*, Ca®, and Mg?*) and two anion species
(NOzand sog up to anthesis. The change in electrical conductivity (EC) and pH of
the nutrient solution over time integrates the overall influx:efflux process of the
plants. Solutions with three different NH,:NO, ratios were sampled at 15-min
intervals over a 12-h period at 9, 10, 16, 17, 23, 24, 37, and 38 days after plant-
ing. Exhaustion of N in the solution at all stages of ontogeny resulted in a 2- to 3-
fold reduction in ApH/At, despite high plant tissue N and irrespective of the con-
centration of other charge balance ions in solution. These data, combined with a
plant nutrient uptake database (normalized for plant relative growth rate per mole
PPF), suggest that a system can be developed to control pH by direct supply of
various alternative nutrient stock solutions, rather than by the addition of H* or
OH~ from acid or base.
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267

Tissue Nutrient Content Dynamics of Wheat and Potato Grown
under Highly Productive Field and Hydroponic Conditions

A. Matar*L, W.L. Berry?, C.L. Mackowiak?, G.W. Stutte?, R.M. Wheeler®, and J.C.
Sager®, \UCLA/DOE Lab., Los Angeles, CA 90024; 2Dynamac Corp., and 3NASA
Biomedical Operations and Research, Kennedy Space Center, FL 32899.

Tissue nutrient (element) content profiles were determined for wheat and po-
tato plants grown hydroponically (NFT) in NASA’s Biomass Production Chamber
(20 m?) using a complete nutrient solution with electrical conductivity maintained
at 0.12 S-m. Profiles were compared to patterns of nutrient accumulation dur-
ing vegetative stages reported for highly productive wheat and potatoes grown in
the field under a wide range of conditions. Among the essential elements, differ-
ences hetween the hydroponically and field-grown crops were observed only for
Ca, Mg, and Mn in the recently mature leaves, and these differences were related
to changes in growth phase and/or consistency of nutrient supply during plant
growth. Nutrient profiles for both hydroponically and field-grown crops were also
compared to deficiency and toxicity critical levels compiled by various workers.
As expected for high-yielding crops, the profiles for both crops were well within
the sufficiency ranges for all evaluated nutrients.

268
Development of Diagnostic Nutrient Sufficiency Criteria (Ho-
meostatic Level) from High-yielding Wheat and Potato Plants
W.L. Berry*!, A. Matar, C.L. Mackowiak?, G.W. Stutte?, R.M. Wheeler®, and J.C.
Sager®, \UCLA/DOE Lab., Los Angeles, CA 90024; 2Dynamac Corp., and 3NASA
Biomedical Operations and Research, Kennedy Space Center, FL 32899.
Elemental analysis of tissue is very useful in determining when plants are
nutrient-stresses, but has less diagnostic value when concentrations are within
the poorly defined sufficiency range. It has been postulated that, within the suffi-
ciency range, there is a homeostatic, or equilibrium, level for each element. As a
first approximation, we utilized the nutrient profiles of non-nutrient-limited, high-
yielding wheat and potato crops during the vegetative growth phase. Plants were
grown hydroponically (NFT) in NASA’s Biomass Production Chamber (20 m?)
using a complete nutrient solution with the electrical conductivity maintained at
0.12 S-m~L. These profiles were compared to critical deficiency levels found in
the literature for both field- and controlled environment-grown plants. The ho-
meostatic concentrations for the various nutrients were found to be 3 to 8 times
that of their respective deficiency critical levels, suggesting that nutrient status
can be defined even within the sufficiency range.

118 ORAL SESSION 36 (Abstr. 269—-276)
Postharvest Physiology/Fruits

269

Ripening Physiology and Storability of Saskatoon Fruit

S.Y. Rogiers*and N.R. Knowles, AFNS Dept., Univ. of Alberta, Edmonton, Alberta,
Canada T6G 2P5.

Saskatoon (Amleanchier alnifolia Nutt.) fruit were stored into nine maturity
stages based on color and size. Fruit color ranged from green (stages 1-4) to
pink (5 and 6) to red (7 and 8) to purple (9). Fruit diameter of ‘Smoky’ increased
linearly as maturity advanced from 1 to 9. Fresh weight increased by 46 mg/fruit
for each stage between 1 and 6, and then increased by 141 mg/fruit for each stage
between 7 and 9. Firmness declined linearly from maturity 1 to 5, then remained
relatively constant through maturity 9. The ability of fruit of maturities 3, 5, and 7
to ripen after harvest was assessed over 6 days (23C). Color measurements of
maturities 3 and 5 indicated a change from green to pink, but no further change to
purple. Color of maturity 7 changed to equal that of fully ripe (purple) maturity 9
fruit. After 6 days, fruit firmness of maturities 5 and 7 was equal that of freshly
harvested maturity 9 fruit; however, maturity 3 fruit were incapable of softening to
the same degree as fully ripe fruit. While fruit harvested at stage 7 appear to ripen
normally, a significant lower fruit fresh weight precludes harvesting at this stage.
Internal C,H, concentration of fruit, and production by fruit in an open air-flow
system, were monitored for ‘Northline’, maturities 1-9. Internal C,H, concentra-
tion of maturity 6 fruit was about 8-fold higher than that of maturity 4 fruit. More-
over, C,H, production rate of maturity 5 fruit increased 3-fold from 10 to 25 h
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after harvest and then fell, reached the initial rate by 45 h after harvest. The respi-
ration of these fruits also increased (by =70%) from 15 to 30 h after harvest, and
then declined. Fruit color had changed from mostly green to red by 45 h after
harvest. Collectively, these results indicate that saskatoon fruit exhibit a climac-
teric ripening patter. Results on the efficacy of controlled-atmosphere and
hypobaric storage to delay physiological and pathological deterioration of saska-
toon fruits will be presented.

270

Strawberry Fruit Temperature Affects Sensitivity to Bruising
from Impact and Compression Forces

M.D. Ferreira, S.A. Sargent?, J.K. Brecht', and C.K. Chandler?, Horticultural
Sciences Dept., Univ. of Florida, Gainesville FL 32611; Agriculture Research
Center, Univ. of Florida, Dover FL 33527.

Individual strawberry (Fragaria xananassa Duch.) fruits at cooled or ambient
pulp temperatures were subjected to compression or impact forces to determine
sensitivity to bruising. Fruits were more resistant to compression bruising at lower
temperatures, but were more resistant to impact bruising at ambient tempera-
tures. ‘Chandler' fruits at 1C or 30C were compressed (9.8 N for 2 s); after 24 h @
24C, bruise volumes were 0.27 cm? and 0.65 cm?, respectively. Following a single
impact from 13 ¢m, fruits at 1C or 24C had bruise volumes of 0.21 cm?, and 0.10
cmd, respectively. Increasing impact height to 38 cm caused bruise volumes of
0.31 cmé and 0.16 cm? for fruits at 1C and 24C, respectively. The potential exists to
improve packout quality and efficiency for value-added strawberry packs. Due to
greater resistance to impacts at ambient temperatures, strawberries could be bulk-
transported to a central facility, and graded and packed on an appropriately de-
signed packing line. Care must be taken to avoid compression bruising at harvest.

271

Hydrocooling as an Alternative to Forced-air Cooling for Main-
taining Strawberry Quality

M.D. Ferreira J.K. Brecht*, S.A. Sargent, and C.K. Chandler, Horticultural Sci-
ences Dept., Univ. of Florida, POB 110690, Gainesville, FL 32611-0690.

‘Sweet Charlie’ strawberries (Fragaria xananassaDuch.) harvested at full ripe
stage were 7/8-cooled by forced-air or hydrocooling to 4C, then held with or
without a PVC film wrap in one of three storage regimes: 1) 7 days at 1C plus 1
day at 20C; 2) 7 days at 1C plus 7 days at 7C plus 1 day at 20C, or; 3) 7 days at
1C plus 5 days at 15C plus 2 days at 7C plus 1 day at 20C. Quality attributes,
including surface color, firmness, weight loss, soluble solids and ascorbic acid
content, pH, and titratable acidity, were evaluated after storage. Hydrocooled ber-
ries were better in overall quality, with better color retention, less weight loss, and
lower incidence and severity of decay compared to forced-air-cooled berries.
Strawberries wrapped in PVC film retained better color and had less weight loss
and greater firmness, but greater incidence and severity of decay than berries
stored uncovered. These results indicate good potential for using hydrocooling
as a cooling method for strawberries.

272
Ethylene Evolution, Respiration, and Mold Development Stud-
ies in Some Selected Rubus Genotypes
J. Cummaragunta®, D.V. Schlimme’, C.S. Walsh, and H.J. Swartz., and A.E.
Watada, *Dept. of Horticulture, Univ. of Maryland, College Park, MD 20742-5611;
ZHorticultural Crops Quality Laboratory, USDA/ARS, Beltsville, MD 20705-2350.
In 1993, we studied the postharvest behavior of 25 Rubus genotypes. In-
cluded in the study were named cultivars from Europe and North America, ad-
vanced selections from the Univ. of Maryland Cooperative Breeding Program,
species and raspberry interspecific hybrids, with R .phenicolasius, R. pungens
oldhamii R sumatranus, and R parvifolius. Wide variation exists in the ethylene
production rates of these genotypes. The difference between the lowest ethylene
producer, R. phenicolasius, and the highest ethylene evolver, HTCC-6t (R.
lasiostylus), was four orders of magnitude. Ethylene evolution rate and percent-
age mold were not correlated. Ethylene production and respiration rates were
also measured using a flowthrough system. No single pattern was characteristic
of all genotypes. Red raspberries were the highest ethylene producers and showed
an ethylene and respiratory climacteric. Blackberries were low ethylene produc-
ers. Interspecific hybrids showed varied postharvest behaviors. The behavior
observed in these interspecific hybrids may explain some of the conflicting re-
ports on the postharvest behavior of blackberries and raspberries. In general heat-
tolerant species such as blackberry, R. occidentalis, R. parvifolius exhibited lower
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rates of respiration and ethylene evolution than species from cool, temperate ar-
eas like R. idaeus.

273

Postharvest Quality of ‘Thompson Seedless’ Grapes after In-
secticidal Controlled Atmosphere Treatments

Miguel H. Ahumada*, Elizabeth J. Mitcham, and Denise G. Moore, Dept. of Po-
mology, Univ. of California, Davis 95616.

