PROCEEDINGS OF

RESEARCH CONFERENCE
Fifty-Ninth Annual Report
2014
Compiled and Edited By:
Dr. Nick Gawel
Tennessee State University
College of Agriculture, Human and Natural Sciences
Nursery Research Center
472 Cadillac Lane
McMinnville, TN 37110

SNA Research Conference Vol. 59 2014

59th Annual
Southern Nursery Association
Research Conference Proceedings
2014
Southern Nursery Association, Inc.
PO Box 801454
Acworth, GA 30101
Tel: 678-809-9992
Fax: 678-809-9993
mail@sna.org
www.sna.org

Proceedings of the SNA Research Conference are published annually by the
Southern Nursery Association.
It is the fine men and women in horticultural research that we, the Southern
Nursery Association, pledge our continued support and gratitude for their tireless
efforts in the pursuit of the advancement of our industry.
Additional Copies:
2013 CD-Rom Additional Copies:
SNA Members
$15.00*
Horticultural Libraries
$15.00*
Contributing Authors
$15.00*
Non-Members
$20.00*
*includes shipping and handling
© Published October, 2014

ii

SNA Research Conference Vol. 59 2014

Southern Nursery Association, Inc.
BOARD OF DIRECTORS
Director Chapter 2
Florida, Georgia, South Carolina
Joseph Napoli
Athens Wholesale Growers
495 Belmont Rd
Athens, GA 30605
Tel: 706.546.6638
Fax: 706.546.0263
Email: awn1984@att.net

President
Richard May
May Nursery
178 May Nursery Road
Havana, FL 32333
Tel: 800.342.7134
Fax: 888.242.8271
richard@maynursery.com
Vice President/Treasurer
Director Chapter 3
Arkansas, Kentucky, Missouri,
Oklahoma, Tennessee
Michael Hobbs
Warren County Nursery
6492 Beersheba Highway
McMinnville, TN 37110
Tel: 931.668.8941
Fax: 931.668.2245
E-mail: wcnursery@blomand.net

Immediate Past President
Jeff Howell
Rocky Creek Nursery
229 Crenshaw Rd.
Lucedale, MS 39452
(601) 947 - 3635
rcnursery@bellsouth.net

Executive Vice President
Karen Summers
Southern Nursery Association
PO Box 801454
Acworth, GA 30101
Tel: 678.809.9992
Fax: 678.809.9993
ksummers@sna.org

Director Chapter 4
Alabama, Louisiana, Mississippi,
Texas
Dusty Knight
Plantation Tree Company
120 County Road 15 South, Selma,
AL 36703
Tel: 334.875.9176
Fax: 334.875.9621
Email: dusty@plantationtrees.com

Board Advisor
Danny Summers
PO Box 801454
Acworth, GA 30101
Tel: 678.809.9992
Fax: 678.809.9993
dsummers@sna.org

Director Chapter 1
Maryland, North Carolina, Virginia,
West Virginia
Norman Cole, III
Cole Nurseries
PO Box 210
Pipestem, WV 25979
Tel: 304.466.1970
Email: thecoles1@frontiernet.net

RESEARCH CONFERENCE
Director of Horticultural
Conference Co-Chair
Research & Conference Chair
Dr. Donna Fare
Dr. Nick Gawel
USDA/ARS/FNPRU
Tennessee State University
TSU Nursery Research Center
Nursery Research Center
472 Cadillac Lane
472 Cadillac Lane
McMinnville, TN 37110
McMinnville, TN 37110
Donna.Fare@ars.usda.gov
ngawel@tnstate.edu

iii

SNA Research Conference Vol. 59 2014

Acknowledgments
The Editor and Board of Directors of the Southern Nursery Association wish to
express their sincere appreciation to Jim Robbins, Forrest Steglin, Scot Langolis,
Alicia Bray, Donna Fare, Genhua Niu, Anthony LeBude, Ed Bush, Alan
Windham, Tim Rinehart, Gene Blythe, Sam Dennis and Hannah Mathers for the
fine job they did as Section Editors and Moderators. Thanks go to Karla
Addesso for her efforts in selecting and instructing judges and moderating the
Bryson L. James Student Research Competition. Our very special thanks goes
to Holly Hodges who spent many hours helping the Editor organize the program,
and most importantly, preparing the manuscripts for publication. Without the
efforts of all these people, the conference would not happen and this year’s
Proceedings would not be published.
Special thanks are extended to the sponsors of the 2014 SNA Research
Conference, Bennett’s Creek Nursery and Lancaster Farms. Without the
financial contributions of these sponsors, the conference could not be held.
We extend our gratitude to all the researchers and nurserymen who attended the
59th Annual SNA Research Conference and/or contributed to these
Proceedings. You make this annual event a success.

Notice
Mention of a trademark name on a proprietary product does not constitute a
guarantee and/or warranty of the product by the researcher(s) or their respective
universities or the Southern Nursery Association and does not imply its approval
to the exclusion of other products that may also be suitable.
Permission to reprint articles and quotations of portions of this publication is
hereby granted on condition that full credit be given to both the author(s) and the
publication, Proceedings of the SNA Research Conference, along with the date
of the publication.
The Southern Nursery Association is not responsible for the statements and
opinions printed in the Proceedings of the SNA Research Conference; they
represent the views of the author(s).

iv

SNA Research Conference Vol. 59 2014

Using Research Data
Safely and Effectively
Good research is conducted under an exact set of controlled conditions, varying
only the specific treatments which are to be evaluated. Results from the specific
treatments are directly applicable to your operations only if all the conditions in
your operation are controlled the same as in the research. Unfortunately, this
seldom happens. However, this does not mean that you cannot benefit from the
research. What it does mean is that you should use the research information on
a trial basis if your plant species, soil type, watering method, size and age of
plant, climatic region, etc. is different than that described by the researcher.
What an alert grower should expect to gain from these research reports is ideas
– ideas as to the best control for insects, disease, nematodes and weeds – labor
saving ideas such as chemical pruning and using growth regulators to minimize
maintenance. Also, ideas on water management, nutrition, alternative growing
media, new plants for landscaping and guides for improving profits and marketing
skills can also be found.
Should you desire additional information on any report, please contact the
author.
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THE PORTER HENEGAR MEMORIAL AWARD
for
HORTICULTURAL RESEARCH
Sandra M. Reed
The Southern Nursery Association honored Dr. Sandra
Reed with the Porter Henegar Memorial Award during
the 59th Annual SNA Research Conference. John
Olive, last year’s recipient, made the presentation at the
SNA Awards Luncheon.
Originally known as the Research Award of Merit, the recognition was created in
1968 to honor those individuals who have made outstanding contributions to
ornamental horticulture research and specifically to members of the association.
In 1972, the award was renamed the Porter Henegar Memorial Award in honor
of one of SNA’s former Executive Secretaries. Nominations are made each year
by the SNA’s Director of Research and past award winners.
Dr. Sandra Reed received her Bachelor’s degree in Agronomy in 1974 and her a
Ph.D. in Plant Breeding and Genetics 1979, both from the University of Kentucky.
She started her career at the Campbell Institute for Research and Agriculture and
later joined the Department of Crop Science at North Carolina State University.
In 1989, Sandy went to work with USDA-ARS as a research geneticist, focusing
on tobacco. She transferred to the US National Arboretum in 1995 to begin work
on ornamental plant breeding and genetics at the TSU Nursery Research Center,
where she continued until her retirement in 2011.
Sandy has been an integral part of the SNA Research Conference, serving many
years as a section chair, student judge, and publishing and presenting her
research for over 20 years. In 2012, the SNA Board of Directors recognized her
with honorary membership for her outstanding contributions to the industry and
her dedication to SNA and the field of horticulture.
As a plant breeder and geneticist, her contributions to the industry are many and
include the plant introductions ‘Duet’ Callicapra, ‘Firefly’ Clethra, ‘Spring
Showers’ Styrax and probably most familiar, the oakleaf hydrangeas ‘Munchkin’,
‘Ruby Slippers’, and ‘Queen of Hearts’, all of which are hot sellers on the market
all over the country.
Since her retirement, she has moved to Atlanta to be close to her son, daughterin-law, and grandchildren.
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The Bryson L. James
Student Research Competition
2014 Awards
This long-standing program was renamed in August 1989, in honor of Dr. Bryson L.
James, longtime Director of Horticultural Research for the Southern Nursery Association.
As Dr. James has been an active participant and leader in the annual Research
Conference for more than 50 years, the award, named in his honor, is a tribute to his
tireless efforts on behalf of the researchers, the association and the industry. Listed
below are guidelines for the Student Competition as well as this year's winners:
1. Any student of a university or a college
having researchers that participate in the
Southern Nursery Association Research
Conference, are not more than one (1)
academic year removed from graduation
and whose research was completed prior
to graduation are eligible to compete.
2. Research is to be that of the presenter
and a part of his/her educational studies.
Contract work, unless a part of a thesis or
classroom report (credit given), is not
acceptable, as it may provide unlimited
funding and an unfair advantage.
3. The number of student papers from a
single university or college may be limited,
should time restraints dictate.
4. The student must have submitted a title to
the SNA Conference Editor by the
deadline specified in the Call For Titles.
The paper should then be submitted to the

Section Editor for the Student Competition
no later than the specified deadline.
5. The paper must follow the guidelines for
format and subject matter as stated in the
Call For Titles for the SNA Research
Conference.
6. Student and advisor should be listed as
co-authors.
7. Oral presentation must be limited to
seven (7) minutes. An additional three (3)
minutes will be allotted for questions. A
penalty of two (2) points per minute or part
thereof for every minute over seven (7)
minutes will be assessed.
8. Judging shall be based on preparation of
the paper (50 points) and oral
presentation (100 points) for a total of 150
points.

2014 Bryson L. James Student Competition Award Winners
B.S. Candidates
1. Conner Ryan
2. Laura Kaderabek
3. Runshi Xie

Auburn University
North Carolina State University
Texas A & M University

M.S. Candidates
1. Carl Clem
2. Ted Yap
3. Paul Bartley

Auburn University
North Carolina State University
Auburn University

Ph.D. Candidates
1. Elizabeth D. Riley
2. Emily Rotich
3. Lesley Judd
3

North Carolina State University
Tennessee State University
North Carolina State University
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Customer Satisfaction Marketing Metrics:
Garden Centers/Stores and Big Box/Mass Merchants
Forrest E. Stegelin
Agricultural & Applied Economics, 312 Conner Hall
University of Georgia, Athens, GA 30602-7509
stegelin@uga.edu
Index Words: customer satisfaction, marketing metrics, retail, indicators, loyalty
Significance to Industry: “If you can’t measure it, you can’t manage it.” (Robert
Kaplan and David Norton, 1996) In recent years, data-based marketing has swept
through the business world. In its wake, measurable performance and accountability
have become keys to marketing success. Few managers appreciate the range of
metrics by which they can evaluate marketing strategies and dynamics, especially as
they relate to the customer. A satisfied customer adds value and profits to the
business, as a satisfied customer is retained and becomes loyal, and in the process,
shifts buying habits toward the pricier, higher margin (more profitable) products and
services, thereby increasing their customer lifetime value and profits within the firm.
Nature of Work: Retail outlets for green goods have, for nearly a decade, wondered
why a generation of customers (Generation X, aka the Millennials) has not exhibited
purchasing habits commensurate with their incomes and buying power. Studies
indicate the garden centers and other retailers of plant materials have not had this
customer base feeling a need for the products and services offered. Furthermore, the
smaller, specialized independent garden centers have felt an economic squeeze at the
hands of the big box or mass merchant retailers, such as home improvement centers
and department/discount stores that exert their size differential to acquire buying power.
Undergraduate University of Georgia students in select marketing classes in Agricultural
and Applied Economics were given the task to determine if there was a difference in
customer satisfaction between the garden centers and the mass merchandisers, using
marketing metrics developed from surveys of customers on the premises of these types
of businesses. A survey instrument was developed and approved and administered in
Clarke County and its contiguous counties of Jackson, Madison, Oconee, and
Oglethorpe, by the students at plant material retailers.
Results and Discussion: The following categories of customer metrics, and specific
questions, were asked of all willing respondents. The verbal survey was completed by
200 purchasers of plant materials, 112 at independent garden centers and 82 at big box
or mass merchant retailers.
Awareness – “Are you aware that plant materials for landscaping can be purchased at
all of the following types of retail outlets: hardware stores, farm and home centers, lawn

Economics and Marketing
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and garden centers/nurseries, grocery stores, home improvement centers, large
department and/or discount stores, and farmers’ markets?” Yes 44% No 56%
Top of Mind – “When considering the purchase of plant materials, what is the first retail
outlet that comes to mind?” In order of frequency reported as first responses, those
surveyed named: a garden center, a home improvement center, a farm supply store, a
department store, and a seed store or a grocery store tied for fifth.
“When considering the purchase of landscaping accessories (media, mulch, containers,
plant health, tools), what is the first retail outlet that comes to mind?” In order of
frequency reported as first response, those surveyed named: a home improvement
center, a department store, a farm supply store, and a garden center.
Brand/Product Knowledge – “For many of our purchases, we rely on brand or product
knowledge to influence our purchase; what are some ‘Georgia’ brands of plant materials
(annuals, perennials, containers, wood ornamentals) that you are familiar or
knowledgeable?” In order of frequency reported: didn’t know there were any branded
plant materials from Georgia (65%), McCorkles, Red Bud Nursery, Classic
Groundcovers, Greenleaf, Pikes, Dudleys, Monrovia.
Attitudes/Liking/Image – “On a scale of 1 to 5, with 1 representing total disagreement
and 5 implying absolute agreement, what is your level of agreement with ‘Independent
garden centers do a better job of solving my landscaping problems and satisfying my
gardening needs’?”
Totally
Disagree
1
#
Score

Somewhat
Disagree
2
32

Neither Agree
nor Disagree
3
112
3.12

Somewhat
Agree
4
56

Totally
Agree
5

“On a scale of 1 to 5, with 1 being completely irrelevant and 5 being extremely relevant,
how relevant is the mass merchandiser to you in meeting your home or residential
landscaping needs?”
Very
Irrelevant
#
10
Score

Somewhat
Irrelevant
145

Neither Relevant
nor Irrelevant
0

Somewhat
Relevant
37

Very
Relevant
8

2.42

“On a scale of 1 to 5, with 1 being totally untrue to 5 being completely accurate, what is
your assessment of the statement, ‘Independent garden centers provide more services
and solutions to customers than other market outlets’?”
Totally
False
#
3
Score

Somewhat
Untrue
28

Neither True
nor False
129
3.03

Economics and Marketing

Somewhat
True
39

Totally
Accurate
1
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Perceived Value for Money – “On a scale of 1 to 5, with 1 being completely misleading
to 5 being totally accurate, what is your level of agreement with the comment,
‘Independent garden centers represent a good value for the money’?”
Totally
Misleading
#
Score

Somewhat
Misleading
7

Neither Accurate
nor Misleading
114
3.44

Somewhat
Accurate
63

Totally
Accurate
16

“If the price of plant material, such as a color annual in a 6” container, was to decrease
10%, for example, from $1.99/pot to $1.79/pot, what would be your likely purchase
reaction?”
No change in quantity purchased
24% of respondents
%
range 5%-20%, average 17%
Increase quantity purchased by
Decrease quantity purchased by
%
no one would buy less
[Increasing purchases by 17% as a result of a perceived price decrease of 10% = - 1.72
elasticity of demand; a value verified by other research in the Atlanta market for various
horticultural crops, including annuals.]
Perceived Quality/Esteem – “When comparing plant material and related products, how
important is a brand name for quality, on a five-point scale with 1 being very
unimportant to 5 being very important?”
Totally
Unimportant
#
11
Score

Somewhat
Unimportant
25

Neither Important
nor Unimportant
87
3.27

Somewhat
Important
54

Very
Important
23

“Using the same five-point scale, how important is a heritage or native variety for
quality?”
Totally
Unimportant
#
Score

Somewhat
Unimportant

Neither Important
nor Unimportant
43

Somewhat
Important
88

Very
Important
69
4.13

“Using the same five-point scale, how important is a patented variety to you?”
Totally
Unimportant
#
10
Score

Somewhat
Unimportant
50

Neither Important
nor Unimportant
130
2.70

Somewhat
Important
10

Very
Important

Intentions – “In recent years, additional new varieties of plant materials have become
available; would you be willing to switch retail outlets if a different store or type of store
offered the new varieties that you thought you liked?” Yes 73% No 27%

Economics and Marketing
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“On a scale of 1 to 5 with 1 being extremely unlikely to 5 being very likely, how would
you respond to the statement, ‘It is very likely that I will purchase landscaping plant
materials next spring’?”
Very
Unlikely
#
Score

Somewhat
Unlikely
16

Neither Likely
nor Unlikely
77
3.58

Somewhat
Likely
82

Very
Likely
25

Customer Satisfaction – “On a five-point scale with 1 being very dissatisfied to 5 being
very satisfied, rate your overall satisfaction of purchasing and using landscape plant
material from this retail outlet.”
Very
Somewhat
Dissatisfied
Dissatisfied
Scores:
Garden Centers = 4.39

Neither Satisfied
Somewhat
nor Dissatisfied
Satisfied
Big Box/Mass Market = 3.07

Very
Satisfied

“On the same five-point scale, rate the overall performance by this retail outlet in
marketing landscape plant material.”
Scores:
Garden Centers = 4.01
Big Box/Mass Market = 2.92
“On the same five-point scale, rate your satisfaction of the following consideration, as
they relate to your shopping experience at this retail outlet:
Merchandising/Display
Garden Centers = 4.22 Big Box/Mass Market = 2.47
Selection
Garden Centers = 4.19 Big Box/Mass Market = 2.18
Customer Service
Garden Centers = 4.77 Big Box/Mass Market = 1.85
Employee Assistance
Garden Centers = 4.89 Big Box/Mass Market = 1.79
Pricing
Garden Centers = 3.77 Big Box/Mass Market = 3.03
Convenience
Garden Centers = 4.06 Big Box/Mass Market = 3.11
Net Promoter Score – “On a ten-point scale with 1 representing will not recommend to
10 implying very likely to recommend, how likely are you to recommend this retail outlet
to your friends or colleagues for purchasing plant material?”
Will Not Recommend
0
1
2

3

4

5

6

Detractors

Very Likely to Recommend
7
8
9
10
Passives

Promoters

Garden Centers NPS
= 50% [65% Promoters – 15% Detractors]
Big Box/Mass Market NPS = 10% [30% Promoters – 20% Detractors]
“On the same ten-point scale, how likely are you to recommend this retail outlet to your
friends or colleagues for the overall shopping experience?
Garden Centers NPS
= 55% [70% Promoters – 15% Detractors]
Big Box/Mass Market NPS = 15% [35% Promoters – 20% Detractors]

Economics and Marketing

5

SNA Research Conference Vol. 59 2014

Implications: For the overall shopping and purchasing experience, as well as
employee and corporate customer service, the independent garden centers/stores
scored statistically higher than their big box or mass merchandiser competitors.
Management should capitalize on what it does best and what is important to their
customers to close the gap in marketing performance.
Literature Cited:
Farris, Paul W., Neil T. Bendle, Phillip E. Pfeifer and David J. Reibstein. 2010.
Marketing Metrics – The Definitive Guide to Measuring Marketing Performance (2nd
edition). Wharton School Publishing and Pearson Education.
Patterson, Laura. 2009. Marketing Metrics in Action. Racom Books/Racom
Communications.
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Overwintering Method Affects Growth of Sarracenia leucophylla
(white topped pitcher plant)
Connor Ryan and Amy Wright
Department of Horticulture, Auburn University, Auburn, AL 36849
awright@auburn.edu
Index Words: native, carnivorous, herbaceous perennial, greenhouse, conservation
Significance to Industry: Potential exists for increased use of Sarracenia leucophylla
due to unique ornamental attributes for use in containers, cut flower arrangements, and
bog gardens. Identifying methods for overwintering may decrease production times
from seed and speed breeding and hybridization efforts. Results indicate that the first
winter dormancy period may be skipped and seedlings can remain in the greenhouse
during the first winter following sowing from seed. Results of this study could be used to
improve nursery production, provide greater access to the plants for public gardens and
other educational institutions, and increase public awareness of the conservation status
of these plants.
Nature of Work: Little work has been done on Sarracenia cultivation outside of that by
hobbyists and commercial growers. Successful growth strategies are largely anecdotal
and are shared within the carnivorous plant community via, websites, online forums,
and personal communications. Winter dormancy is a central feature of perennial plant
phenology (4). Likewise, winter dormancy is essential for survival of all North American
carnivorous plants (5).The dormancy period of Sarracenia should last at least three
months for mature plants (1, 2). Production of Sarracenia from seed to sexual maturity
has been reported to take three or more years (6), although anecdotal evidence shows
that dormancy can be skipped in seedling Sarracenia plants to accelerate growth during
the first season (3). The objective of this research is to compare the effect of
overwintering method on growth of Sarracenia leucophylla seedlings through the winter,
as well as resumption of growth during the subsequent growing season.
In the Fall of 2013, 9-mo old seedlings of S. leucophylla (white topped pitcher plant)
were introduced into one of three overwintering treatments: outdoors in shaded cold
frames, in a walk-in cooler in the dark (40 F), or in a heated greenhouse (70 F). Plants
outdoors were watered by automated overhead sprinklers for 10 minutes each day and
received no additional cold protection. These remained outside until March 2014.
Plants in the cooler remained there until March 2014. While in the cooler, plants were
not watered regularly but monitored to ensure they never dried out entirely. Plants in the
greenhouse were watered by hand daily. In March 2014, prior to any visible emergence
from dormancy, all seedlings were repotted into 10 cm plastic pots in a 2:1 peat:perlite
(v:v) and moved into the greenhouse. Plants were watered by hand daily in the
greenhouse.
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Plant size was quantified by measuring height of the tallest pitcher, width of the tallest
open pitcher, number of pitchers taller than 10 cm, and number of pitchers between
5.75 cm and 10 cm tall. Height was measured from the base of the crown to the highest
point of the pitcher. Width was measured at the widest point at the top of the pitcher
opening. These data were collected in April and June 2014 on 33 single container
replications per treatment. Data were analyzed for significance of overwintering
treatment and measurement date main effects and interactions using PROC GLIMMIX,
and means were separated using TUKEY (SAS, Inc., Cary, NC).
Results and Discussion: The interaction between overwintering treatment and
measurement date was not significant for any variable measured. Main effects of
overwintering treatment and measurement date were significant for all variables
measured (P<0.0001 for both factors). Plants overwintered in the greenhouse were
largest and had the most pitchers; plants overwintered outdoors were smallest and had
the fewest pitchers (Table 1). All plant size variables increased over time (Table 1).
Although not quantified, visual quality of plants overwintered in the greenhouse also
seemed highest. Additionally, those plants in the greenhouse were large enough and
vigorous enough (multiple pitchers, visible crown) to appear marketable or ready for
transplanting into the landscape indicating that plants could be outplanted or sold one
year after sowing from seed. Plants in the cooler emerged from dormancy larger and
with more pitchers than those overwintered outdoors. Although not quantified, plants in
the cooler experienced some fungal problems, and plants outdoors experienced some
crown rot. Additionally, mortality was more frequent among plants receiving chilling
than those remaining in the greenhouse (date not presented). Although there appeared
to be no negative effects on growth resulting from lack of chilling (greenhouse),
differences may arise later in the growing season. Also, it is possible that plants should
not skip more than one overwintering period, thus this practice may not be able to be
extended indefinitely. Of the plants that did receive chilling, simply placing in a cooler
seemed sufficient, although space may be a limitation if the crop is large. In summary,
S. leucophylla is easy to produce from seed and thus has good commercial and
educational potential. Data suggest that chilling may be skipped the first year to shorten
production time.
Literature Cited
1. D’Amato, P. 1998. The Savage Garden. Ten Speed Press.
2. Pietropaolo, J. and P. Pietropaolo. 1986. Carnivorous Plants of the World. Timber
Press
3. Propagation -- Growing Sarracenia from Seed. International Carnivorous Plant
Society. http://www.carnivorousplants.org/howto/Propagation/SarraceniaSeed.php,
accessed 13 June 2014.
4. Rohde, A. and R.P. Bhalerao. 2007. Plant Dormancy in the Perennial Context.
Trends in Plant Science 12:217-223.
5. Schnell, D. E. 2002. Carnivorous Plants of the United States and Canada. Timber
Press.
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6. Thomas, D. D. 2002. Propagation Protocol for for North American Pitcher Plants
(Sarracenia L.). Native Plants Journal 3:50-53.

Table 1. Effect of overwintering treatment and measurement date on size of Sarracenia
leucophylla (n=33).
Height (cm) z

Width (cm)

No. >10 cm

No. 5.75–10 cm

Greenhouse

17.7az

1.7a

4.6a

6.2a

Cooler
Outside

10.5b
8.3c

0.7b
0.6b

1.5b
0.6c

2.9b
1.6c

9.8b
14.5a

0.7b
1.3a

1.0b
3.4a

2.4b
4.7a

Overwintering Treatment

Measurement Date
April
June
z

Data collected include height and width of tallest pitcher, number of pitchers taller than
10 cm, and number of pitchers between 5.75 cm and 10 cm tall.
y
Letters indicate significant differences among overwintering treatment or between
measurement date.
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Irrigation Timing and Volume Affects Growth of Container Grown Maples
Donna C. Fare
US National Arboretum, USDA-ARS
TSU Nursery Research Center
McMinnville, TN 37110
donna.fare@ars.usda.gov
Index Words: nursery production, container production, irrigation leachate, irrigation
management, cyclic irrigation, Acer rubrum ‘Sun Valley’
Significance to Industry: These results can assist producers in developing irrigation
management strategies that minimize nutrient effluent as well as produce a quality
container grown tree. Overall, plants had more height and trunk growth when irrigated
mostly in the afternoon compared to early morning irrigation. Reducing the volume of
irrigation with a tri-cyclic irrigation regime did not affect height growth, but reduced the
amount trunk diameter. Irrigation emitters had an effect on plant growth and levels of
electrical conductivity, nitrate-N and ortho-P leachate effluent. As a result, modifying
cultural practices could be a viable tool for irrigation and nutrient management.
Nature of Work: Container nursery production requires large inputs of water and
nutrients but frequently irrigation inputs exceed plant demand and lack application
precision or are not applied at optimal times for plant production. Often irrigation is
scheduled by the capacity of the water supply at the nursery or at the convenience of
the nursery workers. Cyclic irrigation is used to apply irrigation more effectively to keep
plants hydrated as well as reduce irrigation and leachate effluent from containers (1,2,4
and 5). There are many irrigation controllers used in the nursery industry that can be
programmed for cyclic irrigation, however, only a few are complex enough to allow
different time duration for each independent cyclic of irrigation. Lea-Cox (3) is leading a
team of scientists and nursery producers to use smart irrigation using sensor technology
for precision irrigation and nutrient use; however, until smart irrigation is embraced by
the industry, modifying cultural practices could be a viable tool to irrigation and nutrient
management. The objective of this research was to evaluate irrigation timing and
volume with a tri-cyclic irrigation regime and the resulting plant growth.
On 28 March 2012, uniform liners of Acer rubrum ‘Sun Valley’ grown in #3 nursery
containers were potted into solid wall #15 nursery containers at the TSU Nursery
Research Center in McMinnville, TN. Container substrate was a 100% pine bark
amended with 6.5 kg (11.0 lb) Osmocote Pro 19-5-9 (19N-2.2P-7.5K) (O.M. Scotts Co.,
Maryville, OH) controlled-release fertilizer, 0.9 kg (1.5 lb) Micromax (O.M. Scotts Co.),
and 0.6 kg (1.0 lb) Aqua-Gro (Aquatrols, Paulsboro, NJ) per m3 (per yard3).
Three irrigation emitters were evaluated: 1) Maxijet 360 (Maxijet, Dundee, FL), Maxijet
fan pot stake (Maxijet) and an in-line emitter ring with six micro emitters per ring (The
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Toro Co., Bloomington, MN). Four daily cyclic irrigation times were evaluated: 1) a 6-810 am, 10-12-2 pm, 12-2-4 pm and a 2-4-6 pm. With each irrigation time, three
irrigation durations were used: 1) 1x-1x-1x, 2) 1x-1x-1/2x, or 3) 1x, 1/2x, 1/2x, so that
the irrigation volume applied was reduced by half with either the second or third cycle.
Each emitter was calibrated to deliver the same amount of irrigation volume during each
cycle. As plant water use increased throughout the growing season, irrigation volume
was increase to maintain a 20% leaching fraction using the Maxijet 360 as the indicator
emitter. Leachate was collected twelve times (about every two weeks) during the
growing season shortly after each irrigation cycle, measured (data not presented) and
analyzed for levels of electrical conductivity (EC), nitrate-nitrogen (nitrate-N) and orthophosphate (ortho-P).
Plant height and trunk diameter (measured at 15 cm (6 in) above the substrate surface)
growth were determined by subtracting the initial growth measurements made at the
onset of the test (29 March 2012) from the growth measurements made at the end of
the growing season (11 October 2012). On 15 October 2012, all plants from each
experimental unit were harvested for shoot and root dry weights by severing shoots
from the roots at the substrate surface then dried in a forced-air oven at 56C (133F)
(data not shown). Weed control and pest management were maintained with traditional
nursery practices during the growing season.
Each irrigation regime/emitter was replicated six times in a completely randomized
design. Data were analyzed using analysis of variance procedures of the SAS program
(Version 9.1, SAS Institute, Cary, NC).
Results and Discussion: The type of emitter had an effect on the height and trunk
diameter growth (Figure 1). Plants irrigated with the Toro Ag ring had the most height
growth and were 12% and 20% larger than plants grown with the Maxijet 360 emitter or
Maxijet pot stake (fan), respectively, and plants with the Maxijet 360 emitter were 9%
larger than with the Maxijet fan. The trunk diameter growth was largest with the Toro
Ag ring; however, the trunk diameter growth was similar between the Maxijet 360
emitter and the Maxijet fan.
The time of day irrigation was applied affected the height and trunk diameter growth
(Figure 2). Plants that were irrigated in early afternoon (12-2-4 pm) had the most height
growth and were similar to those that were irrigated in the 10-12-2 pm cycle. Plants that
were irrigated in the early morning (6-8-10 am) had the least amount of height growth
but were similar to plants that received late afternoon irrigation. Trunk growth was
similar with the 10-12-2, 12-2-4, and 2-4-6 cycles; however, the plants irrigated in the
early morning had the least amount of trunk growth.
Plant height growth was not affected by the volume of irrigation applied (Figure 3).
Reducing the amount of irrigation applied in the second and third cycle (1x-1x-1/2x and
1x-1/2x-1/2x) did affect trunk growth. Plants receiving a 1x-1x-1x had 8% and 10% more
trunk growth than plants receiving either 1x-1x-1/2x or 1x-1/2x-1/2x volume of irrigation,
respectively. The shoot and root dry weights followed a similar trend with a reduction in
biomass with a reduced irrigation volume (data not shown).
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The type of the emitter had an influence on effluent levels in the container leachate
when averaged among leachate dates (Figure 4). The highest levels of electrical
conductivity (EC), nitrate-N and ortho-P in the container leachate were from plants
irrigated with in-line emitter ring. The in-line emitter ring had the least amount of
container leachate volume (data not presented) which contributes to the high effluent
levels compared to the other emitters. Plants grown with the Maxijet 360 had 49% lower
levels in the EC, 72% less nitrate-N and 61% less ortho-P compared to the in-line
emitter ring. The Maxijet 360 emitter distributes the irrigation in a complete circle from
the emitter and depending on the placement of the emitter, the irrigation can hit the
inside wall of the container then channel down the interface of the container substrate
and inside container wall. As a result, this emitter had the most volume of leachate
collected. The EC, nitrate-N, and ortho-P levels with the Maxijet fan was intermediate
between the in-line emitter ring with 40% lower EC, 53% less nitrate-N and 46% less
ortho-P and the in-line emitter ring. The placement of this emitter in the container also
influenced the container leachate volume. Often the fan had to be readjusted to prevent
the irrigation fan from spraying over the top of the container or spraying to the inside
wall of the container instead of the substrate surface.
Time of day of irrigation did not affect levels of EC, nitrate-N or ortho-P in the container
leachate (data not shown). Leachate levels ranged from 0.5 to 0.55 for EC, 19.0 to 20.4
for nitrate-N, and 0.83 to 1.03 for ortho-P. In contrast, reducing the volume of irrigation
during the second and third cycle did have influence on the levels of EC and ortho-P,
both of which had significantly higher levels in the 1x-1/2x-1/2x than 1x-1x-1/2x or the
1x-1x-1x regimes.
Overall plants had more height and trunk growth when irrigated mostly in the afternoon
compared to early morning irrigation. Reducing the volume of irrigation with a tri-cyclic
irrigation regime did not affect height growth, but reduced the amount trunk girth. The
type of irrigation emitter had an effect on plant growth and chemical levels of leachate
effluent such as nitrate-N and ortho-P.
Literature Cited
1. Fain, G.B., K.M. Tilt, C.H. Gilliam, H.G. Ponder and J.L. Sibley. 1999. Cyclic irrigation
improves irrigation application efficiency and growth of sawtooth oak. J. of Arboriculture
25:200-203.
2. Fare, D.C., C.H. Gilliam and G.J. Keever. 1994. Cyclic irrigation reduces container
leachate nitrate. HortScience 29:1514-1517.
3. Lea-Cox, J. 2011. Smart irrigation strategies. Nursery Management.
http://www.nurserymanagementonline.com/nm-0411-smart-irrigation-strategies,
accessed May 26, 2011.
4. Martin, C.A., H.G. Ponder, and C.H. Gilliam. 1989. Effects of irrigation rate and media
on growth of Acer rubrum L. in large containers. J. Environ. Hort. 7:38-40.
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Figure 1. Influence of irrigation emitter style on growth of Acer rubrum 'Sun Valley'
maple grown in #15 nursery containers. Plant height and trunk diameter (measured at
15 cm (6 in) above the substrate surface) growth were determined by subtracting the
initial growth measurements made at the onset of the test (29 March 2012) from the
growth measurements made at the end of the growing season (11 October 2012).
Significance at 0.01 and 0.0001 is indicated by * and **.
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Figure 2. Influence of time of irrigation on growth of Acer rubrum 'Sun Valley' maple
grown in #15 nursery containers. Plant height and trunk diameter (measured at 15 cm
(6 in) above the substrate surface) growth were determined by subtracting the initial
growth measurements made at the onset of the test (29 March 2012) from the growth
measurements made at the end of the growing season (11 October 2012). Significance
at 0.01 and 0.0001 is indicated by * and **.
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Figure 3. Influence of irrigation volume on growth of Acer rubrum 'Sun Valley' maple
grown in #15 nursery containers. Plant height and trunk diameter (measured at 15 cm
(6 in) above the substrate surface) growth were determined by subtracting the initial
growth measurements made at the onset of the test (29 March 2012) from the growth
measurements made at the end of the growing season (11 October 2012). Significance
at non-significance, 0.01 and 0.0001 is indicated by ns, * and **.
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Figure 4. Influence of irrigation emitter type on levels of nitrate-N, ortho-P and electrical
conductivity (EC) in container leachate averaged from twelve irrigation dates during the
2012 growing season. Significance at 0.01 and 0.0001 is indicated by * and **.
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Comparison of Charred and Uncharred Wood Aggregates in
Horticultural Substrates
Lesley A. Judd, Brian E. Jackson, William C. Fonteno, Michael D. Boyette,
and Michael R. Evans
Department of Horticultural Science, North Carolina State University
Campus Box 7609, Raleigh, NC 27606
ajudd@ncsu.edu
Index Words: biochar, greenhouse media, root growth
Significance to Industry: This work provides additional evidence of the potential use of
biochar in greenhouse substrates for crop production. However, biochar can be
produced using different methods, temperatures, and feedstock, which will affect the
chemical and physical properties of the final biochar product. Therefore, it is important
to know and measure the conditions of producing biochar in order to understand how
and why it affects substrates and crop production. Biochar can then also be produced
consistently, and potentially producing more consistent results with crop production.
This study indicates that biochar can be mixed with peat similar to perlite and produce
substrates with similar physical properties. Chemical analysis reported a wide pH
increase after the substrates were limed, indicating that there are properties of biochar
that will aid in pH increase of peat substrates and could affect pH buffering. Plant root
growth was not negatively affected by the presence of biochar in the substrate, further
aiding in the potential use of biochar in substrates for container production.
Nature of Work: Interest in using biochar for horticultural purposes has increased
substantially in recent years due to its potential benefits, such as high carbon content
and nutrient holding/exchanging capacity. Biochar also has the potential to be a local
and renewable product, produced from waste products and/or regionally available
material (8). There are many parameters that affect the end-product when making
biochar, including feedstock, particle size of feedstock, burn temperature, and time of
pyrolysis/charring. These factors alter the physical and chemical properties of biochar
as well as how the biochar performs in soil or soilless substrates. There is potential for
horticultural use of biochar in soilless substrates used for container production of
greenhouse crops (6); however reports of the influence of biochar on substrates do not
show consistent benefits. This could be due to the wide range of feedstock used to
produce biochar, from organic wastes to peanut hulls, which could alter nutrient
composition in the final biochar product. There is a need to explore the impact of the
vast range of biochar properties on their potential use in greenhouse and nursery
container production (1).
Biochar has potential as a substrate replacement for perlite, as both are lightweight and
porous, as well as a potential economic benefit (cost savings) since perlite is the most
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expensive (by volume) individual component in greenhouse/perennial substrates.
Research has shown improved plant growth when biochar (produced from citrus wood
in a charcoal pit) was amended with coir and tuff (4). Improved plant growth was also
reported when biochar (produced from hardwood at commercial charcoal-production
company) was added to sphagnum peat (6). Increased root growth was reported when
biochar was amended with a peat-based substrate (7), however quantification of
increased root growth in biochar amended substrates has not been published. Most
reports using biochar do not provide sufficient data on the processing and repeatability
of biochar production.
To investigate the potential of using biochar in greenhouse substrates, biochar needed
to be produced with known/measurable parameters so that the end product is
consistent. To investigate the effect of biochar on root growth, mini-Horhizotrons were
used to quantify and observe root growth and development (5). The objectives of this
study were 1) to test the effects of biochar on substrate physical and chemical
properties, and 2) test the effects of biochar amended substrate on plant root growth
using mini-Horhizotrons.
Loblolly pine trees (Pinus taeda L.) were harvested and hammer-milled to yield 6.35 mm
(0.25 in.) pine-wood-chips (PWC). A portion of this material was reserved to test
chemical and physical properties, and the rest of the material was used to produce
biochar at North Carolina State University. The biochar production system used in this
study was a top-lit updraft gasifier (2). On 17 April 2014, 1.5 m3 (2 yd3) of the PWC
material was loaded into a large gasifier reactor using a conveyor to insure level
placement of the material. The PWC material was lit at the top inside the gasifier
reactor, and then the reactor was quickly closed to control the gasification of the
material. Combustion was sustained by regulating the amount of air entering from the
bottom (96.2 ft3·min-1 or 2.7 m3·min-1) and passing up through the material. A vent at the
top of the reactor allowed combustible gas from the process to leave the system, and
this gas was lit to reduce the amount of smoke produced. A temperature probe inside
the reactor measured the internal temperature of the flame front and resulting biochar
as the front passes. The temperature of the flame front during this production was 720
C (1328 F). The external temperature of the reactor was measured with an infrared
thermometer (Westward #2ZB46, UK) to determine speed of the flame front and to
ensure the flame front was, in essence, level. Once the flame front reached the bottom
of the gasifier, the air flow was shut off and compressed nitrogen gas was then fed
through from the bottom for 24 h, prevent any flare up as the biochar cooled. Once
cooled, the char was removed from the reactor and stored in 1.5m3 (2 yd3) industrial
bags under shelter.
The study was executed on 14 May 2014 in greenhouses at North Carolina State
University, Raleigh, NC. Six substrates were used: peat moss at 90% (v/v) amended
with 10% perlite (PL), pine-wood-chips (PWC), or biochar (BC), and peat moss at 80%
(v/v) amended with 20% PL, PWC or BC. Substrates were mixed on 12 May 2014, and
all substrates were tested for initial pH and then amended with dolomitic limestone at
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3.85 kg·m-3 (6.5 lb·yd-3) to achieve an expected pH of 5.8. The substrates containing
biochar had a beginning pH of 3.7, and sufficient lime was added to those substrates to
raise the pH to an optimal level (5.8). On 14 May 2014, eight mini-Horhizotrons were
divided in the center to separate each chamber and allowed for a different substrate to
fill the chamber. Four mini-Horhizotrons were divided and each chamber was randomly
chosen to be filled with one of the 90:10 peat:aggregate (PL, PWC or BC) substrates.
The other four mini-Horhizotrons were divided and each chamber filled with one of the
80:20 peat:aggregate substrates. The mini-Horhizotron chambers were filled with an
individual substrate and the whole mini-Horhizotron was tapped three times, by lifting
the mini-Horhizotron 10 cm (4 in.) from a hard surface and gently dropping, to settle the
substrate. Mini-Horhizotrons were then filled to the top with substrate again, to
accommodate for substrate settling which occurs after initial irrigation events in the
greenhouse. Once filled, the divider was gently removed, allowing for each substrate to
be united in the center, where one plug of tomato (Solanum lycopersicum ‘Roma’) was
planted. Twenty-four 10 cm (4 in. dia.) greenhouse containers were also filled, four per
each substrate, to be used for substrate chemical analysis (pH and EC measurements).
Tomato plugs were planted in the center of the containers as well. Mini-Horhizotrons
and containers were placed in the greenhouse and plants in each substrate were overhead watered as needed depending on weather conditions, and never showed
symptoms of water stress. Plants were fertilized at each watering with 200 ppm
nitrogen with Peters Professional 20-10-20 Peat-Lite Special (The Scotts Co.,
Marysville, OH).
Root length measurements (cm) were taken on the three longest roots appearing on the
clear side of each chamber every 3 days after planting (DAP) until 21 DAP. Each
chamber has two measureable sides giving a sum of two chamber sides for each
substrate in one mini-Horhizotron. Measurements were taken by placing a transparent
sheet (3M Visual Systems Division, Austin, TX) with a 0.39 x 0.39 in. grid on each face,
and roots were measured from the center of the mini-Horhizotron to the end of the
gridlines, which reached the end of the chamber. Once a week, a pour-through was
conducted on the container-grown plants to measure the pH and electrical conductivity
(EC) of every substrate according to the pour-through extraction procedure (9) using a
Hanna pH/EC meter (HI 9811, Hanna Instruments, Ann Arbor, MI). On 4 June 2014, the
study was terminated and shoots were removed at the substrate surface in the miniHorhizotrons. The root balls in the mini-Horhizotrons were removed and the varying
substrate sections were carefully cut 5 cm (2 in.) from the center, in order to determine
root mass within the specific substrate in which it was growing. Roots were then
carefully washed to remove substrate in preparation for dry weight determination. Both
the shoots and washed root systems were dried at 70 C for 48 h. Data were subjected
to the general linear model procedures, and root length measurements, pH and EC was
subjected to regression analysis (SAS Institute version 9.3, Cary, NC). Means were
separated by least significant differences at P ≤ 0.05.
Physical properties including air space (AS), container capacity (CC) and total porosity
(TP) were determined for each substrate blend at experiment initiation using the North
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Carolina State University Porometer method (3). Properties were determined using
three representative samples of each substrate. To determine particle size distribution
of the three aggregates (PL, PWC and BC), four samples of each aggregate were dried
at 105 C for 48 h and placed in a Ro-tap Shaker (Model B, W.S. Tyler, Mentor, OH)
fitted with seven sieves; 6.3 mm (0.25 in.), 2mm (0.08 in.), 0.71 mm (0.03 in.), 0.5 mm
(0.02 in.), 0.25 mm (0.009 in.), and 0.106 mm (0.004 in.) for five min. The sample from
each sieve was weighed, and particle size was expressed as a percentage of the total
weight of the sample. Data from physical property analyses were subjected to the
general linear model procedures and means were separated by least significant
differences at P ≤ 0.05.
Results and Discussion: Chemical analysis of the substrates revealed that at 5 DAP,
the pH for all substrates were above 6.5 (Table 1). The initial pH of the PWC and BC
aggregates were 4.2 and 7.0, respectively. When making the substrates, initial pH of the
biochar substrates was similar to other research reports (6). Substrate pH was
measured after lime was added and these pH values were approximately 5.8 for all
substrates. Biochar aggregates may contain bicarbonates that will raise substrate pH
(6), however there was a large increase in pH of all the substrates and therefore this
increase could be due to other factors, such as the reaction between the peat and lime
addition. At 5 DAP, the pH of 10% BC and PWC substrates were higher than the 10%
PL (Table 1). At 12 DAP, the 10% PWC substrate was higher than the other substrates,
and at 19 DAP there were no differences among the substrates. The pH for the 20%
substrates was only different at 12 DAP, when 20% PWC substrate was greater than
the other substrates. Electrical conductivity for both the 10% and 20% substrates
increased from 5 to 12 DAP, and dropped lower at 19 DAP (Table 1). Comparing the
PL and BC substrates, EC was not different at all measuring dates, indicating that the
biochar aggregate used appears to have no significant nitrogen drawdown/tie-up.
Substrate physical properties indicate that there are no differences among the 10% PL,
PWC or BC substrates for all properties (Table 2). For 20% BC substrate, there was
greater TP and CC, with lower AS. This could be due to the greater amount of fines and
medium-sized particles found in the biochar aggregate that fill in pores in the peat and
lower AS and raise CC (Table 2). This indicates that charring process caused a
significant difference in particle size distribution; the process reduced the size of the
larger PWC particles and created more medium and fine BC particles. 20% PWC
substrate had greater AS with lower CC, and this could be due to the PWC aggregate
having lower amounts of medium-sized and fine particles. 20% PL had a lower TP
compared to 20% BC, however for CC and AS for the two substrates were not different.
Both PL and BC aggregates had similar extra-large, large and fine particles, but BC had
greater amounts of medium-sized particles than PL. Replacing PL with BC in peat
substrates created comparable physical environments for the tomato plants.
In the substrates with 90% peat amended with 10% PL, PWC or BC, tomato root
lengths measured from 3 to 6 DAP were not different (Fig. 1A). At 9 DAP, roots in the
10% PL substrate were significantly longer than roots in the other substrates. At 12