Nonfumigated ‘Thompson Seedless' table grapes were stored in air or one of
four atmospheres: 0.5% O, and 35% CO,, 0.5% O, and 45% CO,, 0.5% O, and
55% CO,; and 100% CO,. Grapes were stored at 5C and 20C for 6 and 4.5 days,
respectively. The fruit were evaluated for weight loss, berry firmness, soluble
solids, titratable acidity, berry shattering, rachis browning, berry browning, and
volatiles (acetaldehyde and ethanol). Fruit quality was not affected at 5C; how-
ever, at 20C, controlled atmosphere (CA) treatments had a detrimental effect on
rachis browning and soluble solids. CA at both temperatures induced the pro-
duction of high levels of acetaldehyde and ethanol. After treatment at 5C, volatile
concentrations were two-thirds lower than at 20C. A consumer taste panel evalu-
ated fruit 3 days after removal from CA. Consumer preference was negatively
affected by the CA treatments at 20C; however at 5C, consumer preferencewas
not affected by the treatments. Preliminary data for mortality of Omnivorous
Leafroller pupae (Platynota stultana), Western Flower Thrips adults (Frankliniella
occidentalis), and Pacific Spider Mite adults (Tetranychus pacificus) indicate that
many of these treatments would provide quarantine security.

274

Reducing Superficial Scald of Apples and Pear with Naturally
Occurring Triterpenoid Compounds

Eric A. Curry*, USDAJARS Tree Fruit Research Laboratory, 1104 Western Av-
enue, Wenatchee, WA 98801.

Superficial scald is a physiological skin disorder of apples and pears that
develops in cold storage and that often increases in severity after the fruit is re-
moved. It is thought to be associated with the accumulation of farnesene in the
epithelial tissue. Currently used methods of controlling scald are diphenylamine
(DPA) drenches, and controlled atmosphere (CA) to a limited extent. In order to
expand the methods available to control scald, we have been investigating the
potential of a number of naturally occurring compounds applied to the fruit sur-
face by drenching or by topical application. Fruit were treated either by wiping the
fruit surface with technical-grade material and then removing the excess, drench-
ing whole fruit in aqueous emulsions, or drenching fruit in combinations of heat
plus emulsion. After treatment, the fruit was air-dried for 30 min and then placed
either in regular or CA storage for 6 months, after which time they were placed in
a dark room at 68F for 7 days. Scald was evaluated and fruit condition assessed.
Results from 3 years indicate farnesene and squalene reduce scald in apples and
pears.

275

Effects of Postharvest Prestorage Hold Temperatures Followed
by Cold or CA Storage on the Quality of ‘Bartlett’ Pears

C.L. Chu*, Horticultural Research Inst. of Ontario, Vineland Station, Ontario,
Canada LOR 2EO.

‘Bartlett' pears were harvested from four commercial orchards at their opti-
mum harvest date and 3 or 7 days later (depending on grower orchard). Samples
were held for 3 or 7 days before stored in cold storage and two controlled-atmo-
sphere conditions: 1) cold storage at 1C; 2) regular CA storage (2.5% O, + 1.0%
CO0, at—1C); 3) low-oxygen CA (1.0% O, + 0.2% CO, at—1C). After 2 months of
cold and CA storage, pears showed that postharvest prestorage holding tempera-
ture, affected the rate of change in weight loss, firmness, ground color, and se-
nescent breakdown. After 4 months of CA storage, ‘Bartlett’ pears maintained
their quality at about 53-58 N of firmness. Firmness loss, peel ground color
change, and senescent breakdown of ‘Bartlett' pears were affected by the holding
temperature and the length of the holding period between harvest and storage. In
conclusion, pear quality was reduced depending on the holding temperature and
holding period between harvest and storage. CA storage maintained better pear
quality than cold storage. Fast oxygen pulldown in order to establish CA condi-
tion sooner was essential to maintain better pear quality.
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Postharvest Cullage of ‘Anjou’ Pears

E.M. Kupferman*and Peter Sanderson, Washington State Univ. and Washington
Tree Fruit Research Commission, Tree Fruit Research and Extension Center, 1100
N. Western Ave., Wenatchee, WA 98801.

Fruit cullage due to postharvest-expressed diseases and disorders of ‘Anjou’
pear amounted to $1.4—2.4 million annually to northwest growers in 1991-93.
Fungal diseases, including Penicillium spp., Botrytis cinerea, and Mucor spp.
accounted for the majority of losses. Scald, skin speckling, and scuffing are listed
by packinghouse managers as major contributing disorders. A 3-year study has
examined reasons for losses and methods to reduce losses through improved post-
harvest handling. Maturity at harvest, fruit nutrient status, time of packing, tempera-
ture management, and improved handling practices provide the basis for cullage.

119 ORAL SESSION 37 (Abstr. 277-284)
Culture & Management/Fruits & Nuts
(Temperate)

277

Early Response of High-density Peaches in Sod to Different
Irrigation and Fertilizer Treatments

Richard E.C. Layne*., Chin S. Tan', David M. Hunter’, and Robert A. Cliné?,
Agriculture & Agri-Food Canada, Harrow, ON NOR 1G0, Canada; 20ntario Minis-
try of Agriculture, Food & Rural Affairs, Horticultural Research Inst. of Ontario,
Vineland Station, ON LOR 2EOQ, Canada.

Seven high-density (606 trees/ha) management systems for peach [Prunus
persica (L.) Batsch cv. Harrow Beauty/Bailey] were compared on Fox sand in
southwestern Ontario. Each system had an irrigation component (N = none D =
drip, M = microsprinkler) and a fertilizer placement component (B = banded, L=
low-rate fertigation, H = high rate fertigation). NB (nonirrigated, banded fertilizer)
and DB (drip-irrigated) are commonly used systems in Ontario, while the other
five treatment combinations were experimental. Trunk cross-sectional area (TCA)
was generally greatest for DH and DB systems, smallest for ML and NB systems,
and intermediate for the other three. No symptoms of N or K deficiency or excess
were noted for any of the fertilizer treatments. The seven management systems
each had similar cumulative yield efficiencies for the first 4 cropping years How-
ever, total marketable yields for the 4 years were highest for MB (58.7 t-ha%),
followed in descending order by DB (56.8 t-ha™), DH (56.6 t-ha™%), MH (53.9
t-ha-1), DL (50.6 t-ha~1), ML (49.8 t-hal), and NB (47.5 t-ha™%). Each of the
irrigated treatments outyielded the nonirrigated check (NB) and ranged from 4.8%
to 23.6%. Only one of the irrigated treatments (MB) outyielded the irrigated check
(DB), and by only 3.3%. There was no clear advantage for either the drip or
microsprinkler system of irrigation. Banded application of N and K appeared to
promote higher yields than by fertigation equivalent to the banded rate, while
yields at the low rate of fertigation were lower than for either the high rate of
fertigation or the banded application. It appeared that banded fertilizer combined
with either microsprinkler (MB) or drip irrigation DB provided the most-effective
of the management systems in the first 4 cropping years.

278

Early Performance of Four Apple Cultivars on Mark and M.26
Rootstocks

James R. Schupp?*, Univ.of Maine, Monmouth, ME 04259.

To evaluate the interactions between cultivar and rootstock, four apple (Malus
domestica Borkh.) cultivars, ‘Pioneer Mac', ‘Marshall Mcintosh', ‘Ginger Gold',
and ‘Empire’ on two rootstocks, M.26 and Mark, were planted in a split-plot de-
sign. After 5 years, ‘Pioneer Mac’ and ‘Ginger Gold" had larger trunk cross-sec-
tional area (TCSA) on M.26 than on Mark. ‘Marshall McIntosh’ and ‘Empire’ had
larger TCSA on Mark than on M.26. Precocity, expressed as both number of
flower clusters and yield, was greater for trees on Mark for all cultivars except
‘Ginger Gold', which had greater flower cluster numbers and yield on M.26. Fruit
size was variable from year to year, depending on crop load; however, ‘Pioneer
Mac' and ‘Ginger Gold’ usually produced the largest fruit, while ‘Empire’ consis-
tently produced the smallest fruit—'Ginger Gold' appears to be incompatible on
Mark. The results of this study demonstrate that cultivar x rootstock interactions
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can be significant and need to be considered when rootstock and planting density
recommendations are made.

279

Performance of ‘Gala’ Apple Grown on Seven Rootstocks in
[llinois

Mosbah M. Kushad* 228 PABL, Dept. of Horticulture, Univ. of lllinois, Urbana,
IL 61801.

Yield performance and postharvest quality of ‘Gala’ apple on Mac.39, P.1,
Mark M.26E, M.9E, B.9, and M.27E were evaluated. Trees on B.9 and Mark had
the highest yield efficiency, while trees on P.1 and M.9E had the lowest yield
efficiency. Trees on P.1 were most vigorous, while trees on B.9 and M.27E were
least vigorous. Trees and fruit buds survived a —32C during Jan. 1994. Fruit
firmness, soluble solids, starch, and ethylene production rate were similar in
fruits from all seven rootstocks at harvest. However, after 3 months in storage,
fruits from trees on M.27E, P.1, and Mark rootstocks were less firm than fruits
from trees on the other four rootstocks. Glucose, fructose, sucrose, and sorbitol
levels at harvest and after storage were similar in fruits from all rootstocks.

280

Studies of the Vigor and Productivity of Micropropagated Trees
C.S. Walsh*, F.J. Allnutt', G.R Welsh', and R.H. Zimmermar?, *Univ. of Mary-
land, College Park, MD 20742-5611; 2Fruit Laboratory, USDA/ARS, Beltsville,
MD 20705-2350.

A planting to compare budded apple trees (M7a, MI11) and tissue-culture-
(TC) propagated trees was established in 1985. ‘Golden Delicious’ and ‘Gala’
trees were more productive than other cultivars and appeared better-suited to
micropropagation. High cumulative yields per tree were harvested regardless of
rootstock. ‘MclIntosh’, ‘Delicious’, ‘Mutsu’, and ‘MacSpur’ trees were less preco-
cious and more responsive to size-controlling rootstocks. To control tree size
prior to bearing and minimize propagation time, trees were set as containerized
transplants in a subsequent trial begun in 1986. Small containerized trees were
set directly into the orchard. Setting trees in this manner has restricted tree size
without delaying bearing. ‘Oregon Spur II' trees and ‘Empire’ trees are now about
4 m tall. Trees have wide branch angles and numerous spurs. To further control
tree size, trees were root-pruned with a Vermeer tree spade in 1991. In the year
following, treated trees flowered profusely but did not fruit. Since then, cropping
has controlled tree size. Ten years ex vitro ‘Granny Smith’, ‘Oregon Spur II', and
‘Empire’ trees can be managed without ladders. The goals of this study were: 1) to
avoid “short life” problems and 2) develop a management scheme that would
allow rapid entry of “bioengineered” cultivars into commercial orchards. Based
on our research, selecting precocious cultivars or spur-type clones, in combina-
tion with transplanting 3 to 4 months ex vitro and root pruning show promise
toward accomplishing these goals.

281

Evaluation of Commercial Potential of Asian Pear Cultivars in
South Carolina

Gregory L. Reighard*, Dept. of Horticulture, Clemson Univ., Box 340375, Clemson,
SC 29634-0375.

An Asian pear variety trial consisting of 13 cultivars replicated 12 times was
planted in 1989 near Columbia, S.C. For 6 years, cultivars were evaluated for
commercial fruit production. The Chinese types ‘Ya Li' and ‘Shin Li" bloomed
earliest (early March), whereas Japanese types such as ‘Twentieth Century’ and
‘Choju’ bloomed 10 to 12 days later. The largest trees were ‘Ya Li', ‘Shinsei’, and
‘Shin Li", and the smallest were ‘Shinko’, ‘Shinsui’, and ‘Twentieth Century’. All
cultivars on P. betulaefolia rootstock had suckers, with ‘Chojuro’ and ‘Shinko’
trees having the fewest. ‘Kosui’ and ‘Shinsui’ defoliated first each fall. Average
fruit yields in kg/tree were largest for ‘Ya Li', ‘Shinsui’, ‘Shin Li’, and ‘Twentieth
Century'. Fruit size was large (>200 g) for the Chinese types such as ‘Ya Li", ‘Shin
Li", and ‘Daisu Li', but small (<100 g) and non-commercial for ‘Twentieth Cen-
tury'. Fruit maturity dates were consistent year to year, with ‘Choju’ and ‘Shinsui’
ripening first (early July) and the Chinese types ripening last (mid-August). Low
return bloom (i.e., alternate bearing) was observed after a heavy crop year. Winter
injury, as evidenced by bark cracking on the southwest side of the trunk, was
severe in 1993-1994. However, ‘Ya Li' suffered no cold damage. Fireblight was
first observed in the 1992, and increased in 1993 and 1994. ‘Choju’, ‘Shinseiki’,
and ‘Kosui’ were the most-susceptible cultivars, while ‘Ya Li', ‘Shinsui’, and ‘Shinko’
were the most tolerant.

HortScienck, VoL. 30(4), dLy 1995

282
Nimblewill Ground Cover for Biocontrol of Ring Nematode in
Peach Orchards
William C. Olien*, Dept. of Horticulture, Clemson Univ., Clemson, SC 296340375.
Benefits of nimblewill (Ms = Muhlenbergia schreberi), a warm-season, pe-
rennial grass, as an orchard ground cover are: 1) it is not competitive with tree
growth and 2) it reduces ring nematode (Cx = Criconemella xenoplax) soil popu-
lation, even in the presence of a tree fruit host. Ms is difficult to establish in
orchards in warm fruit-growing regions. In field studies, we found that Ms estab-
lishment was decreased by chemical mowing relative to seeding only. Succes-
sive years of reseeding at 22 kg seed/ha per year, mechanical mowing, and con-
trol of winter annuals gave best establishment of Ms in peach orchards. An or-
chard microplot study was established to evaluate effects of five Ms densities and
two Ms sources on Cx population and on growth of ‘Redhaven'—Lovell trees (10
replications). Cx numbers were reduced hyperbolically in response to Ms den-
sity. Ms cover of 5 g dw/m? (planted at 9 kg seed/ha) reduced Cx from 200
(control) to the accepted threshold of 50 Cx/100 cc soil. Maximum Cx reduction
to 26 Cx/100 cc was obtained at 34 g dw/m? Ms (planted at 40 kg seed/ha). Cx
response to Ms density was not affected by Ms source.

283

Mystery Spot of ‘Enterprise’ Apples Appears to Be a Low-cal-
cium Disorder

George M. Greene II* Pennsylvania State Univ., Fruit Research and Extension
Center, P.O. Box 309, Biglerville, PA 17307-0309.

The apple cultivar Enterprise is a product of the Purdue—Rutgers—lllinois (PRI)
disease-resistant apple breeding program. It has field immunity to apple scab,
has a high level of resistance to cedar apple rust and fire blight, and is moderately
resistant to apple powdery mildew. This resistance to these diseases makes the
production of this cultivar desirable, especially on the popular fire blight-suscep-
tible M.26 rootstock. Compared to many other scab-resistant cultivars, ‘Enter-
prise’ has performed well in the mid-Atlantic area. However, this cultivar has
been reported to be susceptible to low-Ca disorders when grown in New Jersey
and Virginia. The mid-Atlantic area is notorious for the production of fruit with
high levels of corking and bitter pit. This may be due to factors such as vigorous
tree growth and low transpirational flow, which may be weather-related. Circum-
stantial evidence based on the production of clean ‘Enterprise’ at Biglerville, Pa.,
where moderately high rates of CaCl, have been applied in cover sprays, indicate
that this disorder may be a Ca deficiency symptom. A replicated trial of many
scab-resistant cultivars was established in 1990, 1991, and 1992. Due to the
common incidence of low-Ca disorders, CaCl, has been added to the cover spray
program that is applied for insect control. Low-Ca disorders have never been
seen in fruit produced at Biglerville, and the cover spray program applied 67 and
73 kg-hat of CaCl, (77% to 80% CaCl,, flake) in 1993 and 1994, respectively.

283

Intermittent CaCl, Sprays during Rain to Prevent Sweet Cherry
Cracking

R. Thomas Fernandez*and James A. Flore, Dept. of Horticulture, Michigan State
Univ., East Lansing, MI 48824-1325.

Fruit of sweet cherry (Prunus avium L.) crack during or after rain due, in part,
to absorption of water through the fruit surface driven by the water potential gra-
dient. In 1972, J. Vittrup-Christensen suggested that overhead misting of cal-
cium salts during precipitation may be an effective way to prevent cherry cracking
by reducing the water potential gradient. We tested this hypothesis by designing
a computer-controlled irrigation system to intermittently spray a 10% CaCl, so-
lution on trees during rain events. Spray emitters were placed in the middle and at
the top of the canopy. The program turned the system on for 90 s at each 0.3 mm
of rain and monitored daily rainfall and accumulated mist times. Two ‘Emperor
Francis’ and two ‘Ulster’ were treated with equal number of controls. Intact and
cracked cherries were counted on four branches per tree at three times when
cherries were susceptible to cracking. Overall, cracking was reduced from 33%
to 11% by the CaCl, spray at the end of the experiment. Treated ‘Ulster’ had 9%
cracked fruit, while control had 43% cracked fruit. Differences for ‘Emperor Francis’
were not significant. Phytotoxicity was estimated at about 15 % of leaf area. This
system will be reevaluated in 1995 with the added objective of quantifying and
reducing phytotoxicity.
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129 ORAL SESSION 38 (Abstr. 285-291)
Culture & Management/Woody
Ornamentals & Landscape

285

Growth Comparison of Trees Produced under Three Produc-
tion Methods and Two Irrigation Treatments

Roberta J. Tolan*and James E. Klett, Dept. of Horticulture, Colorado State Univ.,
Fort Collins, CO 80523.

Patmore green ash (Fraxinus pennsylvanica ‘Patmore’), Bur oak (Quercus
macrocarpa), and Austrian pine (Pinus nigra), were used to measure growth differ-
ences of trees produced using three different production methods: balled and
burlapped, plastic container, and fabric container (grow bag). Two irrigation fre-
quencies were also established. A pressure chamber was used to measure the
xylem water potential and to determine tree water requirements and irrigation
scheduling. The balled and burlapped trees showed the least new growth of the
three production methods across all three tree types. The production method
showing the most new growth varied by genera. Plastic container ash trees grew
considerably more than the fabric container ash; fabric container oak grew sig-
nificantly more than plastic container oak; and there was no measurable differ-
ence between the new growth of the plastic container and fabric container pines.
The fabric container transplants required more frequent irrigation than did the
balled and burlapped trees. Under high temperature and drought conditions, fab-
ric container trees showed stress earlier than did the balled and burlapped or
plastic container trees.

286

Utilization of MSW for Nursery Container Stock Production
Bert T. Swanson*and James B. Calkins, Dept. of Horticultural Science, Univ. of
Minnesota, 1970 Folwell Ave., St. Paul, MN 55108.

Five composted Municipal Solid Waste (MSW) (garbage) products and a
composted manure were evaluated as container growing media components on
eight woody and herbaceous plants. Plant growth response to the different com-
posts and to the quality of compost used was species-specific. Media UM Ma-
nure 100 provided the greatest increase in plant height across all species during
the first year. However, only one species, V. lentaga, actually ranked number one
in UM Manure 100. J.h. ‘Blue Chip’ and A. tuberosa both grew the tallest in
Control I. The remaining five species grew tallest in five different media. There-
fore, several amended media can provide increased plant height for specific spe-
cies; however, the top three media for plant height across all species were: #1 UM
Manure 100, #2 Prairieland 50, and #3 Pennington 50. Plant height was the low-
est in Recomp 100 media. Pennington 50 provided the greatest increase in plant
volume. Media producing the highest plant dry weights across all species were:
#1 Prairieland 50, #2 Pennington 50 and #3 UM Manure 50. Plants grown in
Recomp 100 had the lowest plant dry weight. Media physical properties such as
media drainage and aeration were affected by amendment quality and quantity.

287

Evaluation of Incorporated Slow-release Fertilizers for Two-
year Container Production Systems.

James B. Calkins* and Bert T. Swanson, Dept. of Horticultural Science, Univ. of
Minnesota, St. Paul, MN 55108.