Container Grown Plant Production

21

SNA Research Conference Vol. 59 2014

DAP, roots growing in 10% PL and PWC were significantly longer than roots growing in
the 10% BC substrate. After 15 DAP, there was no difference in tomato root growth
among the three substrates. Although differences were observed in root growth among
the substrates from 9 to 12 DAP, roots growing in 10% BC caught up in length to the
other substrates by the next measurement date. Data from the dry weight analysis
indicates that root growth was not different among the substrates (Fig. 2A). By the end
of the study (21 DAP), there was no differences in root growth among the substrates,
with root growth and mass comparable between 10% PL and BC.
In the substrates containing 80% peat with 20% PL, PWC or BC, tomato root lengths
show differences from 6 DAP until 21 DAP. At 6 and 12 DAP, roots growing in 20% BC
were significantly greater than roots growing in the other substrates (Fig. 1B). At 9 and
21 DAP, tomato roots growing in 20% PL and BC were longer than roots growing in
20% PWC. Data from the dry weight analysis indicates that root growth was not
different among the substrates (Fig. 2B). There were observable differences in visible
root growth along the sides of the mini-Horhizotron, with greater root growth in 20% BC
substrate compared to roots in the 20% PWC substrate. This could be due to the
charring process; the 20% BC substrate seemed to stimulate root growth. However, by
the end of the study root mass in the substrate (not all visible) was similar among the
substrates.
Literature Cited:
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M.S. Thesis.
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Table 1. pH and electrical conductivity (EC) of all substrates used in mini-Horhizotron study.
Days after planting (DAP)
5
Ratioz
90:10:00

Substrate
PLy
PWCw
BCv

80:20:00

PL
PWC
BC

19

12

pH
ll6.6 bx
6.7 a
6.7 a

EC
1.04 a
0.80 b
1.04 a

pH
6.6 b
6.7 a
6.6 b

EC
1.07 a
1.04 a
1.11 a

pH
6.6 a
6.6 a
6.6 a

EC
0.66 a
0.66 a
0.66 a

6.8 a
6.8 a
6.8 a

1.05 a
0.80 a
b0.88 ab

6.6 b
7.0 a
6.8 b

b1.03 ab
0.92 b
1.06 a

6.8 a
6.9 a
6.9 a

0.74 a
0.68 a
0.74 a

z

Ratio = peat substrate amended with PL, PWC or BC as specified percent ratios (v/v).
PL = peat amended with perlite.

y
x

Means separated within columns by DAP and ratio for chemical properties distribution by Least
Significant Difference (LSD), P ≤ 0.05. Means followed by the same letter are not significantly
different.
w

PWC = peat amended with pine-wood-chips, PWC is produced by chipping and hammer-milling
(6.35mm or 0.25 in. screen) loblolly (Pinus taeda L.) pine logs.
v

BC = biochar aggregate used in making substrates for this study; BC is produced by PWC
gasification.
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Table 2. Physical properties of all substrates used in a mini-Horhizotron experiment and particle size
distribution of the aggregates amended in the substrates.
Physical propertiesz
x
Air spacew
Total porosityv
Container capacity
y
(% vol)
(% vol)
(% vol)
Ratio
Substrate
u
t
l69.7 a
90:10
PL
21.1 a
90.8 a
70.2 a
21.1 a
91.3 a
PWCs
r
BC
72.0 a
20.2 a
92.0 a
80:20
PL
bb68.2 ab1
b21.9 ab
90.1 b
PWC
62.9 b
28.0 a
b91.0 ab
BC
lll71.2 a1
20.5 b
91.7 a
q
Particle size distribution (% weight)
X-Large
Large
Medium
Fine
(>6.3 mm)
(6.3>2.0 mm) (2.0>0.5 mm)
(≤0.5 mm)
PLp
ll0.12 bo
60.36 b
28.78 b
10.74 a
n
1.56 a
78.95 a
l 19.03 c1
0.46 b
PWC
BCm
0.37 b
48.88 b
46.44 a
B 4.39 ab
z

Physical properties data were collected from three samples per substrate and represented as means.
Analysis performed using the North Carolina State University Porometer method (Fonteno et al., 1995).
y
Ratio = peat substrate amended with PL, PWC or BC as specified percent ratios (v/v).
x

Container capacity = (wet weight – oven dry weight)  volume of the sample.
Air space = volume of water drained from the sample  volume of the sample.
v
Total porosity = container capacity + air space.
u
PL = peat amended with perlite.
t
Means separated within columns by ratio for physical properties by Least Significant Difference (LSD), P
≤ 0.05. Means followed by the same letter are not significantly different.
s
PWC = peat amended with pine-wood-chips, PWC is produced by chipping and hammer-milling (6.35mm
or 0.25 in. screen) loblolly (Pinus taeda L.) pine logs.
r
BC = peat amended with biochar, BC is produced by PWC gasification.
q
Particle size distribution data were collected from four samples per aggregate and represented as mean
percent by weight of the samples. Analysis performed using Ro-tap Shaker (Model B, W.S. Tyler, Mentor,
Ohio) fitted with seven sieves; 6.3 mm (0.25 in.), 2mm (0.08 in.), 0.71 mm (0.03 in.), 0.5 mm (0.02 in.),
0.25 mm (0.009 in.), and 0.106 mm (0.004 in.).
p
PL = perlite aggregate used in making substrates for this study.
o
Means separated within columns for particle size distribution by Least Significant Difference (LSD), P ≤
0.05. Means followed by the same letter are not significantly different.
w

n

PWC = pine-wood-chip aggregate used in making substrates for this study; PWC is produced by
chipping and hammer-milling (6.35mm or 0.25 in. screen) loblolly pine logs.
m

BC = biochar aggregate used in making substrates for this study; BC is produced by PWC gasification.
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Days after planting
Figure 1. Root length measurements (1 cm = 0.394 in.) of tomato (Solanum
lycopersicum ‘Roma’) plants in mini-Horhizotrons when grown in (A) 90% (v/v) peat
amended with 10% of perlite (PL), pine-wood-chips (PWC) or biochar (BC) with error
bars representing means separation (P≤0.05). (B) Root length measurements of plants
in the mini-Horhizotrons when grown in 80% (v/v) peat amended with 20% PL, PWC or
BC, with error bars representing means separation (P≤0.05). Letters next to substrate
represent linear regression significance; L*** represents significant linear effects when
P≤0.001.
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A

0.8

a

Root dry mass (g)

0.7
0.6

a

a

0.5
0.4
0.3
0.2
0.1
0
10 PL

B

0.8

Root dry mass (g)

0.7

10 PWC
Substrate

10 BC

a
a
a

0.6
0.5
0.4
0.3
0.2
0.1
0
20 PL

20 PWC
Substrate

20 BC

Figure 2. Root dry mass of tomato (Solanum lycopersicum ‘Roma’) plants grown in miniHorhizotrons. (A) Root dry mass of plants grown in 90% (v/v) peat amended with 10%
perlite (PL), pine-wood-chips (PWC) or biochar (BC). (B) Root dry mass of plants grown
in 80% (v/v) peat amended with 20% PL, PWC or BC. Means separated across
substrates by ratio by Least Significant Difference (LSD; P ≤ 0.05), and same letter
indicates means are not significantly different.
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Significance to Industry: Currently, Easter lily, or other potted flower producers,
depend greatly on the sphagnum peat-based substrate (1). Impact to the wetland
ecosystem caused by peat harvest cannot be neglected; therefore, the need to replace
peat-based substrate is increasing. This study demonstrated the possibility of reducing
peat in container substrates with biochar. The effects of peat-based substrate amended
with five percentages of biochar (0%, 20%, 40%, 60% and 80% by volume) and four
fertigation regimes (200 ppm constant feeding, 300 ppm constant feeding, 200 ppm at
every three watering, and 300 ppm at every three watering) were evaluated for Easter
lily production. There was no interaction between biochar percentages and fertigation
regimes on plant growth and development. Fertigation regimes did not have significant
effects on plant height, plant dry weight or the number of days before full bloom,
although plants treated with 200 and 300 ppm constant feeding had higher SPAD
readings compared to those fertigated (200 and 300 ppm) at every three waterings. The
results from the experiment showed that the growth and development of Easter lily
plants grown in substrates amended with biochar were equal or slightly better compared
to those grown in peat-based substrate.
Nature of Work: Easter lily is an important potted flowering crop in North America (1).
The peat-based substrate is the most commonly used container substrate, but peat
bogs are generally considered as fragile environments and shortages of peat have been
reported in recent years (2). Therefore, renewable resources were explored to replace
peat as a container substrate component, including biochar.
Biochar is a by-product of a pyrolysis process that utilizes renewable biomass. This
procedure is carbon-negative (3), therefore it could be a desirable container substrate
for the nursery industry. Research suggested biochar increased water (4) and nutrient
retention (5), and improved soil physical properties, which resulted in improving crop
performance (6).
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This experiment was conducted in a glass greenhouse located on Texas A&M
University campus at College Station, TX, from December 17, 2013 (week 1 of
experiment) to April 18, 2014 (week 18). The pre-chilled Easter lily bulbs were obtained
from Gloeckner (Fred C. Gloeckner & Company Inc., Harrison, NY), and were potted on
December 17, 2013 in six-inch plastic pots (1680 ml) with Sunshine Mix #1 (Sun Gro
Horticulture, Agawam, MA) amended with 0%, 20%, 40%, 60% or 80% biochar (by
volume). Four fertigation regimes were evaluated: 200 ppm or 300 ppm constant
feeding and 200 ppm or 300 ppm at every first watering (in a three-watering circle). The
fertilizer used in this experiment was a water soluble fertilizer 15N-2P-12K (Peters 15-515; ScottsMiracle-Gro Company, Marysville, OH). After potting all pots were fertigated
at 400 ppm. At January 6 (week 4), four fertigation regimes were initiated. Banrot 40
WP (ScottsMiracle-Gro Company, Marysville, OH) and a mixture of Truban 30 WP
(ScottsMiracle-Gro Company, Everris NA Inc, Marysville, OH) and Cleary's 3336 F
(Cleary Chemicals LLC, Dayton, NJ) were applied monthly at the labeled rate to prevent
root rot disease.
Easter lily stems emerged above the substrate surface after week 5. Plant height (from
the substrate surface to the top of a plant) was measured biweekly from week 6 to week
16. The first day of full bloom was recorded. The SPAD readings of three fully expanded
green leaves per plant were taken from three plants per treatment in weeks 15, 16 and
17. Plants were harvested on April 18, 2014. Lengths of stem with brown leaves, yellow
leaves or green leaves were measured. Plants were dissected into flowers, stems and
leaves, and dry weight was recorded after oven-dried at 80 ºC until constant weight.
This experiment utilized a split-plot design with fertigation regimes as the main plot and
biochar percentages as the subplot with eight replications per treatment. The responses
of Easter lily to different biochar percentages and fertigation regimes were analyzed by
a two-way analysis of variance (ANOVA version 9.4; SAS Institute, Cary, NC), and
means were separated by Student Newman Keuls’ test (SNK) at 5% significance level.
Results and Discussion: There was no interaction between the percentages of
biochar and fertigation regimes on any measured parameters (Table 1 and Table 2).
Fertigation regimes did not have a significant effect on plant height from week 6 to week
18. The effects of biochar on plant height was significant from week 6 to week 14, and
not significant in week 16 and week 18. Plants grown in substrates amended with 20%
and 40% biochar had greater height than those in 80% biochar from week 6 to week 14.
Plants grown in substrates amended with up to 60% biochar had equal or greater
heights compared to those in 0% biochar from week 6 to week 18 (Table 2).
Fertigation regimes had a significant effect on leaf dry weight (Table 1 and Table 3), and
plants under constant feeding (200 or 300 ppm) had higher leaf dry weight than those
under fertigation (200 or 300 ppm) at every three watering (Table 3). Fertigation also
had significant effects on plants SPAD reading from week 15 to week 17. Plants under
200 or 300 ppm constant feeding were not significantly different, and plants fertigated
with 200 ppm at every three watering had the lowest SPAD reading from week 15 to
week 17 (Table 1 and Table 4). However, plants were not visually affected by lower
SPAD readings.
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Biochar percentages had significant effects on the total stem length and length of stems
with brown and yellow leaves. Both length of stem with brown leaves and length
of stem with yellow leaves were significantly affected by biochar percentages and
fertigation regimes (Table 1 and Table 5). Plants under constant feeding (200 or 300
ppm) had shorter stems with brown leaves but longer stems with yellow leaves than
fertigation (200 or 300 ppm) at every first watering (in a three-watering circle). Plants
grown in substrates amended with 20% and 40% biochar had greater total stem length,
length of stem with brown leaves, length of stem with yellow leaves, and length of stem
with brown and yellow leaves than those in 80% biochar. Plants grown in substrates
amended with 20%, 40%, and 60% biochar had equal or greater total stem length,
length of stem with brown leaves, length of stem with yellow leaves, and length of stem
with brown and yellow leaves compared to those in 0% biochar. However, 80% biochar
had the similar or higher ratios of length of stem with green leaves on the total stem
length (Table 5). The possible cause of yellow leaves might be the presence of perlite
(1) in Sunshine Mix #1 (Sun Gro Horticulture, Agawam, MA).
Overall, biochar percentages and fertigation had no interacting effects on plant growth
and development. Also, neither treatment affected the number of flowers, the number of
days before full bloom, and flower dry weight, in this experiment.
Fertigation regimes affected SPAD reading and leaf dry weight of Easter lily plants.
These results suggest that constant feeding was better than fertigation at every first
watering (in a three-watering circle).
Before week 14, plant height in substrates amended with 20%, 40%, and 60% biochar
were not significantly different from those in 0% biochar, and after week 14 (from week
16 to week 18), there were no significant differences among all biochar percentage (080%). Easter lily grown in 80% biochar had the highest ratios of green leaves on the
total stem length; which might result from lower perlite ratio in the substrates. Results
indicated that biochar could replace a significant portion of the substrate that is normally
peat-based in Easter lily production.
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Table 1. Analysis of variance (ANOVA) showing total stem length (TSL), flower dry weight (FDW), leaf dry weight
(LDW), stem dry weight (SDW), total dry weight (TDW = FDW+LDW+SDW), the number of flowers (NF), the number of
days before full bloom (NFB), total number of leaves (NL), length of stem with brown leaves (LSB), length of
stem with yellow leaves (LSY), length of stem with green leaves (LSG), the summation of LSB and LSY, the ratio of
LSG/TSL, and SPAD reading (week 15, week 16, and week 17) of Easter lily grown in substrate amended with five
different ratios of biochar and fertigated at four different regimes.
Flowering and Growth Data
Treatment
Fertigation
Biochar
Biochar x Fertigation
z

SPAD
TSL FDW LDW SDW TDW NF NFB NL LSB LSY LSG LSB+LSY LSG/TSL Week 15 Week 16 Week 17
NSz NS
***
NS
NS NS NS NS *** *** NS
NS
NS
***
***
***
**
NS
NS
NS
NS NS NS NS **
**
NS
***
**
NS
NS
NS
NS
NS
NS
NS
NS NS NS NS NS NS NS
NS
NS
NS
NS
NS

NS (nonsignificant) or significant at P ≤ 0.01 (**), or 0.001 (***).
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Table 2. Plant height (from the substrate surface to the top of plants) of Easter lily grown in
Sunshine Mix #1 amended with five different percentages of biochar and fertigated at four
regimes from week 6 to week 16. Flower buds emerged after week 14.
Height (cm)
Week
Week
Week
Week
Treatment
Week 6 Week 8
Week18
10
12
14
16
Biochar
0%

8.2 bz

14.4 b

18.0 a

22.6 a

27.8 ab

35.3 a

41.0 a

20%
40%
60%
80%

8.9 a
8.5 ab
7.9 bc
7.4 c

15.8 a
15.0 ab
14.1 b
12.9 c

19.5 a
19.2 a
18.4 a
16.6 b

23.7 a
23.7 a
22.8 a
20.4 b

29.5 a
29.4 a
27.9 ab
26.0 b

36.2 a
36.3 a
35.4 a
33.9 a

42.6 a
43.0 a
41.5 a
39.8 a

NSy
***
NS

NS
***
NS

NS
***
NS

NS
***
NS

NS
***
NS

NS
NS
NS

NS
NS
NS

Significance
Fertigation
Biochar
Biochar x Fertigation
z

Means within a column followed by the same letter are not significantly different according to Student
Newman Keuls’ multiple comparison (P ≤ 0.05).
y
NS (nonsignificant) or significant at P ≤ 0.001 (***).

Table 3. The leaf dry weight (LDW) of Easter lily grown in Sunshine Mix #1 amended with five
different percentages of biochar and fertigated at four regimes. All data were collected at 18
weeks after bulb were potted.
Treatment
LDW (g)
Fertigation
200 ppm
4.2 az
300 ppm
4.3 a
200 ppm /3 watering
3.7 b
300 ppm /3 watering
3.8 b
z

Means within a column followed by the same letter are not significantly different according to Student
Newman Keuls’ multiple comparison (P ≤ 0.05).

Table 4. SPAD reading at Week 15, 16, and 17 of Easter lily grown in Sunshine Mix #1
amended with five different percentages of biochar and fertilized at four fertigation regimes.
SPAD
Treatment
Week 15 Week 16 Week 17
Fertigation
200 ppm
52.5 az
56.7 ab
58.7 a
300 ppm
52.4 a
58.1 a
59.7 a
200 ppm /3 watering
48.7 b
54.0 c
52.1 c
300 ppm /3 watering
50.7 ab
55.2 bc
55.8 b
z

Means within a column followed by the same letter are not significantly different according to Student
Newman Keuls’ multiple comparison (P ≤ 0.05).
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Table 5. Total stem length (TSL), length of stem with brown leaves (LSB), length
of stem with yellow leaves (LSY), the summation of LSB and LSY, and the ratio of length of
stem with green leaves (LSG) on TSL of Easter lily grown in Sunshine Mix #1 amended with five
different percentages of biochar and fertilized at four fertigation regimes. All data were collected
at 18 weeks after bulb were potted.
Treatment
Fertigation

TSL

LSB

LSY

LSB+LSY

LSG/TSL (%)

200 ppm

27.4 az

4.8 b

6.7 a

11.5 a

58.0 a

300 ppm
200 ppm /3
watering
300 ppm /3
watering

27.7 a

4.7 b

6.8 a

11.5 a

58.6 a

26.1 a

6.0 a

4.7 b

10.7 a

58.9 a

25.8 a

5.7 a

4.5 b

10.1 a

60.3 a

26.7 ab
27.7 a
27.5 a
26.5 ab
24.6 b

5.6 ab
5.9 a
5.5 ab
4.5 c
4.9 bc

5.3 ab
6.4 a
6.6 a
5.5 ab
3.8 b

10.9 ab
12.3 a
12.1 a
10.0 bc
8.7 c

58.6 abc
54.8 c
59.1 bc
62.3 ab
64.4 a

Biochar
0%
20%
40%
60%
80%
z

Means within a column followed by the same letter are not significantly different according to Student
Newman Keuls’ multiple comparison (P ≤ 0.05).
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Significance to Industry: The production of high quality container-grown nursery
plants requires adequate but not excessive nutrients and water during production. With
water restrictions and increased energy and fertilizer cost, the need for more efficient
use of water and fertilizers is intensified. An efficient water and nutrient management
program is challenging due to varying plant requirements and differing water and
nutrient holding capacity of substrates used in nursery container production. Results of
this study indicated that 210 ppm nitrogen (N) is sufficient for the production of
hydrangea plants considering no difference in plant growth (PGI, dry weights, N content,
photosynthetic performance) was found between plants fertilized with 210 ppm and 280
ppm N.
Nature of Work: Given the knowledge that N is the most important nutrient element for
plant growth and that it is often the limiting factor (2), nursery growers tend to apply high
levels of N fertilizer to avoid potential N deficiency. However, over-fertilization can be
detrimental to plant growth due to potential salt accumulation under water shortage, or
cause considerable loss of nutrients and environmental issues due to excessive
irrigation. With sufficient nutrient supply, water availability can be a limiting factor for
nutrient uptake by changing the conductivity of rhizosphere solution (4). Nutrient
availability to plant roots in response to different N rates and irrigation frequency
conditions has not been well clarified for hydrangea (1, 3). The objective of this study
was to investigate the effect of N rate and irrigation frequency on plant growth and
nutrient uptake of container-grown Hydrangea macrophylla ‘Merritt’s Supreme’.
This study was conducted at Mississippi State University (Lat. 33° 27’ 20” N; Long. 88°
47’ 25” W). Rooted Hydrangea macrophylla ‘Merritt’s Supreme’ cuttings were potted into
Elite/Ultra Azalea pots (17.8 cm in diam., 12.7 cm in height, 2100 cm3 in volume; ITML
Horticultural Products, Inc., Brantford, Ontario, Canada) containing Sun Gro 4 (Sun Gro
Horticulture, Bellevue, WA) in July 2013 and grown outdoors under shadecloth (40%
shade). Starting in early August, plants were fertilized twice a week with 250 ml of
modified Hoagland’s solution containing one of five N concentrations (0, 70, 140, 210,
280 ppm N from NH4NO3). All plants were watered through a drip-irrigation system with
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half plants receiving one irrigation at 8:00 A.M. and the other half receiving two
irrigations at 8:00 A.M. and 2:00 P.M. with the same total volume of water received by
each plant per day.
Plants were measured for height, widths (width 1 (widest point) and width 2 (width
perpendicular to width 1)), and SPAD every two weeks during the growing season.
Plant growth index (PGI) was calculated by averaging plant height and the two widths.
Daily water use (DWU) was calculated as the difference in container weight 0.5 h after
irrigation and 24 h after irrigation. Plants were destructively harvested in late November
2013, divided into roots, stems, and leaves, and oven-dried at 60C. Dry weight of each
plant’s tissue was recorded. Samples were then ground for nutrient analysis using a
Wiley mill. Plants were measured for photosynthetic rate (Pn) and stomatal
conductance (gs) between 10:00 A.M. and 1:00 P.M. using a LI-6400 portable
photosynthetic system (LI-COR Inc., Lincoln, NE) from September to October.
This study was set up in a randomized complete block design with five replications in
each treatment combination. All data were analyzed in a factorial design using ANOVA,
with N rate and irrigation frequency as the main effects. When indicated by ANOVA,
means were separated using Fisher’s Least Significant Difference test at P ≤ 0.05. All
analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC).
Results and Discussion: N rate had a significant effect on plant growth of hydrangea.
In general, plants receiving higher N rates had greater PGI, SPAD readings, and total
dry weights than plants receiving lower N rates, with no difference between 210 and 280
ppm N treatments (Table 1). Irrigation did not have an influence on PGI, SPAD, or plant
dry weights. There was no interaction between N rate and irrigation frequency. DWU
was affected by N rate. Plants treated with 210 ppm or 280 ppm N had greater DWU
than plants treated with 0 or 70 ppm N (Table 1).
Generally, higher N fertilization resulted in greater tissue N concentration (data not
shown) and content regardless of tissue type. Plants fertilized with 210 or 280 ppm N
had greater N content in root, stem, leaf and the whole plant than those fertilized with 0
or 70 ppm N (Table 2).
Irrigation frequency did not have an influence on Pn. On Sep 10, Pn increased as N rate
increased from 0 to 140 ppm, and from 140 to 280 ppm. (Table 1). There was no
difference in stomatal conductance (gs) among treatment combinations (data not
shown), suggesting irrigation frequency (one or two irrigations per day) did not result in
a difference in water availability to hydrangea plants.
Without being exposed to significantly different water stress induced by the two
irrigation frequencies, plant N uptake may not have been limited by substrate water
availability, thus N was the primary factor having a significant effect on most growth
parameters at harvest, sharing a similar increasing trend as N rate increased. However,
210 ppm N may be the economic choice since there wasn’t a significant difference in
most growth parameters between plants treated with 210 or 280 ppm N.
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Table 1. Effects of nitrogen (N) rate on plant growth index (PGI), SPAD, daily water use
(DWU), plant total dry weight (TDW), and net photosynthesis rate (Pn) in Hydrangea
macrophylla ‘Merritt’s Supreme’.
N rate (ppm)
0
70
140
210
280

PGI z (cm)
20.80 c x
21.73 c
23.95 b
24.95 ab
26.03 a

SPAD y
29.0 b
30.5 b
34.3 a
34.4 a
36.3 a

TDW (g)
15.31 c
15.98 c
22.82 b
24.93 ab
26.59 a

DWU (ml)
60 c
74 bc
77 b
95 a
100 a

Pn (µmolCO2m-2s-1)
22.3 c
24.47 c
28 b
27.82 b
31.59 a

z

PGI = (height + width 1 + width 2)/3
PGI, SPAD, and DWU data presented in the table are all from Nov 4, 2013; Pn data is
from Sep 10, 2013.
x
Means separation within columns. Means with the same letters are not significantly
different according to Fisher’s protected LSD at P ≤ 0.05.
y

Table 2 Effects of N rate on N content of stem, leaf, root and the whole plant of
Hydrangea macrophylla ‘Merritt’s Supreme’.
N rate
(ppm)
0
70
140
210
280
z

Stem N content
(mg)
20.3 c z
25.0 c
30.2 b
34.0 b
41.8 a

Leaf N content
(mg)
63.8 c
69.2 c
118.0 b
135.0 ab
151.0 a

Root N content
(mg)
45 d
60 c
73 b
88 a
92 a

Total N content
(mg)
129.1 c
154.2 c
221.2 b
257.0 a
284.8 a

Means separation within columns. Means with the same letters are not significantly
different according to Fisher’s protected LSD at P ≤ 0.05.
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Effects of Hydrogels on Timing and Severity of Wilt in Container-grown Annuals
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North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695
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Index Words: dewpoint potentiameter, permanent wilt
Significance to Industry: Hydrogels have shown potential to increase water retention
of media and to reduce irrigation frequency (3), and can potentially increase available
water when incorporated into a medium (5). Different sizes of these gels are available
but the effects of particle size are not well documented. Extending the time between
waterings would be particularly useful in post-production by improving quality and
survival of herbaceous plants in the retail sales area for consumers. The purpose of this
study was to assess the response of two annual crops with different irrigation
requirements (coleus and vinca) to hydrogel in two different sizes. In addition, this study
showed that water potential values for vinca reached well beyond the traditional
permanent wilting point range, which may indicate a need for more study of water
potentials at or near what is considered permanent wilt.
Nature of Work: Hydrophilic polymers (hydrogels) are added to horticultural substrates
to increase water-holding capacity and aeration, and to reduce watering frequency
(3).There are studies that demonstrate that hydrogels have the potential to delay wilting
in container crops and extend crop life and quality during the postproduction periods for
the plant, which would reduce labor costs, watering needs, and crop loss in retail outlets
(4). However, there are other studies that show either no effect or a detrimental effect of
hydrogels in plant performance (4). There is little data on whether or not the particle size
of hydrogels has any influence on plant performance.
The term plant available water refers to water being held on to a substrate at a suction
low enough so that plants are able to uptake it for use. In field soils, plant available
water is water held at suctions less than -1.5 MPa, beyond which water would be
unavailable and held as the permanent wilting percentage (PWP). However, this value
can vary depending on the plant species between -1.0 and 2.0 MPa (2). PWP is a term
used to describe the point at which substrate water potential is too large for plants to
pull moisture from the soil to recover. Several studies have shown the ability of plants to
recover past the accepted PWP (1, 6).
Recently the WP4C dewpoint potentiameter (Decagon, Pullman, WA ) has been shown
to produce water potential readings for highly porous soilless container substrates at
high potentials more accurately than previous methods, such as the 15 bar pressure
plate (2,6). The WP4C dewpoint potentiameter measures the dewpoint of the substrate
and calculates the water potential of the sample.
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The experiment was implemented on 19, February 2014 at the Teaching Greenhouse at
North Carolina State University. Forty-eight plugs each of Coleus (Solenostemon
scutellarioides ‘Kong Salmon Pink’), and Vinca (Catharanthus roseus ‘Cora Apricot’)
were potted into substrates containing 3 parts peat moss: 1 part vermiculite: 1 part
perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of two different particle
sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of a potassium polyacrylate
cross-linked powder hydrogel (Stockosorb 660, Evonik Corporation, Garyville, LA).
Plants were placed on a greenhouse bench and arranged in a complete randomized
block design with nine replications per treatment. Plants were hand watered as needed
with 200 ppm N derived from 20-10-20 Peat-Lite Special fertilizer (The Scotts Co.
Marysville, OH). To assess wilt, plants were placed in a large plastic tub to saturate the
substrate before allowing the plants to dry down (6, May 2014 for coleus; and 8, May
2014 for vinca). Tap water was incrementally added to the tub to saturate the substrate
until the water level reached just below the rim of the containers. The containers were
allowed to saturate for ten minutes, then they were removed from the tub, allowed to
drain for 10 minutes, weighed, and placed on a greenhouse bench. Plants were not
irrigated and were allowed to dry under normal greenhouse conditions so that the
degree of wilt could be observed. Wilting stages were visibly determined as follows:
stage one – initial flagging, stage 2– leaves/petioles drooping (approximately 45°)
towards the stem, and stage 3 – complete reduction of leaf surface and loss of turgidity.
As plants reached each of the three wilting stages the substrate was sampled by
removing the plants from their containers and extracting a 1-2 cm deep, 2 cm wide
column of substrate from the entire profile of the root ball. Three replications of each
plant species at each wilting stage were collected. Roots were removed from the
substrate samples and the samples were placed in 3.7 x 1.1 cm stainless steel sample
cups (Decagon, Pullman, WA) which were then placed in the dewpoint potentiameter to
determine the water potential of the individual samples. Samples were weighed
immediately after measurement in the dewpoint potentiameter, then dried in a forced air
oven at 105°C and weighed again to determine moisture content. After the substrate
sample was removed from each plant, the plant was irrigated and observed for visual
signs of recovery. After all three stages of wilt were finished and plants recovered,
shoots were harvested, dried, and weighed. Data were analyzed using Tukeys
Studentized Range Test (p ≤ 0.05) (SAS Institute version 9.1, Cary, NC).
Results and Discussion:
Coleus wilted quickly, taking only 48 hours to go from complete saturation to stage 3
wilt. However, plants with either hydrogel took twice as long to exhibit stage 1 wilt than
controls. Plants grown in the control substrate reached stage one wilt after 11.7 hours,
whereas the plants grown in the substrates with small and large hydrogels took 22.2
and 22.5 hours, respectively (Figure 1). Although the mean for the controls to reach
stage 1 was 11.3, the individual plant values were 6.63, 6.1 and 22.35 hours.
Therefore, there was no means separation at stage 1 due to the variation, but clearly
there was a horticultural difference in 2 of the 3 plants. Stage 2 occurred between 26
and 27 hours with stage 3 happening 48 to 51 hours after saturation. There were no
treatment differences at stages 2 or 3. Moisture content decreased between stages 1, 2
and 3, but there were no treatment differences (Figure 3). Water potentials for stages 1

Container Grown Plant Production

38

SNA Research Conference Vol. 59 2014

and 2 were similar, between -0.4 and -0.5 MPa (Figure 5), and -0.9 MPa for Stage 3.
However, there were no effects of the gels over controls for water potential. Plant dry
weights were similar between 40 to 43 grams for all treatments (Figure 7). All plants
recovered within 3 hours after being irrigated at all stages and all treatments.
Vinca took substantially longer before reaching stage 1 wilt compared to coleus (Figure
2). Vinca plants reached stage 1 between 93 and 103 hours after saturation which
illustrates its heat and drought tolerance compared to coleus. Although the controls
reached stage 1 over 10 hours before the gel treatments, there was no statistical
differences. However, the controls did reach stage 2 sooner than the large and small
gel treatments (119, 134, and 144 hours, respectively). Stage 3 was reached at 165,
178 and 187 hours for the control, large and small gel treatments, respectively.
However, these were not statistically separate. Moisture content at wilt was much lower
than Coleus at all stages of wilt (Figure 4). Vinca reached stage 1 at 20 – 25% moisture,
stage 2 at 15 – 18% and stage 3 at 15 – 20% moisture. There were no differences
among treatments for moisture content or water potential within wilting stages.
Although there were no treatment differences, water potentials during wilting were much
higher for vinca than for coleus (Figure 6). Stage 1 was reached at -10 MPa while
coleus was only -0.4 MPa. Stage 2 occurred at water potentials between -15 and -21
MPa, while stage 3 went as high as -30 MPa. These values are much higher than the 1.5 MPa value usually regarded as where permanent wilt occurs. However, all plants at
all stages recovered within 3 hours of rehydration. Shoot dry weight was highest for the
plants grown in the control mix, and lowest for plants grown in the largest size hydrogel
(Figure 7).
There was a marked difference in the time to wilt, moisture content and water potentials
between coleus and vinca. Gel size did not seem to make a difference in the way
plants dried. There was a 10 hour extension between saturation and stage 1 wilt for
both species with the gel treatments. Vinca reached water potentials not previously
reported and much greater than traditional values for permanent wilt with total plant
recovery.
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Figure 1. Hours taken to reach the three stages of wilt for coleus (Solenostemon
scutellarioides ‘Kong Salmon Pink’) grown in substrates containing 3 parts peat moss: 1
part vermiculite: 1 part perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of
two different particle sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of
hydrogel.
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Figure 2. Hours taken to reach the three stages of wilt for vinca (Catharanthus roseus
‘Cora Apricot’) grown in substrates containing 3 parts peat moss: 1 part vermiculite: 1
part perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of two different
particle sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of hydrogel.
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Figure 3. Moisture content of substrate samples of coleus (Solenostemon
scutellarioides ‘Kong Salmon Pink’) grown in substrates containing 3 parts peat moss: 1
part vermiculite: 1 part perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of
two different particle sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of
hydrogel.
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Figure 4. Moisture content of substrate samples of vinca (Catharanthus roseus ‘Cora
Apricot’) grown in substrates containing 3 parts peat moss: 1 part vermiculite: 1 part
perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of two different particle
sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of hydrogel.
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Figure 5. Substrate water potential for coleus (Solenostemon scutellarioides ‘Kong
Salmon Pink’) grown in substrates containing 3 parts peat moss: 1 part vermiculite: 1
part perlite, with no hydrogels incorporated (control) or with 34 g/ft3 of two different
particle sizes (small: 0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of hydrogel.
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Figure 6. Substrate water potential for vinca (Catharanthus roseus ‘Cora Apricot’) grown
in substrates containing 3 parts peat moss: 1 part vermiculite: 1 part perlite, with no
hydrogels incorporated (control) or with 34 g/ft3 of two different particle sizes (small:
0.2mm – 0.8mm, and large: 0.8mm – 2.0mm) of hydrogel.
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Figure 7. Shoot dry weight of coleus (Solenostemon scutellarioides ‘Kong Salmon Pink’)
and vinca (Catharanthus roseus ‘Cora Apricot’) grown in substrates containing 3 parts
peat moss: 1 part vermiculite: 1 part perlite, with no hydrogels incorporated (control) or
with 34 g/ft3 of two different particle sizes (small: 0.2mm – 0.8mm, and large: 0.8mm –
2.0mm) of hydrogel.
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Significance to the Industry: Agricultural businesses use 540 million tons of plastics
with plastic containers (pots, flats, & trays) representing 59%. These plastics contribute
to carbon emissions, represent 8% of the world’s annual petroleum use (4% production,
4% transportation), create disposal issues (20% of solid landfill wastes by volume), are
expensive, and remain in the environment indefinitely. Because recycling options for
horticultural plastic containers are limited and reuse of plastic containers is not always
economically feasible, the industry must take advantage of opportunities to reduce the
volume of plastics used during crop production especially in honor of the name – ‘the
green industry.’ The PolyAmide + PLA (70/40) container provided by Iowa State
University (ISU) had some issues of remaining rigid in hot summer conditions. When
picked up it could bend and spill substrate. The one and no coat paper fiber pots did
not retain their structural integrity in the trial. Some had completely failed after the
winter with their bottoms completely detaching from the remainder of the pot when
picked up. The industry standard HDPE black pot used in this trial, performed
extremely well, as expected. The two-coat polyurethane (partially derived from plants)
paper-fiber pots; however, was statistically comparable for all measured variables to the
control HDPE pot, for both species investigated. The paper fiber pots are also readily
available, easily made, biodegradable and inexpensive.
Nature of Work: Alternatives to plastics include containers made of plant based fibers,
plant or animal proteins (bioplastics), and recycled by-products of various industries.
Little information about the performance of modern biodegradable pots (pots that
degrade in compost piles) or plantable pots (pots that degrade when planted directly in
the ground or buried beside the plant) exists in the scientific literature. Many horticultural
companies are successfully using such ‘green’ pots even though most alternative pots
currently on the market are yet to be examined in an applied setting. This lack of
information is a competitive disadvantage to nursery container producers and nursery
growers and is critical if the industry wants to properly utilize sustainable plant
containers on a long-term basis. The Society of the Plastics Industry (SPI) established
a classification system based on the numbers 1-7, in 1988. The SPI code, or number,
is placed on each plastic product and is usually molded into the bottom. The SPI
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number indicates what type of polymer was used to produce the item. Many nursery
containers are made from high density polyethylene (HDPE) with an SPI code #2 or
from polypropylene (PP) with an SPI code #5. The nursery HDPE containers are blowmolded and usually have a hole in the bottom of the container. HDPE resists breakage
in full sunlight which results in its utility in container nurseries. Many recyclers will not
take #5 plastics or #6 (which is polystyrene). Therefore, many #5 plastic containers will
be discarded into landfill sites. Reusing HDPE containers can only be done with proper
cleaning and sterilization. Most nurseries lack space required to store: 1) three types of
containers, (i.e., new unused, washed for reuse, and unwashed to be reused) and 2) to
hold containers, often in a converted truck trailer fed by a steam generator for several
days during the sterilization process. Only small, specialty nurseries with high profit
margins can consider the investment in the storage area required and the expense of
cleaning and sterilization required for reuse. Another limitation to container reuse is
return of the containers from end users. Nursery growers are not the end users of many
of these containers; landscape, retail operations and the public are the end users thus
there is a break in the ‘cycle’ part of ‘re-cycle.’
This research is in collaboration with ISU, and funded by USDA, Specialty Crop
Research Initiative. ISU has lead for years in the development of corn and soy based
plastics. The role of Ohio State University (OSU) in this project was to help understand
the usefulness of biodegradable and plantable pots in production, landscape, and
composting environments and to extend this information to the respective ‘green
industry’ sectors. The overall goal is to reduce commercial greenhouse and nursery
reliance on environmentally unfriendly and increasingly expensive plastic plant
containers through four assessments: 1) Biodegradation and pot impacts on plants
growth and quality produced in nursery sites; 2) Biodegradation, compostable and
plantable (‘green’) pots in nursery production settings; 3) Windrow and backyard
composting on the degradation of biodegradable pots; and, 4) Plantable pot impacts on
crop growth and pot degradation in landscapes. This paper deals with the first
assessment.
Materials and Methods: Two species were evaluated in the bio-plastic study at OSU
in 2013, Sedum pachyclados (dwarf stonecrop) and Forsythia ovata 'Northern Gold’.
The sedum was obtained from Millcreek Gardens LLC, Ostrander, OH as one, 80 cell
seedling plug tray, where each cell plug volume was 16cc, on April 24, 2013. The
forsythia was obtained as bare root liners from North Branch Nursery Inc., Pemberville,
OH, on April 24, 2013. The sedum and forsythia were potted into one gallon pots May
14, 2013. Eight one gallon containers of each of eight types of pots were shipped from
Iowa State University (ISU), Ames, IA on June 4, 2014 and were received at Ohio State
University (OSU), Columbus, OH, June 10, 2014. The bio-plastic trial was initiated on
June 14, 2013 with 8 pot types at OSU in a retractable roof greenhouse (Cravo,
Brantford, Ontario, Canada). The pots were placed on black geotextile ground fabric,
laid on top of a gravel bed, to prevent rooting into the gravel. Each pot type was
replicated 4 times in a completely randomized design. The pot types consisted of two
MirelTM (Metabolix®, Cambridge, MA) composites, MirelTM & lignin (80/ 20) (#11) and,
MirelTM P1008 (10% Starch) (#14-G); one polyamide composite and blend, PolyAmide +
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PLA (70/40) (#17); one Aspen Research Corporation (Maple Grove, MN) pots, Recycled
PLA # 2 (#24); one control, high density polyethylene pot (HDPE) (#26-G); and, three
coated fiber containers, Paper-fiber (Polyurethane - one coat) (#27-G), Paper-fiber
(Polyurethane - two coats) (#28-G) and Paper-fiber (Polyurethane – no coat) (29-G).
MirelTM, obtained from Metabolix®, is a bio-based Polyhydroxyalkanoaste (PHA). The
Mirel products used in this study are PHA/ lignin – cellulose fiber composites. The
cellulose and fibers are supplied from corn stover and dried distillers grains with
solubles (DDGS). DDGS is a co-product of the ethanol production process and is a
high nutrient feed valued by the livestock industry. When ethanol factories make
ethanol, they use only starch from corn and grain sorghum. The remaining nutrients protein, fiber and oil - are the by-products used to create livestock feed called DDGS. A
third of the grain that goes into ethanol production comes out as DDGS. Each bushel of
grain used in the ethanol-making process produces 2.7 gallons of ethanol; 18 pounds of
DDGS and 18 pounds of carbon dioxide. The poly lactic acid or polylactide (PLA) used
in this study is a thermoplastic aliphatic polyester produced from renewable resources,
such as corn starch through a fermentation process. PLA is the most widely used biobased and biodegradable polyesters. Polyamides are biodegradable poly-ester-amides
(PEAs) which are biomaterials derived from α-amino acids, diols, and diacids. PEAs
are promising materials for biomedical applications such as tissue engineering and drug
delivery because of their optimized properties and susceptibility for either hydrolytic or
enzymatic degradation. Because of their use in medicine these were also the most
expensive material used in the trial. The paper fiber pots used consist of no, one or two
coatings of polyurethane. The polyurethane used was manufactured in part with biomaterials.
Three evaluations were conducted at one month after potting (1 MAP), 2 MAP and 4
MAP. Evaluations consisted of rating the quality of the pots (including a measure of
integrity and rigidity), and plant quality (including a measure of growth and appearance),
on a scale of 0 to 10, where 10 is perfect and >7 is commercially acceptable. Dry
weights of plant roots and shoots were not taken at 4 MAP as an evaluation of plant and
pot was to be conducted post-overwintering in May, 2014.
Results and Discussion: For Forsythia, one coat polyurethane was statistically the
lowest quality pot compared over all evaluation dates (Table 1); however, for Sedum the
paper-fiber no polyurethane coating container was the lowest quality container (Table
1). The low pot quality of the one and no-coat polyurethane fiber containers included
assessing integrity (by lifting) and rigidity (by lifting). We hypothesized the no-coat
container would be have the shortest longevity regardless of species. We also
hypothesized that species would be non-significant for pot appearance. With the
Sedum, the plants were small and using less water early in the trial. The quality ratings
were much lower for Sedum (Table 2) in date 1 and 2 evaluations versus Forsythia
(Table 3). The Forsythia were larger and used more water and thus, the container
media was kept less saturated versus the Sedum. We speculate this is why species
was significant for pot appearance and why Sedum performed poorly with the no-coat
(Table 1). The Forsythia’s poor quality in the one-coat polyurethane containers (Table1)
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we speculate was the result of a low rating in the date 4 evaluation (Table 3). The
quality of Forsythia on the last date was statistically poorer in the no- and one- coat
pots, but not statistically different from one another. Because of the decline in tquality of
he Forsythia in the no- and one-coat pots the no-coat performed worse than expected
probably due to higher saturated conditions for the pot (Table 1). PolyAmide + PLA
(70/40) container had some issues with rigidity in hot summer conditions. Although
note-worthy, it did not severely impact the pot appearance rating combined over dates
(Table 1). When picked up, the PolyAmide + PLA (70/40) container would bend and
spill substrate. This was more of an issue for the Sedum (dwarf stonecrop) than for the
Forsythia. Sedum pachyclados is a ground cover sedum and true to this group is very
shallowly rooted. The S. pachyclados has long horizontal trailing stems that grow along
the surface of the soil and produces roots and shoots at the nodes or tips (2). This
shallow creeping root habit was prone to damage when the PolyAmide + PLA (70/40)
container would bend and spill when temperatures were highest (Table 2). The
disruption in growth was quite damaging to the Sedum (Table 2) versus the Forsythia
(Table 3). However, by the trial end, once the structural integrity of the pot was stronger
in the cooler temperatures of fall, the stonecrop (Table 2) was growing comparatively
well compared to the Forsythia (Table 3). The one and no coat paper fiber pots did not
retain their structural integrity in the trial. Some had completely failed after the winter
with their bottoms completely detaching from the remainder of the pot when picked up.
All plants in the trial died in the unusually severe winter conditions of 2013-2014. Dwarf
Stonecrop which was hardy to only -10F experienced temperatures of -11F
overwintering in January 2014. The ‘Northern Gold’ was developed by Agriculture
Canada and is known to have the hardiest of flower buds (3). However, roots are far
less hardy than shoots. Steponkus (1) found shoots of very hardy plants can be as
much as 15 degrees Fahrenheit hardier. The lack of hardiness of the roots systems
and subsequent death of all trial plants rendered plant growth evaluations impossible for
spring 2014 (as originally planned). The containers with acceptable structural integrity,
however, were retained and repotted with new species for 2014 evaluations. Pots that
had failed with their bottom collapsing when lifted were recorded and discarded.
Although, the Polyamides (PEAs) + PLA pots did well in this study for both species the
PEAs are becoming very expensive. The standard HDPE black pot used as the
industry standard also performed extremely well as expected. The two-coat
polyurethane was comparable to the control HDPE pot for both species. Trials in 2014
will focus more on the paper-fiber pots with two coatings. The paper fiber pots are also
readily available, easily made, biodegradable and inexpensive. We are continuing
these trials in 2014 at OSU and will be doing pot degradation and composting studies
as well.
Literature Cited
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Table 1. Container appearance mean ratings for seven bio-plastic container types
developed at Iowa State University, Ames, IA evaluated for appearance and averaged
over evaluation dates for two species of plants grown in 2014 at Ohio State University,
Columbus, OH compared to an HDPE (industry standard) trade gallon container.
Treatment
Mirel & Lignin
Mirel 1008
PolyAmide + PLA
Recycled PLA#2
HDPE trade-gallon (check)
Paper-fiber (polyurethane) (1 coat)
Paper-fiber (polyurethane) (2 coat)
Paper-fiber (polyurethane) (no coat)

Date 1
7.4≠ a
4.4 ab
2.8 ab
5.8 ab
2.4 b
5.0 ab
6.6 ab
4.5 ab

Date 2
9.8 a
4.4 abc
2.5 c
6.5 abc
4.0 b
7.8 abc
9.6 ab
5.0 abc

Date 4
4.0 b
7.7 ab
7.4 ab
4.0 b
8.8 a
4.5 b
6.0 ab
6.5 ab

Means with the same letters are not statistical different from one another using at
p> 0.05, lsmeans.
≠
Rating of container appearance is 0-10, where 10 is no visible appearance problems,
> 7 is commercially acceptable and 0 is a disintegrated container.
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Table 2. Plant quality means for Sedum pachyclados grown in seven bio-plastic
container types developed at Iowa State University, Ames, IA evaluated at three dates
in the 2014 growing season at Ohio State University, Columbus, OH compared to an
HDPE (industry standard) trade gallon container.