Media fertility, nutrient availability, and subsequently plant nutrition are criti-
cal factors that can be modified by growers to produce quality container-grown
plants. The trend in container fertility has been toward incorporation of slow-
release fertilizers; however, fertility release curves are variable and fertilizer lon-
gevity for many fertilizers is limited. Seventeen slow-release fertilizers were com-
pared for longevity and plant performance over a 2-year production cycle using
deciduous and evergreen plant materials. Plant growth was quantified based on
height, volume, branching, dry weight, and quality. Soil fertility levels based on
leachates were followed. Nutrient release for the incorporated fertilizers evaluated
was variable. Fertility treatment effects were species-dependent. Several incorpo-
rated, slow-release fertilizers, especially those high in nitrogen and having ex-
tended release curves, including Nutricote 20—7-10, Scotts Experimental 24—6—
10 and 26—6-11, Scotts Prokote Plus 20—-3-10, Sierra 17-6-10, Sierra High N
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24—-4-6, Sierra Experimental 24—4-8, Woodace 21-4-10, Woodace 23-7-12,
and Woodace Briquettes 23—2-0, show promise for use in 2-year container pro-
duction systems.

288

Leaching Characteristics of P From Four Fertilizer Sources in
a Container Nursery Growing Medium

Janet C. Cole*and John M. Dole, Dept. of Horticulture and Landscape Architec-
ture, Oklahoma State Univ., 360 Ag Hall, Stillwater, OK 74078.

A 3 pine bark : 1 peatmoss: 1 sand (by volume) medium was amended with
7.7 g P as superphosphate, triple superphosphate, ammonium phosphate, or
controlled-release ammonium phosphate per 1000 g medium (3.8 liters). The
medium was then leached with 250, 350, or 450 ml distilled, deionized water
daily for 25 days. Phosphorus leaching curves were then generated for each fer-
tilizer. A subsequent study determined the effect of these four P fertilizers on
growth of marigold seedlings in the greenhouse. Superphosphate, triple super-
phosphate, and ammonium phosphate rapidly leached from the medium, while
the controlled-release ammonium phosphate was retained for a longer time. Mari-
gold growth was not affected by fertilizer type; however, marigolds grown in P-
amended media were larger than those grown without P. These studies indicate
that amending container growing medium with superphosphate or triple super-
phosphate prior to planting may not be cost-effective.

289

Optimum Soluble and Slow-release N Rates for Rhododendrons
and the Fate of Such N Applied to Various Potting Media
Thomas M. Rathier*, The Connecticut Agricultural Experiment Station, Valley
Laboratory, Windsor, CT 06095.

Two year-long, factorial experiments were conducted on Rhododendron
catawbienses (cv. Roseum elegans) grown in 2.3-liter plastic pots. I) Annual N
rates of 0, 0.4, 0.8, 1.6, and 3.2 g/pot were applied as NH,NO, (SBL) or sulfur-
coated urea (SR) to plants potted in a composted hardwood bark (CHB)/peatmoss
(P)/sand (S) medium. Plant growth and quality was best at 0.8 g N/pot for SBL
and 1.6 and 3.2 g N/pot for SR. II) Annual N rates of 0.8 (SBL) and 2.4 (SR) g/pot
were chosen as optimum rates and applied to plants potted in the following me-
dia: pine bark (PB)/P/S; CHB/P/S; P/S; and PB/CHB/P/S. Plant growth and N
uptake was best in PB/PS. Plant quality was best in P/S. NO, in leachate did not
differ among media, but was greater in SBL. Total N immobilized in media was
greater in PB/CHB/P/S. N recovered from SR-treated pots as unused fertilizer did
not differ among media. Total applied N recovered was 90% for SBL and 51% for
SR.

290

Growth and Potential of Root Regeneration of Trees Grown in
Cupric Hydroxide-coated Fabric

Driss Iraqi*, Isabelle Duchesne, and Jacques-André Rioux, Centre de recherche
en horticulture, Université Laval, Pav. Envirotron, Sainte-Foy, Que., G | K 7P4,
Canada.

The most widespread deformation observed in container production is root
circling. Consequently, root circling often reduces growth, root regeneration, and
tree anchorage at transplanting time. The objectives of this study were to test the
effectiveness of Cu(OH), lined containers on restriction of root tips, tree growth,
and potential root regeneration (PRR). Two species were used in this study:
Fraxinus pennsylvanica and Acer saccharinum. Species were grown for one sea-
son in containers lined with one of six combinations of polymer (P) (0, 30, and
60 g-m~2) and copper (Cu) (0%,0.4%, and 0.8%) -coated fabric. Two other treat-
ments were included as controls: a plastic container and a fabric container. Seed-
lings of each species were harvest twice: at the first season and after being trans-
planted from 10- to 75-liter containers. Treatments were randomized in complete
blocks with six repetitions. Results of root circling length and dry weight indicate
good restriction of root tips for two combinations (30 g of P/m?-0.8% Cu; 60 g
of P/m?—0.8% Cu) for all species. However, treatments did not cause any reduc-
tion in stem height, trunk diameter, or stem and root dry weight. At the end of the
transplanting season, PRR was greater for two combinations (30 g of P/m?—0.8%
Cu; 60 g of P/m?—0.8% Cu), especially for green ash. No significant differences
were observed between a plastic fabric and the two treatments cited for the other
growth parameters. No phytotoxic symptoms were observed throughout the ex-
periment.
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Production System and Copper Hydroxide Influences on Growth
and Photosynthesis of Magnolia grandiflora ‘St. Mary’

John M. Ruter* Dept. of Horticulture, Univ. of Georgia, Coastal Plain Experiment
Station, Tifton GA 31793-0748.

A study was conducted with Magnolia grandiflora ‘St. Mary' to evaluate the
effects of a pot-in-pot production system compared to a conventional above-
ground production system and containers treated with or without copper hydrox-
ide (Spin Out™). At4 and 12 months after beginning the study, plants grown pot-
in-pot were taller than plants in the conventional system. Stem diameters of plants
grown pot-in-pot were also larger at 12 months. Production system influenced
root dry weight in the outer 50% of the container, total root dry weight, percent
root dry weight in the inner 50% of the container, percent root dry weight in the
outer 50% of the container, and total biomass. Production system had no effect
on shoot dry weight. Treatment with copper hydroxide had no effect on root or
shoot growth. Production system and copper treatment influenced degree of root
coverage. Plants grown pot-in-pot had higher rates of Ps and g, with increased C,
levels compared to plants above-ground. Production system had no effect on
calculated transpiration rates.

130 ORAL SESSION 39 (Abstr. 292—-297)
Breeding/Fruits & Nuts (Tropical
Subtropical)

292

Freezing Tolerance of Citrus Hybrids USDA 17-11 and USDA
119 Compared to ‘Hamlin’ Orange and Satsuma Mandarin
Milton E. Tignor. Jr.*, Frederick S. Davies, and Wayne B. Sherman, Dept. of Hor-
ticultural Sciences, Univ. of Florida, Gainesville, FL 32611.

Citrus hybrids USDA 17-11 [Citrus grandis L. x ( C. paradisiMacf. ‘Duncan’ x
Poncirus trifoliata (L.) Raf. ‘Gotha Road")] and 119 [(C. paradisi Macf. ‘Duncan’ x
P. trifoliata (L.) Raf. ‘Gotha Road’) x C. sinensis (L.) Osb. ‘Succory], ‘Hamlin’
orange [C. sinensis (L.) Osh.], and satsuma mandarin (C. unshiu Marc.) were
planted March 1993 and 1994. Trees were irrigated and fertilized in an identical
manner. In 1993, electrolyte leakage readings were taken monthly using 17-11,
119, and satsuma leaf discs. Leaf killing point (LKP) LT, averaged from —8 to —
9C by mid-November for all selections. In 1994, leaf discs from 17-11, 119, and
‘Hamlin’ orange were sampled weekly to determine LKP. USDA 119 had the low-
est LKP and acclimated the fastest during the fall. By the end of November, there
was no significant difference in LKP (=6.5C) between USDA 119 and 17-11, al-
though both selections were significantly more freeze-tolerant than ‘Hamlin’ or-
ange (LKP —40C), which showed no significant decrease in LKP until the 6 weeks
after the hybrid selections began acclimating. Citrus hybrids 17-11 and 119 can
survive in freeze-susceptible areas that are marginal for other commercial citrus.

293

The Effect of Avocado Clonal Rootstock on Productivity and
Tree Vigor of ‘Hass’ Avocado

M.L. Arpaia*, G.S. Bender, and G.W. Witney, Dept. of Botany and Plant Sciences,
Univ. of California, Riverside, CA 92521.

A project evaluating the performance of cv. Hass on eight clonal avocado
rootstocks—G755A, G755B, G755C, Duke 7 (D7), Borchard (BR), D9, Toro Can-
yon, and Topa Topa was established in southern California in 1986. Two addi-
tional rootstocks, Thomas and G1033, were added in 1987. Of the trees planted
in 1986, the BR and D7 rootstocks have consistently had the highest total yields
for all rootstocks, whereas the three G755 selections have had the lowest produc-
tivity. No differences in productivity between the two rootstocks planted in 1987
have been detected. The influence of rootstock on the magnitude of alternate bearing
will be discussed, although the oscillation in yield is greater for the higher-yield-
ing rootstocks. Tree size has been measured throughout the study. The BR selec-
tion has consistently produced a larger tree, even though it has continued to have
high productivity. There are no consistent differences between the other rootstocks.
Yield efficiency, measured as the kg fruit/m3 of canopy volume has been calcu-
lated. In selections that are prone to severe alternate bearing, the swing in yield
efficiency is also the greatest. The data thus far suggests that a yield efficiency of
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=2.5 kg fruit/m® canopy volume is the maximum yield possible for California
‘Hass’ avocado.

294

Performance of Arizona and California Guayule Lines in South-
ern Texas

G.V. Latigo*, J Smart!, J.O. Bradforc®, and J.0. Kuti, USDA, ARS, CPSR,
Weslaco, TX 78956; 2Texas A&M Univ.—Kingsville, TX 78363.

Guayule (Parthenium argentatum Gray) is a promising alternative to (Hevea
brasiliensis Muell. Arg.) for rubber production in semiarid regions. Substantial
improvement in yield is needed to establish guayule as a competitive source of
natural rubber. A 4-year field study was conducted on a dryland site in southern
Texas to evaluate productivity of selected guayule breeding lines from Arizona
and California. Plants were harvested at the age of 22, 34, and 46 months and
analyzed for dry weight, resin content, rubber content, resin yield, rubber yield,
and percent mortality. While significant differences (P = 0.05) were found for dry
weight, resin content, and rubber content within the harvest dates and among the
guayule lines, no significant differences were found for rubber content between
the harvest dates for each genotypes. Phytomass was highly correlated (r=0.94)
with rubber yield. Survivorship of all the guayule lines decreased progressively
over the experimental period and mortality rates ranged from 38% to 67 % .
Guayule lines ‘UC102' from California and ‘N6-5" and ‘P3-1' from Arizona were
ranked highest for all traits measured.

295
Genotype-by-environment Interaction in Musa Germplasm Re-
vealed by Multi-site Evaluation in Sub-saharan Africa
Rodomiro Ortiz* and Dirk Vuylsteke*, Lnternational Inst. of Tropical Agriculture,
IPMB5320, Ibadan, Nigeria, Africa; 2P.0.Box 7878, Kampala, Uganda, Africa.
Two multilocational trials, one comprising 18 Musa clones in three locations
and another of 20 genotypes across 11 locations, were set up in 1991 and 1992,
respectively, to assess the genotype-by-environment interaction (GxE) for impor-
tant traits and to select stable high-yielding and black sigatoka (BS)-resistant geno-
types. Combined ANOVAs showed significant differences among environments and
among genotypes for all traits. GxE affected all growth and yield parameters, except
fruit girth. Host response to BS disease also showed significant GxE, but there was
no cross-order season-hy-year interaction. Hence, genotypic response to BS can
be assessed in 1 year during the rainy season, when disease pressure is highest.
Genotype-by-location effects were more important than the nonsignificant geno-
type-by-year effects, supporting the need for multilocational trials. Stability analy-
sis showed that full-sib plantain hybrids (TMPxL) exhibited different host responses
to BS as well as different interaction patterns, suggesting that selection for stable BS
resistance is possible. The BS-resistant TMPx genotypes had higher yields than the
plantain landraces, but showed differences in yield stability. TMPx 1658-4, 2796-5,
5511-2, and 6930-1 have been selected as stable high-yielding hybrids, while the
initial best selections (TMPx 548-4 and 548-9) were top yielders only in good en-
vironments. [Vuylsteke, D., R. Swennen, and R. Ortiz. 1993. Registration of 14 improved
tropical Musaplantain hybrids with black sigatoka resistance. HortScience 28:957-959.]

296

Genetic Diversity in Nephelium

K.M. Aradhva*., F. Zee?, and R.M. Manshardt!, Dept. of Horticulture, Univ. of
Hawaii at Manoa, Honolulu, HI 96822; 2U.S. Dept. of Agriculture (USDA/ARS),
National Clonal Germplasm Repository, Hilo, HI 96720.

Fifty-six accessions involving five taxa of Nephelium (N. lappaceumvarieties
lappaceum and pallens, N. hypoleucum, N. ramboutan-ake, and N. cuspidatum)
were fingerprinted and evaluated for genetic diversity using isozyme polymor-
phism. All five taxa were polymorphic for most of the enzymes encoded by 10
putative loci. Number of alleles per locus ranged from three for Pgi-1to nine for
Pgi-2with atotal of 57 alleles. Thirty-eight accessions out of 56 possessed unique
isozyme genotypes, indicating a high level of diversity in the collection. On aver-
age, 80% of the loci were polymorphic and the expected and observed heterozy-
gosities were 0.374 and 0.373, respectively. The cluster analysis of the isozyme
data revealed five distinct clusters representing the five taxa included in the study.
Genetic differentiation within . lappaceum var. lappaceumwas evident from the
cluster analysis. Isozyme data indicated that N. ramboutan-ake isthe closest relative
of N. lappaceumvar. lappaceum, followed by N. hypoleucum, N. lappaceum var.
pallens, and N. cuspidatum. Interestingly, the varieties of N. lappaceumexhibited
genetic divergence far beyond that of the congenerics, N. hypoleucum and N.
ramboutan-ake and may require a taxonomic revision.
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Isozyme Variation in Lychee (Litchi chinensis Sonn.)

F. Zee*!, K.M. Aradhya?, and R.M. Manshard€, *U.S. Dept. of Agriculture (USDA/
ARS), National Clonal Germplasm Repository, Hilo, HI 96720; 2Dept. of Horticul-
ture, Univ. of Hawaii at Manoa, Honolulu, HI 96822.

A genetic diversity analysis involving 49 lychee (Litchi chinensis Sonn.) ac-
cessions using eight enzyme systems encoding 12 loci (/dh-1, ldh-2, Mdh- 2,
Per-1, Pgi-2, Pgm-1, Pgm-2, Skah, Tpi-1, Tpi-2, Ugpp-1, and Ugpp-2) revealed
moderate to high levels of genetic variability. Cluster analysis of the isozyme data
from 40 genetically different accessions of the total 49 identified three groups at
the 50% level of genetic similarity, the largest of which contained 32 of the 40
accessions distributed in three sub-groups. The groups including the three sub-
groups differed in frequency and composition of alleles at different loci. Poly-
morphism was observed in 77% of the loci, with an overall mean of 2.2 alleles
per locus and an observed heterozygosity of 0.387. The unbiased genetic identi-
ties (1) between groups ranged from 0.809 to 0.937. Summing over all 11 poly-
morphic loci, 16% of gene diversity was due to differentiation between groups
and 84% within groups. Comparison of isozyme fingerprints revealed that some
accessions with identical names, particularly of ‘No mai tsz', ‘Kwai mi’, and ‘Hak
ip’, possessed different isozyme genotypes, while other accessions with different
names displayed identical isozyme genotypes. Isozyme fingerprinting will be useful
in revealing and resolving questions of clonal identity, which are common in
lychee germplasm collections.

131 ORAL SESSION 40 (Abstr. 298-305)
Breeding/Vegetable Crops

298

Genetic Structure of Pejibaye Heart of Palm Yield Precocity at
an ldeal Site in Hawai’i

C.R. Clement, and R.M. Manshardt*, Dept. of Horticulture, CTAHR, Univ. Hawai'i
at Manoa, Honolulu, HI 96822-2279.

The pejibaye (Bactris gasipaes Kunth) is being evaluated in Hawai'i for its
fresh heart of palm, a gourmet vegetable. Seven half-sib progenies of the Putumayo
land race were planted in a split-plot design, with densities (3333, 5000, 6666
plants/ha) as the main plots, progenies as the sub-plots, three replications, and
nine plants/plot. Precocity was defined as “days from planting to harvest”; rela-
tive growth rate (RGR) and unit leaf rate (Ea) are possible causes of precocity and
were estimated for the period from 6 months after planting to harvest. Density
effects were never significant, suggesting that competition is not significant be-
fore harvest. Mean precocny ranged from 610 to 712 days; V, accounted for 14%
of the phenotypic variance (V.), with h? = 0.57, similar to frumng precocity in
African oil palm (Elaeis gumeens:sJacq ). Mean E, ranged from 1.89 to 2.21 g/
m? per day, V, accounted for 8% of Vp with h? = .33 Mean RGR ranged from
0.0086 t0 0.0102 dL; v, accounted for 9% of Vi, with h?=0 35 Neither RGR (r=
0.20) nor E, (r=10.19) are significantly correlated with precocity. Heart, edible
stem, and total edible product weights did not present significant progeny effects,
probably because of the criterion used to determine harvest (height = 1.3 m).
Precocity is easiest to work with and should give acceptable genetic gains.

299

Breeding Lettuce for Big Vein Resistance

Edward J. Ryder*and Bert J. Robinson, U.S. Dept. of Agriculture, Agricultural
Research Service, 1636 E. Alisal St., Salinas CA 93905.

Big vein is a disease of lettuce; symptoms include vein clearing and delayed
head formation. Big vein virus is vectored by a fungus that inhabits lettuce roots.
We developed a greenhouse screening procedure to evaluate cultivars and breeding
materials for resistance, which is relative and based on the proportion of plants in
a population that show no symptoms at an arbitrary time after inoculation. We
have screened 744 cultivars in preliminary tests. Of these, 49 showed promise for
resistance. Eleven of the promising cultivars showed consistent resistance in rep-
licated greenhouse and field trials. In breeding populations, reaction of single
plants is not as reliable an indicator of resistance as the reaction of plant groups.
Therefore, F, families are more useful than the F, for screening. Field test rankings
of materials selected with this method are consistent with greenhouse evaluations.
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300

Genetic Parameters for Traits Related to Mechanized Harvest-
ing in a Cucumber (Cucumis sativus L.) Population

F. Serquenand J. Staub* USDA/ARS and Univ. of Wisconsin, Horticulture Dept.,
1575 Linden Dr., Madison, W1 53706.

Sex expression (SE), stem length (SL), and number of laterals plant (NL) are
important morphological traits of a cucumber plant ideotype adapted for machine
harvesting. Two inbred lines, the determinate, gynoecious G-421, possessing
high fruit quality, and the monoecious H-19, with multiple lateral branching and
sequential fruiting habit, and their F, and F, (100) progenies were planted in
Wisconsin and Georgia. Data on SE, SL, and NL were recorded on individual
plant basis. Genetic parameters were estimated using all generations. Phenotypic
correlations were calculated from the trait means, and genotypic correlations were
estimated from the analysis of variance of F, progeny. The additive genetic vari-
ance was the highest of the variance components for SL and NL. Dominance
genetic variance was more important than the additive variance for the control of
SE. Narrow-sense heritability were 0.41, 0.83, and 0.85 for SE, SL, and NL, re-
spectively. The genotypic (g) and phenotypic (p) correlation coefficients () indi-
cated negative association between SE and SL (r, = —0.57, I = —0.45**) and
between SE and NL (r, = —0.56, r, = —0.27**). The association between SL and
NL was positive (r, = 8 63,r =0. §5** Results suggest that gain from selection
can be made for this plant ideotype.

301

Inheritance of Resistance to Root-know Nematode
(Meloidogyne arnaria) in Cucumber (Cucumis sativus)

S. Alan Walters*., Todd C. Wehner?, and Kenneth R. Barker?, Dept. of Horticul-
tural Science, 2Dept. of Plant Pathology, North Carolina State Univ., Raleigh, NC
27695.