Treatment
Mirel & Lignin
Mirel 1008
PolyAmide + PLA
Recycled PLA#2
HDPE trade-gallon (check)
Paper-fiber (polyurethane) (1coat)
Paper-fiber (polyurethane) (2coat)
Paper-fiber (polyurethane) (no coat)

Forsythia ovata
'Northern Gold'
10.0≠ a
10.0 a
10.0 a
8.0
b
10.0 a
4.8
c
8.4
b
7.0
b

Sedum pachyclados
9.0
a
10.0 a
9.4
a
9.8
a
10.0 a
6.0
b
7.2
b
4.4
c

Means with the same letters are not statistical different from one another using at p>
0.05, lsmeans.
≠
Plant injury rating is 0-10, where 10 is no phytotoxicity, > 7 is commercially acceptable
and 0 is a dead plant.
Table 3. Plant quality means for Forsythia ovata 'Northern Gold' grown in seven bioplastic container types developed at Iowa State University, Ames, IA evaluated at three
dates in the 2014 growing season at Ohio State University, Columbus, OH compared to
an HDPE (industry standard) trade gallon container.
Treatment
Mirel & Lignin
Mirel 1008
PolyAmide + PLA
Recycled PLA#2
HDPE trade-gallon (check)
Paper-fiber (polyurethane) (one coat)
Paper-fiber (polyurethane) (two coat)
Paper-fiber (polyurethane) (no coat)

Date 1
10.0 ns
10.0 ns
10.0 ns
10.0 ns
10.0 ns
9.8 ns
10.0 ns
10.0 ns

Date 2
10.0 ns
10.0 ns
10.0 ns
10.0 ns
10.0 ns
10.0 ns
10.0 ns
10.0 ns

Date 4
5.8 ns
5.4 ns
6.5 ns
7.0 ns
6.8 ns
4.4 a
6.8 ns
4.7 a

Means with the same letters are not statistical different from one another using at p>
0.05, lsmeans; ns signifies non-statistically different
≠
Plant injury rating is 0-10, where 10 is no phytotoxicity, > 7 is commercially acceptable
and 0 is a dead plant.
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Physical and Hydrologic Properties of Processed Pine Bark and Wood
Ted C. Yap, Brian E. Jackson, William C. Fonteno, Joshua L. Heitman
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
tcyap@ncsu.edu
Index Words: processing, particle size, container, substrate
Significance to Industry: It is well known that substrate particle size distribution and
physical properties affect irrigation frequency, nutrient availability, air space and
container capacity. This research shows two common horticultural substrate
components, pine bark and pine wood have varying physical properties and water
release patterns at similar particle sizes. Physical properties of these materials can be
manipulated by adjusting variables in processing. Attention to processing is important
for attaining consistent properties. Bark particles hold more water than wood, most
likely due to their internal structure. Particle size distribution of pine bark or pine wood
does not guarantee that physical properties of those substrate materials will be similar,
even with identical processing. An understanding of bark and wood processing and
particle size is needed to produce substrates with desired physical and hydrologic
properties.
Nature of Work: Pine bark has been researched for decades, but little work has been
conducted on the processing of pine bark and the effects it may have on particle size
and physical properties when it is used as a substrate component. The size and shape
of milled pine bark has been shown to vary considerably (1). Measuring substrate
particle size distribution helps determine the physical nature and anticipated physical
properties of a substrate component (3,8). Altering particle size distribution of pine bark
has been shown to significantly affect water-holding characteristics (12).
Generally, in soils, plant available water is held on or between particles. However, with
organic materials, such as pine bark, it has been shown that individual particles can
hold water within internal pore spaces. Water within these internal pore spaces has
been shown to be available for plant use provided adequate root development has
occurred (9,11).
Processing fresh pine wood for use in plant production substrates has become more
common in recent years. However there is little research on the processing of pine
wood materials and how they relate to substrate physical properties and crop
production. Since pine wood particle size is created during the milling process,
producers have the ability to develop particle sizes specific to their needs (7).
Manipulating particle sizes and the resultant pore sizes within a substrate could allow
the engineering of a substrate with desired plant growing conditions (4). However, due
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to the lack of research in this area useful particle size distributions of wood-based
materials are currently unknown. The purpose of this study was to explore how
manipulating particle size affects substrate air and water relations in milled pine wood
compared to milled pine bark.
Unprocessed pine bark nuggets and coarse loblolly pine wood chips (Pinus taeda) were
acquired. Both materials were processed in a hammer mill (Meadows Mills, North
Wilkesboro, NC) at the Substrate Processing and Research Center located at the
Horticultural Field Laboratory on the campus of North Carolina State University located
in Raleigh, NC. The materials were processed through the mill with no screen inserted
to assure a wide variation of particle sizes (known to occur as experienced in personal
observations). To prevent moisture loss after milling, processed materials were sealed
in plastic 55-gallon drums for further testing.
For particle size distribution, three 100g samples of each material were dried at 105°C
for 48 hours and placed in a Ro-tap Shaker (Model B, W.S. Tyler, Mentor, OH) for 5
minutes with six sieve sizes of 6.3, 2, 0.71, 0.5, 0.25, and 0.106 mm and a pan at the
bottom to collect all materials that passed through the smallest sieve. Due to the
hydrophobicity of dried pine bark (2), and the need to keep the materials moist for
physical property testing, particle size distribution of representative moist samples for
both materials was obtained using the same method, on non-dried samples. Both pine
wood and pine bark were then sieved and grouped into four individual size fractions:
extra-large, > 6.3mm, large, < 6.3mm > 2mm, medium, < 2 > 0.5mm and fine, ≤ 0.5mm.
Physical properties of all sieve fractions of both the processed pine wood and pine bark
were determined using the North Carolina State University Porometer Method (5).
After sieving, the particle size fractions observed in the milled pine wood were reengineered in pine bark. This same process was then conducted on pine wood,
blending the fractioned material to have the same particle size distribution observed in
pine bark. All samples were hydrated to 60% moisture (w/w) except for the largest two
pine wood fractions, which were wetted to 50% (w/w) to represent appropriate wetness
for use in horticulture production and allowed to equilibrate for 24 hours. The above
physical properties were determined on the reengineered particle size materials.
Drying characteristics for the large (< 6.3mm > 2mm) and medium (< 2 > 0.5mm) sized
fractions of both materials were determined. Nine samples were taken from the large
and medium fractions of both pine wood and pine bark, for a total of 36 samples.
Samples were oven dried at 30°C. Three samples of each material were weighed at 2,
4 and 26 hours to determine moisture content. Data were analyzed using general linear
model procedures and regression analysis (SAS Institute version 9.3, Cary, NC). Means
were separated by least significant differences at P ≤ 0.05.
Results and Discussion: Particle size distribution of oven-dried material compared to
their moist counterparts was found to have no difference in the pine wood. Similarly, no
difference was found in the pine bark distributions except for the fine bark fractions of
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≤ 0.5mm in which a 5% loss was observed (Table 1). This can be accounted for by the
moisture present in the materials allowing a small percentage of the fines to stick to the
larger particles. Wood had inherently more large particles and less than half as many
fines than the bark.
Fewer fines resulted in almost twice the air space for wood (42%) compared to pine
bark (25%) with only slightly different bulk densities between the two (Table 2). When
pine bark was re-engineered with the same particle size distribution as pine wood,
reducing the number of fines by 13%, there was no observable difference in the water
holding characteristics. The physical properties of the pine wood changed considerably
when modified into the bark distribution, here increasing the amount of fines increased
the container capacity, which is expected (6).
Fines held more water than any other particles. Extra-large particles also behaved as
expected and were similar for both materials. Large and medium sized particles
collectively seem to hold approximately 20% more water in bark than in the wood
materials. A large amount of the water holding capacity seems to be held in these
middle two fractions. This may be accounted for by the internal cellular connections
and the amount of variation in size and structure that have been observed in milled bark
particles (1).
To address this difference in internal structure, the large and medium bark and wood
fractions were dried. The large bark particles hold more water than wood and dry at
approximately the same rate (Figure 1). However, the medium size bark and wood
materials have the same moisture content but dry differently (Figure 2). The bark held
more water at 2 and 4 hours of drying. This slower drying pattern is indicative of water
being held within the particles and having to dry from within. The large size material did
not exhibit this same pattern. Although the bark and wood used in this study were taken
from the same species it is evident that there are fundamental differences in their ability
to hold and release water. Wood may have less internal structure for holding water.
Further research needs to be conducted on the manufacture of wood materials for use
in horticultural substrates.
Literature Cited:
1. Airhart, D., N. Natarella, and F. Pokorny. 1978. The structure of processed pine bark
[Pinus taeda, Pinus elliottii]. J. Amer. Soc. Hort. Sci.
2. Beardsell, D. and D. Nichols. 1982. Wetting properties of dried-out nursery container
media. Scientia horticulturae 17(1):49-59.
3. Brown, E. and F. Pokorny. 1975. Physical and chemical properties of media
composed of milled pine bark and sand. J. Amer. Soc. Hort. Sci.
4. Drzal, M., D. Keith Cassel, and W. Fonteno. 1997. Pore fraction analysis: a new tool
for substrate testing.
5. Fonteno, W., C. Hardin, and J. Brewster. 1995. Procedures for determining physical
properties of horticultural substrates using the NCSU Porometer. Horticultural
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bark‐sand potting media from laboratory analyses of individual components.
Communications in Soil Science & Plant Analysis 23(9-10):929-937.
9. Pokorny, F.A. 1987. Available water and root development within the micropores of
pine bark particles. J.Environ.Hort 5(2):89-92.
10. Pokorny, F.A. and B. Henny. 1984. Construction of a milled pine bark and sand
potting medium from component particles II. medium synthesis. J. Am. Soc. Hort.
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11. Pokorny, F.A. and H. Wetzstein. 1984. Internal Porosity, Water Availability, and Root
Penetration of Pine Bark Particles. HortScience 19(3):447-449.
12. Richards, D., M. Lane, and D.V. Beardsell. 1986. The influence of particle-size
distribution in pinebark:sand:brown coal potting mixes on water supply, aeration and
plant growth. Scientia Horticulturae 29(1–2):1-14.
Table 1. Particle size distribution of pine bark and pine wood.
Extra–large
Large
Medium
Fines
Substrate
(>6.3mm)
(6.3 to
(2.0 to
(≤0.5mm)
2.0mm)
0.5mm)
Bark dry
4.3 az
30.5 b
29.2 c
40.5 a
Bark moist
5.0 a
27.3 b
32.3 bc
35.4 b
Wood dry
4.1 a
46.4 a
35.9 a
13.6 c
Wood moist
5.6 a
47.2 a
35.0 ab
12.2 c
z
Means separation between all materials by LSD, P<0.05. Means followed
by the same letter the same column are not significantly different.
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Table 2. Physical properties of milled pine bark, wood and the materials
when recreated with each other’s particle size distribution (PSD).
Total porosity
Container
Air space
Bulk density
Substrate
(% vol)
capacity
(% vol)
g/cc
(% vol)
Bark
81.3 bz
56.0 b
25.3 b
0.18 a
Engineered1
79.5 b
54.2 b
25.3 b
0.18 a
bark
Wood
87.9 a
45.6 c
42.3 a
0.16 b
2
Engineered
87.2 a
68.7 a
18.5 c
0.15 b
wood
Means separation between all materials by LSD, P<0.05. Means followed by
the same letter the same column are not significantly different.
1
Bark engineered to have particle size distribution originally found in wood of
5.6% extra-large, 47.2% large, 35% medium and 12.2% fine particles.
2
Wood engineered to have the particle size distribution originally found in
bark of 5% extra-large, 27.3% large, 32.3% medium and 35.4% fine
particles.
Table 3. Physical properties of four individual size fractions for milled pine
bark and wood.
Container
Total porosity
capacity
Air space
Bulk density
Substrate
(% vol)
(% vol)
(% vol)
g/cc
y
z
Bark x-large
83.6 abc
29.1 f
54.5 a
0.13 dc
Wood x-large
82.7 bc
26.1 f
56.6 a
0.18 a
Bark largex
82.7 bc
44.3 d
38.4 c
0.16 abc
Wood large
80.0 c
34.3 e
45.7 b
0.15 bcd
w
Bark medium
84.8 abc
65.4 b
19.4 e
0.17 ab
Wood medium
87.9 a
55.8 c
32.0 d
0.13 dc
Bark finesu
83.2 abc
74.2 a
9.0 f
0.19 a
Wood fines
87.2 ab
76.3 a
10.8 f
0.12 d
z
Means separation between all materials by LSD, P<0.05. Means followed
by the same letter the same column are not significantly different.
y
X-large particles > 6.3mm in diameter.
x
Large particles < 6.3mm > 2mm in diameter.
w
Medium particles < 2 > 0.5mm in diameter.
u
Fine particles ≤ 0.5mm in diameter.
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Drying Characteristics of Large
Diameter Bark & Wood
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Figure 1: Drying characteristics of large (< 6.3mm > 2mm in diameter) pine bark and
pine wood particles during oven drying. Vertical bars represent standard errors.
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Drying Characteristics of Medium
Diameter Bark & Wood
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Figure 2: Drying characteristics of medium (< 2 > 0.5mm in diameter) pine bark and
pine wood particles during oven drying. Vertical bars represent standard errors.
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Insecticide Compatibility with Liriomyza trifolii Parasitoid Diglyphus isaea
on Chrysanthemums
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2475 TAMU College Station Texas 77843
2
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Index Words: Compatibility test, integrated pest management, Diglyphus isaea,
Liriomyza trifolii, Chrysanthemum morifolium, azadirachtin, spirotetramat
Significance to Industry: The American serpentine leafminer, Liriomyza trifolii Burgess
(Diptera: Agromyzidae), is a pest of many ornamental and vegetable crops. The adult fly
uses her ovipositor to punch holes in leaves from which to feed or within which to
deposit her eggs (3). Immediately after hatching, a larva will begin feeding within the
mesophyll layer of the leaf thereby creating the characteristic “mine.” (3). Damage by L.
trifolii is unsightly to consumers of ornamentals and can cause significant yield reduction
in vegetable crops. Integrated pest management of a pest complex that includes L.
trifolii often relies on releases of the commercially available larval ectoparasitoid of
leafminers, Diglyphus isaea Walker (Hymenoptera: Eulophidae), combined with
applications of compatible insecticides targeting the remaining pest complex (2).
Research-based recommendations on which insecticides are compatible with which
natural enemies are frequently lacking and use of the wrong insecticides can reduce
natural enemy populations and their effectiveness in controlling their target pest. For
growers to maintain a cost effective L. trifolii biological control program that is minimally
disrupted by insecticides, we conducted the following study to assess the compatibility
of two insecticides with the use of D. isaea.
Nature of Work: Azadirachtin and spirotetramat are insecticides often used to control
pests of ornamental crops and have been selectively tested for compatibility with D.
isaea under laboratory conditions. One test showed that azadirachtin caused 5.7%
mortality to adult D. isaea in laboratory assays (4) and another found that both
insecticides caused between 30 and 79% adult D. isaea mortality (1). However, it is
uncertain how azadirachtin and spirotetramat affect parasitoid development as larvae or
if the insecticides can lead to a reduction in D. isaea population numbers under
greenhouse conditions. To address these shortcomings, the objective of this study was
to determine if spirotetramat and azadirachtin (as Kontos® and Azatin O® respectively,
OHP Inc., Mainland, PA) reduce the number of D. isaea completing development to
adults on L. trifolii infesting chrysanthemums.
This study was conducted in a greenhouse at the Biological Control Facility at Texas
A&M University, College Station, Texas. L. trifolii used for this experiment were reared
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continuously under laboratory conditions en masse on bean plants (Phaseolus vulgaris
L.) and Gerbera Daisies (Gerbera jamesonii Bolus) supplemented with honey under a
14:10 (L:D) photoperiod.
Chrysanthemum morifolium Ramat (a mix of cv. Sunset Orange and Calisto Pink, Ball
Seed, Chicago, IL) served as plant hosts for the L. trifolii hosts in this experiment.
Rooted cuttings were transplanted into four inch pots, (Sunshine® LC1 soil, Sun Gro
Horticulture, Agawam, MA) and grown following commercial horticultural practices but
without the use of any pesticides. Eight weeks after transplanting, all plants were placed
into a single cage (10’ length x 3.5’ width x 3.5’ height) and 960 adult L. trifolii were
released into the cage and allowed to oviposit in the chrysanthemum leaves for one
day. After allowing the leafminers to develop for seven days, 1000 D. isaea (Syngenta
Bioline, Oxnard, CA) were released into the cage and allowed to parasitize the L. trifolii
larvae for 32 hours. At the end of this exposure period, the wasps were removed from
the plants and the plants were placed in a D. isaea-free cage for assignment to one of
five treatments.
The randomized complete block design consisted of five treatments: 1) azadirachtin
sprayed one day and 2) seven days after the last parasitoid oviposition, 3) spirotetramat
sprayed one day and 4) seven days after the last parasitoid oviposition, and 5) no
spray. Azadirachtin was sprayed at the rate of 12 fl oz per 100 gallons and spirotetramat
at the rate of 3.4 fl oz per 100 gallons. Chrysanthemums were sorted based on the
number of L. trifolii mines and arranged in 10 groups of five plants whereby the plants
within a group had approximately the same number of mines. One plant from each of
the 10 groups was randomly assigned to one of the five treatments with the individual
plant serving as an experimental unit with ten replicates per treatment (n=10).
Insecticides were applied using a 750 ml hand-spray bottle until insecticide runoff, and
the plants were laid on their side in 18” round plant saucers to allow any non-parasitized
L. trifolii prepupae to fall from the plant. Once plants dried following the final insecticide
application, each plant was cut at the crown and transferred into a closed white paper
bag to allow adult D. isaea to emerge. After waiting 10 days for the D. isaea to emerge,
the bags were frozen at -20ºC for three days to kill the D. isaea and the D. isaea in each
bag were subsequently counted using a stereomicroscope. Upon removing the
chrysanthemums from the plant saucers, the saucers were inspected for L. trifolii larvae,
pupae and adults. No L. trifolii were found in the saucers. Only two pupae and one adult
L. trifolii were found in the white paper bags, indicating a high percentage of L. trifolii
parasitism by D. isaea.
Our null hypothesis was that D. isaea populations were not lower in the insecticide
treated treatments than in the untreated treatment. Due to our one-tailed hypothesis
(which excludes ANOVA procedures and alternatives) and non-normality of the data
(which excludes parametric testing), treatments were compared using the nonparametric Wilcoxon-each pair test in JMP Pro 11 (SAS Institute Inc., Cary, NC) and
one-tailed p-values were obtained by 1-0.5*(two-tailed p-value).
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Results and Discussion: D. isaea emergence in the paper bags was not lower in the
insecticide treatments than in the untreated control (P>0.05, one-tailed Wilcoxon each
pair) (fig. 1), indicating the insecticides had no negative effect on D. isaea development.
We do not know if there were any sub-lethal effects of the tested insecticides on D.
isaea’s ability to control L. trifolii in biological control programs, as no effort was made to
quantify this effect in the presented study. Preliminarily however, it is unlikely that
Azadirachtin and Spirotetramat disrupts the en planta development of D. isaea to
control L. trifolii and pending future studies, azadirachtin and spirotetramat may be
compatible with biological control programs utilizing D. isaea.
Literature Cited:
1. Abraham, C.M., Braman, S.K., Oetting, R.D., and Hinkle, N.C. 2012. Pesticide
Compatibility with Natural Enemies for Pest Management in Greenhouse
Gerbera Daisies. Journal of economic entomology, 106(4): 1590-1601.
2. Kaspi, R. and Parrella, M.P. 2005. Abamactin compatibility with the leafminer
parasitoid Diglyphus isaea. Biological Control, 35:172-179
3. Parrella, M.P. 1987. Biology of Liriomyza. Annual Review of Entomology, 32:
201-224.
4. Shen, A., Chen, Z., Luo, K., Miao, S., and Yan, Y. 2002. Toxicity of several
insecticides to the larvae, eggs, pupae of the leafminer parasitoid, Diglyphus
isaea (Hymenoptera: Eulophidae).Southwest China journal of agricultural
sciences, 16(4):69-72.

Figure 1. Diglyphus isaea emergence after insecticide applications. Insecticide
treatments were not significantly lower than the untreated treatment (one-tailed
Wilcoxon each pair, p>0.05).
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Preliminary Survey of Insecticide Options for Japanese Maple Scale and
Monitoring of Crawler Activity Periods in Middle Tennessee
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serrulata, American witch-hazel, Hamamelis virginiana
Significance to Industry: We began a pesticide survey project on Japanese maple
scale, Lopholeucaspis japonica (Cockerell) (Hemiptera: Diaspididae) alongside crawler
activity periods in middle Tennessee. This is significant to the industry because
Japanese maple scale, an armored scale, has become a significant pest in both
container and field nursery production systems and to landscape managers across the
eastern United States. (1,3). Japanese maple scale has key characteristics that make it
difficult to control, including a wide host range, an extended crawler emergence period
(7.5-8.5 weeks or more), at least two overlapping generations, small size (scale covers
approximately 1 mm long) and cryptic coloration (with respect to trees with light and
mottled barked) (1, 2, 3, 4). A limited body of research is available on this pest and
knowledge of peak crawler activity periods and pesticide efficacy is essential for making
control recommendations to both nursery and landscape professionals in middle
Tennessee.
Nature of Work: Japanese maple scale is a generalist feeder with a wide host range
including many high value deciduous trees and shrubs. It has been reported on plants in
at least 28 families 50 genera (4), including our additional report of infestation on a
seedling selection of witch-hazel, Hamamelis virginiana. As an armored scale, the
purple, soft-bodied insects are covered by a white, waxy covering that appears similar
to an oyster shell. Beneath the waxy surface, mature female scales have a brown
pupillarial cover that is the shed exoskeleton of the second instar (2). Armored scales
do not feed on vascular tissue (xylem and phloem) as do soft scales, but instead feed
directly on plant cell contents causing structural collapse of the tissues on which it feeds
(3). Damage is often not as severe as soft scales, however, extremely high infestation
levels can lead to branch dieback and plant death (2). Old scale covers from dead
scales can remain attached to the bark of trees for an extended period of time and the
presence of scale covers, even if the insects are dead, can result in rejection of nursery
product. The waxy armor secreted by armored scales combined with their feeding habit,
makes Japanese maple scale difficult to manage. Current recommendations for nursery
production systems out of Maryland include dormant oil spray in the fall or early spring
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and summer application of insect growth regulators. Application of systemic dinotefuran
(Safari) also provided control in crabapples with application recommended when 1st
generation crawlers began activity.
In this study, we chose to take a shotgun approach to evaluate several products against
Japanese maple scale in order to rule out products with little efficacy and to obtain data
on those products we are currently recommending. Some of the products tested here
are already being used by growers in Tennessee for other pest management
applications, and have been anecdotally reported to suppress this scale (e.g. Discus). In
addition to product testing, we began monitoring crawler activity in field plots and
containers in order to confirm activity with previously reported degree-day patterns. The
products tested in this study include those listed in Table 1. Data reported here is for the
dormant oil and drench treatments applied in March and April 2014. The long-term goal
of this research is to identify promising products for future testing in larger scale
experiments.
In March, a 3% Ultra Pure Oil dormant oil treatment was applied to four ‘Kwanzan’
cherry tree replicates until runoff with a backpack sprayer (Solo Diaphragm Backpack
Sprayer, 4-Gallon, 60 PSI, Model# 475-B). Prior to application, a sample twig was
removed from each tree and the number of live and dead scales counted. Counts were
repeated at 30 days post application. In April, soil applications of Kontos, Discus N/G
and Safari 2G were made to four replicate trees. Counts of live scales were again made
prior to and 30 days after treatment. On untreated control trees in the same field and 7gallon container witch-hazel at the Nursery Research Center, crawlers were monitored
with vasoline covered tape strips beginning May 1st (field = 4 trees, container = 5
plants). Crawlers were counted weekly and reported as crawlers/linear cm.
Results and Discussion: The most challenging aspect of this investigation was
determining how best to measure the effectiveness of tested products. Japanese maple
scale infestations within and among trees were extremely uneven. Also, many scale
covers visible on a tree in spring are dead scale covers still clinging to the bark. This
made the use of pure counts unreliable as a means to evaluate the effectiveness of the
treatments. Therefore, we chose to take before/after measures of live and dead scales
in order to evaluate percent increase or decrease in live scales following treatment. To
perform scale counts on each sample twig, a minimum of 100 scale covers were flipped
over under the microscope, live and dead scales were counted, and a percent live scale
was calculated. In the March dormant oil test, 58% of the scales were alive prior to
treatment but only 14 % were alive 30 days later, resulting in a ~76% fewer live scale
from one dormant oil treatment (Fig. 1). The early spring systemic drench treatments of
Discus and Kontos showed an increase in % live scale similar to untreated control trees,
with only Safari showing a decrease in live scale after 30 days (Fig. 2). Due to the
nature of the systemic treatments, additional counts will be made at 60 d to see if trends
persist.
Crawler activity in middle Tennessee began in early May. Crawlers were observed on
the container witch-hazel during the second week in May (May 5th-12th, 559 – 693 DD)
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with the first crawlers observed in the field ‘Kwanzan’ cherries a week later (693 – 769
DD). Counts appeared to be declining in both sets of plants by the first week of June
(1048 DD; Fig. 3).
Preliminary results from this study support previous findings on the efficacy of dormant
oil and dinotefuran treatments on Japanese maple scale. Anecdotal evidence from a
local grower who claimed 100% control of this pest with two fall applications of dormant
oil seem justified given our 76% reduction with a single spring application. We will
continue to monitor the drench treatments to see what levels of control are achieved by
Safari and whether Kontos or Discus has any long-term effect on scale populations.
Systemic options are particularly important to densely foliated evergreen hosts such as
holly, which are more difficult to treat effectively with dormant oil sprays. We will also be
testing summer foliar applications of several products including Duraguard ME
(clorpyrifos), Safari 20 SG (dinotefuran), Fulcrum (pyriproxifen), Ultra Pure Oil, M-Pede
(fatty acid potassium salts) and Kontos (spirotetrmat).
Acknowledgements: We would like to thank Kevin Trostel for assistance with data
collection, OHP, BASF and Southern Ag for the donation of product, and Donna Fare
for the donation of plant material. This work was funded by Tennessee State
University's Nursery Research Center.
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Table 1. Survey of pesticides for use against Japanese maple scale on 3.0 inch DBH
'Kwanzan' cherry trees.
Treatment
Ultra Pure Oil

Application
Active
Method
Ingredient
Trunk spray petroleum oil

Discus N/G

Drench

Safari 2G
Kontos

imidacloprid
(2.94%)
cyfluthrin
(0.70%)
dinotefuran
(2%)
spirotetramat
(22.4%)

Control

Application
Date
3/20/2014
4/24/2014

Rate
2%
66ml/tree (1.9 ml
imidacloprid,
0.46 ml cyfluthrin)
20g/tree
(0.4g AI/tree)
5ml/tree
(1.12 ml AI/tree)
untreated
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0
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Control

Dormant Oil

Figure 1. Change in live scale 30 days post treatment with dormant oil (mean ± SEM).
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Figure 2. Change in live scale 30 days post treatment with April systemic applications
of Discus, Kontos and Safari (mean ± SEM).
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Figure 3. Crawler activity in late spring through early summer 2014 in field 'Kwanzan'
cherry and containerized seedling selection of witch-hazel.
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Attractants For The Redbay Beetle And Impact On The Granulate Ambrosia Beetle
Russell F. Mizell, III
NFREC-Quincy, 155 Research Rd, Quincy, FL, 32351
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Index words: ambrosia beetle, redbay beetle, laurel wilt, Xyleborus glabratus,
Xylosandrus crassiusculus, attractants
Significance to Industry: Ambrosia beetles are significant pests of woody landscape
plants in both nursery and landscape habitats. Many native species as well as
approximately 50 plus non-native species attack and often kill native and non-native
herbaceous and woody trees (1,6,7,8,9,10). These insects exhibit a variety of
behaviors in response to host tree selection and many attack a high number of species
of mostly “stressed” plants, e.g., plants that are either infected or infested with other
pests or debilitated by nutrient, water or other physiologically-related conditions, at
various times of the year, often in early spring (9). Interestingly, these predisposing
conditions may be ephemeral and trees may grow out of the stress to the point where
they are not a target of ambrosia beetle attack.
The granulate ambrosia beetle, Xylosandrus crassiusculus, a non-native ambrosia
beetle first detected in the early 1970’s in South Carolina, has spread from New York to
Florida and west to Texas and responds to mostly stressed trees. Other ambrosia
beetle species such as the redbay beetle, Xyleborus glabratus, are more host specific
and it attacks only a few species of trees in the Family Lauraceae, primarily redbay
Persea borbonia and a close relative avocado to which it spreads the fungal causal
agent of laurel wilt, Raffaelea lauricola, (1,5). Redbay beetle is steadily increasing its
range within the southern U.S. and in Florida has infested redbay and other hosts from
the eastern Atlantic coast to somewhere west of the Suwannee River. Along with the
spread of redbay beetle, many other ambrosia beetles and specifically X. crassiusculus
have apparently increased their populations by also attacking trees first attacked by
redbay beetle (Mizell, personal observations). This provides a reservoir of ambrosia
beetles that will likely increase the infestation rate of nursery and landscape trees,
although this remains to be documented.
Nature of Work: The availability of effective monitoring and detection methods are
critical to understanding the population dynamics and behavior of any arthropod pest.
Hanula and Sullivan (2) reported that manuka oil and phoebe oil, both plant extracts,
were useful attractants for the redbay beetle. Sex pheromones are not available
because it is only female beetles that actually attack trees and disperse. However,
phoebe oil is no longer available and manuka oil is not overwhelmingly attractive. Thus,
research into alternative attractants and optimization of traps and lures is ongoing (3).
Alpha-copaene and alpha-cubebene were identified as critical components of accepted
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host species along with a number of other related plant chemicals. Alpha-copaene was
considered the long range attractant with alpha-cubebene and others also behaviorally
active. However, it was found that cubeb oil was just as attractive to X. glabratus as
manuka and phoebe oil (4).
Based on such research results, several commercial lures containing manuka oil and
other proprietary constituents are currently available. These and other potentially
behaviorally-active chemicals or combinations of them were tested in north Florida in
2013-2014. Standard white elm bark beetle sticky traps were purchased from Great
Lakes IPM and cut into two equal halves to use as traps in this study. Traps were
placed in the Ichetucknee State Park near Branford, FL where a large number of redbay
trees were infested by redbay beetle. Commercial lures were obtained from Synergy
Semiochemicals Corp (www.semiochemical.com) and from AgBio, Inc. (www.agbioinc.com). AgBio, Inc. also provided single lures of 2 thermal fractions of cubebene (low
and high). Eucalyptol (cineole-99% pure, AC11034-5000) was obtained from Thermo
Fisher Scientific. All lures were used in the elution devices in which they were provided
and eucalyptol was placed in a small vial with a cotton dental wick. Traps were placed
within 3-4 feet of the ground in hardwood trees other than redbay having low growing
limbs large enough to support the weight of the traps. Three tests were conducted. The
first test was conducted for 4 weeks and tested eucalyptol and the low and high
fractions of cubebene alone and in combination versus an untreated control (Table 1).
The second test was conducted for five successive weeks and consisted of 3 rates of
AgBio cubebene presented by using 1, 2, or 3 lures together per treatment, the Synergy
lure, the AgBio manuka oil lure and an untreated control (Table 1). The third test was
conducted over three successive weeks and consisted of an AgBio cubebene lure,
AgBio cubebene plus an AgBio manuka oil lure, AgBio cubebene plus the Synergy lure
and an untreated control. The second and third test used only the AgBio low fraction
cubebene lures. Traps were placed in the field with 5 replicates per treatment in a
randomized complete block design with ~50-100 feet between traps in all directions.
Traps were checked in the field once every 7-10 days and beetle numbers present on
traps were detected and identified on site using a 10x binocular magnifier. After each
count, traps within each block were re-randomized in location to counter any positional
bias. The data were analyzed after a square root transformation using analysis of
variance to detect treatment differences with P<0.05. Untransformed means and
standard errors of the means are presented (Table 1).
Results and Discussion:
Redbay beetle populations during the study were very high in comparison to most other
reported studies (Table 1). However, numbers captured were highly variable between
dates and this variability masks somewhat the true differences among the treatments
and contributes to the inability to separate the treatments more definitively statistically
despite the data transformation. The lures used have the advantage of being
unattractive to most other ambrosia beetle species and only an occasional specimen of
other species was observed on the traps in very low numbers. In all tests relatively few
beetles were captured on the unbaited control traps. In test one, the low fraction of
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cubebene was more attractive and eucalyptol was not attractive either alone or in
combinations. In test two (Table 1), the results indicated that the rate of cubebene
affected trap capture rate and one lure was more effective than two or three lures
together. Additionally, one cubebene lure was also more attractive than any of the other
treatments. In test three, the cubebene and AgBio manuka oil in combination treatment
was more attractive than the other treatments. These results suggest that cubebene is
the most important lure for capture of redbay beetles but the data also suggests that
other unknown compounds contained in the manuka oil lure from AgBio and the
Synergy lure also contribute to increasing redbay beetle response. These results also
suggest that more research is warranted to develop better semiochemical attractants for
redbay beetle monitoring and detection.
Finally, an important corollary observation of this research is that the redbay tree, which
is not a highly important ornamental in its own right, and its pests, may possibly
influence the infestation rates of other important nursery or landscape plants. While this
phenomenon remains to be fully documented, redbay trees attacked initially by X.
glabratus, definitely produce high populations of X. crassiusculus in trees that without
X. glabratus would not be available for colonization by this difficult to manage tree pest.
Acknowledgments:
Thanks to Jan Meneley and AgBio, Inc. for providing the cubebene and manuka oil
lures for use in these and other tests.
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Table 1: Response of redbay beetle, Xyleborus glabratus, to different lure compounds
and combinations using half-size elm bark beetle traps in north Florida.
Treatments
Test 1
Cubebene Low Fraction
Cubebene High Fraction
Eucalyptol
Cubebene Low + Eucalyptol
Cubebene High + Eucalyptol

Total Redbay Beetles/Treatment/Date
Mean ± Standard Error
89.5 ± 36.7 a
8.5 ± 2.1 ab
8.0 ± 1.1 bc
53.3 ± 20.3 c
17.8 ± 1.8 c

Test 2
Cubebene - 1 Lure
Cubebene - 2 Lures
Cubebene - 3 Lures
AgBio Manuka Lure
Synergy Lure
Control

316.0
229.6
124.1
134.0
69.7
20.7

Test 3
Cubebene
Cubebene + AgBio Manuka Lure
Cubebene +Synergy
Control

435.0 ± 17.3 a
1162.3 ± 432.7 a
406.3 ± 143.2 a
9.0 ± 1.5 b
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Advances in Frankliniella spp. (Thysanoptera: Thripidae)
Management in Ornamentals
O. Milo Lewis, Peter Krauter and Kevin M. Heinz
Department of Entomology, Texas A&M University
2475 TAMU, College Station Texas 77843
milo.lewis@tamu.edu
Index Words: Integrated pest management, Frankliniella tritici (Fitch), Frankliniella
occidentalis (Pergande), thrips, eastern flower thrips, western flower thrips, insecticide.
Significance to Industry: Frankliniella spp. (Thysanoptera: Thripidae) are worldwide
pests of a wide variety of nursery crops including ornamentals. Through feeding,
Frankliniella spp. cause unsightly damage to leaves and premature necrosis of floral
tissue. These insects are often managed by vigorous insecticide programs that have led
to insecticide resistance in many populations of thrips. Resistance to various
insecticides including some often used active ingredients such as imidacloprid,
permethrin, and spinosad has been reported in populations of western flower thrips
(WFT) (Frankliniella occidentalis Pergande) in the U.S. and throughout the world (2).
Though not as widespread, the eastern flower thrips (EFT) (F. tritici Fitch) can
occasionally reach pest status of nursery crops, yet few studies have attempted to
determine which insecticides may be effective in controlling EFT.
Nature of work: Given insecticide resistance in WFT and the lack of data on EFT
management options, new insecticides are needed to combat these pests. In the
present study, our objective was to determine the efficacy of several new insecticides
against EFT in an outdoor nursery on potted roses and WFT in a glasshouse on caged
marigolds. The insecticides tested were Avid® 0.15 EC and Mainspring (Syngenta,
Wilmington, DE), AzaGuard™(BioSafe Systems LLC, East Hartford, CT), Conserve®
SC (Dow AgroSciences, Midland, MI), Proud 3® (Bio Huma Netics Inc., Gilbert AZ) and
three numbered products A16901B (Syngenta), MBI-203 and MBI-206 (Marrone Bio
Innovations, Davis, CA).
The EFT study was performed in the fall of 2012 on potted roses (Rosa spp.) at the
Antique Rose Emporium, an outdoor nursery located in Independence, TX. The
completely randomized design consisted of 12 treatments, defined by insecticide trade
name and application rate in tables one and two, and was replicated six times with two
replications in cv. ‘Caldwell Pink’ and four replications in cv. ‘Belinda’s Dream’ with data
from both cultivars pooled. Plots were six-roses wide by six-roses long situated side-byside in two gallon liners. One week prior to the first insecticide application, each plot
was pre-sampled and treatment designations were made in a stratified random process
resulting in no significant difference in initial EFT populations between treatments.
Applications were made using a two-gallon hand pump sprayer with a flat-jet nozzle and
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insecticides were applied on the leaves and flowers until run-off. Plots were sampled by
removing three arbitrarily selected rose flowers from each plot, placing them in plastic
containers, and transported in chilled coolers to the lab. The rose flowers from each plot
were then transferred to a 10” x 10” x 4” plastic container, closed with a lid and shaken
vigorously. Thrips were aspirated for 90 seconds from the walls of the plastic container
into vials containing 70% EtOH. Immature (larvae plus pupae) and adult EFT were
counted separately under a stereomicroscope.
The WFT study was performed in the fall of 2013 on potted marigolds (Targetes erecta
L.) in a glasshouse located on the Texas A&M University campus in College Station,
TX. WFT were reared under laboratory conditions using modified methods from Doane
et al. (1) and marigolds (cv. ‘Discovery Yellow’, Benary®, Dekalb, IL) were grown from
seed in four inch square pots. Four weeks after planting, marigolds were infested with a
total of 500 female and 250 male WFT over a four-week period that ended two-weeks
prior to the beginning of the study (week 0). Two weeks prior to the beginning of the
study, all marigolds were treated with Floramite® SC (OHP Inc., Mainland, PA) at a rate
of 4oz per 100 gal to treat a spider mite infestation. Our experimental unit was a clear
cylindrical cage made of Lexan™ polycarbonate sheeting with two 8” opposing holes
covered with Econet S® mesh (Gintec Shade Technologies, Inc., Waterford, Ontario,
Canada) designed to act as a barrier to WFT and allow air circulation. To enclose the
bottom and top of the cage, the cage was sat in and capped with an 18” clear plastic
plant saucer. Six marigold plants were randomly assigned to each cage and a presample was performed.
Sampling was accomplished by removing one plant from each cage, cutting it at the
base and inserting the plant material into a plastic container and transported to the
laboratory where WFT aspiration and counting was performed using the same methods
as the EFT study above. The randomized complete block design consisted of 12
treatments and six replications and was blocked by glasshouse bench with one replicate
of each treatment on each of the six benches. Treatment designations were based on
the pre-sample to ensure there were no statistical differences in mean thrips density
between all treatments. Insecticide applications were made using a 750ml hand sprayer
spraying foliage and flowers of the plants until insecticide runoff was achieved.
Insecticide applications in both studies were timed according to the results tables below.
Post-application sampling in both studies began the same day, immediately prior to the
second weekly insecticide application and occurred weekly through one week after the
final insecticide application. Statistical analyses were carried out using JMP Pro 11
(SAS Institute, Cary, NC) with details of the tests in the results tables below.
Results and discussion: In the EFT study, no significant differences were found in the
immature or adult EFT populations between treatments within any of the sampling dates
(Kruskal-Wallis, p>0.05) (tables one and two). In the WFT study however, the Conserve
treatment had lower immature and adult WFT populations than the water only treatment
beginning in week two and remained lower throughout the rest of the trial (Dunnett’s
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test, p<0.05) (tables three and four). In addition, immature populations of WFT in the
Mainspring treatments at the 8oz and 16oz per 100gal rate as well as the Avid
treatment were lower than the water only treatment beginning with week three and the
differences were carried out through the remainder of the trial (Dunnett’s test, p<0.05).
From a pest management perspective, it is disconcerting that none of the insecticides in
the EFT trial performed better than the water only treatment. However, these results
are not dissimilar to results obtain from a field trial using several insecticides on EFT
and WFT occurring concurrently in pepper fields (4). The results revealed that while
most of the insecticides controlled WFT, none controlled EFT. EFT are highly mobile
and populations may quickly re-colonize plants after an effective insecticide treatment or
when placing clean plants near EFT infested plant material (3). Therefore, our inability
to detect treatment effects in our EFT trial may have been due to EFT movement
between plots or immigration from surrounding plant material since we sampled seven
days after each application. The potential immigration of EFT into field plots prompted
the design of the WFT study. Using caged plants as experimental units, we minimized
WFT movement and showed that Conserve and Avid were efficacious against WFT. In
addition, Mainspring was as effective as Avid at controlling immature WFT, which is a
new insecticide that could fit well in grower’s thrips management programs.
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Table 1. Mean (+ SEM) immature eastern flower thrips infesting outdoor roses. Independence, TX. 2012.
Week(s)
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 4
Week 5
Week 2
Week 3
A16901B 6.7 oz
X X X 6.50 + 2.53
2.33 + 1.17
3.00 + 0.73
10.67 + 5.22
3.33 + 1.73
2.17 + 1.58
3.67 + 1.15
A16901B 13.4 oz
X X X 3.67 + 2.72
Avid
16 fl oz
X X
3.67 + 2.69
3.50 + 1.38
3.33 + 1.26
5.50 + 1.88
Azaguard 16 fl oz
X X X X X 4.00 + 1.95
1.83 + 0.79
5.00 + 1.37
12.33 + 5.97
Conserve 8 fl oz
X X X 1.67 + 0.99
2.83 + 1.01
2.83 + 1.49
7.17 + 5.21
1
2 lb
X X X X X 3.67 + 0.84
3.17 + 1.19
4.50 + 1.23
8.67 + 3.30
MBI-203
MBI-2031 4 lb
X X X X X 6.17 + 2.77
3.67 + 2.32
3.67 + 1.58
8.83 + 3.64
1
1 gal
X X X X X 5.50 + 2.68
5.00 + 1.81
4.67 + 1.45
7.00 + 4.01
MBI-206
MBI-2061 2 gal
X X X X X 5.67 + 2.67
10.00 + 5.20
7.83 + 4.59
4.83 + 3.46
2.83 + 1.40
2.50 + 1.18
8.50 + 4.98
Proud 3
1 gal
X X X X X 4.67 + 2.28
Water
-X X X X X 10.50 + 7.94
5.17 + 2.06
3.67 + 0.95
3.17 + 0.70
Krusk al-Wallis p-value

0.8556

0.7073

0.6430

0.6028

Week 6
3.00 + 0.89
1.83 + 0.40
3.83 + 1.08
3.80 + 1.53
3.50 + 0.85
3.67 + 1.26
2.00 + 1.24
5.00 + 1.76
2.83 + 1.01
1.17 + 0.48
2.33 + 0.84
0.3199

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. Data were non-parametrically analyzed due to unequal variances
and no significant differences were found within columns (Kruskal-Wallis, p>0.05).

Table 2. Mean (+ SEM) adult eastern flower thrips infesting outdoor roses. Independence, TX. 2012.
Week(s)
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 1
Week 2
Week 3
Week 4
34.50 + 14.30 47.67 + 20.95
68.17 + 15.45
A16901B 6.7 oz
X X X 31.50 + 9.58
37.67 + 11.09 44.83 + 14.25
57.83 + 20.92
A16901B 13.4 oz
X X X 40.50 + 8.40
30.83 + 15.71 31.83 + 17.08
52.83 + 22.56
Avid
16 fl oz
X X
27.17 + 5.16
17.17 + 4.35
56.50 + 15.50
64.17 + 13.32
Azaguard 16 fl oz
X X X X X 23.50 + 3.75
39.17 + 12.83
56.33 + 16.43
Conserve 8 fl oz
X X X 40.17 + 13.50 21.50 + 8.62
MBI-2031 2 lb
X X X X X 29.17 + 4.97
32.67 + 8.24
66.33 + 20.69
79.00 + 18.62
1
4 lb
X X X X X 34.83 + 8.47
43.33 + 16.01 63.67 + 20.83
79.67 + 31.17
MBI-203
X X X X X 31.17 + 11.19 25.50 + 13.01 64.67 + 19.88
47.50 + 16.53
MBI-2061 1 gal
1
MBI-206
2 gal
X X X X X 28.67 + 5.31
58.17 + 15.53 59.83 + 13.66
44.83 + 7.44
35.33 + 10.42 78.33 + 25.31
53.67 + 12.97
Proud 3
1 gal
X X X X X 42.00 + 8.65

Week 5
51.17 + 33.88
44.33 + 10.99
56.67 + 9.69
44.20 + 11.84
85.17 + 34.97
71.50 + 31.80
55.17 + 18.12
50.00 + 14.65
49.50 + 9.98
46.33 + 13.27

Water
-X X X X X 45.17 + 11.50 28.67 + 9.10
37.67 + 15.86
70.83 + 24.31
87.33 + 28.33
Krusk al-Wallis p-value
0.7289
0.5193
0.6905
0.8982
0.5942
1
Hyper-Active spray adjuvant used at 2 pint/100 gallon. Data were non-parametrically analyzed due to unequal variances
and no significant differences were found within columns (Kruskal-Wallis, p>0.05).
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Table 3. Mean (+ SEM) immature western flower thrips infesting greenhouse marigolds. College Station, TX. 2013.
Weeks
applied
Rate per
1 2 3 4 5
Name
100 gal
Week 2
Week 3
Week 4
Week 5
Week 6
8.17 + 0.43*
5.83 + 0.30*
7.40 + 0.20*
5.50 + 0.24*
Mainspring 8 fl oz
X X X 19.67 + 0.73
8.67 + 0.58*
5.17 + 0.31*
4.17 + 0.32*
5.67 + 0.24*
Mainspring 16 fl oz
X X X 22.83 + 0.81
Avid
8 fl oz
X X
13.33 + 0.41
7.50 + 0.41*
5.00 + 0.34*
7.00 + 0.41*
13.33 + 0.74*
37.33 + 0.59
22.17 + 0.33
33.83 + 0.59
46.33 + 0.88
AzaGuard 16 fl oz
X X X X X 30.50 + 0.67
3.33 + 0.43*
6.17 + 0.52*
2.67 + 0.21*
2.50 + 0.35*
Conserve 8 fl oz
X X X 6.50 + 0.15*
1
MBI-203
3 Ib
X X X X X 41.17 + 0.74
46.17 + 0.55
46.17 + 0.93
61.67 + 0.58
107.00 + 1.37
X X X X X 35.17 + 0.56
48.50 + 1.41
37.33 + 0.64
73.17 + 0.93
97.83 + 0.89
MBI-2031 4 Ib
1
MBI-206
1 gal
X X X X X 37.67 + 0.36
54.00 + 0.99
42.17 + 0.54
111.67 + 1.37
86.17 + 1.17
X X X X X 31.33 + 0.44
80.33 + 0.63
34.17 + 0.60
78.67 + 1.15
79.17 + 0.26
MBI-2061 2 gal
Proud 3
1 gal
X X X X X 40.00 + 0.59
40.00 + 0.62
36.50 + 0.79
60.00 + 1.03
57.00 + 0.62
Water
-X X X X X 28.17 + 0.52
46.83 + 1.09
33.33 + 0.77
61.67 + 0.79
75.50 + 1.25
ANOVA p-value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. *indicates treatments that are significantly different from the water
treatment within the same column (Dunnett's test, p<0.05). Statistical analysis performed on square-root transformed
data to normalize residuals. Raw means with transformed standard errors are presented.