The inheritance of resistance to M. arenaria races 1 and 2 in Cucumis sativus
var. hardwickii (R.) Alef. line LJ 90430 was studied in several crosses with culti-
vated cucumber (C. sativusL.). Initially, parents, F 1' » and BC, to both parents
of ‘Sumter’ x LJ 90430 tested in a split-root experlment showed that resistance
was quantitative. In addition, it appeared that the same genes were controlling
resistance to race 1 and race 2 of M. arenaria (genetic correlation of 0.97 and
0.99 for gall index and egg mass data, respectively). In later greenhouse experi-
ments, two other families were evaluated (‘Addis’ x LJ 90403 and ‘Poinsett 87" x
LJ 90430) for inheritance of resistance to M. arenaria race 1. In all crosses using
gall index data, additive variance was the largest component of genetic variance,
and estimates of narrow-sense heritability ranged from 0.50 to 0.85 (0.57 to 0.81
for broad-sense heritability). Estimates of the minimum number of genes (effective
factors) using gall index data ranged from 1.1 to 2.7 (0.2 to 0.3 for egg mass data).

302

Ccreening Onions (Allium cepa L.) and Other Allium spp. for
Botrytis Leaf B|I9ht Resistance

Thomas W. Walters®, Leroy A. Ellerbrock?, Jan J. van der Heide!, James W.
Lorbeer?, and David P. LoParcoz, 1Dept. of Fruit and Vegetable Science, 2Dept. of
Plant Pathology, Cornell Univ., Ithaca, NY 14853.

Greenhouse and field methods were developed to screen Allium spp. for re-
sistance to Botrytis leaf blight (caused by Botrytis squamosaWalker). In the green-
house, plants were sprayed with laboratory-grown inoculum and incubated in a
temperature-controlled enclosure containing an atomizing mist system. For field
inoculations, a portable misting system with windbreaks was erected, and the
plants were sprayed with laboratory-grown inoculum. Greenhouse and field in-
cubation conditions maintained leaf wetness without washing inoculum from the
leaves. Botrytis leaf blight symptoms in greenhouse and field evaluations were
identical to symptoms in commercial onion fields. A total of 86 selected USDA
Alliumcollection accessions were evaluated using these methods. All A. fistulosum
accessions and A. roytei were highly resistant to immune, as were most acces-
sions of A. altaicum, A. galanthum, A. pskemense, and A. oschaninir. Nearly all of
the A. vavilovii and A. cepa accessions were susceptible. However, one A. cepa
accession (Pl 273212 from Poland) developed only superficial lesions, which
did not expand to coalesce and blight leaves. This work confirms previous re-
ports of Botrytis leaf blight resistance in Allium spp., and suggests that strong
resistance exists with A. cepa.
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303

Cryopreservation of Tomato Pollen

E.J. Sacks* and D.A. St. Clair, Dept. of Vegetable Crops, Univ. of California,
Davis, CA 95616.

We have developed a method for cryopreserving Lycopersicon esculentum
pollen to facilitate the timing of crosses and for long-term germplasm conserva-
tion. Gelatin capsules containing pollen were wrapped in tissue paper and placed
in air-tight glass tubes with anhydrous calcium sulfate desiccant. Tubes contain-
ing pollen were stored at —80C. In one experiment, we stored the pollen of LA359
and T5 at —80C for 37 days. Pollen predesiccated overnight at 4C then stored at
—80C, pollen put in a tube with desiccant then immediately stored at —80C, and
fresh pollen were compared by pollinating 10 flowers of LA359 with each of the
six pollen treatments and counting the number of seed per fruit. Average seed
counts ranged from 127 for fresh, T5 pollen to 172 for predesiccated LA359 pol-
len. In another experiment, cryopreserved pollen of UC82B and VFNT Cherry was
given from 0 to 6 cycles of freezing and thawing. Ten flowers of LA359 were
pollinated with each of the 12 treatments. Average seed counts ranged from 125
to 152. The data from both experiments suggest that cryopreservation of tomato
pollen to facilitate efficient plant breeding is feasible.

304

Variation for Calcium Concentration among 64 Genotypes of
Snap Bean (Phaseolus vulgaris)

Juan M. Quintana, Helen C. Harrison*, and James Nienhuis, Dept. of Horticul-
ture, Univ. of Wisconsin-Madison, Madison, WI 53706.

Calcium is an essential element for human nutrition. The lack of it causes
various problems, such as osteoporosis. Snap beans rank as good sources of
calcium among vegetables and are well-liked by most teenagers. In this study,
pod yield and Ca concentration were analyzed for 64 genotypes of snap beans,
plus four checks. The experimental design was a 8 x 8 double lattice, repeated at
two locations (Arlington and Hancock, Wis.). Snap beans were planted in June
1993 and machine-harvested 67 days later, in Aug. 1993.Calcium analyses were
made using an Atomic Absorption Spectometer. Results indicated significant dif-
ferences for pod Ca concentration and yield. Pod size and Ca concentration showed
a strong negative correlation (R = 89.5). Clear differences among the locations
were also observed. Results were consistent—high-Ca genotypes remained high
regardless of location or pod size. Selected genotypes appeared to have the abil-
ity to absorb Ca easier than others, but this factor was not related to yield.

305

Breeding Tomatoes for Attractiveness to Pollinating Insects
Richard W. Robinson*, Horticultural Science Dept., Cornell Univ., NY Agricul-
tural Experiment Station, Geneva, NY 14456.

Bumblebees are commercially used to improve fruit set of greenhouse toma-
toes, but they seldom pollinate tomatoes outdoors if not confined in a no-choice
situation. Bumblebees frequently pollinated L. peruvianumand other self-incom-
patible (SI) Lycopersicon species, but not tomato plants, in the field at Geneva,
N.Y. Bumblebees were very efficient pollinators of Sl Lycopersicon species, aver-
aging only 5 s to pollinate one flower and fly to the next. Transfer of this attrac-
tiveness to pollinating insects to the tomato could improve fruit set of tomatoes
grown in greenhouses with introduced bumblebees. It could also improve fruit
set in the field, especially when conditions are poor for pollination. It has poten-
tial use for producing F, hybrid seed, but associated problems make hybrid to-
mato seed production by insect pollination impractical now. Attractiveness to
pollinating insects is being introgressed from L. peruvianum, L. hirsutum, and L.
pennelliiin the tomato breeding program at Geneva, N.Y. Several floral charac-
teristics were found to be of importance for attracting pollinators, including the
reaction to ultraviolet light. Flowers of S| species absorbed UV, whereas tomato
flowers reflected UV light.
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306
Deficit Irrigation in ‘Braeburn’ Apples: Fruit Water Relations
and Plant Growth
Tessa M. Mills*+2, M.Hossein Behboudian', and Brent E. Clothier?, Dept. of
Plant Science, Massey Univ., and 2HortResearch, Palmerston North, New Zealand.
Information on fruit water relations is scant for apple trees, especially under
deficit irrigation. Here we discuss plant and fruit responses to deficit irrigation.
Three-year-old potted ‘Braeburn’ trees were studied in a glasshouse. The treat-
ments were: well-watered control (C), early deficit (D1), and late deficit (D2). The
latter two were, respectively, water stressed during 61-183 and 109-183 days
after full bloom (DAFB). The final harvest was at 183 DAFB. Photosynthesis, sto-
matal conductance, and trunk circumference were lower in D1 and D2 than in C.
Leaf area and shoot growth was reduced only in D1. Root length remained the
same for all treatments. Fruit were smaller in D1 than in C; however, fruit growth
was less sensitive to deficit irrigation than was vegetative growth. Fruit growth in
D2 was the same as in C. Fruit concentrations of K*, fructose, sorbitol, total sug-
ars, and titratable acidity were higher in D1 than in D2 and C. Total soluble solids
were higher in D1 and D2 than in C. Although fruit water potential was lower in
D1thanin C, a concomitant lowering of osmotic potential in D1 fruit led to main-
tenance of turgor potential, indicating osmotic adjustment. This could have been
effected, at least partially, through accumulation of K* and soluble sugars. Water
relations of D2 fruit were not affected by deficit irrigation, although leaf water
potential was lower than in C. Fruit water relations and fruit growth are therefore
less sensitive to deficit irrigation than are those of vegetative parts.

307

Determination of Cavitation Response in Stems of Apple
Rootstocks and Hawthorn Seedlings with a Pressure Chamber
Michael D. Remmick*and Leslie H. Fuchigami, Dept. of Hort., 4017 Ag. and Life
Sci., Oregon State Univ., Corvallis, OR 97331-7304.

Stems of 1-year seedling Washington hawthorn (Crataegus phaenopyrum)
and 1-year layers of apple rootstocks M.9 and M.26 EMLA were subjected to
positive air pressures in a double-open-end pressure chamber to determine the
cavitation response of each taxon. Inferences regarding relative desiccation toler-
ance of the taxa can be made by comparing the range of applied pressures over
which air-seeding and subsequent reduction of water flux through xylem con-
duits is induced. M.9 rootstock maintained higher levels of water flux relative to
M.26 EMLA or Washington hawthorn at pressures between 3.0 to 4.0 MPa, sug-
gesting greater resistance to water stress-induced air-seeding in the former com-
pared to the latter two taxa. The cavitation responses of M.26 EMLA and Washing-
ton hawthorn were indistinguishable from each other. Inferences regarding water
stress-induced cavitation response will be discussed relative to this technique.

308
Effects of Irrigation with Reclaimed Water on Citrus Tree Per-
formance
Larry R. Parsons*and T. Adair Wheaton, Univ. of Florida, Citrus Research and
Education Center, 700 Experiment Station Road, Lake Alfred, FL 33850.
‘Hamlin’ oranges and ‘Orlando’ tangelos on four rootstocks have been irri-
gated since planting in 1987 with highly treated reclaimed effluent water at appli-
cation rates of =500, 1250, and 2500 mm/year. Reclaimed water treatments have
been compared to a well water control at 500 mm/year. Tree growth, yield, and
fruit quality have been satisfactory for all irrigation treatments. Growth and yield
of ‘Orlando’ tangelos was greatest at the 2500 mm rate and yield was highest on
‘Swingle’ citrumelo and ‘Carrizo’ citrange rootstocks. ‘Orlando’ tangelos benefited
more from the high irrigation rates than ‘Hamlin’ oranges. Dilution of soluble
solids in the juice by high irrigation rates has diminished as trees matured. Leaf
nutrient content was influenced by irrigation, variety, and rootstock. Reclaimed wa-
ter supplied all the phosphorous and boron needed for citrus production. Soil pH
increased due to irrigation with reclaimed water. No disease problems have resulted
from the high irrigation rates. Irrigation with high rates of reclaimed water on deep
well-drained sands is not detrimental and has benefited citrus production.