Table 4. Mean (+ SEM) adult western flower thrips infesting greenhouse marigolds. College Station, TX. 2013.
Weeks
applied
Rate per
Name
1 2 3 4 5
100 gal
Week 2
Week 3
Week 4
Week 5
Week 6
Mainspring 8 fl oz
X X X 3.33 + 0.22
4.00 + 0.29
1.83 + 0.12*
4.40 + 0.26
2.67 + 0.25
Mainspring 16 fl oz
X X X 3.67 + 0.24
2.67 + 0.34
3.00 + 0.21*
5.00 + 0.27
3.00 + 0.37
5.50 + 0.27
3.33 + 0.23*
5.17 + 0.34
6.83 + 0.32
Avid
8 fl oz
X X
4.83 + 0.22
AzaGuard 16 fl oz
X X X X X 9.33 + 0.29
10.17 + 0.59
6.83 + 0.37
9.67 + 0.38
7.50 + 0.13
0.50 + 0.22*
1.17 + 0.23*
0.83 + 0.24*
1.17 + 0.29*
Conserve 8 fl oz
X X X 1.17 + 0.29*
X X X X X 7.67 + 0.10
10.00 + 0.30
9.50 + 0.28
9.33 + 0.15
10.17 + 0.36
MBI-2031 3 Ib
MBI-2031 4 Ib
X X X X X 7.33 + 0.57
10.33 + 0.49
7.00 + 0.19
10.50 + 0.37
16.33 + 0.60
1
1 gal
X X X X X 5.83 + 0.17
11.83 + 0.36
12.17 + 0.29
21.00 + 0.74
12.67 + 0.51
MBI-206
1
MBI-206
2 gal
X X X X X 6.33 + 0.36
7.67 + 0.32
8.67 + 0.60
16.83 + 0.68
13.17 + 0.19
Proud 3
1 gal
X X X X X 5.00 + 0.34
7.67 + 0.22
4.00 + 0.27
12.50 + 0.58
14.83 + 0.43
6.50 + 0.21
9.50 + 0.31
14.17 + 0.31
8.83 + 0.49
Water
-X X X X X 5.67 + 0.20
ANOVA p-value

0.0002

<0.0001

<0.0001

<0.0001

<0.0001

1

Hyper-Active spray adjuvant used at 2 pint/100 gallon. *indicates treatments that are significantly different from the water
treatment within the same column (Dunnett's test, p<0.05). Statistical analysis performed on square-root transformed
data to normalize residuals. Raw means with transformed standard errors are presented.
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Management of Hawthorn Lace Bug, Corythucha cydoniae,
with XXpire™ WG insecticide
Steven D. Frank
North Carolina State University, Department of Entomology
Campus Box 7613, Raleigh, NC 27695
sdfrank@ncsu.edu
Index words: Corythucha cydoniae, XXpire™ WG, dinotefuran, cotoneaster
Significance to Industry: In this research I investigate the efficacy of a new
insecticide, XXpire™ WG, for hawthorn lace bug management. This is significant to the
nursery industry because XXpire™ WG, with active ingredients spinetoram and
sulfoxaflor, was effective against this common pest and provides growers with a new
management tool.
Nature of Work: Hawthorn lace bug, Corythucha cydoniae, is an important pest of
many common nursery and landscape plants including cotoneaster, pyracantha, and
hawthorns (1). Hawthorn lace bugs damage plants by piercing leaf tissue and sucking
out leaf contents. This results in stippling damage that reduces the aesthetic and
monetary value of plants. A number of insecticides are available to reduce azalea lace
bug abundance and damage. Foliar and drench applications of neonicotinoids, such as
imidacloprid and dinotefuran, are often used to reduce lace bug abundance and
damage. I investigated using foliar applications of XXpire™ WG insectcide which
contains active ingredients spinetoram and sulfoxaflor, to prevent hawthorn lace bug
damage on cotoneaster.
On 1 June 2013, cotoneaster (Cotoneaster dammeri ‘Coral Beauty’) plants in 1 gallon
pots were purchased from a local nursery. Plants had not been treated with insecticide
during the 2013 growing season. I transplanted the plants into 2 gallon pots. Plants
were spaced 2 feet apart on gravel nursery beds and watered as needed.
I collected hawthorn lace bug infested twigs from pyracantha plants in local landscapes
on 2 June 2013. I placed twigs on the study plants so lace bugs would transfer to the
study plants. All lace bugs on the twigs were nymphs of the first generation. On 8 June
2013 I repeated this procedure at which point all lace bugs were late instar nymphs and
adults. All twigs were removed after 5 days.
On 13 and 19 June 2013 I inspected the study plants to count lace bug adults and
nymphs (Fig. 1). I held the plants above eye level and inspected the underside of each
leaf and branch using a 10x magnifying visor. Plants had from 0-3 adults but the lace
bugs had deposited eggs into many leaves. Therefore, I waited until eggs had hatched
and many nymphs were present on each plant before conducting the precount on 30
June 2013.
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I applied XXpire™ WG and Safari 20SG (dinotefuran) 1 July 2013 (0 DAT) using handheld compression sprayers with full cone nozzles. The surfactant Capsil was added to
all treatments (6 fl. oz./ 100 gallons). The top and bottom of all leaves were sprayed
until wet. Plants were inspected the next day 2 July 2013 (1 DAT) using the same
whole-plant inspection described above. I recorded adult and nymph abundance
separately and estimated phytotoxicity. Counts were repeated 3, 7, and 14 days after
treatment.
Hawthorn lace bugs have piercing-sucking mouth parts. Feeding causes stippling or
necrotic spots on the tops of leaves. To assess feeding damage, on the final day (14
DAT) I collected 3 random branches from each plant and counted the number of the ten
terminal leaves that had lace bug damage.
Data for each DAT were analyzed separately. Lace bug adults and nymphs were
recorded separately but combined for statistical analysis. Data for lace bug abundance
0 DAT and damage were analyzed using ANOVA. Data for 1, 3, 7, and 14 DAT did not
meet the assumptions of normality and homogeneity of variance required for ANOVA.
These data were analyzed using Kruskal-Wallis tests in the NPAR1WAY Procedure of
SAS version 9.3. Untransformed data  standard error of the means (SEM) are reported
in all tables.
Results and Discussion: Both rates of XXpire™ WG and dinotefuran treatments
reduced lace bug abundance to 0 by 1 DAT (Table 1). Lace bug abundance never
recovered on any of the treated plants even though eggs were present on all plants and
adults could potentially move from plant to plant. In some cases I observed dead
nymphs just emerged from eggs. On 7 DAT and 14 DAT I found 1 or 2 lace bugs on a
plant in each treatment that likely migrated from an untreated plant or other plant on the
area.
All three insecticide treatments reduced lace bug damage compared to untreated
plants. By 14 DAT treated plants had half as many damaged leaves as untreated plants
(Table 2; Fig. 2). Thus, treated plants had better appearance, more growth and less
damage at the end of the experiment.
This research shows that XXpire™ WG provides rapid lace bug control that is
comparable to an industry standard dinotefuran. This provides growers and landscapers
with additional management options for this persistent pest.
Literature Cited:
1. Johnson, WT and Lyon, HH. 1994.Insects that feed on trees and shrubs. 2nd edition
Cornell University Press, Ithaca, NY. 560 pg.
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Table 1. Mean (± SEM) lace bugs per cotoneaster plant 0, 1, 3, 7, and 14 days after
treatment (DAT). Means followed by different letters are not significantly different (P
<0.05).
Treatment
XXpire™
WG+
Capsil
XXpire™
WG+
Capsil
Safari 20
SG +
Capsil

Rate

untreated

.

0 DAT

1 DAT

3 DAT

7 DAT

14 DAT

2.75 oz/
100gal 35.5 ± 9.5

0.0 ± 0.0b

0.0 ± 0.0b

0.0 ± 0.0b

0.3 ± 0.2b

3.5 oz/
100gal

68.7 ± 22.7

0.0 ± 0.0b

0.0 ± 0.0b

0.2 ± 0.2b

1.7 ± 1.5b

6oz/
100gal

19.5 ± 5.4

0.0 ± 0.0b

0.0 ± 0.0b 0.0 ± 0.0b 0.8 ± 0.8b
41.
54.0 ± 21.9 82.3 ± 15.9a 2 ± 9.0 43.3 ± 18.8 43.5 ± 11.5a
F3, 20 = 1.66 X23 = 22.4
X23 = 22.4
X23 = 20.4
X23 = 15.6
P = 0.208
P < 0.0001
P < 0.0001 P < 0.0001
P = 0.0014

Table 2. Mean (± SEM) of ten terminal leaves with lace bug damage 14 days after
treatment. Means followed by different letters are not significantly different (P <0.05).
Treatment
XXpire™ WG + Capsil
XXpire™ WG + Capsil
Safari 20 SG + Capsil
untreated

Rate
2.75 oz/ 100gal
3.5 oz/ 100gal
6oz/ 100gal
.

Entomology

14 DAT
2.8 ± 0.7b
2.8 ± 0.5b
2.6 ± 0.4b
5.4 ± 0.7a
F3, 20 = 4.69
P = 0.012
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Figure 1. Hawthorn Lace bug adult (left) and nymphs (right) feeding on the underside
of cotoneaster leaves. Photos: S.D. Frank.

Figure 2. Example branch ends collected from 1) XXpire™ WG (2.75 oz/ 100 gallon), 2)
XXpire™ WG (3.5 oz/ 100 gallon), 3) Safari 20SG, and 4) untreated plants to show the
difference in number of undamaged leaves. Photos: S.D. Frank.
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Spray Penetration and Natural Enemy Survival in
Dense and Sparse Plant Canopies
Whitney Yeary1, Amy Fulcher1, Heping Zhu2, Bill Klingeman1, and Jerome Grant3
1

University of Tennessee, Department of Plant Science
2
USDA-ARS Technology Application Unit
3
University of Tennessee, Department of Entomology and Plant Pathology
2431 Joe Johnson Dr., Knoxville, TN 37996
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Index Words: biological control, lady beetle, IPM, integrated pest management, nursery
pesticide
Significance to Industry: Nursery crop producers often rely on pesticides to manage
arthropod pests. However, cultural practices can influence plant architecture, which
may, in turn, affect pesticide penetration and pest control. Examining spray penetration
in dense and sparse canopies can help growers understand the implications of canopy
density on pest management for container-grown plants. In this study, spray coverage
in the interior of plants was low regardless of plant architecture. This indicates that the
interior of a plant may not be sufficiently penetrated for adequate arthropod control but
may serve as a refugium for natural enemies during a spray event or from spray residue
following a spray event. Additionally, the use of natural enemies may be a critical
management tool for controlling pests, such as scales, that infest the trunk and other
interior positions of dense plant canopies.
Nature of Work: Market forces, cultural practices, and pest management are
inextricably linked during production of ornamental crops. Consumers of woody
landscape plants prefer densely-branched plants over ones that are sparse (Glasgow
1999). However, a dense plant canopy can hinder foliar-applied insecticides from
penetrating to the interior of the plant (Zhu et al. 2006; Zhu et al. 2008) leading to
problems controlling pests, such as scale insects, within the plant canopy or directly on
the branches (Hanks and Denno 1993). Using natural enemies and a conventional
pesticide application as part of an integrated pest management approach may increase
pest control in dense canopies.
Research on pesticide application to field-grown nursery crops has been conducted, but
little information is available comparing spray penetration into dense and sparse plant
canopies in a container nursery (Bache and Johnstone 1992; Sánchez Hermosilla et
al. 2011; Zhu et al. 2006). There is also little information on the use of natural enemies
during woody ornamental plant production (LeBude et al. 2012) or how dense nursery
crop canopies may provide refuge to natural enemies. The objectives of this study were
to 1) characterize spray penetration in dense and sparse canopies of oakleaf hydrangea
‘Alice’ (Hydrangea quercifolia ‘Alice’) and 2) determine if denser canopies protect
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natural enemies from a foliar-applied insecticide, thus facilitating predator ability to
persist post-treatment and enhancing arthropod pest control.
Materials and Methods
Spray Penetration: Oakleaf hydrangeas grown in 3 gal (11.4 L) containers were pruned
so that six of the plants had 11 branches and six had 19 branches, a 42% difference,
creating dense and sparse canopy densities. Pruning consisted of thinning cuts to
remove interior branches, creating a more open canopy. To establish that the disparity
in branch number created a disparity in density, hydrangea plant height was measured
and then plants were destructively harvested at the conclusion of the study. All plant
biomass above the substrate surface was oven dried and weight was recorded. Density
was calculated as shoot dry mass per unit of height. While the disparity between dense
and sparse canopies was near 50%, both represented plant architecture available in the
marketplace.
Plants were placed on the ground in a row to simulate a nursery setting and spaced with
no contact between plants. Three cards of water sensitive paper (WSP) (Syngenta
Crop Protection AG, Basel, Switzerland) were placed on each plant, one per canopy
position. The canopy positions were the exterior, middle and interior of the canopy
(Figure 1). The exterior cards were attached in front of each plant with 5.1 cm (2 inch)
alligator clips (Grand Rapids Industrial Products, Wayland, MI) on a taught wire at 46
cm (18.11 in) above ground. Two alligator clips attached together with 15.2 cm (6
inches) of wire wrapped around the most central stem held the interior card flush
against the branch at 46 cm above the ground and the middle card half-way between
the interior and exterior card, 46 cm above the ground. The exterior position served as
the control as spray applied to cards in this position was unimpeded by leaves or
branches.
Water was applied to the foliage simulating a pesticide application using a hand held
CO2 sprayer. Cards dried in situ and were immediately collected, labeled, and scanned
with a business card scanner (WorldCard Office, Penpower Technology LTD., Fremont,
CA). Spray penetration was analyzed using DepositScan scanning software (Zhu et al.
2011) and characterized by coverage (the percentage of WSP surface area that was
covered by spray deposits) and droplet density (the number of droplets deposited on the
cards per cm2).
The experiment was arranged as a completely randomized design with six replications
for hydrangea. The experiment was repeated one time. Data were analyzed using the
mixed procedure of SAS (Version 9.3S; SAS Institute, Cary, NC). Means were
separated using Tukey’s HSD at a significance level of 5% (α = 0.05). Data were
pooled between experiments as data weren’t different.
Natural Enemy Survival: To determine how spray penetration affected natural enemy
survival within dense and sparse plants, Hippodamia convergens were confined to
arenas with hydrangea leaves from dense and sparse plants that were sprayed with
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either water or carbaryl (1-naphthyl N-methylcarbamate, Sevin® SL, Bayer
CropScience, Durham, NC). Carbaryl was chosen because it was shown in previous
research to be highly toxic to H. convergens populations (Yeary 2014).
Twelve oakleaf hydrangeas from the spray penetration experiments (six with dense and
six with sparse canopies) were sprayed with water using the same method as described
in the spray penetration experiment. Leaves dried on the plant and then were collected
from the exterior, middle, and interior of each plant canopy. Carbaryl was then applied
and leaves were collected in the same manner. Each petiole was secured in a water
pick and placed in its respective arena, one leaf per arena made from petri dishes as
described by Yeary (2014). Survival was recorded 24, 48, 72, and 96 hours of
exposure (HOE).
The experiment was a completely randomized design in a 3 (canopy positions) x 2
(canopy densities) factorial arrangement and analyzed with repeated measures using
the GLM procedure of SAS. Means were separated using Tukey’s LSD, α = 0.05. Data
between experiments were pooled.
Results and Discussion
Spray Penetration: Plant density measurements for hydrangea demonstrated that
different levels of plant density were achieved. Densely-branched hydrangea plants
were 52% denser than those pruned to create the sparsely branched plants (data not
shown). Spray coverage was not different between the exterior positions for dense and
sparse plants, indicating that spray applications were made consistently (Table 1).
Within the dense canopy, almost all spray penetrating the canopy was obstructed by
foliage and branches; the middle and interior had less than 1% coverage (Table 1).
Even within the sparse hydrangea canopy, coverage decreased 88% and 97% at the
middle and interior positions, respectively, compared to the exterior position.
Regardless of plant density, the interior received 1% or less coverage (Table 1). The
sparse plants received 463% more coverage in the middle of the canopy than the dense
plants, indicating that some pest insects may be easier to control in sparse canopies
due to greater insecticide coverage.
Within the dense canopy, droplet density was reduced from 56 deposits/cm2 on the
exterior position to 2 deposits/cm2 on the middle and interior positions, a 96% reduction
(Table 1). Similar decreases in penetration have been documented in panicle
hydrangea (Hydrangea paniculata ‘DVPpinky’ Siebold) where only 5% of the deposits
found on the exterior of the canopy reached the interior (Derksen et al. 2012). Given
the small droplet size, 2 deposits/cm2 may not be enough to achieve adequate control
of many insect species. Within the sparse canopy, droplet density decreased by more
than 70% from the exterior to the interior for both species. Regardless of density, the
interior had 10 or fewer deposits/cm2, which is below the industry recommendation for
foliar insecticide application droplet density (Syngenta Crop Protection AG 2013). The
middle of sparse plants received a greater droplet density than the middle of dense
plants. Spray penetration may be greater in sparse canopies, but for pests that are in
the interior, such as scale, pruning to create a sparse canopy may not be enough to
ensure adequate penetration.
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Natural Enemy Survival: Plant density and canopy position had no effect on lady beetle
survival when water was applied to plants (data not shown). Because survival remained
greater than 70%, the authors concluded that hydrangea leaf and arena environment
were suitable conditions in which to conduct the insect survival experiments. When
carbaryl was applied to plants, survival was not different in the exterior position for both
dense and sparse plants indicating that the carbaryl was consistently applied (Table 2).
The interior and middle positions of both dense and sparse plants received less than
10% coverage of insecticide (Table 1), but only the interior and middle positions of
dense plants protected greater than 50% of the natural enemies over the course of the
study. Insects in the middle position of dense plants had a higher survival than those in
the middle position of sparse plants by 62%, 160%, and 205% at 48, 72, and 96 HOE
(Table 2). Additionally, the interior position population never dropped below 60%, which
is consistent with survival in the water application experiments. The low survivability
even in areas with limited penetration seems to indicate that even a small amount
carbaryl can harm some natural enemies and may also be effective against pest
insects. This study was conducted in an unnatural environment where insects were
confined to arenas with treated leaves; survival may have been different if natural
enemies were able to move around. In a natural setting, insects move around the
canopy searching for prey, making them more likely to come into contact with residue
from other canopy positions. It is also possible that in a natural setting, natural enemies
may avoid insecticide residue.
Growers are subject to market pressure to produce plants with dense canopies.
However, plant producers and landscape managers need to understand the implications
of plant architecture on pest control. Canopy density may affect both control of pest
insects with contact insecticides and the ability to use natural enemies with chemical
control. In future studies, other beneficial insect species should be tested and other
insecticides should be incorporated to see if the insecticide is a determining factor in
natural enemy survival within dense canopies. Additional research conducted in a
natural environment is needed to determine the distribution and movement of natural
enemy species within the plant canopy in order to further evaluate the significance of
plant density on conventional and biological control.
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Table 1. Coverage and droplet density in the exterior, middle, and interior of oakleaf
hydrangea ‘Alice’ (Hydrangea quercifolia Bartr. ‘Alice’) with dense or sparse branch
architecture.
Coverage
Droplet density
Canopy density
Canopy position
(%)
(Deposits/cm2)
Dense
Exterior
38.2 ± 1.0 az
56 ± 3 a
Middle
0.8 ± 1.0 c
2±3c
Interior
0.4 ± 1.0 c
2±3c
Sparse
Exterior
36.5 ± 1.0 a
47 ± 3 a
Middle
4.5 ± 1.0 b
15 ± 3 b
Interior
1.0 ± 1.0 bc
8 ± 3 bc
Num DF
5
5
Den DF
66
66
***
Significance
***y
P-value
<.0001
<.0001
F Statistic
311.50
56.54
z
Means followed by the same letter within a column were not significantly different (Tukey
α = 0.05)
y
Significance at P=0.01 (*), P=0.001 (**), P=0.0001(***)
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Table 2. Interaction of canopy position and plant density within oakleaf hydrangea
‘Alice’ (Hydrangea quercifolia Bartr. ‘Alice’) canopies sprayed with carbaryl on adult
convergent lady beetles (Hippodamia convergens GM) survival (experiment one and
two pooled).
Survival
Position
Density
(% alive)
Hours of exposure
24
48
72
96
z
Exterior
Dense
73 ± 1
48 ± 1 b
24 ± 1 b
10 ± 0 b
Exterior
Sparse
58 ± 1
39 ± 1 b
8±1b
5±0b
Middle
Dense
83 ± 1
73 ± 1 a
65 ± 1 a
58 ± 0 a
Middle
Sparse
68 ± 1
45 ± 1 b
28 ± 1 b
19 ± 0 b
Interior
Dense
85 ± 1
80 ± 1 a
72 ± 1 a
71 ± 0 a
Interior
Sparse
63 ± 1
38 ± 1 b
16 ± 1 b
13 ± 0 b
Position P-value
0.1542
0.0077
<.0001
<.0001
Density P-value
0.0614
<.0001
<.0001
<.0001
Position*Density DF
2
2
2
2
Position*Density
NSX
*z
**
***
Significance
Position*Density P0.7841
0.0190
0.0013
<.0001
value
Position*Density F
0.24
4.21
7.39
15.92
Statistic
z
Means followed by the same letter within the same column were not significantly
different (Tukey α = 0.05)
x
Significance at P=0.01 (*), P=0.001 (**), P=0.0001(***), NS signifies non-significance
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Figure 1. Water sensitive card placement positions (top view).
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Native vs. Nonnative Lepidoptera and Symphyta Larval Host Records in the
Southeastern United States
C.S. Clem and D.W. Held
Auburn University, Department of Entomology and Plant Pathology, Auburn, AL 36849
Index words: ornamentals, native, herbivore, caterpillar, congener
Significance to Industry: The “native plant movement” is becoming popular among the
general public and has potential to influence IPM for the nursery and landscape
industries. This project evaluates caterpillar diversity on native and non-native plants
that are common to southeastern suburban landscapes. In general, native trees host
more species of caterpillars than non-native trees that are introduced to North America.
Some genera (Rhodendron, Populus, Salix, and Malus) of tree species related to native
trees (congeneric), however, also have similar caterpillar diversity as native trees.
Among the caterpillar species that attack non-native trees, more are generalist feeders
than specialist herbivores. This has implications for IPM, urban sustainability, and
urban planting design. Native plants, and certain related non-native plants, are prone to
caterpillar problems. Landscape architects and horticulturalists need to understand how
this will affect pest management and aesthetics, and educate clients about the ecology
of native plants and their associated herbivores.
Nature of Work: At least 5000 non-native plant species have been introduced into the
United States since European settlers landed in North America. Most of these species
have been introduced for ornamental purposes [19, 14] for beautification of home,
municipal, and commercial landscapes. Previous research suggests that native insect
herbivores, such as caterpillars, suffer reduced population numbers and reduced
diversity in areas where non-native plants are prevalent [22, 13, 24]. In addition, the
lack of herbivores has the potential to impact natural enemies occupying higher trophic
levels (Greenstone 2013, 11, 4).
The primary objective of this study was to summarize existing caterpillars (Lepidoptera)
and sawflies (Hymenoptera: Symphyta) host records from the literature. We focused on
common native and non-native plants occupying the southeastern United States. Using
these data, we sought to address three questions. 1) Do non-native woody plant
species occupying southeastern suburban areas support fewer species of eruciform
larvae than natives? 2) Do non-native congener plants (i.e. non-native plants within the
same genus as a native plant) support more species than non-native, non-congeners?
3) Do non-native plants support more generalist larvae (larvae that feed on many
species) than specialist larvae?
Twenty seven genera of woody plants were chosen based on popularity of use in
suburban and urban landscapes of the southeastern United States [16, 18, 3, 23]. For
this report, the southeastern United States consisted of Tennessee, North Carolina,
Mississippi, Alabama, Georgia, South Carolina, and Florida. Some plant species were
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also chosen based on a report by Tallamy and Shropshire [21], who compiled a list of
the most Lepidoptera-attractive genera. Common native and nonnative congener
species were chosen (if possible) from within each genus. For Question 1, plants were
categorized as “native,” or “non-native.” Native plants were defined as those that occur
naturally in the southeastern United States, while non-native plants were also common
in the southeastern United States, but were introduced from other areas of the world.
Furthermore, in order to answer Question 2, non-native plants were split into two
categories: “congener” and “non-congener.” Congeners are plant species that have at
least one native member of the same genus in the southeastern United States, while
non-congeners are non-native plant species with no close, native relatives.
Host records of caterpillars as well as sawfly larvae were recorded from three major
resources [9, 12, 17]. The geographic range, in the southeastern U.S., of these species
was also confirmed [25, 15]. Larval species were then counted and recorded in a
spreadsheet. For Question 3, larval species were categorized as either generalist or
specialist relative to the number of recorded host plants. Generalists were defined by
utilizing plant species in more than 3 plant families while specialists were defined as
utilizing plants in three or fewer families [2]. We used this information to determine if
specialist larval species present on non-native plants were also found on congener or
non-congener plants. A chi-square contingency table analysis was used to analyze diet
breadth, and a chi-square goodness-of-fit test was used to analyze the specialist larval
species.
Results and Discussion:
Do non-native plant species support fewer species of eruciform larvae than native
species? Among the 27 selected genera common in urban and suburban landscapes,
all native plants hosted eruciform larvae (Table 1). The 31 native species hosted 551
species of larvae compared to just 120 reported on non-native plant species. Six
genera, Zelkova, Pistacia, Nandina, Lagerstroemia, Pyrus, and Ligustrum, are only
represented by non-native species in the southeastern U.S. In the larval host records
sources that were searched, no eruciform larvae were listed for Zelkova, Pistacia,
Pyrus, or Nandina, but all other non-native genera hosted at least one species of
caterpillar or sawfly (Table 1). It was the general trend that native plants supported
many more caterpillar species than non-native plants, and this is concurrent with the
majority of reports in the literature [22, 1, 13, 5].
Many non-native ornamentals are favored by horticulturists, plant breeders, and
urbanites for aesthetics and the tendencies for these plants to be less prone to pests
[19]. This seems obvious with Lagerstroemia indica, Pyrus calleryana, Pyracantha
coccinea, Pistacia chinensis, Nandina domestica, Ligustrum spp., and Acer palmatum,
which are all common plants in southeastern United States landscapes and show few to
zero larval host records. This creates a paradox because having a disproportionate
number of non-native plants with these traits can somewhat “sterilize” and upset
sustainability in urban ecosystems [19]. There are several reasons for why native
insects might be less common on non-native plants. One theory, known as the Enemy
Release Hypothesis, states that non-native species are less susceptible to attack in
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non-natural ranges due to a lack of natural enemies [8]. As described by Tallamy [20],
native insects have evolved to overcome secondary plant compounds and other
defenses harbored by native plants. Non-native plants did not evolve with these native
herbivores, making most non-native plants less susceptible to herbivore attack.
Do congeners of native plants support larval diversity similar to their native
counterparts? Fifteen selected genera were represented by non-native and native
species (Table 1). Among the congener species, most of the non-native representative
species supported fewer larval species than their native congeners. For example, Acer,
Quercus, Prunus, and Ulmus have >100 additional records on native species relative to
non-native species in those genera. However, Rhododendron, Salix, Populus, and
Malus, supported similar numbers of larval species on native and non-native plant
species (Table 1). The non-native, non-congener species within the genera Ginkgo,
Lagerstroemia, Nandina, Pistacia, Pyracantha, Pyrus, and Zelkova were found to have
very few, if any, host records. This doesn’t imply that all non-native plants (or even
these genera) are pest free since several (Lagerstroemia, Nandina, Pyracantha, and
Zelkova) are common hosts for scales insects, lace bugs, and aphids. These results
demonstrate a slight ecological spillover effect occurring where larval species that
normally feed on native representatives of a genus also have the capability of feeding
on common non-native representatives of that genus.
Do non-native plants support more generalist larvae than specialist larvae? Among the
selected plant species, native plants hosted similar numbers of generalist and specialist
larval species (Figure 1). However, for larval species feeding on non-native plants,
more are generalists than specialists (χ2=6.2, P < 0.01). Since generalists have the
ability to feed on a broad range of plants, this was not unexpected. Unexpectedly,
however, a large number of specialists were found feeding on non-native plants. After
further analysis, about 40 species of specialists were feeding on non-native congeners
compared to about 5 species that attack non-native, non-congeners (χ2=29.5, P <
0.001). This provides additional evidence that ecological spillover can occur in
landscapes where closely related species are interplanted.
Native plants and related non-native woody plants, trees in particular, tend to be more
susceptible to damage and severe defoliation. This would be especially important when
trees are young and defoliation would be more apparent to the client or homeowner and
likely to trigger use of insecticides. As trees age, the apparent damage to the canopy
would become less apparent. Native plants also may host more natural enemies and
this may help to reduce perceived damage and increase sustainability. Dr. Greenstone
(USDA-ARS) has established native and non-native gardens at the national arboretum.
Gardens with only native woody and herbaceous plants have greater diversity and
abundance of parasitoid wasps than gardens with strictly non-native plants [10].
Landscape architects should consider these ecological principles as they plan designs
that include native plants or non-native congeners. Native only landscapes or natives
interplanted into conventional landscapes may add sustainability to urban ecosystems
by locally increasing populations of natural enemies.
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A survey of urban landscapes in Pennsylvania showed a clear connection between
native plants, insect herbivores, and avian abundance, diversity, species richness,
biomass, and breeding pairs [4]. Notably, 61% of North American terrestrial bird
species are primarily insectivorous and 28% are partially insectivorous [7]. Neotropical
migratory birds (birds that fly thousands of miles to spend the winter in Central or South
America) have, on average, been declining by 1% every year since 1966 [6].
Landscape architects and the horticulture industry can positively impact backyard
habitat for these birds by adding native plants to urban and suburban landscapes.
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Table 1. Caterpillar host records of native (N) and non-native (NN) plants documented in
the southeast (i.e. Tennessee, North Carolina, Mississippi, Alabama, Georgia, South
Carolina, and Florida). Host data from: Ferguson 1975 [9], Johnson and Lyon 1991 [12],
Robinson et al. 2013 [17]. Caterpillar range data from: Wagner 2005 [25], and NAMPG
2013 [15]. North American plant range data from: USDA 2013 [23].
Number of recorded
caterpillar species

Plant Genus

Native (N) and Non-native (NN) plant species

Acer

A. saccharinum –Silver Maple (N)
A. rubrum – Red Maple (N)
A. palmatum – Japanese Maple (NN)
A. platanoides – Norway Maple (NN)

Betula

B. nigra – River Birch (N)
B. lenta – Sweet Birch (N)
B. pendula – European White Birch (NN)
B. platyphylla – Japanese White Birch (NN)

15
18
4
0

Castanea

C. dentata – American Chestnut (N)
C. pumila – American Chinquapin (N)
C. sativa – European Chestnut (NN)
C. mollissima – Chinese Chestnut (NN)

67
11
35
4

Cercis

C. canadensis – Eastern Redbud (N)

19

Cornus

C. florida – Flowering dogwood (N)
C. eliptica – Chinese Evergreen Dogwood (NN)
C. kousa – Korean Dogwood (NN)

24
0
0

Ginkgo

G. biloba – Ginkgo Tree (NN)

4

Ilex

I. opaca – American Holly (N)
I. aquifolium – English Holly (NN)

9
2

Juniperus

J. virginiana – Eastern Redcedar (N)
J. chinensis – Chinese Juniper (NN)

Lagerstroemi
a

L. indica – Crepe Myrtle (NN)

4

Ligustrum

L. vulgare – European Privet (NN)
L. japonicum – Japanese Privet (NN)
L. ovalifolium – Oval-leafed Privet (NN)
L. lucidum – Glossy Privet (NN)

9
0
5
0

Liquidambar

L. styraciflua – American Sweetgum (N)

32

Liriodendron

L. tulipifera – Tulip Poplar (N)

23
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Magnolia

M. grandiflora – Southern Magnolia (N)
M. virginiana – Sweetbay Magnolia (N)
M. stellata – Star Magnolia (NN)
M. liliiflora – Japanese Magnolia (NN)

Malus

M. angustifolia – Southern Crab Apple (N)
M. floribunda – Japanese Flowering Crab
Apple (NN)

Myrica

M. cerifera – Wax Myrtle (N)

Nandina

N. domestica – Heavenly Bamboo (NN)

Pinus

P. taeda – Loblolly Pine (N)
P. palustris – Longleaf Pine (N)
P. mugo – Mugho Pine (NN)

Pistacia

P. chinensis – Chinese Pistache (NN)

0

Populus

P. deltoides – Eastern Cottonwood (N)
P. nigra – Lombardy Poplar (NN)

31
30

Prunus

P. americana – American Plum (N)
P. serotina – Black Cherry (N)
P. avium – Sweet Cherry (NN)
P. serrulata – Japanese Cherry (NN)

42
153
35
3

Pyracantha

P. coccinea – Scarlet Firethorn (NN)

2

Pyrus

P. calleryana – Bradford Pear (NN)

0

Quercus

Q. alba – White Oak (N)
Q. falcata – Southern Red Oak (N)
Q. rubra – Northern Red Oak (N)
Q. stellata – Post Oak (N)
Q. palustris – Pin oak (N)
Q. acutissima – Sawtooth Oak (NN)
Q. robur – English Oak (NN)

Rhododendro R. calendulaceum – Plum-leaf azalea (N)
R indicum – Kaempfer azalea (NN)
n
Salix

S. discolor – American Willow (N)
S. nigra – Black Willow (N)
S. babylonica – Weeping Willow (NN)
S. caprea – Goat Willow (NN)
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0
0
3
2
21
0
30
16
7

135
18
148
25
27
1
10
4
3
6
5
11
4
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Ulmus

U. americana – American Elm (N)
U. rubra – Slippery Elm (N)
U. parvifolia – Chinese Elm (NN)
U. procera – English Elm (NN)

Zelkova

Z. serrata – Japanese Zelkova (NN)

Number of Larva Species

300

280

121
26
5
7
0

271
Generalists

225

Specialists

150
76

75

44

0
Native
Non‐native
Figure 1. Number of generalist and specialist species of caterpillar and sawfly larvae on
native vs. non-native plants. X2 = 6.20, P = 0.0072
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Cooperative Agricultural Pest Survey, Farm Bill, and Southern Plant Diagnostic
Network Are Three Important Programs that Help Us Detect Invasive Pests,
Diseases and Weeds
F. A. Hale, D. Hensley, J. Grant, S. Stewart, H. Kelly, A. Windham,
S. Bost and P. Grewal
Entomology and Plant Pathology
University of Tennessee
5201 Marchant Drive
Nashville, TN 3721
FAHale@utk.edu
Index words: Cooperative Agricultural Pest Survey, Farm Bill, National Plant
Diagnostic Network, Southern Plant Diagnostic Network, invasive organisms
Significance to Industry: The accidental movement of invasive pests, weeds and
diseases associated with travel and trade is having an extremely costly impact each and
every year. Land Grant Universities and state departments of agriculture receive
funding and collaborate with federal government agencies to upgrade diagnostic lab
capabilities and to do extensive surveys for early detection of these invasive organisms.
Early detection of invasive organisms increases the likelihood that eradication efforts
can be successful, thus saving money and protecting valuable natural resources.
Nature of work: Economic damages associated with alien invasive species effects and
their control in the U.S. are approximately $120 billion each year (3). Invasive wood
and phloem boring insects annually caused local governments $1.7 billion in
expenditures and homeowners $830 million in lost property values (1). Early detection
gives us the opportunity to eradicate an invasive organism before it becomes
widespread. The emerald ash borer was probably in the U.S. (Detroit, Michigan area)
since 1992 or 1993 or possibly earlier although it was not discovered until 2002 (2).
Consequently, eradication efforts were unsuccessful which will result in the eventual
loss of all species of ash in North America.
Results and Discussion: What is being done to help prevent future ecological
disasters caused by invasive organisms? Cooperative Agricultural Pest Survey (CAPS)
is a cooperative agreement between state institutions and USDA APHIS. The CAPS
program conducts science-based national and state surveys targeted at specific exotic
plant pests, diseases, and weeds identified as threats to U.S. agriculture and the
environment.
In Tennessee, the CAPS program is coordinated from within the University of
Tennessee Entomology and Plant Pathology Department. The 2014 surveys in
Tennessee include: Exotic Wood-Boring Bark Beetle Survey for invasive wood-boring
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beetles of deciduous trees and conifers, Soybean and Cotton Commodity Survey for
invasive pests and diseases of soybeans and cotton, and the Nursery and Greenhouse
Survey for invasive snails, slugs, insects and diseases in 25 ornamental greenhouses
and 25 ornamental nurseries.
The exotic wood-boring bark beetle survey in Tennessee utilizes traps with lures to
attract and catch potential invasive beetles such as red-haired bark beetle (Hylurgus
ligniperda), Japanese pine sawyer (Monochamus alternatus), pine shoot beetle
(Tomicus destruens), lesser spruce shoot beetle (Hylurgops palliatus), sixtoothed bark
beetle (Ips sexdentatus), European spruce bark beetle (Ips typographus),
Mediterranean pine engraver (Orthotomicus erosus), oak ambrosia beetle (Platypus
quercivorus), and European hardwood ambrosia beetle (Typodendron domesticum).
The CAPS Nursery and Greenhouse Survey in Tennessee uses visual surveys to look
for exotic slugs and snails such as giant African snail (Achatina [Lissachatina] fulica),
channeled apple snail (Pomacea canaliculata), Monacha cartusiana, Ovachlamys
fulgens, and the white garden snail (Theba pisana). Slugs and snails were collected for
identification which will give us a baseline for the native and any invasive species found
in Tennessee nurseries and greenhouses. Other pests of interest in this visual survey
include hemlock woolly adelgid (Adelges tsugae), pink hibiscus mealybug
(Maconnellicoccus hirsutus), chrysanthemum white rust (Puccinia horianna), southern
bacterial wilt of geranium/potato brown rot (Ralstonia solanacearum race 3 biovar 2),
sudden oak death (Phytophthora ramorum), and gladiolus rust (Uromyces transveralis
Thum.). In 2015, additional pests to be surveyed include crape myrtle bark scale
(Eriococcus lagerostroemia), a soft wax scale (Ceroplastes destructor), a spider mite
(Tetranychus roseus), and boxwood blight (Cylindrocladium buxicola). The crape myrtle
scale was first detected in the U.S. in the Dallas, Texas area. Since then it has been
found in other areas in Texas; several locations in Louisiana; Littlerock, Arkansas;
Newnan, Georgia; Germantown, Tennessee and nearby areas in the Memphis area.
The CAPS Soybean and Cotton Survey in Tennessee utilizes pheromone trapping plus
field scouting in West and Middle Tennessee. The pheromone trapping survey is
conducted at 16 locations. Traps are deployed for four exotic moths: old world bollworm
(Helicoverpa armigera), Egyptian cottonworm (Spodoptera littoralis), silver-Y moth
(Autographa gamma), and cotton cutworm (Spodoptera litura). Visual field surveys are
made for cotton seed bug (Oxycarenus hyalinipennis), soybean rust (Phakopsora
pachyrhizi), brown marmorated stink bug (Halyomorpha halys), and the bean plataspid
or kudzu bug (Megacopta cribraria)
The USDA APHIS provided the Farm Bill funding for plant pest & disease management
and disaster prevention programs (4). It enhances plant pest disease surveys, targets
domestic inspection activities at vulnerable points in the safeguarding continuum,
enhances and strengthens pest identification technology, safeguards nursery
production, conducts outreach and education to increase understanding, acceptance
and support of plant pest and disease eradication and control efforts, and enhances
mitigation capabilities.
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Farm bill funded programs for Tennessee in the “Survey” funding category include:
(Phytophthora ramorum Nursery Survey) Cooperator Tennessee Department of
Agriculture (TDA); (Solanaceous/Tomato Commodity Survey) Cooperator University of
Tennessee (UT); and (Walnut Twig Beetle/Thousand Cankers Disease Survey)
Cooperator TDA.
Funded programs in the “Conduct Outreach and Education” include (Forest Pest
Outreach & Survey Project) Cooperator UT; and Expansion of Regional Outreach Plan
for Thousand Cankers Disease on Black Walnut) Cooperator UT. Note that thousand
cankers disease of walnut, Geomithia morbida, originated in the western U.S. and was
first found in the native range of eastern black walnut in the eastern U.S. in Knoxville,
Tennessee in the summer of 2010. The walnut twig beetle, Pityophthorus juglandis, is
the vector of thousand cankers disease of walnut
The mission of The National Plant Diagnostic Network (NPDN) and the regional
Southern Plant Diagnostic Network (SPDN) which includes Tennessee, other southern
states, and territories is to enhance national agricultural security by quickly detecting
introduced pests and pathogens. It provides a means for quick identification with
protocols for immediate presorting to appropriate responders and decision makers.
Funding has allowed state diagnostic labs to upgrade equipment and diagnosticians to
receive training, which increases the capacity of the labs to process samples. (5)
An important tool of The NPDN is its First Detector Program (6). The program trains
Customs & Boarder Protection and phytosanitary inspectors plus other agricultural
professions & volunteers such as Master Gardeners for the early and rapid identification
of pests and diseases. The NPDN Training and Educational site (7) offers First Detector
E-learning courses and information (8). There is also First Detector Training for the
Master Gardener with an extensive list of insect, disease and weed fact sheets (9). The
First Detector Entomology Training Project is an on-line general entomology course
designed for Master Gardeners and homeowners (10). It provides a general overview
of entomology and helps home owner’s recognize the common arthropods (pests and
non-pests) and confirm the identification of pest problems. Topics covered in the
module include: Introduction to Arthropods, How to photograph insects, How to collect
insects, How to preserve insects, Spiders and other arachnids, Basic insect biology, and
Brief introduction to the major different kinds of insects (orders).
The collaborative efforts of state land grant universities, state departments of agriculture
and USDA APHIS have increased our collective ability to educate the general public,
Master Gardeners, agricultural based groups and other First Detectors about the
importance of invasive organisms. This heightened awareness greatly increases our
ability to detect invasive organisms early so eradication efforts can have a better chance
of being successful. Pest survey programs at the state level have also been
strengthened and the capabilities of state pest diagnostic labs have been greatly
improved. Many successes have and will continue to arise from these collaborative
efforts.
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Salt Tolerance of Garden Rose Cultivars
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Significance to Industry
Lacking of high quality water is one of the main concerns in arid and semiarid regions.
This forces nursery growers and landscapers to use alternative water source, such as
municipal reclaimed water (1). Reclaimed water contains relatively high level of soluble
salts and has high alkaline pH (2). Excess salts in irrigation water influence plant growth
and development in all stages, although the degree of the negative salinity effect may
be growth stage dependent. Salt tolerant ornamental plants should be identified to
reduce production cost and enhance sustainable development. The pH of irrigation
water also plays an important role in the plant growth and development since it changes
the solubility of minerals (3). Tagetes patula (Marigold) is sensitive to irrigation water
with electrical conductivity (EC) higher than 4 dS·m-1, and its growth reduction is
significantly greater when the pH of irrigation water is 7.8 compared with 6.4 (4). Garden
rose (Rosa spp.) is one of the most popular ornamental plants in southern regions. It
has been classified as fairly salt-sensitive plant. However, rose rootstocks R. fortuniana,
R. multiflora, R. odorata, and ‘Dr. Huey’ can tolerate moderate salinity (EC up to 4.0
dS·m-1) with acceptable growth reduction and aesthetic appearance (5, 6). More
information on salt tolerance of garden roses is needed. The objective of this study was
to compare the relative salt tolerance of selected garden roses. The results showed that
1) salt tolerance varied among the three tested garden rose cultivars; 2) ‘Knock out’
rose was more tolerant to the salt in irrigation water than ‘Belinda’s Dream’, while
‘Carefree Beauty’ had the least tolerance; 3) the pH of irrigation water didn’t exacerbate
the negative impacts of salt on the growth and development of the three tested garden
rose cultivars.
Nature of Work: On 23 March 2012, cuttings of ‘Belinda’s Dream’, ‘Carefree Beauty’,
and ‘Knockout’ (Greenheart, Arroyo Grande, CA) were transplanted into pots (8.5 × 8.5
× 8.0 cm) containing Sunshine Mix #4 (SunGro Hort., Bellevue, WA), perlite (Therm-ORock West, Inc., Chandler, AZ), and composted mulch (Western Organics, Inc., Tempe,
AR) at a ratio of 6:1:1 in volume. The substrates were incorporated with 0.6 kg·m-3
Micromax® micronutrients (Scott, Marysville, OH) and 0.07 kg·m-3 Marathon®
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1% G (OHP, Inc., Mainland, PA). On 10 April, cuttings were transplanted into 2.6-L
Poly-Tainer container with a 1:1 (by volume) mix of Sunshine Mix #4 and composted
mulch amended with 5 kg·m-3 dolomite limestone (Carl Pool Earth-Safe Organics,
Gladewater, TX) and 1 kg·m-3 Micromax® micronutrients . All roses were grown in a
shade house (25% light exclusion) during summer.
On 21 August 2012, roses were pruned to 10-12 cm high and grown in a greenhouse.
AVID® 0.15 EC (2% Abamectin, Syngenta Crop Protection Inc., Greensboro, NC) was
applied for controlling spider mites and aphids as needed. On 8 October, roses were
pruned to ~10 cm high again. One week later, treatments were initiated with nutrient
solution (control) or saline solutions at either pH of 6.6 or 7.8 by irrigating plants with at
least 10% leachate. Plants were then irrigated with nutrient or saline solutions once a
week. The nutrient solution at EC of 1.5 dS·m-1 was prepared by adding 1 g·L-1 15 N-2.2
P-12.5 K (Peters 15-5-15; Scotts) to tap water. The major ions in the tap water were
Na+, Ca2+, Mg2+, Cl-, and SO42- at 184, 52.0, 7.5, 223.6, and 105.6 mg·L–1, respectively.
Saline solution at EC of 3.9 and 7.8 dS·m-1 was prepared by adding calculated amount
of sodium chloride (NaCl) and calcium chloride (CaCl2) at 2:1 (molar ratio) to the
nutrient solution. Solutions were prepared in 100-L tanks with confirmed EC of 1.64 ±
0.25, 3.88 ± 0.10, and 7.75 ± 0.25 dS·m-1 (mean and standard deviation) for nutrient
and saline solutions, respectively. Two pH levels of 6.56 ± 0.15 and 7.78 ± 0.04 were
prepared for individual solution. Whenever substrate surface started to dry, tap water
was applied. On 23 October, about 9 g of Micromax® micronutrients was applied to
each container.
Leachate was collected periodically, and the EC of the leachate was measured using an
EC meter (Model B-173, Horiba, Ltd., Japan). To reduce the salt accumulation, plants in
control treatment were flushed with tap water to lower the salinity in the root zone. The
temperatures in the greenhouse were maintained at 29.8 ± 7.1 °C (mean ± standard
deviation) during the day and 21.2 ± 1.9 °C at night. The daily light integral
(photosynthetically active radiation) was 13.3 ± 3.7 mol·m-2·d-1.
Upon termination of the experiment (i.e. 13 December), number of flowers were
counted. Foliar salt damage was rated by giving a score to every plant from 0 to 5,
where 0 = dead, 1 = over 90% foliar damage (salt damage: burning, necrosis, and
discoloration); 2 = moderate (50-90%) foliar damage; 3 = slight (<50%) foliar damage; 4
= good quality with minimal foliar damage; and 5 = excellent without any foliar damage.
New shoots were severed, and the length of all shoots was measured. All shoots were
dried at 65 °C to constant weight, and the dry weight was noted.
The study was designed for each cultivar as a factorial experiment with three EC levels
and two pH levels of irrigation water and six replications per treatment. All data were
analyzed by a two-way analysis of variance (ANOVA) using PROC GLM. Means
separation among treatments was conducted using Tukey’s HSD multiple comparison.
All statistical analyses were performed using SAS software (Version 9.1.3, SAS Institute
Inc., Cary, NC).
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Results and Discussion: The leachate ECs of garden roses that received irrigation of
nutrient solution (control) and saline solution at EC of 3.9 and 7.8 dS·m-1 were
measured weekly (Fig. 1). The pH of irrigation water didn’t affect the leachate ECs of
garden roses for all dates except 20 November. The leachate ECs of garden roses were
similar between pH 6.6 and pH 7.8 for all dates except 7 November for nutrient solution
(control) treatment and 20 and 27 November for saline solution at EC of 3.9 dS·m-1. In
addition, the leachate ECs for plants watered with saline solution at EC of 7.8 dS·m-1
were insignificant between pH 6.6 and pH 7.8 for all dates.
No interactions were observed in all plant growth attributes of ‘Belinda’s Dream’ except
visual score. EC of irrigation water significantly affected shoot dry weight, visual score,
and number of flowers, but pH of irrigation water only impacted number of flowers
(Table 1). Averaged across pH levels, there was an overall 20.5% and 37.0% reduction
in shoot dry weight, 27.7% and 34.0% in the number of flowers of plants irrigated with
saline solution at EC of 3.9 and 7.8 dS·m-1, respectively. Plant quality as quantified by
visual score was negatively impacted by increased EC of irrigation water.
All plant growth attributes of ‘Carefree Beauty’ were unaffected significantly by the EC ×
pH interactions (Table 2). There was a significant reduction by increased EC of
irrigation water in shoot dry weight, total length of new shoots, and visual score.
Averaged across pH levels, there was an overall 24.3% and 43.9% reduction in shoot
dry weight, 19.5% and 28.0% in total length of new shoots of plants irrigated with saline
solution at EC of 3.9 and 7.8 dS·m-1, respectively. Plant quality became worse as EC
and pH of irrigation water increased.
There were no interactions in all plant growth attributes of ‘Knockout’ except total length
of new shoots. EC of irrigation water significantly affected all plant growth attributes
(Table 3). Averaged across pH levels, there was an overall 6.6% and 33.7% reduction
in shoot dry weight, 0.7% and 24.4% in total length of new shoots, 5.4% and 25.8% in
number of flowers of plants irrigated with saline solution at EC of 3.9 and 7.8 dS·m-1,
respectively. The increase in both EC and pH of irrigation water was associated with
decrease in plant quality.
In summary, salt tolerance varied among three tested garden rose cultivars. ‘Knock out’
rose was more tolerant to the salt in irrigation water than ‘Belinda’s Dream’, while
‘Carefree Beauty’ had the least tolerance. The pH of irrigation water didn’t exacerbate
the negative impacts of salt on the growth and development of garden rose.
Literature Cited
1. Wu, L.Sh., W.P. Chen, C. Grench, and A. Chang. 2009. Safe application of
reclaimed water reuse in the southwestern United States. University of California
Division of Agriculture and Natural Resources Bul. 8357.
2. Kaering, K.C., G.K. Evanylo, B. Benham, and M. Goatley. 2009. Water reuse: using
reclaimed water for irrigation. Virginia Cooperative Extension Bul. 452-014.

Floriculture

101

SNA Research Conference Vol. 59 2014

3. Islam, A.K.M.S., D.G Edwards, and C.J Ashier. 1980. pH optima for crop growth
results of flowing solution culture experiment with six species. Plant and Soil 54:
339-357.
4. Valdez-Aguilar, L.A, C.M Grieve, J. Poss, and D.A. Layfield. 2009. Salinity and
alkaline pH in irrigation water affect marigold plants: I. growth and shot dry weight
partitioning. HortScience 44(6): 1719-1725.
5. Niu, G. and D.S. Rodriguez. 2008. Responses of growth and ion uptake of four rose
rootstocks to chloride- or sulfate-dominated salinity. J. Amer. Soc. Hort. Sci. 133(5):
663–669.
6. Niu, G., D.S. Rodriguez, and L. Aguiniga. 2008. Effect of saline water irrigation on
growth and physiological responses of three rose rootstocks. HortScience 43:1479–
1484.

Table 1. Effects of electrical conductivity (EC) and pH (6.6 or 7.8) of irrigation water on
plant growth of rose ‘Belinda’s Dream’ at the experiment termination.
EC

Shoot dry
weight (g)
6.6
7.8
y
19.1a
20.4a
15.7ab 15.7ab
13.2b
11.6b

Total length of
new shoots (cm)
6.6
7.8
147.2a 155.0a
140.9a 124.0a
121.2a 126.3a

Visual scorez
6.6
5.0a
3.8b
2.8c

7.8
4.7a
4.5a
1.8b

Number of
flowers
6.6
7.8
5.3a
5.2a
4.8a
2.8b
4.2a
2.8b

Control
3.9
7.8
ANOVA
NS
***
*
EC
***x
pH
NS
NS
NS
*
EC × pH
NS
NS
*
NS
z
Visual score was rated with a score from 0 to 5, where 0 = dead, 1 = over 90% foliar
damage (salt damage: burning, necrosis, and discoloration); 2 = moderate (50-90%)
foliar damage; 3 = slight (<50%) foliar damage; 4 = good quality with minimal foliar
damage; and 5 = excellent without any foliar damage.
y
Means with same letters within column are not different tested by Tukey’s HSD
multiple comparisons at P < 0.05.
x
NS, *, **, ***: nonsignificant, significant at P < 0.05, 0.01, and 0.001, respectively.
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Table 2. Effects of electrical conductivity (EC) and pH (6.6 or 7.8) of irrigation water on
plant growth of rose ‘Carefree Beauty’ at the experiment termination.
EC

Shoot dry
weight (g)
6.6
7.8
y
15.5a
13.6a
11.1b
11.0ab
7.8b
8.6b

Total length of
new shoots (cm)
6.6
7.8
193.4a 139.5a
127.9b 139.8a
114.0b 125.6a

Visual scorez
6.6
5.0a
4.7a
3.7b

7.8
4.8a
3.3b
3.0b

Number of
flowers
6.6
7.8
8.3a
6.3a
7.0a
6.8a
5.8a
6.0a

Control
3.9
7.8
ANOVA
EC
***x
*
***
NS
pH
NS
NS
**
NS
EC × pH
NS
NS
NS
NS
z
Visual score was rated with a score from 0 to 5, where 0 = dead, 1 = over 90% foliar
damage (salt damage: burning, necrosis, and discoloration); 2 = moderate (50-90%)
foliar damage; 3 = slight (<50%) foliar damage; 4 = good quality with minimal foliar
damage; and 5 = excellent without any foliar damage.
y
Means with same letters within column are not different tested by Tukey’s HSD multiple
comparisons at P < 0.05.
x
NS, *, **, ***: nonsignificant, significant at P < 0.05, 0.01, and 0.001, respectively.

Table 3. Effects of electrical conductivity (EC) and pH (6.6 or 7.8) of irrigation water on
plant growth of rose ‘Knock Out’ at the experiment termination.
EC

Shoot dry
weight (g)
6.6
7.8
28.5ay 27.9a
28.5a
24.2ab
21.0b
16.4b

Total length of
new shoots (cm)
6.6
7.8
229.8ab 262.8a
290.0a 199.0ab
197.3b 175.3b

Visual scorez

Number of
flowers
6.6
7.8
15.8ab 15.2a
16.5a
12.8a
12.5b
10.5a

6.6
7.8
Control
5.0a
4.8a
3.9
4.8a
4.5a
7.8
3.5b
2.7b
ANOVA
*
***
*
EC
***x
pH
NS
NS
*
NS
EC × pH
NS
*
NS
NS
z
Visual score was rated with a score from 0 to 5, where 0 = dead, 1 = over 90% foliar
damage (salt damage: burning, necrosis, and discoloration); 2 = moderate (50-90%)
foliar damage; 3 = slight (<50%) foliar damage; 4 = good quality with minimal foliar
damage; and 5 = excellent without any foliar damage.
y
Means with same letters within column are not different tested by Tukey’s HSD multiple
comparisons at P < 0.05.
x
NS, *, **, ***: nonsignificant, significant at P < 0.05, 0.01, and 0.001, respectively.
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Electrical conductivity
(dS·m-1)

16.0
14.0
12.0

6.4 Control

10.0

7.8 Control

8.0

6.4 EC = 3.9

6.0

7.8 EC = 3.9

4.0

6.4 EC = 7.8

2.0

7.8 EC = 7.8

0.0
Oct. 22 Oct. 31 Nov. 7 Nov. 12 Nov. 20 Nov. 27 Dec. 5 Dec. 10

Fig. 1. Leachate electrical conductivity (EC) and pH of garden roses were measured
weekly as affected by the EC and pH of irrigation water. Vertical bars represent
standard error of six replications.
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Ornamental Pepper Evaluation
Susan. S. Worthey, R. Crofton Sloan, Cameron Tate, and Thomas E. Horgan
North Mississippi Research and Extension Center
Mississippi State University, Verona, MS 38879
srh12@msstate.edu
Index words: variety trial, Capsicum annum, landscape value
Nature of Work: Peppers (Capsicum annuum L.) have market popularity among
gardeners and landscapers due to ornamental characteristics such as colorful foliage,
unique growth habit, fruit shape, and fruit color (1). New pepper cultivars possess
improved ornamental characteristics of heirloom varieties combined with those of Indian
and African pepper germplasm. Cultivars evaluated in this trial were new or vegetable
garden types that are not commonly grown as ornamentals. The popular trend in using
vegetables in ornamental plantings has been occurring for years. Vegetables that have
been bred with ornamental characteristics have been the foundation of this trend (2).
Stommel has been involved in breeding peppers for several years. His research has a
two-fold advantage: increase the varieties of ornamental peppers for the consumer and
lay the foundation for anthocyanin research to develop colorful plants for use in the
plant industry (3).
Seeds of 26 pepper cultivars were sown on February 15, 2012. Plants were transplanted
to the raised landscape beds on April 16, 2012. The beds were constructed with crosstie
sides and filled with sandy topsoil and ammoniated pine bark at a 2:1 ratio. Pepper plants
were irrigated with staked spray nozzles as needed. The beds were fertilized monthly with
8-8-8 at the rate of 1 lb/100 ft2. Plants were evaluated on May 30, June 13, July 10, and
July 25 by using a visual quality rating for plant vigor, foliage appearance, overall
landscape rating, plant uniformity, uniqueness, and fruit display on a scale of 1 - 5, where
1 = poor; 3 = moderate, and 5 = superior. Disease and insect rating were rated on a scale
of 1-5, where 1= slight insect / disease presence, 3= moderate, 5= dead. Plant height
and width were measured at the end of the study. The experimental design was a
randomized completed block with 4 replications. Means were separated by Fisher’s
Protected Least Significant Difference (SAS Version 9.3, Cary, NC)
Results and Discussion: The ratings of cultivars varied with the evaluation dates and
are reported by date. ‘Joe’s Round’ was the tallest pepper in this trial and was followed
by ‘Ethem’ and ‘Caribbean Hot’ (Table 1). ‘Cherry Stuffer’ had greatest width than all
other cultivars except ‘Joe’s Round’ and ‘Thai Hot’. ‘Fire on the Mountain’ had one of
the highest ratings in fruit and landscape ratings among the four dates reported (Table
2). ‘Ethem’ had the lowest rating for landscape rating and fruit for all dates except for
May 30. ‘Ethem’ had the lowest overall landscape rating. The top rated pepper varieties
showed great ornamental potential with high landscape rating and good fruit qualities.
Most of the peppers with the exception of some of the lower rated varieties would make
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a good addition to the growing program for the consumer interested the ornamental
characteristics of garden variety peppers.
Literature Cited:
1. Owings, A. 2013. Ornamental peppers add color to fall landscapes. Headline News.
www.lsuagacenter.com/news archive/2013/September / headline_ news
/Ornamental –pepper. Accessed 6-10-2014.
2. Nelson, J.S. 2009. Ornamental peppers. Plant Palette. University of Illinois
Extension Service.
3. Yao, S. 2009. New ornamental peppers heading to market. USDA Agriculture
Research Service. http:// www.ars.usda.gov/is/2009/090316.htm.
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Table 1. Pepper Cultivar Characteristics

Apache
Basket of Fire
Cajun Belle

38.4 ijz
35.7 j
60.5 e

30.2 p
41.8 no
59.4 f-h

Caribbean Red
Chenzo Black
Cherry Stuffer
Cheyenne
Chinese Five Color
Czechoslavakian
Black
Ethem
Fire on the
Mountain
Jimmy Nardello
Joe’s Round
Loco Red

77.1 b
58.6 e
70.8 d
32.4 k
74.2 bc

63.6 de
63.5 de
72.3 a
33.2 p
71.2 ab

Scoville Heat
Units (shu)
70,00080,000
80,000
100-1,000
200,000400,000
Sweet
Sweet
30,000
5,000-30,000

53.0 f
76.9 b

62.7 d-f
56.6 hi

3000
Sweet

49.3 g
60.4 e
84.2 a
51.7 fg

49.7 kl
65.9 cd
70.9 ab
56.3 hi

Cultivar

Height (cm)

y

Width (cm)

Sweet
30,000-50,00
24,000
30,00060,000
Sweet

Overall Landscape
Ratingw

3.3 d-h
2.6 j

3.8 a-c
4.0 ab
3.3 d-h
2.9 h-j
3.3 d-i
3.3 d-h
3.8 b-e
3.6 b-g

4.5 a
3.3 d-i
3.3 d-i
4.0 ab

McMahon’s Bird
40.3 hi
54.0 ij
2.8 ij
Patio Blush Pink
41.4 hi
46.1 lm
3.3 c-i
Peppa Blanca
Rostra
40.1 hi
41.7 no
100-1000
3.9 a-c
Pinot Noir
61.0 e
67.9 bc
Sweet
3.4 b-h
Royal Black
51.6 fg
48.7 kl
5000-30,000
3.1 f-i
Sweet Cherry
60.1 e
61.0 e-g
3.0 g-j
Sweet Red Heat
29.3 k
33.5 p
3.5 b-h
Tangerine Dream
39.6 hi
49.1 kl
Sweet
3.8 a-d
Tasty Hot Cherry
51.4 fg
57.2 g-i
5,000-30,000
3.2 e-h
Tasty Patio Hot
Wings
30.2 k
38.5 o
30,000
3.6 b-f
Tequila Sunrise
39.5 hi
52.3 jk
Sweet
3.4 c-h
Thai Hot
71.3 cd
71.5 ab
5000-60,000
3.3 c-i
z
Means within the same column followed by the same letter are not different according
to Fisher’s Protected Least Significant Difference (p<0.05).
y
Width = (width + width2)/2
w
Landscape Rating: 1 – 5: 1 = poor; 3 = moderate, and 5 = superior.
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Table 2. Pepper cultivar characteristics for four dates in 2012
Cultivar
Apache
Basket of Fire
Cajun Belle
Caribbean Red
Carmen
Chenzo Black
Cherry Stuffer
Cheyenne
Chinese Five
Color
Czechoslavaki
an Black
Ethem
Fire on the
Mountain
Jimmy
Nardello
Joe’s Round
Loco Red
McMahon’s
Bird
Patio Blush
Pink
Peppa Blanca
Rostra
Pinot Noir
Royal Black
Sweet Cherry
Sweet Red
Heat
Tangerine
Dream
Tasty Hot
Cherry
Tasty Patio
Hot Wings
Tequila
Sunrise
Thai Hot

May 30
Fruit
Ratingy
3.3 a
2.8 a
3.0 a
3.0 a
3.0 a
3.0 a
3.0 a
3.3 a

Landscape
Rating
3.0 bc z
3.0 bc
3.0 c
2.8 c
3.0
3.0 bc
3.0 bc
3.3 a-c

June 13
Fruit
Rating
3.3 b-e
3.0 c-f
3.0 c-f
2.5 e-g

Landscape
Rating
3.8 ab
3.8 ab
3.3 a-d
2.8 c-e

July 10
Fruit
Rating
4.0 a-e
3.8 b-f
3.0 fg
3.3 d-g

Landscape
Rating
4.3 a-d
4.5 ab
3.7 b-f
3.3 c-f

July 25
Fruit
Rating
4.75 a
5.0 a
4.25 a-c
3.8 b-d

Landscape
Rating
4.5 a
4.8 a
3.3 cd
3.0 de

2.5 e-g
3.0 c-f
3.3 b-e

3.3 a-d
3.3 a-d
3.8 ab

3.5 c-f
3.5 c-f

4.0 a-e
3.5 b-f
3.5 b-f

3.3 d-f
3.8 b-d
4.25 a-c

2.8 de
3.3 cd
4.5 a

3.3 a

3.5 ab

3.3 b-e

2.8 c-e

4.3 a-d

3.6 b-e

4.5 ab

4.3 ab

3.0 a
2.0 c

3.0 bc
3.3 a-c

3.8 a-c
3.0 c-f

3.8 ab
2.0 e

3.3 e-g
3.0 fg

3.0 ef
2.7 f

3.0 d-f
3.7 b-d

3.3 cd
2.3 e

3.5 a

3.8 a

4.3 a

4.0 a

4.3 a-c

5.0 a

4.5 ab

4.8 a

3.5 a
2.5 a
3.0 a

2.8 c
2.8 c
3.25 a-c

3.8 a-c
3.0 c-f
3.8 a-c

3.3 a-d
3.8 ab
3.8 ab

4.0 a-e
3.5 c-f
4.7 ab

3.5 b-f
3.8 b-e
4.3 a-c

4.25 a-c
2.8 ef
4.5 ab

3.5 b-d
2.8 de
4.8 a

2.8 a

3.0 bc

2.3 fg

2.0 e

2.5 g

3.0 ef

2.5 f

3.0 de

2.5 a

3.5 ab

2.5 e-g

3.0 b-d

3.3 e-g

3.3 d-f

3.3 d-f

3.5 b-d

3.3 a
2.8 a
2.5 a
2.5 a

3.8 a
3.5 ab
3.0 bc
3.0 bc

4.0 ab
3.5 a-d
3.0 c-f
2.0 g

3.5 a-c
3.3 a-d
3.3 a-d
2.5 de

4.8 a
4.3 a-d
3.3 e-g
3.3 d-g

4.3 a-d
3.8 b-e
3.3 d-f
3.3 c-f

4.25 a-c
3.3 d-f
3.0 d-f

4.0 a-c
3.3 cd
3.0 de

2.5 a

2.8 c

3.5 a-d

3.3 a-d

3.3 e-g

4.0 a-e

3.5 c-e

4.0 a-c

2.5 a

3.5 ab

2.8 d-g

3.3 a-d

3.5 c-f

4.3 a-d

4.25 a-c

4.3 ab

3.3 a

2.3 c

2.3 fg

3.0 b-d

3.3 e-g

3.5 b-f

3.0 d-f

4.3 ab

2.5 a

2.8 c

3.0 c-f

3.5 a-c

3.8 b-f

4.0 a-f

4.5 ab

3.5 b-d

2.8 a
2.8 a

3.5 ab
3.8 a

2.8 d-g
2.0 g

2.5 de
3.0 b-d

3.5 c-f
3.5 c-f

3.5 b-f
3.3 d-f

3.8 b-d
3.5c-e

4.0 a-c
3.3 cd

z

Means within the same column followed by the same letter are not different according
to Fisher’s Protected Least Significant Difference (p<0.05).
y
Rating: 1 – 5: 1 = poor; 3 = moderate, and 5 = superior.
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Salt Tolerance of Artemesia schmidtiana, Buddleia davidii, and Lantana sp.
Youping Sun1, Genhua Niu1, Christina Perez2, and Pedro Osuna3
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Index Words: dry weight, growth, osmotic potential, salinity
Significance to Industry: Nursery production and landscape industry are facing everincreasing pressure in using limited high quality water for irrigating plants. Municipal
reclaimed water is an alternative water source for irrigating landscape plants in areas
with limited supply of high quality water (1). Reclaimed water contains relatively high
level of soluble salts compared to potable water (2). Salt tolerant ornamental plants are
needed for landscapes where alternative waters may be used for irrigation. Artemesia
schmidtiana ‘Silver Mound’, Buddleia davidii ‘Nanho Blue’, and Lantana X 'Luscious
Citrus' are popular ornamental plants. However, information on their responses to
irrigation water with elevated salts is limited. A greenhouse study was conducted to
determine their responses to elevated salinity in order to provide more information for
growers and gardeners. Our results indicated that although their growth is reduced at
elevated salinity, no foliar salt damage was observed. Among the tested species,
Artemesia schmidtiana 'Silver Mound' was more tolerant to salt than Lantana X
'Luscious Citrus', followed by Buddleia davidii ‘Nanho Blue’.
Nature of Work: Rooted cuttings of Artemesia schmidtiana ‘Silver Mound’, Buddleia
davidii ‘Nanho Blue’, and Lantana X 'Luscious Citrus' were received from Southwest
Perennials Inc. (Dallas, TX) on 3 May, 2012. The cuttings were transplanted into 9 cm ×
9 cm × 8.5 cm Dillen® inserts with Sunshine Mix #4 (SunGro Hort., Bellevue, WA) and
grown in a greenhouse. They were watered with 0.72 g·L-1 15 N- 2.2 P- 12.5 K (Peters
15-5-15; Scotts, Marysville, OH) nutrient solution until treatment initiated. On 22 May, all
plants were transplanted into 2.6-L Poly-Tainer containers (No.1S, 16.5 x 16.5 cm) with
fresh Sunshine substrates.
Treatment solutions were initiated on 4 June and terminated on July 23. Saline solutions
at electrical conductivity (EC) of 4.0 and 8.0 dS·m-1 (EC4 and EC8) were created by
adding calculated amount NaCl and CaCl2 at 2:1 molar ratio to nutrient solution. The
nutrient solution at EC of 1.5 dS·m-1 was prepared by adding 1.25 g·L-1 15 N- 2.2 P12.5 K to tap water. The major ions in the tap water were Na+, Ca2+, Mg2+, Cl-, and
SO42- at 184.0, 52.0, 7.5, 223.6, and 105.6 mg·L–1, respectively. The treatment solution
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was applied weekly with ~10% leaching fraction. Leachate EC and pH were recorded
using EC meter (Model B-173, Horiba, Ltd., Japan). Nutrient solution was applied
between treatments whenever the surface of the media became dry.
All plant height (cm), plant width (cm) at perpendicular directions, and length (cm) of all
shoots were measured. Upon termination of the experiment, ten plants per species per
treatment were severed at the substrate surface, and shoot dry weight (DW) were
determined after oven-dried at 70 °C to constant weight. Leaf osmotic potential was
determined as described in Niu et al. (3). Specifically, leaves of ten plants were
sampled from the middle section of the shoots in the early morning at the end of the
experiment, sealed in a plastic bag, and immediately stored in a freezer at –20 °C until
analysis. Frozen leaves were thawed in the plastic bag at room temperature before sap
was pressed out with a Markhart leaf press (LP-27, Wescor, Logan, UT) and analyzed
using a vapor pressure Osmometer (Vapro Model 5520, Wescor, Logan, UT).
The experiment was a split-plot design with species as the main plot and salinity of
irrigation water as subplot with 20 replications. All data were analyzed using SAS
software (Version 9.1.3, SAS Institute Inc., Cary, NC). To determine the differences
among salinity levels on plant growth, Tukey’s HSD multiple comparisons were
performed.
Results and Discussion: Although growth index of Artemesia schmidtiana ‘Silver
Mound’ was reduced by salt treatment, its dry weight was not affected (Table 1). Plants
irrigated with saline solution at EC4 and EC8 were 5.0% and 15.7% smaller than those
with nutrient solution (control).
Salt treatment considerably decreased the length of shoots and dry weight of Buddleia
davidii ‘Nanho Blue’ (Table 1). Compared to control, plants watered with saline solution
at EC4 and EC8 were 10.3% and 18.8% shorter in shoot length, while 26.7% and
49.9% lighter in dry weight, respectively.
Salt treatment reduced the growth index, length of shoots, and dry weight of Lantana X
'Luscious Citrus' plants (Table 1). In term of the growth index, Lantana X 'Luscious
Citrus' plants irrigated with saline solution at EC4 and EC8 were 13.2% and 32.2%
smaller, respectively, compared to control. Plants watered with saline solution at EC4
and EC8 were 20.4% and 26.6% shorter in length of shoots than those with nutrient
solution (control). In addition, plants irrigated with saline solution at EC4 and EC8 had
9.2% and 44.2% less dry weight than those with nutrient solution (control).
Salt treatment decreased leaf osmotic potential for three tested plant species (Table 2)
and the degree of decreasing in leaf osmotic potential varied among species. Compared
to control, the osmotic potential of Artemesia schmidtiana ‘Silver Mound’ plants was
21.3% and 20.3% lower when they were irrigated with saline solution at EC4 and EC8,
while that of Lantana X 'Luscious Citrus' were 54.3% and 57.0%. For Buddleia davidii
‘Nanho Blue’ plants, the reduction of osmotic potential reached 92.8% and 105.2%
when they were received saline solution at EC4 and EC8, respectively.
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In summary, the growth of Artemesia schmidtiana ‘Silver Mound’, Buddleia davidii
‘Nanho Blue’, and Lantana X 'Luscious Citrus' is reduced at elevated salinity. Based on
their dry weight, Artemesia schmidtiana ‘Silver Mound’ was more tolerant to salt than
Lantana X 'Luscious Citrus', followed by Buddleia davidii ‘Nanho Blue’.
Literature Cited
1. Wu, L.Sh., W.P. Chen, C. Grench, and A. Chang. 2009. Safe application of
reclaimed water reuse in the southwestern United States. University of California
Division of Agriculture and Natural Resources Bul. 8357.
2. Kaering, K.C., G.K. Evanylo, B. Benham, and M. Goatley. 2009. Water reuse: using
reclaimed water for irrigation. Virginia Cooperative Extension Bul. 452-014.
3. Niu, G., D.S. Rodriguez, and T. Starman. 2010. Response of bedding plants to
saline water irrigation. HortScience 45:628-636.
Table 1. Growth index, length of shoots, and dry weight of Artemesia schmidtiana
‘Silver Mound’, Buddleia davidii ‘Nanho Blue’, and Lantana X 'Luscious Citrus' irrigated
with nutrient solution at electrical conductivity (EC) of 1.5 (Control), or saline solution at
EC of 4.0 (EC4), or 8.0 (EC8) dS·m-1 for 7 weeks.
Length of
Dry weight
Growth index
shoots (cm)y
(g)y
Treatment (cm)z
x
Control
19.8 ± 0.5 a
40.8 ± 1.0 a
EC4
18.8 ± 0.3 a
41.1 ± 1.2 a
EC8
16.7 ± 0.3 b
37.7 ± 0.9 a
Control
23.6 ± 1.2 a
35.2 ± 1.5 a
Buddleia davidii
EC4
21.2 ± 1.1 ab
25.8 ± 1.6 b
‘Nanho Blue’
EC8
19.2 ± 1.1 b
17.6 ± 0.7 c
Control
57.0 ± 2.3 a
44.3 ± 2.5 a
35.8 ± 1.8 a
Lantana X 'Luscious
EC4
49.5 ± 2.7 a
39.1 ± 1.6 ab
32.5 ± 1.7 a
Citrus'
EC8
38.6 ± 1.7 b
36.0 ± 1.8 a
20.0 ± 1.2 b
z
Growth index = [(height + width1 + width2)/3], mean ± standard error of twenty plants.
y
Mean ± standard error of ten plants.
x
For each plant species, means with same lowercase letters within column are not
significantly different among treatments by Tukey’s HSD multiple comparison at P <
0.05.
Species
Artemesia
schmidtiana ‘Silver
Mound’
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Table 2. Leaf osmotic potential of Artemesia schmidtiana ‘Silver Mound’, Buddleia
davidii ‘Nanho Blue’, and Lantana X 'Luscious Citrus' irrigated with nutrient solution at
electrical conductivity (EC) of 1.5 (Control), or saline solution at EC of 4.0 (EC4), or 8.0
(EC8) dS·m-1 for 7 weeks.
Treatment
Osmotic potential (MPa)z
Control
-1.14 ± 0.04 ay
Artemesia schmidtiana
EC4
-1.38 ± 0.06 b
‘Silver Mound’
EC8
-1.37 ± 0.06 b
Control
-0.66 ± 0.10 a
Buddleia davidii ‘Nanho
EC4
-1.27 ± 0.09 b
Blue’
EC8
-1.35 ± 0.05 b
Control
-0.61 ± 0.06 a
Lantana X 'Luscious
EC4
-0.94 ± 0.04 b
Citrus'
EC8
-0.96 ± 0.04 b
z
Mean ± standard error of ten plants.
y
For each plant species, means with same lowercase letters within column are not
significantly different among treatments by Tukey’s HSD multiple comparison at P <
0.05.
Species
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Selecting the Right Rain Garden Substrate Composition to
Maximize Stormwater Remediation
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Significance to the Industry: Rain gardens, also known as bioretention cells or
bioinfiltration devices are one of the most commonly utilized stormwater control
measures (SCMs) in the country (4, 8). Plants in rain gardens have a positive impact on
remediation of pollutants from stormwater runoff (3, 13, 16). However, plant growth and
remediation can be impacted by filter bed substrate, organic matter amendment, and
combination method (14). This study had two filter bed substrates (sand and slate), two
organic matter amendments [composted yard waste (CYW) and pine bark (PB)], and
eight combination methods (banding of 1, 2, 3, or 4 inches and incorporation of 5, 10,
15, or 20% of organic matter amendment). Panicum virgatum ‘Shenandoah’ was able to
accumulate significantly more nitrogen (N) and phosphorus (P) with the CYW than the
PB as the organic matter amendment to the rain garden filter bed substrates. Effluent N
and P content still needs to be examined before CYW is recommended as an organic
matter amendment.
Nature of Work: Half (3.2 billion) of the world’s population is living in cities, while the
urban population is expected to increase to around 5 billion by 2030 (1). Due to this
continual increase in population, the amount of urban infrastructures will also continue
to increase. The increase of impervious urban infrastructures (roads, driveways, parking
lots, and rooftops) causes precipitation that was once able to infiltrate into native
vegetation and soils to become surface runoff (1). With the rapid runoff created by
impervious surfaces, the urbanized watershed becomes more open to possible
pollution, flooding, and droughts (10). As the water moves along the impervious
surfaces it picks up pollutants (nitrogen, phosphorus, metals, and sediment) that are
harmful to water quality (10).
Rain gardens are non-irrigated, planted landscape features designed to capture polluted
stormwater runoff. They are built by excavating and creating depression areas within
the landscape so that the stormwater can be captured (5). After excavation rain gardens
are refilled with a filter bed substrate and planted with vegetation creating an
environment within the rain garden where adsorption, filtration, sedimentation,
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volatilization, ion exchange, plant uptake and biological decomposition occur to
remediate the polluted stormwater (11). Plants growing in rain gardens face two
challenges: periodic drought conditions and low nutrient loads. Passeport and Hunt (12)
reported that the average total nitrogen (N) ranged from 1.13 to 2.19 mg.L-1 and
average total phosphorus (P) ranged from 0.07 to 0.33 mg.L-1 for stormwater runoff
from eight asphalt parking lots in North Carolina. These N and P concentrations are
much lower than the N (50 to 100 mg.L-1) and P (10 to 15 mg.L-1) rates recommended
for application during containerized nursery production (2).
Rain gardens effectively remediate polluted urban stormwater runoff (9). Hunt et al. (9)
reported that a rain garden with a loamy sand filter bed substrate capturing runoff from
an asphalt parking lot had effluent concentrations of total N, total kjeldahl N, and
ammonium that were 32.2%, 44.3%, and 72.3% lower than that of the influent
concentrations. Also, total P effluent was reported to be 31.4% lower than that of the
influent (9). Turk et al. (16) reported that a slate filter bed substrate had the best
retention of N (86% initially and 99% by the end of the study) when compared to a sand
and soil filter bed substrate. These researchers also reported that slate and sand had
better P removal, 99% and 96%, than the soil filter bed substrate (16). However, during
the second season of this study there were fewer remediation differences between the
filter bed substrates indicating that plant uptake was greatly impacting remediation (16).
Read et al. (13) and Bratieres et al. (3) both reported that vegetation in rain gardens
improved the remediation of N and P from simulated polluted stormwater when
compared to non-vegetated rain gardens. Hsieh et al. (7) reported having a permeable
sand layer over a less permeable soil layer increased stormwater retention within the
filter bed substrate. This method allowed nitrification in the well aerated portion of the
substrate and denitrification in the saturated, low permeable layer (7). The less
permeable bottom soil layer also allowed increased contact time between dissolved P
and the media and was found to be more effective in total P removal (6). However,
Hsieh et al.’s (6, 7) experiments did not include plants.
As seen in the above paragraph, research evaluating rain garden substrates is copious
and thorough. However, evaluating the organic matter amendment such as pine bark
(PB) or composted yard waste (CYW) has not been considered as an option for
providing the organic matter for the microbes or creating a low permeability layer that
allows denitrification to occur within the rain garden filter bed substrate. Both organic
matter and anaerobic conditions are required for denitrification. Additionally, some
research has looked at varying filter bed substrate combinations and the impact of
vegetation however; little research has examined the actual plant uptake of pollutants
for remediation. Therefore, the objective of this research was to determine the roll of
different sources of organic matter amendments and combination methods in two
common rain garden filter bed substrates on nutrient uptake.
The experimental design was a randomized complete block design with a factorial
treatment arrangement of thirty-two substrates that resulted from combinations of two
filter bed substrates, two organic matter amendments, and eight combination methods.
The two filter bed substrates used were sand (80% washed sand, 15% clay and silt
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fines and 5% pine bark v/v/v) (Wade Moore Equipment Company, Louisburg, NC) and
slate (Permatill, Carolina Stalite Company, Salisbury, NC). Both, sand and slate were
amended with two different organic matter amendments, PB or CYW (City of Raleigh
Yard Waste Recycling Center, Raleigh, NC). PB and CYW were added as either a band
in the depths of 1, 2, 3, or 4 inches or by incorporation using approximately the same
amounts of organic matter in the amounts of 5, 10, 15, and 20% (v/v) (Figure 1). For the
banded treatments, four inches of either sand or slate were added to the bottom of the
container. Then the 1, 2, 3, or 4 inch band of CYW or PB was added and finally the
container was topped off with either sand or slate to within one inch from the top to
allow for irrigation ponding. Black Pecan King 1020 containers (6.06 gallons) (Haviland
Plastic Products, Haviland, OH) were filled with the thirty-two filter bed substrate
compositions and Panicum virgatum L. ‘Shenandoah’ was planted on June 1, 2012. The
plants were watered without added nutrients for the first two weeks daily to allow
establishment. Thereafter, plants had simulated stormwater runoff applications with 1.6
mg.L-1 of P (supplied by diammonium phosphate, 18-46-0) and 11.9 mg.L-1 of N
(supplied by ammonium sulfate 21-0-0-24) to simulate polluted stormwater runoff (12).
One inch of simulated polluted stormwater runoff was applied once a week (June, 2012October, 2012), once a month (November, 2012-March, 2013), and every two weeks
(April, 2013-May, 2013) using a low-volume spray stake (PC Spray Stake, Netafim, Ltd.,
Tel Aviv, Israel) to mimic rainfall patterns for Raleigh, NC. On May 7, 2013, shoots were
harvested and dried at 62C (144F) for 5 days. After drying, the samples were weighed
and then submitted to the North Carolina Department of Agriculture and Consumer
Services, Agronomic Division, Raleigh, NC for grinding and tissue N and P analysis.
Foliar nutrient content = shoot dry weight (g) x % shoot nutrient concentration. This
study was conducted at North Carolina State University’s Horticultural Field
Laboratories, Raleigh, NC (longitude: 35o47’29.57”N; latitude: 78o41’56.71”W; elevation
136 m). Square root transformations of foliar nutrient content data were used to
normalize the data prior to analysis of variance procedures. Tukey’s honestly significant
difference means separations procedures were used to separate means (P<0.05) (15).
Results and Discussion: Foliar nutrient content did not have a significant filter bed
substrate x organic matter amendment x combination method interaction (Table 1).
However, the two-way interactions of organic matter amendment x combination method,
filter bed substrate x combination method, and filter bed substrate x organic matter
amendment were significant for both foliar nitrogen (N) and phosphorus (P) contents. P.
virgatum ‘Shenandoah’ was able to take up more N and P when substrates were
amended with CYW than with PB (Figure 2A, 2B). P. virgatum ‘Shenandoah’ has been
reported to have larger shoot dry weights with sand and slate amended with CYW than
PB which could be why there is increased N and P uptake (14). However, within each
organic matter amendment (CYW and PB) there were no differences in N and P uptake
with banding and incorporation. When averaging over organic matter amendment, the
differences in N and P uptake by the plant between banding and incorporation in sand
and slate were generally not significant (Figure 3A, 3B). With CYW as the organic
matter amendment, P. virgatum ‘Shenandoah’ was able to take up similar amounts of N
regardless of the filter bed substrate (Figure 4A). However, when PB was the organic
matter amendment, plants were more able to take up more N in sand than in slate. P

116

SNA Research Conference Vol. 59 2014

uptake by the plant was greater in sand regardless of the organic matter amendment
(Figure 4B). This is likely due to slate’s high calcium (Ca) content and occurrence of
CaPO4 fixation making the P unavailable for plant uptake. Precipitation of P as CaPO4 is
hypothesized to be the reason of slates excellent P remediation (16).
In conclusion, rain gardens are popular stormwater control measures because of their
aesthetics, their potential to reduce flooding, and their improvements to stormwater
runoff (9). The organic matter amendment of CYW appeared to have the greatest
impact on N and P uptake by the plant. These results show that amending either sand
or slate with CYW allows more plant uptake of N and P by the plant. Additionally, N and
P uptake is the same regardless of whether the composted yard waste is banded or
incorporated. Banding the organic matter amendment is likely easier than incorporating
it into the substrate when the rain garden is large and requires many cubic yards of
substrate. The next step in determining the right rain garden substrate composition to
maximize polluted stormwater remediation is an investigation of the pollutant
remediation of rain garden effluent. If the N and P contents in the effluent of CYW
substrates are high then it will not be an acceptable source of organic matter due to the
potential increase in ground water nutrient contamination.
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Table 1. Analysis of variance interactions for nitrogen and phosphorus foliar nutrient content.
Organic
Matter
Amendment
Filter Bed
Filter Bed
Organic
Filter
x
Substrate x
Substrate x
Combination
Matter
Bed
Combination Combination Organic Matter
Methodx
Amendmentw Substratev
Methodu
Methodt
Amendments
z
Foliar
Nitrogen
0.0005y
<0.0001
0.0001
<0.0001
0.0011
0.0509
Content
Foliar
Phosphorus
<0.0001
<0.0001
<0.0001
0.0507
0.0237
0.0003
Content