797

$S900E 981J BIA $0-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



309
Influence of Irrigation System and Frequency on Plant Growth,
Root Distribution, and Water-use Efficiency
Jaime K. Morvant*, John M. Dole, and Janet C. Cole, Dept. of Horticulture and
Landscape Architecture, Oklahoma State Univ., Stillwater, OK 74078-0511.
Euphorbia pulcherrima ‘Gutbier V-14 Glory' were grown with 220 mg-liter
N (20N—4.4P-16.6K) using ebb-and-flow (EF), capillary mat (CAP), microtube
(MIC), and hand-watering (HAN) and were irrigated either daily (pulse - P) or as
needed (regular - R). For all irrigation systems, pulse irrigation produced the
greatest total dry weight. HAN-R produced lower total dry weight than all other
irrigation systems and frequencies. Root dry weight was highest with pulse
subirrigation (EF and CAP). MIC-P, EF-P, and EF-R were the most water-efficient
treatments. The experiment was repeated twice with similar results. In a second
experiment, Pelargonium xhortorum ‘Pinto Red' root balls were sliced into three
equal segments; top, middle, and bottom. For all irrigation systems, root counts
were lowest in the top region. EF root counts were greatest in the middle region,
while MIC root counts were greatest in the bottom region. The two subirrigation
systems had higher average root counts than the two top-irrigated systems (HAN
and MIC). In general, there was less difference in EC between regions for top-irri-
gated than for subirrigated root balls. The EC was lowest in the bottom and middle
regions of EF and the bottom region of MIC and CAP. For subirrigation, the highest
EC was in the top region. For all systems, pH was lowest in the bottom region.

310

Zoysiagrass Rooting and Drought Tolerance are Reduced by
Frequent Irrigation

Y.L. Qianand J.D. Fry* Division of Horticulture, Kansas State Univ., Manhattan,
KS 66506.

Textbook recommendations suggest that turf should be watered deeply and
infrequently to encourage drought resistance. Data supporting this recommenda-
tion are lacking, however. Studies were done to determine the influence of irriga-
tion frequency on ‘Meyer' zoysiagrass (Zoysia japonicaSteud.) rooting and drought
resistance. Turf was established on a silt loam soil in 27-cm-diameter by 92-cm-
deep containers in the greenhouse. Irrigation was performed daily or at the onset
of wilt with a water volume equal to daily or cumulative evapotranspiration of
well-watered turf in small weighing lysimeters. After 90 days of irrigation treat-
ments, a dry-down was imposed during which no additional water was applied
for >50 days. Compared to turf irrigated daily, turf watered at the onset of wilt
exhibited: i) lower (more-negative) leaf water and osmotic potentials prior to the
onset of drought; ii) higher leaf water potential and better turf quality at the end of
dry-down; and iii) deeper rooting as indicated by lower soil moisture content at
50- and 70-cm depths at the end of dry down.

311

Direct Turgor Measurements in Cells of Cherry and Other Fruit
and Vegetable Tissues, and Its Relation to Tissue Physical
Properties

Kenneth A. Shackel®, H. Ahmad, C. Greve, J. Labavitch?, Liesbeth Verstreker?,
Paul Chen? and Jim Thompsor?, 'Dept. of Pomology, 2Ag. Engineering Dept.,
Univ. of California, Davis, CA 95616-8683.

The pressure microprobe has been used to measure cell turgor and, in addi-
tion, to sample vacuolar tissues. In carrot, a rapid initial loss of tissue firmness
(instron technique) occurred when the tissue was heater (cooked), and this could
be entirely attributed to a loss in cell turgor. Turgor was well-correlated to firm-
ness over the range of turgor measurements (0-0.8 MPa). In cherry and other
fruits, turgor is typically 1 to 2 orders of magnitude lower than that expected
based on cell osmotic potential, indicating the presence of apoplastic solutes.
Cherry fruit firmness and cell turgor were well-correlated during the first 2 h of
hydration at 20C, but, as fruit began to crack, tissue decreased, whereas turgor
continued to increase.

312
Paraheliotropic Leaf Movement of Bush Bean in Response to
Water Availability and Air Temperature
M. Raeini-Sarjaz* and N.N. Barthakur, Dept. of Natural Resource Sciences,
Macdonald Campus of McGill Univ., 21,111 Lakeshore Road, Ste Anne de
Bellevue, Quebec H9X 3V9, Canada.

Paraheliotropic leaf movements of bush bean were studied in relation to wa-
ter availability, ambient temperature, leaf water potential, and stomatal conduc-
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tance in a growth chamber. Unifoliate leaf angle from the horizontal (LA), sto-
matal conductance (G), and leaf water potential (WP) were measured at noon to
minimize the effect of leaf movements due to circadian rhythm. Photoperiod and
light intensity on the foliage were kept constant at 14 h, and 200 pmol-m2-s7t,
respectively, throughout the measurements. Negative correlations were obtained
between water availability (WA) and LA (R =—0.93), and WP and LA (R=-0.85),
whereas positive correlations were shown between WA and WP (R = 0.90), WA
and G (R=0.90), and WP and G (0.84) at 35C air temperature. Similar correla-
tions were observed at 25C between WA and LA (R=-0.91), WP and LA (R=—
0.79), WA and WP (R=0.91), WA and G (R=0.68), and WP and G (R=0.76). Air
temperature significantly (P < 0.01) affected leaf movements.

313

Comparison of Drought-induced Chitinase Expression Between
Wild and Cultivated Tomatoes

Long-Xi Yu* Ann. F. Greer, and Zohreh Tabaeizadeh, Dept. des sciences
biologiques, Université du Québec a Montréal, C.P. 8888, Succ. Centre-ville,
Montréal, QC. Canada H3C 3P8.

We have carried out a comparative study on chitinase gene expression and en-
zyme activity in Lycopersicon chilense (a drought-tolerant wild tomato) and L.
esculentum under water stress. Both enzyme assay and Northern blot analysis
revealed that chitinase expression was differentially induced by drought among
the different genotypes. Higher induction of chitinase was found in tolerant spe-
cies compared to the sensitive one. Among genotypes examined, L. chilense
LA2747 presented the highest level of the chitinase induction, while the lowest
level was found in L. esculentum HR86. Leaves of drought-stressed plants showed
the highest expression and roots showed the lowest, with stems being intermedi-
ate. Chitinase activity was detected in flowers of both drought-stressed and con-
trol plants. The measurement of leaf water potentials of different genotypes re-
vealed a correlation between drought tolerance and the level of chitinase expres-
sion during water stress. Our results suggest that the chitinase might be involved
in drought tolerance of L. chilense.

143 ORAL SESSION 42 (Abstr. 314-321)
Culture and Management/Woody
Ornamentals & Landscape

314

Effect of Site Preparation on Seeding of Wildflower or Prairie
Mixtures in Ontario

Nancy P. Cain*, Ontario Ministry of Transportation, Res. and Dev. Br., 1201 Wil-
son Ave., Downsview, Ont., Canada M3M 1J8.

The effect of site preparation on the establishment of a perennial wildflower
and a prairie mixture was compared on five highway rights-of-way in southwest-
ern, central, and northern Ontario. The site preparation treatments of the existing
perennial cover were: 1) control, 2) broadcast glyphosate herbicide application,
or 3) broadcast glyphosate herbicide application plus cultivation. The sites were
mown prior to drill seeding. The experiments were planted in 1990 and 1992 and
evaluated for total cover, cover of seeded species, and noxious weeds. The wild-
flower mixture established more rapidly than the prairie mixture. The wildflower
seed mixture established better with either site preparation treatment compared
to the control regardless of the type of vegetation present prior to planting. By 3
years after treatment the original vegetation had reinvaded to a greater degree
with the herbicide treatment, indicating that the herbicide plus cultivation provided
better control of the original perennial cover. Four years after seeding, neither seed
mixture had established in the control, indicating that control of perennial vegeta-
tion was crucial for establishment of these seed mixtures on existing sites.

315
Evaluation of Four Herbaceous Perennials under Increasing
Levels of Drought Stress
David Hillock* and James E. Klett, Dept. of Horticulture, Colorado State Univ.,
Fort Collins, CO 80523.

Four herbaceous perennials Aquilegia caerulea ‘McKana's Giant', Gaillardia
aristata, Gypsophila paniculata‘Fairy's Pink', and Callirhoe involucratawere sub-
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jected to increasing levels of drought stress and evaluated for ornamental quality
and performance in the landscape. Drought stress was imposed by irrigation treat-
ments of 100%, 75%, 50%, 25%, and 0% of reference evapotranspiration (ET;)
in 1994. Irrigation treatments resulted in Aquilegia exhibiting a decline in plant
growth and appearance below the 50% ET,, treatment. Callirhoe grown at the 100%
ET,,irrigation treatment were larger than the plants inany other treatment. Gaillardia
receiving some irrigation (25% to 100% ET ;) were generally larger than those that
received no supplemental irrigation (0% ET ). A decline in plant appearance and
growth was observed with Gypsaphila with lowering irrigation treatments.

316
Influence of Irrigation Scheduling on Groundcover Performance
Dennis R. Pittenger*, David A. Shaw, Donald R. Hodel, and William E. Richie, Univ.
of California Cooperative Extension, Batchelor Hall Extension, Riverside, CA 92521.
The performance of six landscape groundcover species was evaluated when
irrigated at 30% of ET,, at irrigation schedules of three times per week, once per
week, once every 2 weeks, and once every 4 weeks. Potentilla tabernaemontani
could not be sustained under any of the treatments. For the other species (Baccharis
pilularis, Drosanthemum hispidum, Vinca major, Osteospermum fruticosum, and
Hedera helix) there were no season-long differences in a species’ performance or
density due to irrigation frequency, but there were significant differences among
species across irrigation treatments. Drosanthemumand Osteospermum provided
good overall appearance and density consistently through the season. Baccharis
maintained acceptable performance most of the irrigation season, while Vinca
and Hedera became unacceptable in appearance in mid-season. Soil moisture
content differed among species, but was not consistently different between irriga-
tion treatments.

317

Nitrate-Nitrogen Concentrations in the Soil Profiles Beneath
Containerized Rhododendron Provided High or Low Irrigation
Volumes

David J. Colangelo* and Mark H. Brand, Dept. of Plant Science, U-67, Univ. of
Connecticut, Storrs, CT 06269-4067.