Filter Bed
Substrate x
Organic Matter
Amendment x
Combination
Methodr
NS

NS

z

Foliar nutrient content = shoot dry weight (g) x % shoot nutrient concentration.
Interactions were considered significant at P<0.05. NS = Non-significant.
x
Main effect of combination method where the two organic matter amendments were added as either a band in the
depths of 1, 2, 3, or 4 inches or by incorporation using approximately the same amounts of organic matter in the
amounts of 5, 10, 15, and 20% (v/v).
w
Main effect of organic matter amendment [composted yard waste (CYW) and pine bark (PB)].
v
Main effect of filter bed substrate (sand and slate).
u
Two-way interaction of organic matter amendment x combination method.
t
Two-way interaction of filter bed substrate x combination method.
s
Two-way interaction of filter bed substrate x organic matter amendment.
r
Three-way interaction of filter bed substrate x organic matter amendment x combination method.
y
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Figure 1. Schematic of different filter bed substrate combination methods. The
two organic matter amendments were added as either a band in the depths
of 1, 2, 3, or 4 inches or by incorporation using approximately the same amounts
of organic matter in the amounts of 5, 10, 15, and 20% (v/v). A: Combination
method of banding with 1 inch, B: Combination method of banding with 2 inches,
C: Combination method of banding with of 3 inches, D: Combination method of
banding with 4 inches, E: Combination method of incorporation with 5%,
F: Combination method of incorporation with 10%, G: Combination method of
incorporation with 15%, and E: Combination method of incorporation with 20%.
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Figure 2. Two-way interaction of organic matter amendment x combination method effect
on organic matter amendment [composted yard waste (CYW) and pine bark (PB)] and
combination method on nitrogen (A) and phosphorus (B) uptake by Panicum virgatum
‘Shenandoah’. The two organic matter amendments were added as either a band in the
depths of 1, 2, 3, or 4 inches or by incorporation (Inc) using approximately the same
amounts of organic matter in the amounts of 5, 10, 15, and 20% (v/v). Means between
substrates with different letters are significantly different from each other based on Tukey’s
honestly significant difference means separation procedures (P<0.05).
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Figure 3. Two-way interaction of filter bed substrate x combination method effect on filter bed substrates
(sand or slate) and combination method on nitrogen (A) and phosphorus (B) uptake by Panicum virgatum
‘Shenandoah’. The two organic matter amendments were added as either a band in the depths of 1, 2, 3, or
4 inches or by incorporation (Inc) using approximately the same amounts of organic matter in the amounts of
5, 10, 15, and 20% (v/v). Means of filter bed substrates and combination methods are compared, different
letters are significantly different from each other based on Tukey’s honestly significant difference means
separation procedures (P<0.05
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phosphorus (B) uptake by Panicum virgatum ‘Shenandoah’. Means between
substrate compositions with different letters are significantly different from each
other based on Tukey’s honestly significant difference means separation
procedures (P<0.05).
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3
Indian River Research and Education Center,
Department of Environmental Horticulture, University of Florida-IFAS
2199 South Rock Road, Fort Pierce, FL 34945
4
Gulf Coast Research and Education Center, Department of Environmental Horticulture
University of Florida-IFAS, 14625 CR 672, Wimauma, FL 33598
5
North Florida Research and Education Center
Department of Environmental Horticulture, University of Florida-IFAS
155 Research Road, Quincy, FL 32351
nunziata2@aol.com
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Significance to Industry: In 2012, ten cultivars of Panicum virgatum and two cultivars
of Schizachyrium scoparium were planted at four University of Florida research and
education centers (REC): North Florida, Quincy (NFREC), Gulf Coast, Wimauma
(GCREC), Indian River, Fort Pierce (IRREC) and Fort Lauderdale (FLREC). In addition
to growth and aesthetic qualities, data on winter survival is important to help identify
new ornamental plant options of cultivars that can be introduced into Florida; plants that
can survive low-input landscapes, conserve water, and retain their landscape value and
aesthetics for several years.
Nature of work: Urbanization along with the ever-growing tourist industry is increasing
the demand for aesthetically pleasing Florida landscapes, public, and recreational areas
(4). Managed landscape irrigation is causing increased water consumption and
escalating demands for potable water in Florida and other urban areas (5).
Environmental concerns and water conservation are the driving forces that will
continually pressure horticulture to search and provide new low input plant options. The
objective of this study was to evaluate winter survival of ornamental grasses for
Panicum and Schizachyrium taxa planted in north, central, and south Florida. The
plants were grown with minimal input (no fertilization and zero to low irrigation) under
full sun in diverse climatic conditions (USDA Cold Hardiness Zones; FLREC 10b,
IRREC 9b, GCREC 9a, NFREC 8b) (Table 1).
Four single plant replicates of Panicum virgatum (Switch grass), 'Cheyenne Sky', 'Cloud
Nine', 'Dust Devil', 'Heavy Metal', 'Hot Rod', 'Prairie Fire', 'Rotstrahlbusch',
'Shenandoah'; Schizachyrium scoparium (Little Bluestem), 'Jazz', 'Prairie Blues'; and
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two Florida Ecotypes (Switch grass) 'Miami' and ‘Stuart’ were planted 4 feet apart using
either a completely randomized design (FLREC) or randomized complete block (IRREC,
GCREC, NFREC ). Space and labor restrictions varied plantings at each site. Initial
planting at all locations was in June 2012. Plants were irrigated three times a week for
45 minutes until established (4 weeks at all locations). Irrigation was terminated at
FLREC and GCREC after establishment but weekly irrigation during the growing season
continued at NFREC and IRREC. Mulches were used to control weeds at each
location. Plants were not fertilized and no chemical control was used for insects or
disease.
Grasses were cut-back to 4 inches above soil-line in February 2013 and 2014, before
spring green-up. Winter survival was recorded at this time. Winter survival was rated
on a scale of 1 to 5 with 1 equal dead, 3 equal 50% alive and 5 all plants alive. Weather
data was collected by the Florida Automated Weather Network (FAWN) station located
on each test site. Comparison of average survival ratings between sites was generated
by Duncan multiple range test within SAS.
Results and Discussion: The average survival rating in 2013 of the ornamental
grasses examined was greater at NFREC and GCREC than at IRREC or FLREC (Table
2). All sites had an average survival rating of 3 or greater indicating that approximately
50% of the plants survived. However, in 2014 the winter survival ratings went down at
each site. In 2014 both NFREC and GCREC had average winter survival ratings
greater than 3 while IRREC and FLREC had survival ratings less than 3 (Table 2).
Climatic differences may have attributed to the differences in plant survival from north to
south Florida.
In both 2013 and 2014, winter survival ratings were lower for the sites in southern
Florida compared to the northern sites. For example, at the FLREC site (southernmost
site), in spring 2013 the following plants had winter survival ratings of 5: Panicum
virgatum cultivars; ‘Heavy Metal’, ‘Miami’, ‘Shenandoah’, ‘Thundercloud’, and ‘Warrior’.
However, in spring 2014 only Panicum virgatum ‘Shenandoah’ had a survival rating
greater than 3. Research on the heat stress response of switch grass using the cultivar
’Alamo’ resulted in nearly a 50% reduction of the total biomass under elevated
temperatures of 100/86°F (day/night) (7). Grasses at FLREC site were exposed to
days with maximum temperatures greater than 92°F from May to September 2013 and
average temperatures ranging from 80 to 82°F (3). We suspect that the climate at
FLREC prevented the grasses from establishing deep root systems. Adventitious roots
form the bulk of grasses and provide support for new growth necessary for long-term
survival (2).
We expected the native Florida ecotypes ‘Miami ‘and ‘Stuart’ to perform better than the
other species examined. Native species are often assumed to be more tolerant of local
conditions but there is not always enough research to support these claims (5). Native
plants that are removed from their natural habitats and placed in artificially managed
settings must still be evaluated for their suitability in landscaping (1, 6). In our trials, the
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performance of the two Florida ecotypes ‘Miami’ and ‘Stuart’ varied among the sites. In
2013,’Miami’ survival ratings were greater than 3 at FLREC and GCREC while ‘Stuart’
ratings were 4 or greater at all sites (Table 3). In 2014, only GCREC has a survival
rating of 3 for ‘Miami’ while ‘Stuart’ survival ratings were greater than 4 at all sites
except FLREC.
Trial gardens are important for the introduction of new plant material in horticulture, not
only providing valuable information on landscape suitability but also potential for
invasiveness. Urban green spaces are dependent on trial gardens and the information
they can provide growers, landscapers and consumers. This Information can help in
making responsible environmental choices and avoid potential loss in profits.
Literature Cited
1. Cole, J.T. and Cole, J.C., (2000), Ornamental Grass Growth Response to Three
Shade Intensities, J. Environ. Hort. 18(1):18-22.
2. Drake, R. (1999), The Color Encyclopedia of Ornamental Grasses, Timber press (pp
30-31). Portland, Oregon
3. FAWN-Florida Automated Weather Network, retrieved 1/31/2014, 6/4/14,
http://fawn.ifas.ufl.edu/data/reports/?res
4. Moore, K., (2012), Urban Irrigation Challenges and Conservation, In T. S. Lee,
Irrigation Systems and Practices in Challenging Environments, In Tech Publishing,
(pp 343-360). Rijeka, Croatia
5. Scheiber, S.M., Gilman, E.F., Sandrock, D.R., Paz, M., Wiese, C. and Brennan, M.
M., (2008), Postestablishment Landscape Performance of Florida Native and Exotic
Shrubs Under Irrigated and Nonirrigated Conditions, HortTechnology, 18(1):59-67
6. Thetford, M., Norcini, J. G., Ballard, B., and Aldrich, J.H. (2009), Ornamental
Landscape Performance of Native and Nonnative Grasses under Low-input
Conditions, HortTechnology, 19(2):267-285
7. Yong-Fang, L., Wang, Y., Tang, Y., Kakani, V.G. and Mahalingam, R., (2013),
Transcriptome analysis of heat stress response in switchgrass (Panicum virgatum
L.), Plant Biology 13:153
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Table 1. Total monthly rain fall and average monthly temperatures from June 2012 to March
2014 at four Florida sites: Quincy (NFREC), Wimauma (GCREC), Fort Pierce (IRREC) and Fort
Lauderdale (FLREC) (USDA Cold Hardiness Zones- FLREC 10b, IRREC 9b, GCREC 9a,
NFREC 8b). Data was collected from the Florida Automated Weather Network (FAWN). The
FAWN system was unable to retrieve data for IRREC for November 2013 to March 2014.
Month-year

NFREC

June 2012
July 2012
August 2012
September 2012
October 2013
November 2012
December 2012
January 2013
February 2013
March 2013
April 2013
May 2013
June 2013
July 2013
August 2013
September 2013
October 2013
November 2013
December 2013
January 2014
February 2014
March 2014

5.91
2.68
7.26
4.51
0.98
0.53
6.62
1.29
13.72
5.46
4.07
0.61
4.97
11.37
4.58
3.73
0.73
2.96
3.84
3.95
5.35
9.29

June 2012
July 2012
August 2012
September 2012
October 2012
November 2012
December 2012
January 2013
February 2013
March 2013
April 2013
May 2013
June 2013
July 2013
August 2013
September 2013
October 2013
November 2013
December 2013
January 2014
February 2014
March 2014

76.4
76.1
77.4
74.8
66.2
55.6
54.4
57.5
54.2
54.1
65.3
70.3
78.2
76.9
78.4
76.1
67.5
57.9
56.4
45.3
54.7
56.7

GCREC
IRREC
Total Monthly Rainfall (inches)
14.87
5.13
2.61
2.77
12.31
2.95
4.1
6.19
3.32
7.00
0.10
0.50
2.46
0.97
0.30
1.18
1.01
17.08
1.02
0.47
4.16
3.97
3.57
5.09
16.52
6.66
8.70
6.21
6.97
5.59
5.47
7.48
1.78
0.66
0.54
1.51
2.87
0.26
5.20
Average Monthly Temperature (˚F)
77.4
78.9
79.6
80.6
79.3
80.5
77.6
78.3
72.5
74.6
62.1
66.5
62.7
66.2
64.2
66.9
62.9
65.2
59.2
61.1
72.5
73.4
73.4
74.4
78.2
79.3
77.9
76.7
79.5
80.7
77.4
78.3
73.5
75.4
68.3
65.9
56.5
63.9
64.6

FLREC
7.64
6.03
12.08
5.66
4.92
0.45
1.03
0.25
1.67
0.22
6.39
9.57
7.31
14.22
4.06
4.77
5.95
8.29
1.39
4.22
1.27
2.75
81.5
82.2
82.6
80.6
77.5
69.2
70.6
71.4
70.1
66.4
76.6
77.4
81.4
80.7
82.1
80.1
77.5
74.2
72.6
65.9
71.4
70.7
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Table 2. Winter survival ratings (2013 and 2014) for ten cultivars of Panicum virgatum
and two cultivars of Schizachyrium scoparium planted at four University of Florida
research centers: Quincy (NFREC), Wimauma (GCREC), Fort Pierce (IRREC) and Fort
Lauderdale (FLREC). Winter survival was rated on a scale of 1 to 5 with 1 equal dead, 3
equal 50% alive and 5 all plants alive. Grasses were planted in June 2012 and winter
survival was rated in February 2013 and 2014. Letters within the row for average rating
followed by a different letter are significantly different at the 0.05 level.
2013
Cultivar
NFREC
GCREC
IRREC
FLREC
P. v. 'Cheyenne Sky'
5
4
4
3
P. v. 'Cloud Nine'
5
4
5
3
P. v. 'Dust Devil'
2
5
1
3
P. v. 'Heavy Metal'
5
5
5
5
P. v. 'Hot Rod'
5
5
5
4
P. v. 'Miami'
2
4
2
5
P. v. 'Prairie Fire'
5
5
3
2
P. v. 'Rotstrahlbusch'
5
5
5
1
P. v. 'Shenandoah'
4
4
5
5
P. v. 'Stuart'
5
5
5
4
S. s. 'Jazz'
2
3
1
1
S. s. 'Prairie Blues'
4
3
2
2
Average rating
4.1a
4.3a
3.5b
3.2b
2014
Cultivar
NFREC
GFREC
IRREC
FLREC
P. v. 'Cheyenne Sky'
5
4
1
1
P. v. 'Cloud Nine'
5
4
5
1
P. v. 'Dust Devil'
2
4
1
2
P. v. 'Heavy Metal'
5
2
3
1
P. v. 'Hot Rod'
4
3
1
1
P. v. 'Miami'
2
4
2
1
P. v. 'Prairie Fire'
5
4
1
1
P. v. 'Rotstrahlbusch'
4
4
4
1
P. v. 'Shenandoah'
4
3
1
4
P. v. 'Stuart'
5
4
5
2
S. s. 'Jazz'
2
3
1
1
S. s. 'Prairie Blues'
4
3
1
1
Average rating
3.9a
3.5a
2.2b
1.4c
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Developing an Online Environmental Landscape Certification Program for
South Carolina: Stakeholder Survey Results
Ashleigh Hough, Sarah A. White, Dara M. Park, and Ellen A. Vincent
School of Agricultural, Forest, and Environmental Sciences
Clemson University, Clemson, SC 29634-0310
ellenav@clemson.edu
Index Words. Sustainable landscaping; Landscape Professional; Certification; Online
Training
Significance to Industry. The Environmental Landscape Certification (ELC) program is
currently being developed by Clemson faculty, extension agents, students, landscape
industry professionals, and their clients. The knowledge and skill set that certified
landscape professionals gain will attract clients and subsequently increase their
economic bottom-line by being known as learned in management practices that
maximize urban landscape aesthetics, as well as good stewards of the environment that
protect and conserve the natural resources.
Nature of Work. The landscape industry within South Carolina is very large and
unregulated. It is a rapidly growing small business sector for the state. Beyond a
pesticides applicators license, no experience or training is required. In the future, it is
anticipated that South Carolina will follow by example of other states such as Florida,
Maryland and Oregon, in which landscape contractors must be certified in order to bid
on and or perform certain jobs. For example, the state of Oregon requires that each
landscape construction professional or business must have a landscape construction
professional license (Oregon.gov, 2014).
Untrained contractors may manage landscapes improperly. The subsequent effects to
the environment are potentially deleterious (McCarthy, 2000). Professionals that are
certified will have the knowledge-base needed to better understand and meet client
needs and expectations using conservation-based management techniques.
Conservation-based best management practices are designed with the intent to protect
and conserve water resources and protect natural habitats. Improper irrigation systems
installation and scheduling, improper application of fertilizers and pesticides, the use of
fountains and impervious paving materials, and poor plant selection can hinder the
water resources and ecosystem function in the environment.
The ELC program coordinators are facilitating collaboration among municipalities, trade
associations, and stakeholders to help implement the ELC to its fullest potential. The
targeted stakeholders for the certification programs include: supervisors and employees
in the lawn care and landscape maintenance and design industry, municipal parks and
recreation facility supervisors and employees, school board facility supervisors and
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employees, maintenance supervisors and employees of large campuses, irrigation
industry workers, commercial property managers, builders and developers, and
landscape designers and architects. The ability to provide an on-line, on-demand
certification for the stakeholders, who work long and nontraditional hours, is very
important.
The program has partnered with personnel in four key counties throughout South
Carolina, to help implement this certification. The four counties are Greenville,
Spartanburg, Florence, and North Charleston; a meeting was held in each location to
help determine the critical skill sets for inclusion in the program and program framework.
During the 2014 South Carolina Horticulture Industry Conference, sponsored by the SC
Nursery and Landscape Association, stakeholders were recruited to complete a needsassessment survey about the ELC program. The survey was developed as a baseline
to help determine module content and stakeholder preference for various aspects of the
ELC program. The input ranged from questions regarding individual need for the
certification to the cost of the certification. Additional key points included learning
options, comparison with other certifications, and economic value of this certification.
Results and Discussion. While determining the factors important to the ELC
framework, five well-known certifications were compared (Table 1). These certifications
are available, but are not mandatory. Comparison of participant cost, time to complete,
written exams, hands-on exams, continuing education credits, retest fees, and online
testing help guide the basic structure for the new ELC program. Topics now included in
the ELC certification are as follows: general information, turfgrass, landscape plantings:
shrubs/herbaceous, tree management, water, low impact development strategies, plant
identification, integrated pest management, and equipment maintenance and
calibration. These modules are being created by students, faculty, and extension
agents from Clemson University. Modules will be reviewed by members of the industry
to ensure that content is easily digestible and practical. Each module will be available in
Spanish, however testing will only be offered in English.
Most survey respondents indicated that having Clemson University administer the ELC
was extremely important to them (Figure 1), most indicated that the ELC would provide
both professional (Figure 2) and personal value (data not shown). Respondents
understand that completing the ELC will improve their skills, and subsequently improve
their marketability to clients.
In order to gauge feasibility of using an on-demand, Web based delivery system for ELC
program content, we surveyed industry professionals about the availability of a
computer with internet access. Ninety-two percent of the respondents had access to a
computer connected to the internet. Respondents preferred to work through learning
modules and take respective tests from home (65 and 60%, respectively) as compared
to the office (34 and 35%, respectively). Respondents prefer to learn on-line by viewing
and listening to a narrated video (44%), with only 24% preferring to read PowerPoint
slides and 21% preferring to read PowerPoint slides while listening to a narrator/
speaker. All other learning options were preferred by < 5% of the respondents.
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The preferred costs for completing an on-line ELC program and annual recertification
was $100-149 (55% of respondents) and $50-99 (72% of all respondents) respectively.
In each case, these were the lowest options available that respondents could select.
The three main benefits of developing the ELC program in SC include: (1) enhancing
landscape contractor marketability and economic profitability, (2) enhanced landscape
aesthetics with better plant survival and subsequent long-term return on-investment for
urban landscape owners, and (3) conservation and protection of natural resources via
enhanced planting, irrigation, pest, and stormwater management practices.
Acknowledgements.
The authors acknowledge the support of Clemson University – Public Service and
Agriculture Frank Lever Initiative grant “Development of a Certified Environmental
Landscape Professional Program” for funding this project.
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Table 1: Program framework comparison to assist with re-developing an online-South
Carolina Environmental Landscape Certification program.
ELC GGIAz PLANETy UGAx NCNLAw
Participant Cost
$165
$700
$379
$225
How long to complete
2 yrs
3 yrs
1 yr
Written exam
Y
Y
Y
Y
Y
Hands-on exam
Y
Y
Y
N
Y
Continuing education requirement
15 hrs
12 hrs PLANET
Retest fee (hands-on / written)
$45
$50
$30
$25
Online testing
Y
N
N
z
Georgia Green Industry Association – Georgia Certified Landscape Professional
Program
y
PLANET – Professional Landcare Network, Landscape Industry Certified Technician –
Exterior
x
University of Georgia – Principles of Turfgrass Management Certificate Program
w
North Carolina Nursery and Landscape Association – Landscape Industry Certified
v
Abbreviations: Y = Yes, N = No, if left blank, information not provided.
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14%
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53%
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23%

Figure 1: Value of an on-line SC ELC administered by Clemson University. The
numbers represent respondent opinion and the relative percent frequency of each
response. 1 = not important, 2 = somewhat important, 3 = moderately important, 4 =
very important, and 5 = extremely important.

1
6%
5
31%

2
8%

3
18%

4
37%
Figure 2: Survey respondent perception of professional importance of earning green
industry certification. The numbers represent respondent opinion and the relative
percent frequency of each response. 1 = not important, 2 = somewhat important, 3 =
moderately important, 4 = very important, and 5 = extremely important.
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Significance to Industry: This is the very preliminary early results and introductory
discussion of a new research trial. There is much interest in side by side comparisons of
the many new Lagerstroemia and this research project will yield good results in a few
more years. The additional planting in Nacogdoches, TX will provide some data from
another geographical location and plants have additionally been distributed to Tom
Ranney at the North Carolina State University Mountain Crop Improvement Lab, Mills
River, NC.
Introduction: The LSU AgCenter’s Hammond Research Station, Hammond, LA (USDA
hardiness zone 8B) has begun a field landscape evaluation that includes many of the
recently introduced crape myrtle varieties. Some of the trial plant varieties are also in a
cooperative planting at SFA Gardens, Nacogdoches, TX (USDA hardiness zone 8A).
We also have a few additional trial plants from Stan Brown in Arkansas and John Davy
in Florida in evaluations.
Nature of Work: The collection of trial plants include the Early Bird, Enduring Summer,
Delta, Barnyard, Magic and Ebony (aka Black Diamond), series.
The Early Bird series has been on the market the longest and was bred by John Davy at
Panhandle Growers in Florida. They were released by Plant Development Services Inc.
as part of the Southern Living Plant Collection. These are dwarf-growing plants
maturing at 4 feet tall. Early Bird Lavender (soft lavender) is promoted as a very heavy
earlier bloomer and is the earliest-flowering crape myrtle in LSU AgCenter trials. Other
varieties include Early Bird Purple and Early Bird White.
For several years, the burgundy foliaged Delta Jazz (Chocolate Mocha), a semi-dwarf,
brilliant pink from Plant Development Services Inc. has been on the market. This variety
is part of the Southern Living Plant Collection series of Delta crape myrtles. Five-yearold plants of Delta Jazz are 8 feet tall in south Louisiana locations. Plants are classified
as semi-dwarf, which generally indicates heights ranging from 8 to 12 feet. New for
2014 are four color additions – Delta Breeze (light lavender), Delta Eclipse (brilliant
purple), Delta Moonlight (white) and Delta Flame (dark red).
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The new dark burgundy-foliaged Ebony series from Cecil Pounders at the USDA Agricultural Research Service (Poplarville, MS) are also being sold under the Black
Diamond name by J. Berry Nursery, Grand Saline, TX. These plants supposedly mature
at 8-10 feet tall and retain leaf color spring through fall. These plants have darker foliage
than the Delta varieties. Flower colors include three shades of red, white and blush.
Varieties are Black Diamond Best Red (Ebony Flame), Black Diamond Red Hot (Ebony
Embers), Black Diamond Crimson Red (Ebony Fire), Black Diamond Pure White (Ebony
and Ivory), and Black Diamond Blush (Ebony Glow).
Red Rooster (brilliant red), Purple Cow (deep purple) and Pink Pig (soft pale pink) are
being sold as mid-sized growers and are promoted collectively as the “Barnyard
Favorites” in the Gardener’s Confidence Collection. Red Rooster is “something to crow
about,” Pink Pig is “something to squeal with delight” and Purple Cow can be used to
create an “udderly majestic garden.”
The Magic series from Plant Introductions, now part of the First Editions program by
Bailey Nurseries, includes Coral Magic (salmon pink), Purple Magic (dark purple), Plum
Magic (fuchsia pink), Moonlight Magic (white) and Midnight Magic (dark pink). Most of
these have reddish, plum or burgundy spring leaves, and some of these varieties retain
this color through the fall. Mature height is supposedly 8-12 feet.
The Princess series is a new dwarf group developed by Dow Whiting at Garden
Adventures Nursery in Missouri. It is being marketed as part of the Garden Debut
program by Greenleaf Nursery, Park Hill, OK. This series includes Holly Ann (cherry
red), Kylie (magenta pink), Zoey (cherry red with cotton candy pink), Jaden (lavender)
and Lyla (rose pink).
Ball Ornamentals has the new Enduring Summer collection of crape myrtles. Varieties
are Enduring Summer Red, Enduring Summer Fuchsia, Enduring Summer Pink,
Enduring Summer White and Enduring Summer Lavender. The Enduring Summer
varieties have an upright habit. Mature height is 5-6 feet with a 4 1/2-foot spread.
A replication field study was established in spring 2013. A field was established in a full
sun area at the LSU AgCenter Hammond Research Station. The soil is a cabana silt
loam. Soil pH was adjusted to 6.0-6.5 with dolomitic lime. Plants are spaced in five foot
wide rows spaced ten feet apart with turf maintain in middles. Plants are spaced 10 feet
within rows. Drip irrigation via 1 gal/hour emitters are on each individual plant. Plants
will be fertilized each spring at new growth initiation with approximately 1 lb. N/1000 ft2
from a three month controlled released fertilizer. Fungicides and insecticides are not
being applied. Weeds are controlled via hand removal at plant bases along with preemergent and post-emergent herbicide applications.
Data collection in 2013 and the future will include plant height (data not show), date of
first flower, number of weeks in bloom, visual quality ratings, and Cercospora leaf spot
ratings (Table 1). A winter damage rating was taken spring 2014 (Table 1).
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Observations for bacterial leaf spot (Xanthomonas axonopodis) will also be conducted.
This study will continue through 2016.
Results and Discussion: Due to a slight variation in planting time in the spring of 2013,
data for all varieties is not included in this preliminary reporting. The Early Bird varieties
are generally earlier bloomers based on this first year of observations and previous
years studies. Early Birds have higher susceptibility to Cercospora leaf spot (and
possibly bacterial leaf spot). Quality ratings were highest for the Delta and Black
Diamond series in 2013, followed by the Enduring Summer varieties. An important
observation from 2013 trials is the winter damage experienced between December
2013 and March 2014. Temperatures in the mid-teens were recorded several times in
Hammond. Terminal dieback in plants ranged from none to 90%. Enduring Summer
varieties and some varieties in the Magic and Black Diamond series were most affected.
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Table 1. Date of first flower, average weeks in bloom, visual quality ratings, Cercospora leaf spot ratings
and winter damage of varieties in seven new series of Lagerstroemia at the LSU AgCenter Hammond
Research Station, Hammond, LA. 2013.
First
Flowerz
Early Bird

Lavender

White

Purple
Princess

Zoey

Kylie

Holly Ann

Lyla

Jaden
Magic

Coral

Plum

Purple

Moonlight

Midnight
Black Diamond

Best Red

Red Hot

Crimson Red

Pure White

Blush
Barnyard

Red Rooster

Purple Cow

Pink Pig
Enduring Summer

Red

Purple

White

Pink

Fuchsia
Delta

Jazz

Breeze

Flame

Eclipse

Moonlight

Weeks
in Bloomy

Quality
Cercospora
Winter
Ratingx Leaf Spotw
Damagev

May 5
May 24
May 30

16
10
12

2.6
2.7
2.8

high
high
high

28%
50%
50%

-----------

-----------

-----------

-----------

40%
0%
0%
-----

June 13
June 17
-------

5
5
-------

2.7
3.2
2.9
-----

medium
low
low
-----

75%
50%
20%
-----

-----------

-----------

3.5
3.9
3.6
3.5
3.5

low
low
low
low
low

50%
30%
50%
70%
25%

June 18
June 16
---

9
6
---

2.8
2.6
---

medium
medium
---

53%
3%
---

-----

-----

3.5
3.2
3.2
-----

medium
medium
low
-----

50%
70%
90%
-----

June 5
---------

15
---------

4.2
4.5
4.2
4.4
4.3

low
low
low
low
low

0%
13%
20%
40%
27%

___________________________________________________________________________________
z

First flower is date of first open bloom.
Weeks in bloom is date of first open bloom until no visible flower.
x
Visual quality ratings taken twice monthly spring through fall and based on a scale from 1 to 5 (1=dead, 2=below
average, 3=average, 4=above average, and 5=superior landscape performance)
w
Cercospora leaf spot ratings based on 1 to 6 where 1=no leaf spot, 2=1-10% foliage with leaf spot, 3= 11-25%
foliage with leaf spot, 4=26-50% foliage with leaf spot, 5=51-75% foliage with leaf spot, and 6=76-100% foliage with
leaf spot but listed here as a summary (low, low/medium, medium, medium/high or high).
v
Winter damage (% terminal dieback) taken spring 2014.
Princess varieties added to planting September 2013 and June 2014. Moonlight Magic and Midnight Magic added to
planting April 2014. Enduring Summer Pink, Enduring Summer Fuchsia and Pink Pig not yet added to planting.
y
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Preliminary Evaluation of Daylily Cultivars for Rust Resistance
in a Landscape Setting
Eugene K. Blythe1, Cecil Pounders2, and Michael Anderson1
1

Coastal Research and Extension Center, Mississippi State University,
South Mississippi Branch Experiment Station, Poplarville, MS 39470
2
USDA-ARS, Thad Cochran Southern Horticultural Laboratory, Poplarville, MS 39470
blythe@pss.msstate.edu
Index Words: daylily rust, Hemerocallis, Puccinia hemerocallidis.
Significance to Industry: Daylilies (Hemerocallis sp.) are popular perennials in the
Southern U.S. because they thrive in full sun, heat, humidity, and periods of dry
weather. Daylilies are generally considered to be pest-free. However, a rust disease
(Puccinia hemerocallidis), introduced into the U.S. on imported plants in 2000, has
become a prevalent problem on daylilies in the lower South. Through the cooperation of
a daylily specialist in Southern Mississippi, we evaluated a large, established landscape
collection of 575 newer cultivars which had not been sprayed with fungicides to prevent
infection by daylily rust during 2013. The warm, damp summer of 2013 was ideal for
spread of daylily rust. Plants were rated on a scale of 1 (no or little visual sign of
infections) to 3 (severe infection). A total of 119 cultivars received a median rating of 1
or 1.5, but some of these cultivars may be more susceptible to the disease than a
single-clump rating might reveal. Planting rust-resistant daylily cultivars can reduce
costs and the need to repeatedly spray plants to prevent daylily rust.
Nature of Work: Daylilies (Hemerocallis sp.) are popular perennials in the landscape
due to their ability to grow in a wide range of climates, soils, and light conditions, along
with featuring a wide range of flower colors, shapes, and sizes. Over 17,000 cultivars
are registered with the American Hemerocallis Society. Daylilies generally have few
insect and disease pests in the landscape; however, daylily rust, caused by the fungus
Puccinia hemerocallidis, was introduced into the U.S. on imported plants in 2000 and
spread quickly through the U.S. (1). Symptoms of daylily rust include yellow to brown
streaks on the leaves and small yellow spots on the upper leaf surface (2). The disease
has become a ubiquitous problem on daylilies in the Southern U.S. Soon after the
introduction of the disease into the U.S., daylily cultivars in existence at that time were
assessed for resistance to daylily rust (3,4). Since that time, information on rust
resistance or susceptibility of more recently developed cultivars has been limited.
Through the cooperation of a daylily specialist in Southern Mississippi, we were able to
evaluate a large, established landscape planting of 575 newer cultivars which, due to
planned removal of the planting, had not been sprayed with fungicides to prevent
infection by daylily rust during 2013. The warm, damp summer of 2013 was ideal for
spread of daylily rust. In mid-August 2013, cultivars received ratings of 1 (showing no or
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little visual sign of infection), 2 (moderate infection), or 3 (severe infection). The majority
of the cultivars were represented by single clumps of plants in the landscape planting.
Results and Discussion: A total of 119 of the 575 cultivars received a median rating of
1 or 1.5 (Table 1), indicating the possibility of rust resistance; however, some of these
cultivars may be more susceptible to the disease than a single-clump rating might
reveal. These cultivars are worthy of continued evaluation for resistance to daylily rust.
Use of rust-resistant daylily cultivars in the landscape can help to reduce the time and
expense involved in repeatedly spraying daylilies to prevent rust.
Literature Cited:
1. Buck, J.W. and Y. Ono. 2012. Daylily rust. The Plant Health Instructor. DOI:
10.1094/PHI-I-2012-0516-01.
2. Harmon, P.F., C.L. Harmon, AJ. Palmateer, and S.H. Brown. 2008. Rusts on
ornamentals in Florida. University of Florida, IFAS Extension, PP256.
3. Mueller, D. S., J.L. Williams-Woodward, and J.W. Buck. 2003. Resistance of daylily
cultivars to the daylily rust pathogen, Puccinia hemerocallidis. HortScience 38:11371140.
4. Robbins, J.A. and S. Vann. 2012. Susceptibility of daylily to daylily rust in Arkansas.
In: J.R. Clark and M.R. Evans (eds.) Horticultural Studies 2001. Arkansas
Agricultural Experiment Station, Research Series 494, Fayetteville, Arkansas.
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Table 1. Hemerocallis cultivars exhibiting little or no infection by daylily rust in a large
landscape planting in southern Mississippi. Established plants had not been sprayed
during 2013 and were rated for visual disease symptoms in August 2013. The majority
of the cultivars were represented by single clumps of plants in the landscape planting;
therefore, further assessment of these cultivars for rust resistance is warranted.
Cultivar
Winter foliagez
Ploidyz
Abilene Green Jeans
S
Tet
Adorable Perfection
E
Dip
Alabama Sweet Tee
S
Dip
All About Eve
E
Tet
Apricot Cream Truffle
E
Tet
Baubles and Beads
S
Tet
Big Ross
S
Dip
Bluebird Butterfly
E
Tet
Burgundy Twister
E
Tet
Carpathian Mystic
E
Dip
Celestial Flight
E
Dip
Child of Atlantis
S
Dip
Circle of Whimsy
E
Dip
Circle Upon Circle
E
Dip
Circles in Time
S
Dip
Crackling Fire
D
Dip
Creation
S
Dip
Cricket Call
S
Dip
Dainty is the Word
S
Dip
Debary Canary
E
Tet
Desert Icicle
S
Dip
Dixieland Five
D
Dip
Early Morning Blessing
E
Dip
Easy on the Eyes
S
Tet
Eloquently Edged
E
Dip
Evelyn Gates
E
Dip
Everybody Loves Earnest
D
Dip
Firefly Frenzy
E
Dip
Frilly Bliss
E
Dip
Garden Butterfly
D
Dip
Got the Blues
S
Dip
Green Rainbow
D
Dip
Green Treat
S
Dip
Guadalajara
S
Tet
Heavenly Realms
E
Dip
Heaven's Artwork
S
Tet
Hog Heaven
S
Tet
Home Run King
E
Dip
Hunters Quest
D
Tet
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Table 1. Continued.
Cultivar
Irish Icon
J.T. Davis
Jan's Marvel
Joy of Life
Kaleidoscope Jungle Cat
Kaleidoscope Puzzle
Kaleidoscopic Intrigue
Late Afternoon Sunshine
Laughing Skies
Lavender Handlebars
Leonardo's Perspective of Colour
Lillian's Jack Temple
Little Blue Belle
Little Gold Nugget
Little Pink Cloud
Little Raven
Little Red Dumples
Little Trooper
Little Wizard
Look Here Mary
Lynnstar
Make Your Point
Mark's Bouquet
Marseilles Watercolor
Maude Reese
Merlin's Prophecy
Mix and Match
Moon Magic
Morning All Day
My Friend Floyd
Our Friend Tom Wilson
Out of the Blue
Over the Line
Painted Pattern
Pattern Pleaser
Peach Cupcake
Peggy Imrie
Pink Enchilada
Pinwheel Princess
Pixie Pinwheel Party
Planet Max
Plum Cupcake
Pumpkin Mime

Winter foliagez
E
E
E
E
E
E
E
D
E
D
S
S
S
D
S
S
D
S
S
S
D
E
E
E
E
S
D
D
D
S
E
E
E
S
E
D
E
D
E
E
S
S
S
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Ploidyz
Dip
Tet
Dip
Tet
Dip
Dip
Dip
Tet
Tet
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Tet
Dip
Dip
Tet
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
Dip
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Table 1. Continued
Cultivar
Winter foliagez
Ploidyz
Purple Suspenders
D
Tet
Red Handlebars
D
Dip
Rodeo Girl
E
Tet
Santa's Little Helper
E
Tet
Signature Truffle
E
Tet
Spacecoast Blood Diamond
S
Tet
Spirited Butterfly
E
Dip
Spirited Style
S
Dip
Spring Mystique
E
Dip
Star Over Oz
S
Dip
Suburban Cecil McClellan
E
Tet
Suburban Chris Howell
S
Tet
Suburban Coach Burnham
S
Dip
Suburban Dynamo
D
Dip
Suburban Elizabeth Rush
E
Tet
Suburban Fickle Fingers
D
Dip
Suburban Hazel Watts
S
Dip
Suburban Jon Tibbetts
E
Tet
Suburban Lewis Watts
S
Dip
Suburban Madison
S
Tet
Suburban Maria Diane
S
Tet
Suburban Nancy Gayle
E
Tet
Suburban Pete
E
Tet
Suburban Ribbon of Hope
S
Dip
Suburban Rick Taylor
E
Tet
Suburban TR
S
Tet
Sunglasses Needed
E
Dip
Super Fancy Face
E
Dip
Texas Kaleidoscope
E
Dip
Tidewater Pixie
E
Dip
Tutti Fruiti Truffle
E
Tet
Twilight Text
S
Dip
Under Water Wonder
D
Dip
Whimsical Witch
D
Tet
Wild and Free
E
Tet
Windstar
D
Dip
You Angel You
S
Dip
z
Winter foliage (E = evergreen; S = semi-evergreen; D = dormant) and ploidy (Dip =
diploid; Tet = tetraploid) information is from the American Hemerocallis Society Online
Cultivar Database (http://www.daylilies.org/DaylilyDB/).
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Rose Rosette: Identification and Management
Mark Windham1, Alan Windham2, Frank Hale2 and Walter Hitch3
1

Department of Entomology and Plant Pathology, University of Tennessee, 37996-4560
2
UT Extension Soil, Plant Pest Center, Nashville, TN 37211-5112
3
Plateau Research and Education Center, Crossville, TN 38571-2133

Index Words: rose, Rosa, rose rosette, Rose Rosette Virus, Phyllocoptes fructiphilus
Significance to Industry: Rose rosette is a viral disease of cultivated roses. Early
detection of rose rosette and removal of symptomatic plants from production or
landscape plantings are critical since populations of viruliferous (carry the virus) mites
may increase rapidly on infected plants. Initial symptoms rose rosette include
abnormally long shoots with increased thorniness, red, strapped (thin, elongated)
leaves, flattening of stems (fasciation) and formation of witches’ brooms (dense
abnormally large bunching of shoots). Not all symptoms may be apparent when
symptoms first become apparent and this may make diagnosis difficult. Green barriers
of nonhost plants planted to the windward side of rose plantings aid in reducing
incidence of rose rosette in rose plantings.
Nature of Work: Rose Rosette Virus (RRV) has become widespread in regions of
north-central, south-central and southeast U.S (3). Incidence of rose rosette has grown
exponentially in cultivated roses in the Mid-South U.S. due to increased use of mass
plantings of shrub roses in residential and commercial landscapes (4). The virus is
transmitted by the eriophyid mite Phyllocoptes fructiphilus (1) which is wingless and
drifts in air currents similarly as do dust particles. Landing of a rose is strictly by
chance. This type of movement is known as ‘ballooning’.
Rose rosette symptoms are complex and variable as plants of the same cultivar may
have different symptoms at the same or different location(s). Whether this is due to
variable genetics within the virus population, environmental influences including the time
of season when a plant becomes infected or plant age at time of infection is unknown.
Because of the variation in symptoms, RRV can be difficult to diagnoses in the field and
may be confused with herbicide damage. Symptoms of rose rosette include increased
thorniness, deformed leaves, deformed flower buds, proliferation of redden shoots
(witches’ broom) and plant death (2). Plants that are symptomatic for rose rosette are
less likely to overwinter successfully than healthy plants (4).
The Beall Family Rose Garden was created within the University of Tennessee Gardens
(Knoxville) in 2009. Since its inception, plants have been monitored several times
weekly for symptoms of rose rosette. Initial symptoms for rose rosette were recorded
and plants were then rogued by bagging the plants, cutting the plant off at soil-line,
digging the root ball and bagging it as well. Bagging plants was performed before
cutting, digging or moving plant parts through the garden to reduce the possibility of
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mite vectors dropping off the plants. The number of plants destroyed each year and
location of plants within the garden were recorded. In a separate experiment located at
the Plateau Research and Education Center in Crossville, TN, beds of Knock Out®
roses (n=16) were surrounded by Miscanthus sinensis (Andersson, Chinese or
Japanese silver grass) to serve as a protective screen or left without screens (controls)
(Fig. 2A). Each treatment was replicated 8 times and treatments were arranged in a
completely random design. A linear bed of plants symptomatic for rose rosette
(confirmed to be infected with RRV using the test described by Laney et al (3)) was
established to the windward side of the plots enabling viruliferous mites to be able to
balloon into test plots. Plants symptomatic for rose rosette were detected over a two
year period in each plot and their location in each plot was recorded.
Results and Discussion: Initial symptoms of rose rosette included fast growing erect
shoots with distorted red leaves (Figure 1A), flatten stems and increased thorniness
(Figure 1A, B and C). The formation of witches’ brooms, which is commonly associated
with rose rosette (Figure 1D), was not observed because plants were rogued before this
symptom developed. In years 2010-2013, the Beall Family Rose Garden (bushes =
200) lost 2-4% of its roses to rose rosette annually. This level of rogued plants was
considered acceptable by garden management since the garden’s plans called for
replacing up to 5% of roses annually to keep the garden ‘fresh’. To date, no rose
adjacent to a rouge rose has become symptomatic for rose rosette. Therefore,
detecting symptoms of rose rosette soon after they form and rogueing symptomatic
plants is an effective way to manage rose rosette in a public garden.
Barriers of M. sinensis were effective in reducing incidence of rose rosette symptomatic
plants (Figure 2B) and treatments differed significantly (Chi Square Test, p=0.01).
These data demonstrated that eriophyid mites that ‘balloon’ in air currents, similar to
dust particles, can be intercepted by barriers placed on the windward side of a garden.
In landscape situations this strategy could be used with fencing or green barriers,
dependent of landscaper preference.
Literature Cited
1. Amrine, J.W., Zhao,S., 1998, Research on aerial dispersal of Phyllocoptes
fructiphilus (Acari:Eriophyidae), vector of rose rosette disease. Am. Rose 3:28-29.
2. Jacobi, J. 2010. Rose Rosette Disease. http://www.aces.edu/home-garden/lawngarden/pests/documents/RoseRosetteDisease-Jacobi.pdf
3. Laney, A., Keller, K., Martin, R., and Tzanetakis, J. 2011. A discovery 70 years in the
making: characterization of the Rose rosette virus. J. Gen. Virol. 92:1727-1732.
4. Windham, M., Windham, A., F. Hale, and J. Amrine, Jr. 2014. Observations on rose
rosette. American Rose. May/June: 56-62.
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Figure1. A) Drift rose that has recently become symptomatic for rose rosette. Note how
the shoot stands erect above the other foliage and the leaves are redden and strapped.
B) Reddening of a stem infected with rose rosette; note the thin, elongated leaves and
the unusually thickened cane (stem) with increased number of thorns (pickers).
C) Increased thorniness is common in many plants symptomatic for rose rosette and
may be accompanied with flattened stems (fasciation).
D) Masses of shoot proliferation (witches’ brooms) are often associated with plants that
are very susceptible or have been symptomatic for more than one year. These witches’
brooms may harbor large numbers of viruliferous (carry the virus) eriophyid mites.
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Figure 2. A) Research using rose plots with a barrier of Miscanthus sinensis between a
reservoir of RRV infected roses that harbor large populations of eriophyid mites and
RRV have demonstrated that barriers are useful in reducing incidence of RRV in rose
plantings. These rose plots are located at University of Tennessee’s Plateau Research
and Education Center near Crossville, TN. The rose plot is the foreground is not
protected by a grass barrier whereas the rose plot in the background is protected by a
barrier of Miscanthus sinensis. Note the plant in the unprotected plot with a witches’
brooms associated with infection by RRV (arrow).
B) Percentage of plants in plots with or without barriers of M. sinensis two years after
planting. Bars with different letters differ significantly according to a Chi Square test
(p=0.01).
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Microbial Diversity in Dogwood Seeds and Their Role as Pathogens and as
Biocontrol Agents
M.T.Mmbaga1, T. Simmons2, L. Mackasmiel2 and J.O. Joshua1
1

Department of Agricultural and Environmental Sciences
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2

Otis L. Floyd Nursery Research Center
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472 Cadillac Lane, McMinnville, TN 37110
lmackasm@tnstate.edu
Index words: Seed-borne microorganisms, pathogens, biological control, woody
ornamentals
Significance to Industry: Seed quality is vital in producing healthy seedlings and
healthy plants. Locally collected seeds provide a cheap source of propagation material
for growers to produce plants for sale. However, seeds are capable of perpetuating
seed-borne pathogens (3) subsequently leading to disease constraints in tree
production and losses in net income from plant sales. Seed may also be a source of
beneficial microorganisms that are capable of protecting plants against pathogens or
enhance plant fitness to tolerate adverse environments and grow better. By analyzing
microbial diversity in germinating seeds, we can identify seed-borne pathogens and
develop management strategies to eliminate the pathogens before they impact plant
growth; we may also identify beneficial microorganisms that can be utilized as biological
agents that provide plants' protection against diseases or/and enhance plant defense
system.
Nature of Work: The objective of this study was to identify microorganisms that
colonize dogwood seed and determine their potential economic importance. Dogwood
seeds were collected from landscape trees at four locations in Middle Tennessee; Irving
College (Warren County), Tennessee State University (TSU) Nursery Research Center
(Warren County), TSU main campus in Nashville (Davidson County), and Murfreesboro
(Rutherford County). Seeds were processed using seed cleaning machine, and dried
for 5 days at room temperature. The dry seeds were disinfected in 10% Clorox™
bleach for 1 minute and rinsed in sterile water; they were then vernalized in sterile moist
Morton’s Grow Mix™ #2 soil, at 5°C for three months. Upon germination, the
germinants/germlings were surface disinfected using 70% Ethanol, rinsed twice in
sterile water, blotted on sterile tissue paper and plated on Potato Dextrose Agar (PDA),
to isolate fungi and bacteria. A total of 16 germinants/germlings from each of the three
collection sites at Irving College/Community, TSU main campus, and Murfreesboro, and
32 germinants/germlings from TSU Nursery Research Center, were plated on PDA.
Isolates of fungi and bacteria were then quantified in terms of frequency of isolation and
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further sub-cultured into pure cultures. Fungi were grown on PDA and bacteria on
nutrient agar (NA). All isolates were characterized using morphological features
observed under a compound microscope and by DNA sequence analysis.
Microbial DNA was extracted and analyzed following standard protocols and DNA
sequence analysis was done at Davis Sequencing (Davis, CA). Blast search was done
using closest similarity matches with all sequences available in the GeneBank; to refine
the isolate identification, DNA sequence alignment was conducted for similarities that
had 99-100. All isolates were tested for pathogenicity on flowering dogwood leaves
using detached leaf technique and also tested for biological activity against known
pathogens using dual cultures in vitro technique.
Results and Discussion: A total of 22 isolates comprised of 18 fungi and 4 bacteria
were obtained from 80 seeds (Table 1, Fig 1). Isolates of fungi were more abundant
than those of bacteria with the highest number of fungal isolates from seed collected at
TSU-Nashville main campus, followed by Murfreesboro seed. The TSU NRC had the
highest number of bacterial isolates (Fig. 1). The most common fungus was Geomyces
species (sp.) that was detected from all 4 locations (36%). Geomyces sp., are known to
form ericoid mycorrhizae with the roots of alpine ericales and other perennial hosts and
help these plants adapt to low-nutrient environments, its presence in dogwood seed
would suggest a need to look at its role as a mycorrhizal partner in dogwood.
Unidentified Geomyces spp. have also been reported to secrete a number of asterric
acid derivatives with antibacterial or antifungal activity; thus suggesting that this fungus
may have a biocontrol activity. Geomyces spp. are known to degrade hairs and nails
hence it is used in bio-decomposition in waste management systems (Saxena et al.
2005). Geomyces destructans has been associated with the White Nose Syndrome
and the decline of bat populations (4,8,9). Among the isolates that colonized dogwood
seed were two known plant pathogens, Alternaria alternata, and Cylindrocapron
magnusianum (Table 1). However, these two fungi are not known to cause disease in
dogwood and in our pathogenicity tests, these isolates were non-pathogenic to
dogwood.
Out of the four bacteria isolates, three were identified as Pseudomonas fluorescens
isolated from two locations, Irving College/Community and TSU Research Center.
Isolates of P. fluorescens have been reported to secrete antibiotics and hydrogen
cyanide that are lethal to plant pathogens and beneficial to plants. Several studies have
reported P. fluorescens as a plant growth promoting bacteria by suppressing pathogens
in root zones and also by helping nutrient assimilation, while some isolates form
colonies on plant surfaces and provide epiphytic fitness to the host. Isolates of P.
fluorescens have been reported as biological control agents for soil borne pathogens
(6,7), but we have not yet studied its potential against dogwood root pathogens.
Overall, our results show that dogwood seed carry a range of microorganisms including
some that have been reported as beneficial biocontrol agents. Evaluation of the
biocontrol activity produced mixed results in the in vitro study using dual cultures (data
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not shown). Testing of the isolates that are known to have antimicrobial activity (Table
1) on a larger number of pathogens including powdery mildew and root pathogens will
help identify those that have biocontrol activity in dogwood. Since these organisms
colonize seed, they have great potential for application as seed treatments, for
protecting young seedlings that tend to be more vulnerable to diseases.
Literature Cited:
1. Bonner, F. T. 2008. Seed biology. In: USDA, The woody plant seed manual.
Agriculture Handbook 727. Washington, DC: USDA Forest Service, pp 17-51.
2. Brinkman, K. A., and Vankus, V. 2008. Seed biology. In: USDA, The woody plant
seed manual. Agriculture Handbook 727. Washington, DC: USDA Forest Service,
pp 428-433.
3. Britton, K. O., and Redlin, C. 1995. Damping-off of flowering dogwood seedlings
caused by Collectotrichum acutatum and Fusarium oxysporum. Plant Disease 79,
1188.
4. Gargas, A., Trest, M. T., and Christensen, M. 2009. Geomyces destructans sp.
nov., associated with bat white-nose syndrome. Mycotaxon 108:147-154.
5. Gragton, W. N. 2012. "Dogwood." e-WV: The West Virginia Encyclopedia. 17 July
2012. Web., (retrieved June 2014).
6. McSpadden, G. B. B. 2007. Diversity and ecology of biocontrol Pseudomonas spp.
in agricultural systems. Phytopathology 97:227-226.
7. Saxena P, Kumar A, Shrivastava JN. (2005). Keratinophilic fungi: A microbial way
to manage poultry waste feathers. Indian Journal of Microbiology 45(2): 151-154.
8. Stockwell, V.O., and Stack J.P. 2007. Using Pseudomonas spp. for integrated
biological control. Phytopathology 97:244-249.
9. National Speleological Society. July 19, 2013. Caving News.
http://cavingnews.com/20130719-geomyces-destructans-reclassifiedpseudogymnoascus-destructans, (retrieved June 2014).
10. National Speleological Society. March 20, 2012.Caving News.
http://cavingnews.com/20120320-geomyces-destructans-confirmed-in-tennesseegreat-smoky-mountains-national-park-white-nose-syndrome-wns, (retrieved June
2014).
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Table 1: Isolates obtained from vernalized dogwood seeds, the locality from which the
seeds were collected in Middle Tennessee and reported economic importance of the
isolates.

Isolate
Alternaria alternata

Seed Collection
Location
TSU Nashville

Auerobasadium pullulans

TSU Research Center

Cylindrocapron
magnusianum
Epicoccum species

TSU Nashville
Irving College, TN

Geomyces species

TSU Nashville, TSU
Research Center,
Irving College &
Murfreesboro
TSU Research Center

Humicola grisea

TSU Nashville

Ophiostoma nigrocapum
Pantoea vagans

TSU Research Center
TSU Nashville

Penicillum species
Pseudomonas
fluorescens
Umbelopsis isabellina

TSU Nashville
TSU Research Center
Irving College, TN
Murfreesboro

Umbelopsis ramaniana

Irving College, TN

Geomyces pannorum

Economic Importance
Plant pathogen (leaf spots, rots
and blights), Asthma (human)
Biological Control Agent (storage
diseases)
Plant pathogen (root rot in alfalfa
and red clover)
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Figure 1: Seed-borne fungi and bacteria isolated from vernalized seeds collected from
flowering dogwood in Warren County-Community (Co), Murfreesboro (MB) in
Rutherford County, Nursery Research Center (NRC & R14 at NRC) in McMinnville,
Warren County, and Tennessee State University, Nashville (TSU) in Davidson County.
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Significance to Industry: The genus Phytophthora consists of destructive species of
phytopathogens that cause root rot, root collar rot, blights and cankers in different
ornamental plants, as well as in forestry and food crops (2). These pathogens impact
nursery production in middle Tennessee; they can survive for short periods as
zoospores and sporangia and often survive for many years as chlamydospores and
oospores. Wet conditions are most favorable for Phytophthora diseases and they
spread very easily in water, soil and plant materials. If not controlled, Phytophthora
diseases cause problems over long periods of time (2). A recent report on
Phytophthora in Virginia and Mississippi, identified new species associated with
irrigation water, these include P. hydropathica and P. mississippiae, respectively; soil
and vegetative materials also harbor the pathogen (3,6). Some species of
Phytophthora may spread as air-borne sporangia and lead to infection over a wide
geographical area. This study was conducted to (i) identify species of phytophthora, (ii)
determine the trend of plant infection(s) by Phytophthora spp. and identify other soilborne pathogens that impact nursery production in middle Tennessee.
Nature of Work: This study was conducted during the 2013 growing season to survey
for Phytophthora in three creeks and eight nurseries across middle Tennessee, and
document any other soil-or water-borne phytopathogens of significance. The three
creeks were at least 10 miles apart and they were selected indiscriminately among
creeks whose water is used for irrigation. Baiting for Phytophthora was done twice at
different periods, using leaves of Rhododendron, Pieris sp. pine (Pinus sp) needles that
are known to have high susceptibility to Phytophthora. Samples from irrigation water,
soil (field and container), and plant material (roots and leaves) were collected
simultaneously from symptomatic nursery plants in 8 nurseries and evaluated for the
presence of Phytophthora.
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Clean baits consisting of 6 leaves from each bait plant were placed in breathable
(pollination) bags and floated on creek water for 3 days. The leaves were then
collected, cleaned using sterile water, blotted dry using sterile tissue paper, then cut into
100 mm diameter discs; these were plated on phytophthora specialized medium
(PARPH-V8) for 48 hr. Colonies of Phytophthora spp. were sub-cultured in V8 agar
using hyphal tips tand pure cultures were generated. Water samples from nursery
irrigation ponds were also collected and placed in sterile 100 x 25 mm Petri dishes to a
depth of 15 mm; leaf baits consisting of 100 mm diameter leaf discs from
Rhododendron, and Pieris; and pine needles were then placed on water surface for up
to 72 h in a darkened laminar flow hood, at 12ºC temperature. The leaf baits were then
plated in PARPH-V8 agar for 48 h. Fungal growths around the baits were carefully lifted
and plated on V8 agar and grown into pure cultures. In the case of soil, the samples
were first thoroughly mixed in a clean tray, then filled in 21.0 cm x 13.5 cm x 4.0 cm (L x
W x H) sterilized plastic lunch boxes to a depth of 1.5 cm. Sterile water was then added
up to a depth of 1.0 cm above the soil line and leaf discs were floated on the water to
bait Phytophthora species. A total of 6 leaf baits with two leaves of Rhododendron,
Pieris and Pinus were used per sample and replicated three times. After placing leaf
baits on the water, the samples were maintained in the dark in a laminar flow hood at
12ºC, as described above. Samples of plant materials for the isolation of Phytophthora
and other pathogens were collected from leaves and roots of symptomatic plants,
washed to remove soil particles and disinfected in 70% ethanol. They were then rinsed
in sterile water and blotted dry on sterile tissue paper before plating on PARPH-V8 for 3
days as described above. Culturing and sub-culturing of fungal samples on V8 agar,
was done as described above. A total of four pieces of plant material of roots or leaves
per plate for each sample was replicated three times.
Fungi isolated were identified using morphological characteristics, and DNA sequence
analyses of the internal transcribed spacer (ITS) region, including the intervening 5.8S
rRNA gene as described by White et al. (1990). Qiagen DNeasy Plant mini Kit was
used for DNA extraction of fungal isolates and DNA amplification was done using
universal primer pairs ITS1 and ITS4. Each PCR reaction included 10X PCR buffer, 25
mM of MgCl2, 10mM of dNTPs, Taq polymerase, and sterile double distilled water
(ddH2O) in 50-μL reaction mixes. The DNA was amplified using a Techne thermocycler
and the PCR products were analyzed by electrophoresis in a 1.5% agarose gel in 0.5X
TBE (Tris-Borate-EDTA) buffer. The gels were stained with ethidium bromide (0.5
μg/ml) and DNA was visualized using UV light. The PCR products were purified using
the Quiagen PCR purification kit and DNA sequencing was done at Davis Sequencing
Inc. (http://www.davissequencing.com). The sequences were compared with
information available in the GenBank using Blast search; information was also
compared with what is documented in the literature.
Results and Discussion: Overall, Pieris and Rhodendron leaf baits had more
Phytophthora growth compared to Pinus needles. Individual nurseries showed
variations in the number of positive samples baited from soil, and plant material (Fig. 2).
More than 75% of water samples collected tested positive for Phytophthora spp., and
other fungi, while less than 25% of soil and plant samples had Phytophthora spp or
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other fungi (Fig. 2). Water samples had 27.6% positive results, soil showed 10.0%,
while plant material had only 0.5% from roots and 0.3% from leaves (Fig 1-3). These
results show similar trends to previous surveys (2, 3) with water samples showing
higher proportion (%) of Phytophthora spp., and other fungi than soil and plant material
(Figs, 2-3). This suggests that using such contaminated water for irrigation may
transmit Phytophthora and other pathogens to susceptible plants including nursery
plants, or other plants in the field. Although all Phytophthora isolates baited from water
may not be pathogenic on nursery plants, a previous evaluation of 10 uncultured
Phytophthora spp., from water, tested on nursery plants at the center, showed that all of
them were pathogenic on flowering dogwood leaves while some were pathogenic on
leaves of several other ornamental plants (4, 5). Among Phytophthora spp. isolated in
this study, 50% were P. hydropathica, 10% were P. parsiana while P. irrigata, P.
palmivora and P. drechsleri were 3% each (Fig 4). Also detected at 3%, each, were
uncultured fungus clones, Halophytophthora polymorphica, and Phytopythium litorale.
Although phytophthora-specialized media are expected to limit growth of Pythium,
several species of Pythium were isolated; the dominant ones were P. condricola (30%),
P. pophyrae (28%), P. catenulatum (17%) and P. litorale (8%). Other fungi detected
included Fusarium solani, Verticillium nubilum, and Arthrinium phaeospermum (Fig 5).
These fungi may not have any reported pathogenicity on woody ornamentals, but they
had significant presence (Fig. 5). Thus, it is important to conduct pathogenicity tests on
diverse nursery plants, on both roots and leaves, in order to determine their
association/interactions with nursery plants.
Acknowledgements: The authors thank Terry Kirby and Terri Simmons for their
technical support during the season.
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Figure 1. Percentage of all samples from water, soil and plant materials that showed
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Figure 3. Comparison of creeks showing mean recovery of Phytophthora species and
other plant pathogens from creek water. The creeks were baited for pathogens two
months apart during 2013 growing season between May and October.
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Figure 4: The overall diversity of Phytophphora species and other fungi detected during
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Significance to Industry: Abelia sp. and Nandina sp. are both popular landscape
plants that make up a significant portion of sales for nurseries in the southeastern U.S.
The warm season disease called southern blight or white mold, caused by Sclerotium
rolfsii is common in the Deep South and is fairly easy to diagnose. A disease caused by
a similar fungal pathogen, Sclerotinia sp., was identified in two nurseries in 2014 on
Abelia and Nandina. This is typically a cool season pathogen commonly found on
vegetables. Sclerotinia sp. is not commonly identified on woody ornamentals in the
Southeast and may be misdiagnosed. This disease is difficult to control and requires
specific fungicides and management practices. It is important for growers to be aware
of this disease and to recognize the symptoms to separate it from similar diseases.
Nature of the Work: In the early spring of 2014, Abelia x grandiflora ‘Kaleidoscope’
was found at a commercial nursery in south Alabama with browning out and twig
dieback. The leaves on individual branches turned straw brown and dropped off,
leaving bare twigs and areas of the canopy bare. Common Abelia pathogens were not
observed. Plants were collected and symptomatic tissue was placed in a moist
chamber. Within 48 hours, profuse white mycelium was growing on the necrotic leaves
and stems but no spores were produced to identify the fungus. Within five days,
concentrated tuffs of mycelium were visible and small, black, irregular structures,
identified as sclerotia, were observed on the damaged plants.
Later this spring, a crown rot was reported on several cultivars of dwarf Nandina in
another commercial nursery in south Alabama. Plants exhibited typical crown rot
symptoms of browning and discoloration on the lower stem and crown, accompanied by
wilting and leaf drop. Tuffs of white mycelium, similar to that seen previously on the
Abelia, were observed on symptomatic plants. These plants were examined closely
and sclerotia, similar to those observed on Abelia, were found. Sclerotia were not
obvious and were often found on the stem covered by leaf petioles or leaf debris, which
could delay identification.
Results and Discussion: Based on colony morphology and sclerotia production, the
pathogen on both the Abelia and Nandina was identified as Sclerotinia sclerotiorum
(1,2,3). Sclerotinia sp. is a fairly common cool season pathogen on vegetable crops but
has not been reported as a serious pathogen on woody ornamentals in the Deep South.
This disease requires cool temperatures (54-720 F), saturated soils, and prolonged leaf
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moisture for infection (1). This may explain why the disease was active in 2014.
Temperatures were below average and there were several rain events in excess of 2
inches, accompanied by prolonged cloudy weather. With the occurrence of this disease
on Abelia and Nandina, two commonly grown woody ornamentals, growers should be
aware of the symptoms of this disease so it can be identified quickly and effective
control measures initiated.
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Significance to Industry: In the United States, the production of basil (Ocimum
basilicum L.) has risen significantly due to the increasing of marked demand over the
past several years (1), and basil is also a popular garden and landscape plant. Three
biofungicides, in addition to MilStop (potassium bicarbonate), were applied weekly,
alone, in tank mix or in rotation, to Genovese basil plants grown in 6” containers in a
glasshouse from October 28, 2013 to December 02, 2013. Plants were rated on a 0-7
scale (0=no leaves affected and 7= all leaves affected) on November 05, 2013,
November 19, 2013 and December 03, 2013. There was no significance in the first two
ratings. BP1 alone or mixed with BP2 had higher ratings than the other treatments. This
preliminary trial helped to define future biofungicide trials to control basil downy mildew.
Nature of Work: Basil (Ocimum basilicum L.) is an important commercial herb crop
used in cooking and gardens decoration. There are many types of basils. The genus
Ocimum encompasses 35 species of annuals and perennials from the tropical and
subtropical areas. Sweet basil (O. basilicum) is the most common species cultivated for
culinary and ornamental uses, and there are about 100 cultivars. In the United States,
the production of basil has risen significantly due to the increasing of marked demand
over the past several years (1). A total of 2,053 U.S. farms produced herbs for the fresh
market in 2007 on 13,573 acres of land, which represents an increase of nearly 25% in
the five years since the last agricultural census in 2002. Many cultivars of basil are also
very popular in gardens and landscapes.
Basil downy mildew, a severe disease that is caused by Peronospora belbahrii and
could result in 100% crop loss, has spread to about 40 states since the first report in the
United States (South Florida) in the fall of 2007. The earliest report of basil downy
mildew in Texas was in 2010 (2). Symptoms of basil downy mildew could be mistakenly
considered as nutrient deficiency. The affected plants may show general yellowing and
different levels of chlorosis (yellowing) on lower older leaves, which is common in plants
with N deficiency. However, chlorosis caused by nutrient deficiency is not vein-bounded,
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while close inspection of yellowing of basil leaves with downy mildew, especially those
in more advanced stage, could generally identify the vein-bounded pattern.
This experiment was a preliminary trial set up for proof of concept based on growers’
use patterns based on their positive experiences, and was conducted in a glass
greenhouse located on Texas A&M University campus at College Station, TX, from
October 28, 2013 to December 3, 2013. The Genovese basil plants were obtained from
a local wholesale nursery in Waller, TX, and were potted on October 23, 2013 in sixinch plastic pots (1,250 ml) with Miracle-Gro (ScottsMiracle-Gro Company, Marysville,
OH). Four type of biofungicide (BP1, BP2, BP3 and MilStop) were mixed into nine
different biofungicides (Table 1), and sprayed thoroughly on basil plants weekly from
October 28, 2013 to December 02, 2013. Due to a non-discloure agreement with the
biopesticide company, the biofungicides used in the trial were only given a code (“BP1”,
“BP2”, and “BP3”) in this manuscript.
Three visual rating of unmarketable leaves (chlorosis and necrosis from downy mildew
infestation, and phytotoxicity effects due to chemical application) were conducted on
November 05, 2013, November 19, 2013 and December 03, 2013. Plants were visually
rated on percentage of leaf have chlorosis, necrosis or phytotoxicity symptoms on a
scale of 0 to 7 (0=no leaves affected and 7= all leaves affected), as illustrated in Fig. 1.
The experiment was a completely random block design with 10 treatments (nine
biofungicides and control) and four blocks (replications). All data was analyzed by SAS
(version 9.4; SAS Institute, Cary, NC). When the effect was significant, mean separation
was conducted using Student-Newman-Keuls test at 5% significance level.
Results and Discussion: Biofungicide treatments did not have a significant effect on
plant visual ratings on November 05, 2013, November 19, 2013 (Table 2). On
December 03, 2013, plants treated by BP1 or a mixture of BP1 and BP2 had higher
visual rating than control, and the other biofungicide treatments did not yield results
significantly different from the control. This indicated that regular application of BP1 or a
mixture of BP1 and BP2 may have caused higher phytotoxicity, and thus more
unmarketable leaves on plants.
Literature Cited:
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2. Mersha, Z., Zhang, S. (2013). A recently discovered foliar disease of basil: Downy
mildew and its management in South Florida. Horticulture Sciences at University of
Florida, Issue No. 569.

Pathology and Nematology

160

SNA Research Conference Vol. 59 2014

Figure 1. Visual rating scale of 0-7 (0=no leaves affected and 7= all leaves affected) on the
percentage of ‘affected’ leaves (either by downy mildew or phytotoxicity). No plants were
rated 0 or 7 and so only 1-6 are represented here. Arrows indicate affected leaves.
Table 1. The rates of nine biofungicide treatments spray thoroughly on basil plants
weekly from October 28, 2013 to December 02, 2013.
Treatments
Control (Water)
BP1
BP2
BP3
MilStop
BP3+MilStop (Tank mix)
BP3+MilStop (Rotation)
BP1+BP2
BP1+BP3 (Tank mix)
BP1+BP3 (Rotation)

Rate
N/A
1.5oz/gal
1.50%
1.9 oz/gal
7 g/gal
1.9 oz/gal+7 g/gal
1.9 oz/gal+7 g/gal
1.5oz/gal+1.50%
1.5oz/gal +1.9 oz/gal
1.5oz/gal +1.9 oz/gal
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Table 2. Three visual rating of unmarketable leaves (chlorosis and necrosis from downy
mildew infestation, and phytotoxicity effects due to chemical application) were
conducted at November 05, 2013, November 19, 2013 and December 03, 2013.
Treatments
11/5/2013 11/19/2013 12/3/2013
1.8 a
1.3 b
Control (Water)
1.0 a
0.5 a
3.5 a
BP1
0.0 a
2.0 a
2.3 b
BP2
1.0 a
1.5
a
1.5 b
BP3
1.7 a
2.8 a
2.5 b
MilStop
1.5 a
1.0 a
2.3 b
BP3+MilStop (Tank mix)
0.8 a
2.0 a
1.3 b
BP3+MilStop (Rotation)
0.5 a
0.8
a
4.0 a
BP1+BP2
0.3 a
3.3 a
1.8 b
BP1+BP3 (Tank mix)
1.0 a
1.3 a
2.0 b
BP1+BP3 (Rotation)
0.3 a
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Significance to the Nursery Industry: The majority of root and crown diseases on
ornamental plants are caused by the Oomycete pathogens, Pythium spp. and
Phytophthora spp. There are a limited number of commercially available fungicides with
activity against Oomycete pathogens. The predominant fungicide used in Pythium and
Phytophthora management has been mefenoxam (Subdue Maxx; Syngenta Crop
Protection, Inc., Greensboro, NC). Insensitivity to mefenoxam has been reported within
species of Pythium and Phytophthora recovered from ornamental plants (1, 3, 4, 5).
Mefenoxam insensitivity across all isolates evaluated in these studies ranged from 6%
to 66% and included up to 8 Phytophthora and 11 Pythium species. The studies
suggest that mefenoxam insensitivity is widespread within floriculture production. The
viability of mefenoxam as a valuable tool in managing Pythium and Phytophthora root
diseases is of great concern.
Nature of Work: Species of Pythium and Phytophthora cause root, crown, stem, and
foliage blights. Symptoms often include root softening, sloughing, darkening of roots,
crowns and stems, wilting, foliage chlorosis, leaf drop, stem dieback, and leaf and
petiole blighting. Oomycete pathogens or “water molds” are unique and are not true
fungi. They are more closely related to brown algae than fungi. One of the major
differences between Oomycetes and true fungi is in their cell wall components.
Oomycete cell walls are composed of a β-1,3 and β-1,6 glucans, whereas true fungi cell
walls are composed of chitin. This is an important distinction because the mode of
action of many fungicides is to act on and inhibit chitin cell wall biosynthesis. Since
Oomycete cell walls do not contain chitin, these products have no activity on these
pathogens. This has resulted in a limited number of commercially available fungicides
with activity against Pythium and Phytophthora diseases.
The predominant fungicide used against Pythium and Phytophthora diseases in
ornamentals has been the phenylamide systemic fungicide, metalaxyl, which was
replaced by mefenoxam (the R-enantiomer of metalaxyl), and marketed under the trade
names of Subdue 2E and Subdue Maxx (Syngenta Crop Protection, Inc., Greensboro,
NC), respectively. Metalaxyl was registered for use in the United States in 1980 and
within four years fungicide resistance in Pythium causing turf blight was identified (8).
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Mefenoxam insensitivity has been noted in several states in Pythium and Phytophthora
species causing root and crown rots of ornamental plants. In Pennsylvania, 32.5% of
the 120 Pythium isolates recovered from infected plants were insensitive to mefenoxam
(3). Eleven species of Pythium were identified from the 120 isolates. The most common
species were P. irregulare and P. aphanidermatum of which 36.8% and 37.5% of these
species, respectively, were insensitive to mefenoxam. In North Carolina, three species
of Phytophthora (P. nicotianae, P. cryptogea, and P. palmivora) were recovered as the
predominant species infecting floriculture crops (1). Although, all isolates of P.
palmivora were still sensitive to mefenoxam, 100% of the P. cryptogea and 21% of P.
nicotianae isolates were insensitive. In a more recent North Carolina study, P.
nicotianae, P. drechsleri, P. cryptogea, and P. tropicalis were the most commonly
recovered Phytophthora species from floriculture corps, of which 66% of these
Phytophthora isolates were insensitive or intermediate in resistance to mefenoxam (4).
Mefenoxam insensitivity appears widespread. The objectives of this study was 1) to
identify species of Pythium and Phytophthora from symptomatic plants within both
floriculture and woody ornamental crops in GA and 2) to evaluate the recovered isolates
for mefenoxam sensitivity.
Plant samples exhibiting symptoms of root or crown rot or foliage dieback were
collected from 17 wholesale ornamental production facilities (nine specializing in
container-grown woody shrubs and eight specializing in floriculture or herbaceous
crops) from 2010-2011. Symptomatic tissue sections were washed with tap water,
blotted dry, and plated onto V8-PARP medium [15 g Bacto agar (Becton, Dickerson and
Co., Sparks, MD); 50 ml clarified V-8 juice (Campbells, Camden, NJ); 67 mg 75%
PCNB (Terraclor; Chemtura, Middlebury, CT); 400 µl pimaracin (Sigma-Aldrich, St.
Louis, MO); 250 mg ampicillin (Sigma-Aldrich, St. Louis, MO); 10 mg rifampicin (SigmaAldrich, St. Louis, MO) in 950 ml deionized water] (2). Plates were incubated in the dark
at 22C for up to 10 days. Suspected Pythium and/or Phytophthora colonies were
transferred by hyphal tip onto new V8-PARP or non-amended V8-agar plates to obtain a
pure culture.
Putative Pythium or Phytophthora isolates were flooded with non-sterile soil extract to
observe sporangia formation and morphological characteristics. The ITS region (ITS1,
5.8S, and ITS2) of the rDNA of each isolate was sequenced to provide DNA-based
identification. Suspected Pythium and Phytophthora isolates were grown on V8-agar at
22-24°C for 72 h. Hyphae was scraped and/or lightly touched with a 200-l pipette tip.
The tip was then placed into a 0.5-ml PCR tube containing a PuReTaq Ready-To-Go™
PCR Bead (GE Healthcare), 1 l of 10 µM ITS-1 primer (5'- TCCGTAGGTGAACCTGC
GG-3’), 1 l of 10 µM ITS-4 primer (5’-TCCTCCGCTTATTGATATGC-3’), and 23 l of
sterile nuclease-free water and mixed by gently pipetting up and down several times.
Total PCR reaction volume was 25 µl. Thermal cycling conditions consisted of an initial
denaturation at 94°C for 5 min; followed by 34 cycles of 94°C for 1 min, 53°C for 1 min,
and 72°C for 1 min; and a final extension step of 72°C for 5 min, followed by a 4°C hold
(3). PCR products were purified using QIAquick Purification Kit (Qiagen, Inc., Valencia,
CA) and submitted to the Georgia Genomics Facility (Athens, GA). DNA sequences
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were aligned and manually edited using Geneious software (Biomatters Ltd., Auckland,
New Zealand). ITS sequences were BLAST analyzed in GenBank (National Center for
Biotechnology Information, Bethesda, MD) and the Phytophthora Database
(http://www.phytophthoradb.org/).
All isolates were screened for sensitivity to mefenoxam in vitro by amending V8-agar
(50 ml clarified V8 juice; 15 g Bacto agar; 950 ml deionized water) with 100 g a.i./ml of
mefenoxam by suspending Subdue Maxx (Syngenta Crop Protection, Greensboro, NC)
in water and distributing it in molten agar prior to pouring into 35-mm plastic petri plates
and evaluating mycelia growth compared to the growth of the same isolate on nonamended medium. Agar plugs (7-mm in diameter) were cut from the leading edge of a
3-4 day old isolate culture and inverted onto the center of mefenoxam-amended and
non-amended plates. Two non-amended and two mefenoxam-amended plates for each
isolate was incubated at 22C in the dark for 24-48 h depending upon isolate growth
rate. Mycelial growth was measured from the inoculated plug edge to the edge of the
colony along two radii per plate. Isolates that grew ≥ 50% of the non-fungicide amended
control plates (EC50 > 100 ug a.i./ml) were considered insensitive. Isolates that grew <
50% as compared to the control were considered to be sensitive.
Results and Discussion: Out of the 152 symptomatic samples collected, Oomycete
root pathogens were recovered from 80% of them. Either no pathogen or a nonoomycete pathogen was recovered from the remaining samples. Of the 121 oomycete
isolates recovered, 39 were identified as Phytophthora spp., 77 as Pythium spp., and
five as Phytopythium spp. (Table 1). The Phytophthora species identified included P.
nicotianae, P. pini, P. undulata, P. cinnamomi, P. citrophthora, P. palmivora, P.
dreschsleri, and P. cryptogea, with P. nicotianae being the most prevalent (30% of the
Phytophthora isolates). Approximately, 21% of the Phytophthora isolates could not be
identified to species based upon morphology or DNA sequencing. This is not
uncommon and has been seen in previous studies (1, 4, 5).
Pythium species recovered included Pythium irregulare, P. myriotylum, P.
aphanidermatum, P. monospermum, P. chamaihyphon, P. vexans, P. diclinum, P.
cucurbitacearum, P. zingiberis, and P. acanthophoron (Table 1). Pythium irregulare was
the most prevalent and accounted for 12.5% of the identifiable species. The majority of
the Pythium isolates recovered (approximately 50%) could not be identified to the
species level. Five Phytopythium isolates were also recovered from diverse
symptomatic plants including Coreopsis lanceolata, Hydrangea arborescens,
Rosmarinus officinalis, Tagetes patula, and Thymus praecox from three production
facilities. Phytopythium is a relatively new taxonomic genus whose members were
classified as clade K species of Pythium, and have more characteristics similar to
Phytophthora than other Pythium species. Pythium litorale and Pythium heliocoides are
now classified as Phytopythium species (7) and both were recovered in this study. In
recent studies, Phytopythium heliocoides was found to be pathogenic to begonia in VA
(9) and P. litorale was pathogenic to squash in GA (6).
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Across all oomycete isolates in this study, 45.5% were mefenoxam insensitive (Table
2). Insensitivity was identified in 27.2% of the Phytophthora isolates. All isolates of P.
undulata and P. palmivora recovered from three production facilities and 57% of the
unidentifiable Phytophthora spp. were insensitive to mefenoxam. However, all P.
nicotianae and P. pini isolates, which accounted for over 50% of the total number of
Phytophthora isolates recovered, were sensitive to mefenoxam. Mefenoxam
insensitivity was found in 58.4% of the Pythium isolates recovered. Approximately 28%
of all Pythium isolates identified were P. irregulare, P. myriotylum, and P.
aphanidermatum. Of these species, only one of the 21 isolates (<5%) was insensitive to
mefenoxam. Most of the insensitive isolates were uncommon or unidentifiable Pythium
species. In addition, all of the Pythopythium isolates recovered were mefenoxam
insensitive.
The seemingly high occurrence (45.5%) of mefenoxam-insensitive Phytophthora,
Pythium, and Phytopythium isolates recovered in this study suggests that the
usefulness of mefenoxam to manage Oomycete root diseases is questionable.
However, many Pythium species are known to be saprobic. It is plausible that many of
the unidentifiable Pythium isolates recovered, of which the majority was mefenoxam
insensitive, are saprobic and not plant pathogenic. Until pathogenicity is proven, the
high occurrence of mefenoxam insensitivity, particularly within Pythium and
Phytopythium isolates, may be misleading.
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Table 1: Species of Oomycete pathogens recovered from roots, crowns, and blighted
foliage from ornamental plants in GA in 2010-2011.
Phytophthora species*
Phytophthora nicotianae
Phytophthora pini
Phytophthora cinnamomi
Phytophthora drechsleri
Phytophthora palmivora
Phytophthora undulata
Phytophthora citrophthora
Phytophthora cryptogea
Phytophthora sp

Pythium species*
Phytopythium species*
Pythium irregulare
Phytopythium litorale
Pythium aphanidermatum
Phytopythium heliocoides
Pythium myriotylum
Phytopythium sp.
Pythium diclinum
Pythium monospermum
Pythium vexans
Pythium cucurbitacearum
Pythium zingiberis
Pythium acanthophoron
Pythium sp.
* Species identification was based upon morphological characteristics and confirmed by
sequencing of the ITS region using ITS14 primers.

Table 2: Number of isolates recovered per Oomycete pathogen and percentage of
isolates that are insensitive to mefenoxam per species.
Species recovered

# Isolates recovered

Total Phytophthora spp.
P. nicotianae
P. pini
Total Pythium spp.
P. irregulare
P. aphanidermatum
P. myriotylum
Total Phytopythium spp.

39
12
8
77
10
5
6
5

1

% Insensitive to mefenoxam1
27.2
0
0
58.4
10
0
0
100

All isolates
121
45.5
Insensitivity determined by growing isolates on mefenoxam-amended V8-agar culture
plates. Isolates were deemed insensitive if hyphal growth was ≥ 50% of the nonfungicide amended control plates.
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Significance to industry: Flowering dogwood (Cornus florida) is an important
ornamental tree native to North America; it grows in hardiness zone of 5 to 9 (12), and
is tolerant to temperatures starting from -34 °C to 46.1 °C (8). It provides environmental
benefits and natural shelter to wildlife. Cornus florida was a relatively disease free until
the onset of Discula destructiva in the 1970s (4). The widespread chemical fungicide
use for Discula destructiva management is thought to have reduced the natural
microflora of the C. florida, and contributed to increased susceptibility to powdery
mildew disease (9). Powdery mildew disease management has relied heavily on
conventional fungicides and this increased production costs from $120/ha/year to
$1975/ha/year (6). Subsequently many growers have abandoned C. florida production
in major dogwood producing states including Tennessee (6). Fungicides are also
harmful to the environment, human beings, and wildlife (2) and destroy other non-target
beneficial microorganisms (5). A study on the microflora of C. florida trees in natural
unmanaged forest habitat led to isolation of naturally occurring microorganisms that
have biological control activity against powdery mildew (9). Some bacterial biological
control agents (BCA) displayed superior activity against powdery mildew and showed
potential in dogwood disease management. These BCAs were further studied to
understand their nomenclature, biology, and mode of action against selected pathogens
that affect flowering dogwoods. The main objectives of this research were to
characterize selected bacterial BCAs, study their mode of action, and interaction within
each other and with other dogwood pathogens.
Nature of work: Biological disease management is through one or more modes of
actions including: antagonism, antibiosis, competition, induced host resistance,
parasitism and/or lysis. In antagonism, the BCA disables the efficiency of the pathogen
in causing disease; the BCA may also secrete antibiotics, and/or secondary metabolites
which are harmful to the pathogen. Competition for nutrients can curb the disease by
limiting pathogen growth and reproduction. This article will present results from BCA
characterization and identification using both biochemical and molecular methods; and
their effect on other flowering dogwood pathogens. The BCA mode of action tested in
vitro using different augmented media will also be presented.

Pathology and Nematology

168

SNA Research Conference Vol. 59 2014

Gram stain reaction was determined by using the standard gram stain procedure and
light microscopy at 1000X. Gram positive bacteria were identified by their purple/blue
appearance, while gram negative bacteria appeared pink; cell morphology was also
observed. Endospore stain test with malachite green and 0.5% safranin used standard
procedures in which vegetative cells appear red from the safranin stain, while the
spores appear green in color from the malachite green stain. Oxidase test to determine
the presence cytochrome or indophenol oxidase produced by aerobic bacteria which
depend on oxygen for energy production used 18-24h old cultures and oxidase liquid
reagent (PML Microbiologicals, Wilsonville, OR). A piece of white filter paper was
soaked with a drop of the oxidase reagent, followed by a smear of a single colony
picked using sterile disposable loop. Observation on color change was done within 10
sec and a purple blue color indicated oxidase positive. Catalase test to detect the
presence of catalase enzyme used commercially available hydrogen peroxide and
standard procedures. A single colony (18-24h-old) was smeared on a glass slide and
3% hydrogen peroxide was added using a sterile dropper. Catalase positive reaction
was indicated by the appearance of bubbles on a sample.
Molecular characterization: DNA from the bacterial BCAs were isolated using reagents
in the Qiagen kit (Valencia, CA) following the manufacturer’s recommendations; DNA
concentration and relative purity was determined using a Nanodrop Lite (Thermo Fisher
Scientific, Wilmington, DE). Two oligonucleotide universal primer pairs (RW01: 5’-AAC
TGG AGG AAG GTG GGG AT-3’and DG74: 5’-AGG AGG TGA TCC AAC CGC A-3’)
were used to amplify a 370bp region of the 16S rRNA gene using PCR reaction of final
volume of 25µl with 1X PCR buffer, 200μM dNTPs, 100pM of each primer, 100ng of
genomic DNA and 2.5 units of Taq DNA polymerase (Promega Corporation, Madison,
WI). PCR was set up on a PTC 100 Thermal Cycler® programmed with an initial
denaturation temperature of 95° C for 5 min, followed by 34 cycles of denaturation at
95° C each for 1min, annealing of the primer at 55° C for 1 min and extension at 72° C
for 1 min, followed by final extension step at 72° C for 10 min. Electrophoresis was
performed at 60 volts for 40 minutes in 1X TBE (Tris boric acid EDTA) buffer and PCR
amplified products were separated on a 2% agarose gel (Phenix, Candler, NC) with 0.1
μg/ml ethidium bromide staining. The gels were photographed using Kodak™ Gel logic
200 (Carestream, Rochester NY) under ultraviolet (UV) light. The size of DNA
fragments were estimated using a 100 bp ladder. The PCR products were purified using
Exosap DNA purification kit (Promega Corporation, Madison, WI) using the
manufacturer recommended protocol. These products were sent for sequencing at
Davis Sequencing Inc. (Davis, CA). Sequences were aligned on online alignment tool
BLAST (1) and identity of each BCA was determined by comparing the sequence with
other 16sRNA sequence previously deposited in Genbank (NCBI).
Fungicide tolerance: Fungicide tolerance of BCA agents were tested using Cleary 3336
F® (41.25% thiophanate-methyl, Cleary Chemical Corp., Dayton, NJ) which is
commonly used in the control of powdery mildew in flowering dogwoods. The fungicide
concentrations normally used in field applications (1.56ml/L) was dissolved in sterilized
milli Q water and mixed into cooled autoclaved nutrient agar (NA, Sigma-Aldrich, St.
Louis, MO) just before pouring into Petri plates. An overnight culture consisting of
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approximately 3.0 x 108 CFU/mL was streaked on the NA-fungicide plates and plain NA;
the BCA alone was used as the control. All treatments were monitored for 7 days and
repeated thrice.
In vitro BCA-BCA interaction and BCA effect on other fungal pathogens: This study was
conducted using a modified dual culture plate technique as shown in Figure 1. Each
BCA was grown in Nutrient broth (NB, Difco Becton Dickinson, Sparks, MD) for 18-24
hrs. A sterile 8 mm filter paper disc was dipped aseptically in homogenate of test BCAs
for 20 minutes, then removed and air dried for 30 minutes. The BCA impregnated discs
were then placed on one end of the plate and a different BCA culture or mycelial plug of
fungal pathogen from potato dextrose agar (PDA) culture was placed on the opposite
end of the plate. A blank disc and single BCA/fungal pathogen disc were used as
controls with a replication of three per treatment. The plates were sealed with parafilm,
incubated at room temperature and colony growths were monitored for 8 to 10 days.
Fungal pathogens tested were: Cercospora cornicola, Fusarium solani, Fusarium
oxysporum, Macrophomina phaseolina, Pestalotiopsis sp. and Glomerella sp.
Results and Discussion:
Biochemical and molecular identification of selected BCAs: Two of the isolates; B17A
and B17B were gram negative, endospore negative, oxidase negative, and catalase
positive. IMC8 was gram positive, formed endospores, and tested positive for oxidase
test, and negative for catalase test. The formation of endospores by IMC8 makes it
more appealing as a biological control agent as it can undergo dormancy and can be
more resistant to harsh environment, and hence better survivability. The DNA
sequence analysis and BLAST search with 99 -100% homology in combination with
results from biochemical tests were used in final identification of the BCAs. Isolate
B17A was identified as Stenotrophomonas maltophilia, or Stenotrophomonas humi,
both of which have been reported as biocontrol agents with antibiotic and antifungal
activity (7) respectively. Isolate B17B was identified as Serratia marcescens or Serratia
nematodiphila, both of which have been reported as a biological control agent, and with
growth promoting properties (3, 11) respectively. Isolate IMC8 was identified as Bacillus
thuringiensis and has been previously reported to have insecticidal and biological
control activity (10).
BCA- fungicide tolerance: The presence of fungicide Cleary 3336 F® did not interfere
with the growth of all three tested BCAs. This makes it possible to use the BCAs in
rotation with the chemical fungicide, commonly used in nursery production. This is
especially helpful during high disease pressure, when biological control agent may not
be adequate to control a high inoculum level.
In vitro BCA-BCA interaction and BCA effect on other fungal pathogens: All the
interaction plates with any two BCA combination showed that they can grow into one
another without inhibiting the growth of each other. It is therefore safe to apply them
together, since it would not hinder the growth and possibly the activity of another. The
BCAs were able to control most of the fungal pathogens tested. The presence of B17B
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slowed the growth of the Fusarium oxysporum, Fusarium solani, Macrophomina
phaseolina, and Glomerella sp; and completely controlled the growth of Cercospora
cornicola as shown in the pictures in Figure 2. The efficacy of IMC8 was observed
against Macrophomina phaseolina and Glomerella sp. However, B17A did not affect the
growth of any of the tested fungal pathogens.
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Where B is the bacterial BCA, F is the pathogenic fungi; R1 is the Radius of
fungal growth in control plate; and R2 is the Radius of fungal growth in
experimental plate (in presence of BCA).
Figure1: Dual culture plate technique.
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Figure 2. The interaction of biocontrol agents (BCA) B17A, B17B, and IMC8 and control
( PDA plug) with A-D Fusarium oxysporium; E-H Fusarium solani; I-L Glomerella sp.;
M-P Cercospora sp.; Q-T Macrophomina phaseolina after 8 to 10 days post inoculation.
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Index word: Xanthomonas
Significance to Industry: Nandina are popular landscape plants and are grown
extensively by nurseries throughout the south. They are often described as plants with
few disease problems (1, 2). Cercospora leaf spot is a fungal disease that is common
on this host (3). Another leaf spot, with different symptoms from Cercospora leaf spot,
was observed on several cultivars of Nandina from at least two separate nurseries in
south Alabama during 2014. This leaf spot has been observed in previous years and
was suspected to be caused by a bacterium. It is important for growers to be able to
recognize and quickly identify whether or not they have a fungal or bacterial disease so
that they can take the proper control measures. Bacterial diseases are often difficult to
control without timely diagnosis and there are few effective chemical options available.
Nature of the Work: During the spring of 2014, a leaf spot disease was observed on
Nandina in at least two nurseries. The leaf spot was different in appearance from the
common leaf spot (Cercospora) often seen on Nandina. The spots were 0.25 to 0.75
inches in diameter, dark and circular to irregular and sometimes coalesced to form large
areas of necrotic tissue on the leaf. Spots sometimes caused more reddening in the
leaf and were often surround by a zone of water soaked tissue. This water soaked halo
around the spots was most visible from underneath the leaf and was more evident in the
early morning. Leaf drop occurred on heavily infected plants but most recovered and
generated new foliage soon after defoliation.
Results and Discussion: A yellow bacterium was consistently isolated from the
diseased tissue and was identified as a Xanthomonas sp. Koch’s postulates were
carried out by inoculating healthy Nandina with pure cultures of the suspected
pathogen. Similar symptoms were observed on the inoculated plants and Xanthomonas
sp. was re-isolated from symptomatic tissue on the inoculated plants.
In the nursery, this pathogen appears to be highly dependent on the environment to
cause disease. Further study is needed to determine the environmental conditions
necessary for disease development but initial observations of this bacterial leaf spot
indicate the occurrence can be sudden and fairly severe. However, in both locations in
2014, the outbreak was not prolonged and ceased to be a problem as the season
progressed into higher temperatures. After initial infestation, plants recovered in most
cases and required no further treatment. Growers should be able to recognize this
bacterial leaf spot and distinguish it from the common fungal leaf spot so that resources
are not wasted trying to control it with fungicides.
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Significance to Industry: Crown rot disease has become a major disease of liriope in
the past five years. This waterborne disease has gradually become a major problem
within nurseries in the Southeastern United States (1). Previous research has isolated
both Phytophthora palmivora and Fusarium oxysporum as causal organisms of crown
rot infecting liriope (1). Losses of up to 40% in commercial nursery production fields
have been documented (Unpublished data, Bush and Proano, 2013). This disease has
become a problem found in both landscapes and nursery container production. The
objective of this study was to determine best management practices to limit the spread
of crown rot during nursery production.
Materials and Methods: Either sterilized full gallon squat or tall profile plastic nursery
containers were filled with 5/8” pine bark amended with 18-6-8 Osmocote (2 lbs N /cubic
yard), Talstar (5 lbs/cubic yard), and Subdue Max G (10 oz/cubic yard), Micromax (l
1b/cubic yard) and dolomitic lime (8 lbs/cubic yard). Also, ‘Big Blue’ liriope bibs were
attained from either a known disease free source or from a known disease infected
source where plants were infected at approximately 40% infection. Plants were irrigated
with an average of 3/4 “of overhead irrigation as daily as needed . Bibs consisted of
three crowns per plant. Bare root plants were dibbled into containers on 7 June 2013. A
2 X 2 factorial experiment consisting of tall vs. squat pots and clean or infected plants
were used to establish four treatments with 20 replications arranged in RCBD. Data was
analyzed using a Duncan’s Multiple Range Test at the 0.05 level.
Results and Discussion: Statistical analysis indicated that after 12 months of
production there were significant differences among treatments (Figure 1). Plant source
as expected seemed to be the major factor indicating infection. This was not
unexpected, but many nurseries propagate within their own blocks which often are
infected with crown rot. Early symptoms are difficult to identify possibly explaining the
perpetuation of this disease. Secondly, there was a lower infection rate within infected
bibs in tall profile containers. These results indicate that pot drainage can influence the
spread of this water borne disease. Best management practices of the infected bibs
reduced the infection rate by approximately 50%. Considering the economic losses of
liriope from this disease already, a simple change of pot configuration can reduce
disease occurrence. Although in this experiment recycled pots were not used, the
authors suggest using either sterilized or new pots for ‘Big Blue’ plants. No additional
fungicide applications were applied. Diseased plants typically resulted in plant mortality,
however in some cases adjacent crowns remain uninfected and matured into a saleable
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plant. Current research is examining the benefits of several fungicides to reduce the
spread of crown rot onto these plants.
Literature Cited
1. Ferrin, Don. 2011. Leaf and crown rot on liriope. Pub. 3189. www.lsuagcenter.com

% Disease Infection

40
35

a

n=20

30
25
b

20
15
10
5
0

c
TC-Clean

c
SQ-Clean TC-Infected SQ-Infected

Figure 1. Crown rot infection of ‘Big Blue’ liriope after 12 months. TC=Tall
profile nursery container; SQ=Squat container; Clean=Clean source of
bibs; Infected=Infected source of bibs.
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Wood Decay Fungi Associated with Poor Pruning Technique and Other Wounds
to Woody Plants
Alan Windham1 and Mark Windham2
1

2

UT Extension Soil, Plant Pest Center, Nashville, TN 37211-5112
Department of Entomology and Plant Pathology, University of Tennessee, 37996-4560