Uniform Rhododendron‘Roseum Elegans’ plants were potted into 3-gal plas-
tic containers and place atop eight identical 1-m? soil-filled boxes (six per box).
The bottomless boxes were recessed into a grassed field and filled with Woodbridge
fine sandy loam. Soil samples were taken in 30-cm layers to 90 cm from each box
and analyzed for NO,-N. Samples were taken at 14-day intervals from 9 June
1994 to 10 Nov. 1994. All plants received 40 g of Sierrablen 17N-6P—10K 8-9
month controlled-release fertilizer as a topdressing on 13 June 1994. Half of the
boxes received a high irrigation rate of 5 gal/min for 4 min and half received a low
rate of 5 gal/min for 1 min. Irrigation was provided every other day from above the
plant canopy to simulate typical irrigation practices. For the low irrigation treat-
ment, NO,-N levels reached 19.5 mg of NO,-N/kg of soil in the first 28 days of the
study, while increases in the deeper layers lagged behind. For the high treatment,
NO,-N levels followed a similar pattern, but only reached 8.9 mg of NO,-N/kg of
soil in the same time period. These results suggest that the high irrigation vol-
umes cause NO,-N to leach at a faster rate, posing a threat to water resources.

318
Use of Paper Sludges as a Partial Constituent of Substrate Mix-
tures in Horticulture
Jeffrey Norrie* and André Gosselin, Center for Horticultural Research, Dept. of
Plant Science, FSAA, Université Laval, Ste-Foy, Ouebec G1K 7P4, Canada.
Waste residues arising from paper production, either from recycled (deinking)
or virgin wood (primary) fibers, are composed primarily of lignin, cellulose and
hemi-cellulose. Large quantities of such residues are usually landfilled or burned.
In a joint project with the company “Les Composts du Quebec Inc.’,” this study
examined the use of deinking and primary paper sludges as partial constituents
of substrate mixtures, used as organic soil amendments for the growth of several
grass and tree species. In a strip-split-plot design, mixtures of paper sludge (0%
to 50%), sand (50%) and organic soil (0% to 50%) were prepared with or with-
out a base-fertilization (strip-plot) before planting. Base fertilizations were given
to improve N, P, and K availability and C/N and C/P ratios based on the nutrient
status of substrate mixtures before incorporation into the soil. Results over both
years indicated that unfertilized treatments with a higher percentage of paper sludge
(by dry volume) generally displayed poorer growth. Grass plots exhibited de-
creased ground cover and stand quality. Shrubs showed some deficiency symp-
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toms, but not until late in the season of each year. However, few differences were
found between sludge treatments for grass or shrub species if substrates were
given a base-fertilization of N, P, and K (to 0.5%, 0.13%, and 0.33%, respec-
tively). Again, during the 2nd year, few differences were found between sludge-
amended plots that were base-fertilized the year before. In short, our results indi-
cate that paper sludge amendments can maintain or improve the growth of grass
and shrub species if an adequate base fertilization is given to overcome nutrient
immobilization. Several, more-precise base-fertilizer treatments are currently be-
ing examined for turfgrass culture.

319

Aeration Criteria and Plant Response in Peat Substrate
Amended with Six Sources of Organic Wastes

Nsalambi Nkongolo*, Jean Caror?, and Fabienne Gauthier®, *Soil Science Dept.,
ZPlant Science Dept., and the *Horticultural Research Center, Laval Univ., Ste-
Foy, Quebec, Canada G1K 7P4.

Increasing rates (5%, 10%, 25%, and 40%, v/v) of six sources of organic
wastes were substituted for peat to assess changes on the physical properties of
peat—perlite media and the subsequent plant response. Wastes were both fresh
and composted bio-filter, sewage sludge, and de-inked paper sludge. Geranium
plants (Pelagornium xhortum ‘Orbit Hot Pink’) were grown in the media. Satu-
rated hydraulic conductivity (K, and air-filled porosity (AFP) were successively
measured with a Cote infiltrometer and by time-domain reflectometry. Pore space
tortuosity (PST) and gas relative diffusivity (Dp/DD) were calculated. Both physi-
cal and plant growth parameters were significantly affected by the source and rate
of application of waste. K., (P=0.0001, r=0.937), AFP (P=0.001, r=0.984),
PST (P=0.0001, r=0.935), D /D, (P=0.0001, r - 0.872) linearly increased as
the rate of waste increased in the media. However, plant height (P = 0.0001, r=
0.856), root dry weight (P=0.0001, r=0.994), and shoot dry weight (P=0.0001,
r=0.963) either linearly or quadratically decreased as the rate of waste increased.
Decreases in plant growth parameters were most likely due to high salinity of
organic wastes.

320
Effects of Three Organic Residues on Growth of Woody Orna-
mental Plants Produced in Containers
Mondher Bouden*, Jacques-Andre Rioux, and Isabelle Duchesne, Envirotron
Building, Horticulture Research Center, Laval Univ., Quebec, Canada, G1K 7P4.
Three ornamental species (Spiraea japonica ‘Little Princess’, Physocarpus
opulifolius ‘Nanus', and Prunus x cistena) were potted in seven different sub-
strates. The control substrate contained peatmoss, composted conifer bark, and
fine crushed gravel (5:4:1, by volume). In the other six substrates, peatmoss was
partially or completely substituted by different proportions of three organic resi-
dues (10% or 50% of the mixture made up of fresh bio-filters, 5% or 10% in
composted sewage sludges, and 10% or 40% in composted deinking sludges).
Four fertilization regimes (0, 200, 400, and 600 mg N/liter in the form of soluble
fertilizer 20-20-20) were applied weekly onto containers. The experimental de-
sign was a split-plot with six replications. Physical and chemical analysis of the
organic residues proved that the composted sewage sludges were richer in min-
erals than the other residues. Moreover, fresh bio-filters and composted deinking
sludges were less granular than composted sewage sludges. The 10% propor-
tion of each organic residue, combined with the other materials, was the most-
adequate proportion and did not reduce the growth of plants (height, aerial and
root dry matter). In addition, a dose of 400 mg-liter* generally gave good re-
sults, especially for fresh bio-filters and for composted sewage sludges. How-
ever, it is preferable to use a higher dose (600 mg-liter~" if composted deinking
sludges are used.

321

Root Penetration in Heavily Compacted Soil Systems

Jason Grabosky*and Nina Bassuk, Urban Horticulture Inst., Dept. of Floriculture
and Ornamental Horticulture, 20 Plant Science Bldg., Cornell Univ., Ithaca, NY
14853.

In the development of a street tree planting medium for use as a sidewalk
base, we have been testing a series of limestone gravel and soil media with varied
amounts of clay loam suspended within the matrix voids. Tilia cordata and Quercus
alba seedling roots quickly penetrated and grew in these systems when com-
pacted to densities in excess of 2000 kg-m=3, while they were severely impeded
in clay loam soil compacted to 1300 kg-m~3. Limestone mixes of the same de-
sign had variable, but consistently acceptable, California Bearing Ratios (>40)
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when compacted to similar densities; demonstrating their strength as a pavement
base. Tiliaroot growth, based on the volume collected from total root excavations
after two growing seasons, increased a minimum of 300% in the limestone mixes
over the compacted clay loam control when the treatments were compacted to
=B80% Standard Proctor Optimum Density. Root penetration of Quercusincreased
>400% in the limestone mixes over compacted loam in a 6-month trial com-
pacted to 95% Standard Proctor Optimum Density.

144 ORAL SESSION 43 (Abstr. 322—-329)
Culture & Management/Small Fruits &
Viticulture

322

Chilling Affects Flowering of Fall-bearing Red Raspberries

F. Takeda* USDAJARS, Appalachian Fruit Research Station, Kearneysville, WV
25430.

Tissue-cultured raspberry plants are not exposed to low temperatures during
the propagation phase, yet the primocane that grows from the crown will flower
terminally after developing 20 to 25 nodes. We studied the effect of duration of
chilling (hours) (CH) on days to flower (DTF) in primocanes arising from root
suckers of previously cropped fall-bearing ‘Heritage’ and "Summit’ raspberries.
Growth of ‘Heritage’ plants with 0 or low CH was either short with rosetted leaves
or indeterminate. Plants with 0 CH remained vegetative for >240 days, while plants
with >750 CH flowered in <4 months when the primocane had 25 to 30 nodes.
These results suggested that low-temperature exposure prior to shoot emergence
was necessary for flower bud initiation in ‘Heritage’ red raspberry. In contrast, all
‘Summit’ flowered; DTF ranged from 120 days for 0 CH plants to <70 days for
plants with 1000 CH. Low-temperature treatment affected flower bud develop-
ment. Plants with 0 CH developed 15 flowering laterals, while plants with >750
CH had 25 flowering laterals. Although ‘Summit' needs no CH to flower, low
temperature treatments definitely accelerated DTF and increased the number of
fruiting laterals.
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Effect of Plant Density and Cultivar on the Fruiting Response
of Strawberry using the Winter Annual Hill Culture System
Earl E. Albregts* and Craig K. Chandler, Univ. of Florida, Gulf Coast Research
and Education Center, 13188 Lewis Gallagher Road, Dover, FL 33527.

Four strawberry (Fragaria xananassa, Duch.) cultivars were grown in a winter
strawberry fruiting study using the annual hill cultural system and polyethylene-
mulched beds during two seasons. Plants were set on 15, 30, 45, and 60 ¢cm in
row-plant spacing with two rows per bed spaced at 45 cm. Increasing plant den-
sity in the fruiting field generally increased early fruit yield and sometimes total
fruit yield during two seasons. Yields of cull fruit were also increased with in-
creased plant density. Daughter plant production decreased with increased plant
density. Growers should consider planting costs, fruit rot, and harvesting prob-
lems when selecting the plant density for fruit production.
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Effect of Soil Fumigation and Soil Solarization on Annual Hill
Strawberry Production

David G. Himelrick*, Floyd M. Woods, and W.A. Dozier, Jr., Dept. of Horticulture,
Auburn Univ., Auburn, AL 36849.

The use of soil solarization on 20-cm raised beds 30, 60, and 90 days prior to fall
planting of ‘Chandler’ strawberries was compared with soil fumigation with 269
kg-ha~! 98/2 methylbromide/choropicrin and with 562 liters-hat metam-so-
dium (Busan). The clear plastic mulch was painted with white latex paint prior to
planting on 15 Oct. Methylbromide/choropicrin treatment gave the best yields,
followed by the metam-sodium treatment. Soil solarization on raised beds was
complicated by weed growth on the top edges and sides of the bed. Soil solariza-
tion is a useful alternative for flat bed culture, but is practically limited on raised
beds 