Index Words: wood decay, crape myrtle, Schizophyllum, Ganoderma, Laetiporus,
Hericium
Significance to Industry: Woody ornamentals represent a significant investment for
new landscape plantings. The life span of these plants can be significantly affected by
pruning technique and wounds created by landscape maintenance. Wounds that are
slow to heal may be colonized by wood decay fungi such as: Schizophyllum commune,
Laetiporus sulphureus, Laetiporus cincinnatus, Hericium erinaceus, Ganoderma
lucidum, etc. Crape myrtle stems that are pruned severely and incorrectly will not heal
and are especially vulnerable to Schizophyllum commune.
Nature of Work: Woody ornamentals infected with wood decay fungi have been
documented by staff at the UT Extension Soil, Plant and Pest Center. Specimens were
collected and documented from specimens submitted to the center and during field
visits to nurseries and landscape plantings.
Results and Discussion: Poor pruning technique causing flush cuts or leaving stubs,
or wounds from sun scald or flat headed borers were frequently colonized by wood
decay fungi.
Schizophyllum commune was the most common wood decay fungus identified on
woody ornamentals (crape myrtle, Prunus spp. and Acer spp.) Schizophyllum is one of
the most common wood decay fungi in the world and may be found on every continent
with the exception of Antarctica. Schizophyllum’s fruiting body is a small, white, hairy
basidiocarp with split gills. Schizophyllum is commonly found on crape myrtle that has
been severely and inappropriately pruned.
Laetiporus spp. including L. sulphureus and L. cincinnatus were observed on the butt
and roots of mature Quercus spp. and Acer spp. Laetiporus is a polypore with the
underside of basidiocarps being yellow to white.
Ganoderma lucidum was the most common species of Ganoderma observed on
Gleditsia (honey locust), Quercus spp., Cercis canadensis and Acer spp. Ganoderma is
identified by its white to burgundy, varnished conk which has a white, pored surface on
the underside of the conk.
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Hericium erinaceus is one of the “toothed” fungi that is associated with wood decay of
Quercus spp. and Acer spp. It’s white, mounded basidiocarp is covered with “teeth” that
release basidiospores. Proper pruning technique in nurseries and landscape
maintenance should reduce the incidence of wood decay caused by fungi.
Literature Cited
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Ploidy Levels and Interploid Hybridization in
Panicle Hydrangea (Hydrangea paniculata)
Winston T. Beck and Thomas G. Ranney
Department of Horticultural Science, North Carolina State University
Mountain Horticultural Crops Research and Extension Center
455 Research Dr., Mills River, NC 28759
tom_ranney@ncsu.edu
Index Words: cytotype, DNA content, genome size, plant breeding, polyploidy,
reproductive biology
Significance to Industry: Hydrangea paniculata is a medium to large shrub noted for its
excellent floral displays throughout summer, followed by notable winter interest as the
flowers dry and persist through the seasons. Although this species is native to Japan,
Taiwan, and parts of China, it is grown in landscapes around the world (3, 9).Breeding
efforts have been recently been directed towards smaller stature, quality architecture,
panicle size, and coverage of sterile (showy) florets, among other attributes. In nature, H.
paniculata occurs as diploid, tetraploid, and hexaploid cytotypes, where 1x = 18. There is
evidence that most plants in cultivation are tetraploids (10). However, little is known about
the ploidy levels of specific cultivars or potential for interploid hybridization and fertility of
anisoploid progeny. To better understand the reproductive biology and to further breeding
efforts within H. paniculata the objectives of this study were to: 1) determine the ploidy
levels of diverse clones and cultivars, and 2) determine fertility and cytotypes of interploid
and anisoploid hybrids. Although most cultivated plants were tetraploids, pentaploids and
hexaploids were also found. Information on ploidy levels of specific cultivars will facilitate
the development of more strategic and efficient breeding programs. The potential for
interploid hybridization and maintenance of fertility of pentaploids may also allow for the
introgression of traits between these cytotypes and the development of improved
cultivars.
Nature of Work: Samples of cultivated H. paniculata were collected from public gardens
and arboreta for ploidy determination. Interploid crosses were completed between
unnamed tetraploid H. paniculata and hexaploid H. paniculata ‘Dharuma’, a 1989
introduction to the market (9) to create pentaploids. Pentaploids (H2008-081-010 and
H2008-149-032) were open-pollinated to create the H2012-191, H2012-189, and H2012185 populations. ‘Jane’ Little Lime® (4x) x H2008-076-030 (5x) generated the H2013-133
population. The reciprocal cross, H2008-076-030 x ‘Jane’ Little Lime® generated the
H2013-132 population. H2008-081-010 (5x) x ‘Phantom’ (4x) generated the H2012-127
population. Due to self-incompatibility in H. paniculata, interploid crosses were completed
by isolating parents in pollination cages.
Flow Cytometry. Relative genome sizes (DNA content) were determined using flow
cytometry (4). Tissue samples (~1 cm2 ) were collected from expanding leaves, placed in
a plastic petri dish with ~0.1g of young floral bud tissue from Magnolia virginiana ‘Jim
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Wilson’ serving as an internal standard with a known genome size of 2C = 3.92 pg (5).
Samples were finely chopped with a razor blade in 0.4 mL of nuclei extraction buffer
(Partec CyStain UV Precise P Nuclei Extraction Buffer; Partec GMBH, Munster,
Germany) and filtered through a 50 µm nylon mesh filter. Nuclei were stained with1.6 mL
4’,6-diamidino-2-phenylindole (DAPI) immediately prior to analysis with a flow cytometer
(Partec PA II, Munster, Germany). Samples were run until 5000 nuclei were counted with
a CV of less than 5%. Two subsamples were analyzed for each accession.
Cytology. ‘Jane’ Little Lime®, H2009-149-046, and ‘Dharuma’ were used to confirm and
calibrate ploidy levels with genome sizes for 4X, 5X, and 6X plants, respectively. Actively
growing root tips were excised from containerized plants in late July and placed into 3 mL
of 2mM 8-hydroxyquinoline/0.248mM cycloheximide. Roots were incubated in
hydroxyquinoline/cycloheximide solution for 2 HR at 23°C, and moved to 40°F for an
additional 3 HR. Roots were then fixed in 3mL of 3 parts 95% Ethanol : 1 part propionic
acid fixative solution at 70°F for 18 HR prior to examination.
Results and Discussion: Ploidy levels and chromosome numbers for ‘Jane’ Little Lime®,
H2009-149-046, and ‘Dharuma’ were confirmed to be tetraploid (2n = 4x = 72), pentaploid
(2n = 5x = 90), and hexaploid (2n = 6x = 108), respectively. Ploidy levels were calibrated
with genome sizes based on these representative cytotypes. Relative genome sizes were
determined for 46 cultivars, 12 wild-collected accessions, and 61 interploid/anisoploid
crosses of H. paniculata (Table 1). Mean genome sizes were found to be 7.4, 8.5, and
10.5 pg for 4x, 5x, and 6x plants respectively, clearly differentiating among ploidy levels.
Overall mean1Cx genome size was1.80pg, slightly higher than values reported by
Zonneveld (10) when using propidium iodide stain and Agave americana as an internal
standard.
The vast majority of cultivated H. paniculata were found to be tetraploids (or near
tetraploids) with 2C genome sizes ranging from 6.4 to 7.96 pg. ‘Dharuma’ and ‘Praecox’
were the only hexaploid cultivars found, though several wild-collected hexaploids from
Japan were also identified. These two cultivars are noted for early blooming, although the
panicles on ‘Dharuma’ have a flattened, less attractive appearance than other cultivars (2,
7, 8). The bloom-time differences and floral morphologies of ‘Dharuma’ and ‘Praecox’
have been noted before. However, these differences were thought to be a result of subspecific variation, rather than the effect of ploidy (9). Three commercial cultivars were
found to be pentaploid including ‘Bulk’ Quick Fire®, ‘SMHPLQF’ Little Quick Fire™, and
‘Wim’s Red’ Fire and Ice. These most likely resulted from interploid hybridization,
potentially with ‘Dharuma’ as a parent (9).
Interploid crosses between tetraploids and hexaploids produced pentaploid progeny with
genome sizes ranging from 8.1 to 8.8 pg. Unlike many anisoploids, pentaploid H.
arborescens maintained some fertility as both males and females. Crosses between
pentaploids and tetraploids tended to produce progeny with genome sizes within or near
the tetraploid range, suggestion a bias towards euploidy/isoploidy. Open pollenated
pentaploids produced progeny with genome sizes ranging from 7.3 pg (~4X) to 9.0 pg
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(~5X), as well as one plant with 12.8 pg (~7.5X), most likely resulting from an unreduced
gamete from one parent. Reed (6) showed that H. macrophylla can produce unreduced
gametes with some regularity. Triploids reported in by Funamoto (3) in H. paniculata
could have been the result of unreduced gametes from diploid parents or potentially from
interploid hybridization.
Another point of interest is the lack of diploid plants in commerce and from the wildcollected material. While Funamoto and Ogawa (3) suggested that there were no
morphological differences between cytotypes of H. paniculata, it appears that tetraploids
and to a lesser degree hexaploids have been preferentially selected for horticultural use.
These results document genome sizes and ploidy levels of diverse cultivars, hybrids, and
wild-collected accessions of H. paniculata. Furthermore, it was found that interploid
hybrids can be easily produced and that pentaploid hybrids maintain fertility and can
produce offspring with a wide range of cytotypes including aneuploids, (near) euploids,
and higher ploidy levels resulting from unreduced gametes.
Acknowledgements: We would like to thank those at the institutions that have donated
material for research purposes: Chicago Botanic Gardens, Morton Arboretum, J.C.
Raulston Arboretum, Smithgall Woodland Gardens, and Juniper Level Botanic Gardens,
as well as the staff of the Mountain Crop Improvement Lab for their support on this
project.
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Table 1. Relative genome sizes and ploidy levels determined via flow cytometry for
cultivars and hybrids of H. paniculata.
Relative 2C genome size
z
Source Taxa
[mean ± SE (pg)]
Ploidy level (x)
SWG 2012SM12118 Taiwan
7.71 ± 0.02
4
MOR 417-99 ‘White Tiara’
7.51 ± 0.31
4
MOR 533-57 Kyoto U. Exp. Station,
7.26 ± 0.07
4
Japan
MOR 101-99 Götenburg B.G.,
7.67 ± 0.22
4
Sweden
MOR 149-2011 ‘Paszam'
7.30 ± 0.17
4
CBG ‘Angustipetala’
7.04 ± 0.15
4
CBG ‘Barbara’ The Swan™
7.96 ± 0.04
4
CBG ‘Big Ben’
7.34 ± 0.11
4
PDN BL 17-01
6.87 ± 0.08
4
CBG ‘Bokrathirteen’ Sweet Summer
7.30 ± 0.05
4
JCR ‘Bokratorch’ Magical™Flame
7.88 ± 0.53
4
CBG ‘Bombshell’
7.29 ± 0.07
4
CBG ‘Boskoop’
6.87 ± 0.05
4
CBG ‘Brussel’s Lace’
7.53 ± 0.13
4
CBG ‘Burgundy Lace’
7.36 ± 0.17
4
CBG ‘Chantilly Lace’
7.28 ± 0.02
4
CBG ‘Dolly’
7.31 ± 0.03
4
®
CBG ‘Dvppinky’ Pinky Winky
7.28 ± 0.13
4
CBG ‘Floribunda’
7.35 ± 0.03
4
CBG ‘Greenspire’
7.20 ± 0.07
4
®
CBG ‘Hypmad I’ White Diamonds
7.06 ± 0.03
4
®
CBG ‘Hypmad II’ Tickled Pink
7.31 ± 0.01
4
®
CBG ‘ILVOBO’ Bobo
7.29 ±0.13
4
®
CBG ‘Jane’ Little Lime
7.17 ±0.02
4
CBG ‘Kyushu’
7.67 ± 0.17
4
®
CBG ‘Le Vasterival’ Great Star
7.43 ± 0.08
4
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CBG
CBG
CBG
PDN
PDN
PDN
CBG
CBG
CBG
CBG
SWG
JCR
CBG
CBG
CBG
PDN
CBG
CBG
CBG
CBG
CBG
CBG
CBG
CBG
CBG
CBG
CBG
CBG
MOR
MOR
MOR
MOR
MOR
MOR

‘Little Lamb’
‘Mega Pearl’
‘Interhydia’ Pink Diamond
PD 01-01
PD 14-01
PD 14-01
‘Pink Lady’
‘Renhy’ Vanilla Strawberry™
‘Revival’ Honeycomb™
‘Ruby’ Angel’s Blush™
‘Shadow’
‘Shikoku Flash’
‘Silver Dollar’
‘Skylight’
‘SMHPFL’ Fire Light®
TCM 12-666
‘Unique’
‘Webb’s Grandiflora’
‘White Lace’
‘White Lady’
‘White Moth’
‘White Tiara’
‘WRHPBB2’ Polar Bear™
‘Zwijnenburg’ = ‘Limelight’
‘Bulk’ Quick Fire® (1)
‘SMHPLQF’ Little Quick Fire™
‘Wim’s Red’ Fire and Ice
‘Dharuma’
30-98 – Mt. Iwo, Hokkaido,
Japan.
374-82 ‘Praecox’
135-99 Kuta, Kyoto, Japan.
140-2009 ‘Dharuma’
180-2001 Chiba U. Japan.
186-2000 Tohaka U. Sendai,
Japan.

7.28 ± 0.02
7.30 ± 0.19
7.02 ± 0.16
6.57 ± 0.03
6.74 ± 0.06
6.41 ± 0.02
7.45 ± 0.08
7.29 ± 0.01
7.48 ± 0.02
7.21 ± 0.12
6.92 ± 0.09
7.54 ± 0.10
7.33 ± 0.04
7.29 ± 0.07
7.27 ± 0.13
7.40 ± 0.02
7.52 ± 0.13
7.22 ± 0.05
6.93 ± 0.00
7.42 ± 0.02
7.00 ±0.19
7.27 ± 0.04
7.54 ± 0.11
7.15 ± 0.06
8.76 ± 0.21
8.47 ± 0.14
8.79 ± 0.04
10.48 ± 0.01
10.56 ± 0.03

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
5
5
5
6
6

10.52 ± 0.16
10.73 ± 0.05
10.49 ± 0.17
10.24 ± 0.04
10.41 ± 0.04

6
6
6
6
6
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MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI

H2008-076-030
H2008-081-010
H2008-081-018
H2008-081-024
H2008-082-011
H2008-082-027
H2008-095-002
H2008-095-021
H2008-095-027
H2009-146-046
H2009-149-032

MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI

H2013-127-001
H2013-127-002
H2013-127-003
H2013-127-004
H2013-127-005
H2013-127-009
H2013-127-010
H2013-127-015
H2013-127-016
H2013-127-025
H2013-127-028
H2013-132-001
H2013-132-002
H2013-132-003
H2013-132-004
H2013-132-005
H2013-132-006
H2013-132-007
H2013-132-008
H2013-132-009
H2013-132-010

MCI
MCI
MCI
MCI

H2013-133-001
H2013-133-002
H2013-133-003
H2013-133-004

4x × 6x Crosses
8.53 ± 0.13
8.77 ± 0.01
8.12 ± 0.15
8.37 ± 0.10
8.53 ± 0.10
8.56 ± 0.03
8.45 ± 0.14
8.42 ± 0.08
8.67 ± 0.08
8.69 ± 0.04
8.28 ± 0.07
5x × 4x Crosses
7.52 ± 0.05
7.52 ± 0.08
7.48 ± 0.03
7.57 ± 0.15
7.51 ± 0.02
7.62 ± 0.08
7.66 ± 0.05
7.58 ± 0.02
7.62 ± 0.12
7.63 ± 0.02
7.51 ± 0.05
7.61 ± 0.04
8.19 ± 0.78
7.61 ± 0.06
8.17 ± 0.11
7.47 ± 0.01
7.68 ± 0.15
9.71 ± 0.10
8.10 ± 0.20
7.64 ± 0.01
8.85 ± 0.07
4x × 5x Crosses
7.41 ± 0.02
7.23 ± 0.01
7.21 ± 0.07
7.45 ± 0.01
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5
5
5
5
5
5
5
5
5
5
5
~4.2
~4.2
~4.2
~4.2
~4.2
~4.2
~4.3
~4.2
~4.2
~4.2
~4.2
~4.2
~4.6
~4.2
~4.5
~4.2
~4.3
~5.4
~4.5
~4.3
~4.9
~4.1
~4.0
~4.0
~4.1
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MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI
MCI

H2012-185-004
H2012-185-005
H2012-185-006
H2012-185-008
H2012-185-010
H2012-185-011
H2012-185-013
H2012-185-015
H2012-185-022
H2012-185-023
H2012-185-024
H2012-185-028
H2012-189-002
H2012-189-003
H2012-189-004
H2012-191-001
H2012-191-002
H2012-191-003
H2012-191-004
H2012-191-005
H2012-191-006
H2012-191-007
H2012-191-008
H2012-191-009
H2012-191-010

5x Open Pollinated
7.58 ± 0.21
8.93 ± 0.33
8.95 ± 0.01
8.44 ± 0.19
7.96 ± 0.23
7.50 ± 0.31
7.82 ± 0.09
7.74 ± 0.04
8.04 ± 0.04
8.07 ± 0.03
8.17 ± 0.30
8.97 ± 0.13
8.46 ± 0.02
12.78 ± 0.04
8.05 ± 0.03
8.86 ± 0.21
7.62 ± 0.02
8.85 ± 0.00
8.60 ± 0.06
8.72 ± 0.15
7.32 ± 0.02
8.00 ± 0.15
8.00 ± 0.15
8.22 ± 0.06
7.25 ± 0.05

~4.2
~5.0
~5.0
~4.7
~4.4
~4.2
~4.4
~4.3
~4.5
~4.5
~4.5
~5.0
~4.7
~7.1
~4.5
~4.9
~4.2
~4.9
~4.8
~4.9
~4.1
~4.5
~4.5
~4.6
~4.0

z

Source Codes: CBG; Chicago Botanic Gardens. JCRA; JC Raulston Arboretum,
Raleigh, NC. MCI; Mountain Crop Improvement Lab, Mills River, NC. MOR; Morton
Arboretum. PDN; Plant Delights Nursery, Raleigh, NC. SWG; Smithgall Woodland
Garden, Gainesville, GA.
x
Also known by the name “Early Sensation” in Europe.

Plant Breeding and Evaluation

187

SNA Research Conference Vol. 59 2014

Inheritance of Powdery Mildew Resistance in
Flowering Dogwoods (Cornus florida L.)
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Index Words: Cornus florida, powdery mildew, disease management, Erisyphe pulchra
Significance of Work: Powdery mildew of Cornus florida is one of the most destructive
diseases in nursery production throughout the Southeastern U.S. Planting resistant
cultivars is the most successful long term solution to powdery mildew control problem in
dogwoods. Host plant resistance is a cornerstone of IPM and a key strategy for powdery
mildew disease management. Efforts to breed for resistance have been undertaken, but
only a few cultivars show powdery mildew resistance. The mode of inheritance for
powdery mildew resistance in flowering dogwoods is not understood; such information will
facilitate the breeding efforts and allow plant breeders to develop new cultivars with novel
phenotypes and disease resistance.
Nature of work: Cornus is a large genus of trees, and shrubs with approximately 65
species collectively known as dogwoods. Several species of dogwoods are cultivated for
their showy bracts, attractive fall color of foliages, twigs and fruit color (5). Flowering
dogwoods (C. florida) and Kousa dogwood (C. kousa) are the two major species grown in
the nursery production industry (4). Flowering dogwood is an economically important
ornamental tree with 30 million dollars in total sales in U.S. and 23.2% of the total US
dogwood supplies are from Tennessee (9, 10). In early 90's powdery mildew caused by
Erisyphe pulchra emerged as one of the most destructive diseases of dogwood that limits
nursery production of flowering dogwood. In addition to reducing the aesthetic appeal and
commercial value of infected plants, it reduces the plant growth, thereby increasing the
time needed for infected plants to reach its prime size for sale (5, 11).
Effective fungicides for powdery mildew control have been identified, but frequent
application is required season long, that has increased production costs and forced small
growers out of business. Host resistance to powdery mildew would be the best method to
manage the powdery mildew disease problem in flowering dogwoods; it is friendly to the
environment and less expensive for growers. Host resistance has become a cornerstone
of IPM and a key strategy in plant disease management. While efforts to breed for
powdery mildew resistance are underway, only a few cultivars show powdery mildew
resistance in different locations. Understanding the pattern of inheritance of powdery
mildew resistance from parents to progeny is important to facilitate breeding strategies.
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This study was carried out at Tennessee State University, main campus, Nashville, TN
and Otis L. Floyd Nursery Research Center, McMinnville, TN. The aim of this study was
to understand the mode of inheritance of resistance/susceptibility to powdery mildew in
flowering dogwoods.
Controlled hand pollinations were conducted between susceptible cultivar of C. florida
‘Cherokee Princess’ (CP) and resistant selections R14, MI9 and ‘Cherokee Brave’ (CB).
On an average, 50 sets of 8 inflorescences were selected from each parent and the
inflorescence was covered with breathable plastic bags before flowers opened so as to
eliminate pollen contaminations. Since dogwood is self-incompatible (7), flower
emasculation was not needed. Crosses were conducted by controlled hand pollination by
rubbing the anthers on stigma of female parents in 2004, 2011 and 2012. Breathable
bags were maintained until seeds from the crosses were harvested. Normal procedure in
depulping the seed was done manually and seeds were air-dried at room temperature,
vernalized at 4°C for 3 months to overcome the dormancy. Following seed germination at
4°C, seeds were sown and seedlings grown in 4 inch pots in greenhouse environment.
The progeny seedlings were exposed to powdery mildew pathogen using air-borne
spores from previously infected plants and evaluated for disease severity in the year after
controlled crosses were conducted. Disease severity was monitored and rated using a 05 scale where, 0= no disease, 1 = 1-10%, 2 = 11- 25%, 3 = 26- 50% ,4 = 51- 75% and 5
= 76- 100% of foliage area with powdery mildew symptoms (5) (Fig. 1). Disease rating
was scored 3 times starting in end of June, July and August. The highest disease reading
scores were used for subsequent data analysis. Data obtained from disease severity
measurements was analyzed using Microsoft Excel. The distribution frequency for the
progeny disease severity readings was plotted to determine whether the distribution was
continuous or formed discrete classes. Narrow sense heritability (h2) was calculated by
using the regression between mid-parent value and progeny mean. The slope of
regression line will be the value for h2 that would suggest effect of additive gene for the
disease resistance trait (8).
Results and Discussion: Controlled crosses between the parents CP (susceptible), CB
(moderately resistant), R14 and MI9 (resistant selections) C. florida produced ‘pseudo’ F2
progeny plants with a wide range of susceptibility to powdery mildew disease that ranged
from highly susceptible to resistant reactions (Figure 1). Some of the progeny
susceptibility levels exceeded the parental susceptibility. Powdery mildew disease
severity for the parents in the three years’ study is shown in Table 1. The lowest disease
severity was from selections R14 followed by MI-9, Cherokee Brave exhibited moderate
resistance (Table 1).
The distribution frequency of powdery mildew disease readings for pseudo F2 progeny of
controlled crosses of 2005, 2012 and 2013 is shown in the Figures 1, 2 and 3. The
distribution showed a continuous phenotypic variation (Fig 2, 3, 4). No discrete classes of
powdery mildew reactions were observed; amongst progeny population from each cross,
the transgressive segregations fit a normal curve with slight skew. This type of continuous
distribution of powdery mildew disease severity amongst pseudo F2 progeny indicates that
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the resistance to powdery mildew in C. florida has a quantitative inheritance. These
results are similar to a report on bacterial leaf spot disease resistance in pseudo F2
population of Mulbery (8). In 2006 and 2009, Han et al. (1)and Bokmeyer et al. (3)
reported similar continuous distributions of grey leaf spot and brown patch disease
severity on perennial rye grass and tall fescue respectively and suggested that the
inheritance was quantitative (1,3).
Narrow sense heritability estimates based on the mid-parental value and progeny mean
regression analysis were 0.69, 0.84 and 0.86 for the progeny of the controlled crosses of
2005, 2012 and 2013 respectively (Figure 5, 6, 7). The R squared values for the 2005
progeny was 0.54 and 2012 and 2013 had the R squared values of 1.0 and 0.69. High
narrow sense heritability suggested the presence of additive gene effects. Bovi et al. in
2004 also reported high narrow sense heritability values for sooty mold resistance in
Archonotophoenix palm (2).
The continuous distribution, high narrow sense heritability estimates (0.69, 0.84, and
0.86) suggested that powdery mildew disease resistance may be controlled by additive
gene effects. Powdery mildew severity is highly affected by environmental conditions
especially temperature and moisture. It is likely that environmental variations from year to
another somewhat affected disease severity and contributed to variations in disease
severity from year to year. However, the narrow-sense heritability, h2 = VA/VP, for all
crosses in the three years show the proportion of genetic variation that is due to additive
genetic values (VA) that is most important in plant selections. Further analysis of the data
using broad sense heritability estimates using analysis of variance have not been done,
but the numerous crosses done all suggest quantitative resistance of additive genes.
Thus, we expect that the determination of mode of inheritance for powdery mildew
resistance from this study will facilitate plant breeding to develop a new generation of
powdery mildew resistant cultivars.
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Table 1: Powdery mildew disease severity of parents in greenhouse conditions at the
location of the progeny
Parents
Year evaluated
Location
Disease severity
(greenhouse)
Cherokee Princess
Tennessee State
4.5
University
Cherokee Brave
2005
Otis Floyd Nursery
2.5
Research Center,
MI9
McMinnville
1.5
Cherokee Princess
Tennessee State
4.5
2012
University
R14
Otis Floyd Nursery
1.0
Research
Center,
MI9
McMinnville
1.5
Cherokee Princess
Tennessee State
3.0
University
R14
2013
Otis Floyd Nursery
0.5
Research
Center,
MI9
McMinnville
1.0
Cherokee Brave
Tennessee State
3.5
University
R14
1.0
2013
Main campus
MI9
(Nashville)
2.0

Figure 1: Disease severity rated on flowering dogwoods in greenhouse at Tennessee
State University, Otis L. Floyd Nursery research center, McMinnville, TN: (a) 0 (b) 1 (c) 2
(d) 3 (e) 4 (f) 5
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Figure 2. (Controlled crosses evaluated in 2005): (a) MI9 X Cherokee Princess. (b) Cherokee
Princess X MI9. (c) MI9 X Cherokee Brave (d) Cherokee Brave X MI9.
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Figure 3. (Controlled crosses evaluated in 2012): (a) R14 X Cherokee Princess. (b) MI9 X
Cherokee Princess.

Plant Breeding and Evaluation

193

200	
  

No.of	
  plants	
  

No.of	
  plants	
  

SNA Research Conference Vol. 59 2014

a

150	
  
100	
  
50	
  
0	
  

0.5	
   1.5	
   2.5	
   3.5	
   4.5	
  

100	
  
80	
  
60	
  
40	
  
20	
  
0	
  

b

0.5	
  

250	
  
200	
  
150	
  
100	
  
50	
  
0	
  

250	
  
200	
  
150	
  
100	
  
50	
  
0	
  
1.5	
   2.5	
   3.5	
  
Disease	
  severity	
  

60	
  
40	
  
20	
  
0.5	
  

e

No.	
  of	
  Plants	
  

4.5	
  

d

80	
  

No.	
  of	
  Plants	
  

No.	
  of	
  Plants	
  

3.5	
  

0	
  

1.5	
   2.5	
   3.5	
   4.5	
  
Disease	
  severity	
  

0.5	
  

2.5	
  

100	
  

c

No.of	
  plants	
  

No.of	
  plants	
  

Disease	
  severity	
  

0.5	
  

1.5	
  

Disease	
  severity	
  

4.5	
  

1.5	
   2.5	
   3.5	
  
Disease	
  severity	
  

f

700	
  
600	
  
500	
  
400	
  
300	
  
200	
  
100	
  
0	
  
0.5	
  

300	
  

4.5	
  

1.5	
   2.5	
   3.5	
   4.5	
  
Disease	
  severity	
  

g

200	
  
100	
  
0	
  
0.5	
  

1.5	
  

2.5	
  

3.5	
  

4.5	
  

Disease	
  Severity	
  

Figure 4 (Controlled crosses evaluated in 2013): (a) R14 X Cherokee Brave (b) Cherokee Brave X
R14 (c) MI9 X Cherokee Brave (d) Cherokee Brave X MI9 (e) R14 X Cherokee Princess (f)
Cherokee Princess X R14 (g) Cherokee Princess X MI9.
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Figure 5: Mid-parent progeny regression of
pseudo F2 population means on the mid-parent
values from 4 crosses from 3 C. florida evaluated
in 2005.
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Figure 6: Mid-parent progeny regression of
pseudo F2 population means on the mid-parent
values of 2 crosses from 3 C. florida parents
evaluated in 2012.
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Plant Breeding and Evaluation

196

SNA Research Conference Vol. 59 2014

Acer saccharum ssp. skutchii, the Mexican Mountain Sugar Maple
David Creech
Stephen F. Austin State University, SFA Gardens, 1924 Wilson Drive
Nacogdoches, TX 75962-3000
dcreech@sfasu.edu
Index words: Acer saccharum ssp. skutchii, skutch maple, drought and alkalinity
tolerance, landscape evaluation, propagation
Significance to Industry: While sugar maple enjoys a sizeable market in the U.S and
many cultivars are available, the Mexico mountain sugar maple or skutch maple, Acer
saccharum ssp. skutchii, remains relatively unknown. This disjunct wing of sugar maple
has endured over 9000 years of divergent evolution apart from relatives in eastern North
America (4). The tree is similar in many respects to Acer saccharum, sugar maple, and
Acer saccharum var. floridanum (syn. A. barbatum), the Florida maple, but features larger
leaves, and perhaps the biggest samaras found in Aceraceae. The skutch maple offers
opportunities for enhanced growth rate, interesting fall and spring foliage color, alkalinity
tolerance, drought tolerance and good adaptation to well drained sunny locations in
landscapes of the southern USA, east to west. Dirr lists 47 varieties of sugar maple in the
industry (1). None include the diverse genetics of this western relative, the skutch maple
of Mexico.
Nature of Work: SFA Gardens comprises 128 acres (52 ha) of on-campus property at
Stephen F. Austin State University (SFA), Nacogdoches, Texas. Initiated in 1985, SFA
Gardens focuses on diversity, collections, rare and unusual species and cultivar
collections, and promotes plants that perform well in East Texas and Louisiana
landscapes. SFA Gardens has an extensive collection in the Aceraceae, with western
genotypes well represented. The skutch maple is a genetic resource for breeders
interested in improving growth rate, and drought, heat, and alkalinity tolerance.
Background: In 1993, Simpson and Hipps assigned nine, possibly ten, maples to the
southwestern USA (6). They noted that certain provenances of A. grandidentatum,
Bigtooth maple, and the Caddo maple, a unique genotype of A. saccharum from
southwestern Oklahoma, were particularly good performers in higher pH soils. Skutch
maple, or the cloud forest sugar maple, Acer saccharum ssp. skutchii, is the least known
in the USA and is the southern and western most sugar maple. It occurs naturally as six
disjunct populations, with five in Mexico and one in Guatemala (7). First described in
Guatemala in 1936 (5), the skutch maple is a rare relic from the Miocene era, probably
separated from those in North America since the end of the Pleistocene over 9000 years
ago (4). Lara-Gomez characterized variation in isolated skutch maple populations in
Mexico (2). Yalma Luisa Vargas-Rodriguez, who graduated from Louisiana State
University in 1995, hypothesized that the “six forest sites in Jalisco,
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Tamaulipas, Veracruz, and Hidalgo (Mexico) contain a unique and ancient flora, were
connected and shared species before the Pleistocene, and currently function as tree
refuges of that ancient flora” (8). Because of the small number of populations and low
numbers in each population, Vargas-Rodriguez proposed to include Skutch maple in the
IUCN Red List Catalog and as Endangered in the Guatemalan Species Red List.
SFA Gardens Research: The oldest skutch maple at SFA Gardens was planted in 1994
and originated from seed collected in the Tamaulipas location (3) by John Fairey and Carl
Schoenfeld of Yucca Do Nursery, Hempstead, Texas. Now twenty years old, the tree is
46 ft (14 m) tall with an 18 in (45.7 cm) diameter at breast height (dbh). It has grown well
without irrigation, is oval shaped, exceptionally marcescent, and failed to develop showy
fall color until after first flowering, an event that took 9 years to initiate. Fall color varies
between butterscotch yellow to reds and oranges, depending on year.
Propagation: The samaras are large and showy. In our location, seed are often empty,
with viable seed at less than 10%. In 2009 the tree produced a heavy seed crop and we
allowed the samaras to fall and then covered the area with an inch of pine bark fines.
The end result was over one thousand seedlings emerging early (January) that were not
affected by frosts in February. Seedlings were potted, grown and distributed to interested
nurseries and university research programs. In our trials, cutting propagation of young
seedling trees is feasible because of their juvenile nature. Still, after numerous cutting
batches, we have noted a poor <20% rooting/survival rate. Best results are two node
June cuttings using 1500 PPM K-IBA as a ten second basal end dip.
Research Plots: In January 2011 SFA Gardens established 277 skutch maples at SFA’s
Science Research Center which is about five miles north and west of the campus (Figs. 1
and 2). The seedlings for this project were progeny of our sole flowering tree. The pollen
source is unknown. However, there’s some reason to suspect self-pollination. First,
sugar maples are wind-blown self-pollinators. Second, the flowering time of the skutch
maple is slightly earlier than nearby Florida maples. Third, the performance of seedling
batches in central Texas indicates a degree of alkalinity tolerance not shared by Florida
maples. However, there remains the possibility that the distributed trees are hybrids with
our local Florida maples. The goal of this project was to improve on seed availability,
improve seed set and viability, and to select superior clones. This is a cooperative project
with SFA’s College of Science and Mathematics through an informal agreement to use
unutilized space at the Science Research Center for plant evaluation. The site is a full
sun south facing gentle slope with a red clay loam (pH 6.7). SFA Gardens planted the
seedlings spaced 15 ft (4.6 m) X 15 ft (4.6 m). Over the last three years, weed control
has been backpack sprayer applications using glyphosate. The field drip irrigation system
utilized ¾ inch black poly pipe with ½ gallon per hour emitters and a battery operated
controller which delivered one to two gallons per plant per day during the irrigation
season. The trees have not been pruned except to allow easier mowing and glyphosate
application.
Climate: Nacogdoches is in Zone 8B of the Pineywoods region in East Texas with an
average annual rainfall of 48 in (122 cm). June through August is characteristically hot
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and dry. 1 Sept 2000 was the record high, 112 F (44.4 C), and 23 Dec 1989 was the
record low 0 F (-17.8 C). In 2010 and 2011, Nacogdoches experienced all-time record
drought and heat. Total precipitation in 2010 was 22.3 in (56.6 cm) and 2011 produced
35.4 in (89.9 cm), with one third of that that coming late in the fall. Fortunately, 2012 and
2013 saw a return to normal summer temperatures and rainfall at 59.6 in (151 cm) and
43.4 in (110.2 cm), respectively.
Performance: Growth rate has been excellent. Trees were planted in January 2011.
After three growing seasons, a 24 June 2014 random sample of 32 trees indicates an
average tree height of 17.7 ft (5.4 m) ± 2.3 ft (.7 m). The tallest trees exceed 21 ft (6.4
m) in height and 4.5 in (11.4 cm) in diameter. Diameter at six inches averaged 2.9 in (7.4
cm) ±0.49 in (1.2 cm). This random sampling did not include any replants or damaged
trees. Deer have been a constraint at this site, not through browsing but through bucks
rubbing their racks on young trees. Over the past three years we have replanted 23
trees due to extreme deer damage. In other cases the trees sprouted vigorously below
the damage and a new leader was chosen to restore the tree.
Results: This seedling block includes significant diversity. For instance, we note an 11
day variation from earliest to latest leaf emergence in the spring. There is great variety in
the color of new growth (green, yellow, red, salmon, pink). Fall foliage color has been
brown with leaves held tight into January before falling. However, there is evidence this
species does not characteristically develop good fall color until after flowering. Most trees
are not of good habit with haphazard branches, a tendency to multi-leader, and bad
crotch angles. However, in this seedling block, there’s a variety of forms, including
several fastigiate forms, one dwarf, and others with tighter habit and good shape. We
have cutting propagated twelve selections and will be multiplying others in the next few
years.
Genetic characterization. SFA Gardens is cooperating with Jason Grabosky, Rutgers
University, New Brunswick, New Jersey in a maple characterization study. April Jackson,
PhD candidate, is investigating variation within and among taxa included in the hard
maple group. In particular, she is studying Acer saccharum, Acer nigrum, Acer barbatum,
and Acer leucoderme. Populations of Acer grandidentatum as well as Acer skutchii were
also represented in these studies. April is studying morphological, anatomical, and
physiological traits that may enable species tolerance to water deprivation and increasing
temperatures. She is genotyping germplasm collected over the last three years across
natural ranges of the taxa to determine how genetically similar (or not) these taxa are.
She will use phylogenetic analysis to address taxonomic discrepancies within this group
of taxa and hopes to resolve classification and nomenclature listings. We are also
cooperating with Richard Olsen of the National Arboretum, Beltsville, Maryland, in a
similar project. In 2015, we hope to sample both our research plots and trees known to
have originated from Mexico seed to determine parentage. Finally, our long term goal is
to acquire seed of other provenances in Mexico, and, hopefully, Guatemala, to develop a
documented ex situ collection of this species at SFA Gardens.

Plant Breeding and Evaluation

199

SNA Research Conference Vol. 59 2014

Cooperator observations
Brent Pemberton, Research Scientist, Texas Agrilife Research and Extension Center,
Overton, TX: “We’ve had Acer skutchii in the ground for one full growing season. Looks
good but still a small tree. It did survive all the cold weather this past year including 16oF
on Mar 3 after only being in the ground for one season.”
Paul Cox, San Antonio Botanical Garden, San Antonio, TX (retired): “Acer skutchii at the
SABG has put on the same height growth as Taxodium mucronatum during the first 10
years. It’s fast. Leaves have never scorched but don't have the dramatic fall color
reported from other areas.”
James Spivey, nurseryman, Peerless Nursery, Bigfoot , TX: “Acer skutchii has a great
deal of potential in the tree market for the Central and South Texas. It seems to be very
tolerant of alkaline soil around San Antonio and the Hill Country. It has been very tolerant
of heat and direct sunlight without any burning of the foliage. The growth rate has been 31/2' to 4' per year under irrigation.”
Mike Arnold, Research Scientist, Texas A & M University, College Station, Texas: “Nice
plant in areas without saline soils or irrigation water. We have killed it repeatedly in
multiple locations here due to the salts in the irrigation water. Chlorosis due to alkalinity
does not appear to be nearly as serious as the salts. It develops the classic marginal
necrosis and then dieback and death. It just is intolerant of the salts.” In an earlier
correspondence, Mike reported Acer skutchii had failed to deal with the high salinity
irrigation water in College Station (250 PPM Na and 500 PPM bicarbonates). Whether
irrigated by drip, sprinkler or microsprinklers, plants performed poorly. Leaves were
cupped and took on a bluish cast, and the trees failed to survive in their container trials.
Steve Lowe, Naturalist, Kendall County Park. Boerne, TX: “Acer skutchii is remarkably
well adapted for this area. After visiting these trees in their home range, it is easy to see
their affinity for limestone. They are truly saxicolous. This would explain their tolerance of
our high pH soils, outperforming even our native Bigtooth maples. Skutch maples I’ve
planted in this area have consistently grown 3-4+ feet per year with only moderate
irrigation. As with the Sierran oaks, new growth is extra early here, pink/brown and
sometimes subject to cold damage. Most here attain peak color end of December (citron
to canary yellow to pumpkin). Foliage color and texture (more leathery) seems to change
as tree matures.”
Jim Robbins, University of Arkansas, Little Rock and Hope, Arkansas: “In 2011, twelve
one quart plants were donated by SFA Gardens. One plant died at Little Rock in the first
growing season and a second in year two. Average height at Hope and Little Rock is
11.2 ft (3.4 m) tall with a trunk caliper at 6 in (15.2 cm) of 5 in (12.7 cm). The growth habit
might be a challenge in nursery production since the tree produces extremely vigorous
shoots that require pruning and training. Based on observations at Little Rock (Zone 7),
we’ve observed no dieback during this past harsh winter (9 F) low.”
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Eric Hammond, Heritage Seedlings, Inc., Salem, Oregon: “We have one tree in the growout area. It is the only example I know. And though, I know Mark Krautmann is
enthusiastic about this species because of its broadly adapted nature, I will not lie about
our tree. It is hideous in form, growing off at all trajectories like a North Korean rocket
test. Marks in its favor are perfectly clean foliage of great texture, though they are
puckered much more than I prefer, and no twig damage of any sort after a freeze. So in
short I see a tree of little merit for our climate where we have an overabundance of choice
but if it is adapted to the SW market I think it is a plant we can produce successfully.”
Matthew Chappell, University of Georgia Horticulture Department, Athens, GA: “It’s doing
well in GA - no fruit yet but I have it in container and in-ground. Last year was an
establishment year and this year they are jumping out and growing like crazy. We did
have some tip dieback but can’t even tell now (we went to 5.5 F)."
Mike Dirr, Plant Introductions, Inc., Watsonville, Georgia: “I’m not sure I can verify
hardiness but no issues at 6 F; early fall freezes, 22 F two nights running November 13
and 14, 2013; and a late spring freeze April 16, 2014, 29.5 F. I have three in the garden
and all are vigorous (3 ft/year on average) with pretty reddish tinged new shoots. It’s
certainly heat tolerant and a good fall colored selection would be a valuable contribution
to the southern palette of landscape trees. Species needs to be domesticated like sugar
and red maples.”
Tom Cox, Cox Arboretum, Canton, Georgia: “A. skutchii has been a solid performer here
in north Georgia. It takes the heat and humidity without showing any stress and easily
survived 2 F degrees for several days this past January. Leaf retention in the fall is
longer than either A. saccharum, rubrum or nigrum 'Green Column' and it colors up later. I
like this as it extends fall color in the arboretum. During the spring and summer, it is thus
far unremarkable. Its leaf appears pathogen free and is still clean at time of absicission.
The leaf is smaller than anticipated so I’m wondering if my two trees might have some
mixed parentage. I would rate its vigor as moderate, although this might change as it
forms a deep taproot. This suspicion is based on my experience with Acer nigrum which
took several years before it took off and is now a fast grower.”
Mark Weathington, JCR Arboretum, Raleigh, NC: “We have had mixed success. We lost
our oldest plant this winter but it was not a cold issue. That tree had been declining for
years, had some canker issues and just generally never looked very good for as long as
I've known it. We received a plant from you in December 2007 that was 15 in (38 cm)
tall. It was planted spring 2008 and when last accurately measured in 2012 was 20 ft (6.1
m) tall with a 10 ft (3.0 m) spread. It has put on at least 5 ft (1.5 m) since then. It is
growing in a very loose soil that has almost perfect drainage for excess water but still
retains moisture well but leaves lots of air space. It seems to perform best for us in this
type of situation (what doesn't?) but doesn't fare quite as well in very heavy soils where
growth is much slower. We had no winter damage at 7.5 F (-13.6 C) this winter and we
have not had issues in other winters with it leafing out early and getting hit by later frosts.
So far, we haven't had great fall color on any of our trees."
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Results and Discussion: Besides conservation of rare maple genetics, there are
horticultural reasons to capitalize on skutch maple traits that might benefit progeny.
Certainly, fast growth rate and drought tolerance is in line with the long term trend facing
the southern USA, a warmer and perhaps drier climate. Alkalinity tolerance may create
opportunities in regions where sugar maples often fail. Certainly, cooperator and our own
observations reveals trees exhibiting negative branching habit, poor form, multi-leaders,
and a training problem for nurserymen. However, there is variety in form and habit; we
have selected a dozen for improved form, new growth color, and height/trunk diameter
characteristics. Those will be planted for further evaluation. Fall color selections are
years away.
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Figure. 1. Skutch maple plot at the Science Research Center, Stephen F. Austin State
University, Nacogdoches, Texas, June 25, 2014.

Figure. 2. Skutch maple new growth, 2014
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Significance to Industry: Nursery industry demands new and improved ornamental
plants for the better marketing and gardeners’ interest. Open pollination is one of the best
ways to breed and select new cultivar. Variations from a seedling population are
expected. However, the seedling population from Ilex crenata ‘Sky Pencil’ did not have
any sibling with its mother plant’s narrow upright habit. To investigate the variations of this
small seedling population, both morphological and molecular ISSR data were collected
and analyzed. Seedling variations from an open pollinated mother plant were likely from
different pollen donors (fathers). The conclusion should better help our ornamental plant
breeders for breeding and selecting new cultivars for our nursery industry from open
pollinated populations.
Nature of Work: Ilex crenata Thunb. is a member of holly family (Aquifoliaceae) native to
eastern China, Japan, Korea, Kuril, Sakhalin, Philippines and the Himalayas. It is widely
planted as an ornamental plant in the southeastern US for its dense evergreen foliage
(Dirr, 2009). Many cultivars have been released for commercial production. Generally,
mutation and cross-hybridization are two major ways to get new cultivars. Usually natural
mutation is an accidental event, which could not be controlled. Cross-hybridization
becomes the major source to select new cultivars. In order to explore open pollination, we
studied seedlings variation of Ilex crenata ‘Sky pencil’, which is popular in the landscape
for its strongly fastigiated, thin growth habit and lustrous, dark evergreen leaves (Dirr,
2011).
Inter-simple sequence repeat (ISSR) is a polymerase chain reaction (PCR)-based
technique with primers composed of microsatellite sequences. It is often preferred over
other molecular makers for generating a high number of polymorphism and does not
require prior sequence information (Zietkiewicz et al., 1994). It is thought to be particularly
useful for studying closely related individuals. It has been applied as a useful alternative
to fingerprinting and genetic analysis in ornamental plants, including genetic diversity
(Chezhian et al., 2012; Zhao, 2007), genetical relationships (Hu et al., 2006), origins of
the cultivars (Lombrado et al., 2012), cultivar discrimination (Monte-Corvo et al., 2001)
and fingerprinting of plants (Liu et al., 2012). In particular, ISSR marker was applied to

Plant Breeding and Evaluation

204

SNA Research Conference Vol. 59 2014

evaluate the genetic diversity of Ilex integra (Leng et al., 2005) and the relationship of Ilex
plants (Zhou et al., 2009). In this study, ISSR was applied to evaluate genetic diversity of
Ilex crenata ‘Sky Pencil’ seedlings.
A total of 37 plants were collected in this study. Among them, 36 seedlings were from
open pollination from one Ilex crenata ‘Sky Pencil’ mother tree and cultivated at the
Horticulture Farm at the University of Georgia (Athens, GA) by Dr. Michael A. Dirr in
2006.
Total genomic DNA was isolated from young leaves using the DNeasy® Plant Mini Kit
(QIAGEN Inc., Valencia, CA) following manufacturer’s protocols. DNA concentrations
were measured using a Nanodrop Lite Spectrophotometer (Wilmington, DE) and DNA
samples were diluted to a concentration of 10 ng/µL with double distilled water (DDW) for
downstream applications.
ISSR primers were obtained from the University of British Columbia (UBC 801-900). Out
of 100 primers, sixteen ISSR primers were used for screening and exhibiting genetic
variation among all accessions. PCR reaction was performed in a total volume of 20 µl in
a nexus gradient mastercycler (Eppendorf AG, Hamburg, Germany). The reaction mixture
included: 10µl Master Mix (Applied Biosysterms, Foster city, CA), 1.2µl primer (12µM),
1.0µl template DNA (0.5ng/µl), 7.8µl DDW. ISSR-PCR amplification procedure included
initial denaturation at 94⁰C for 5 min followed by 35 successive cycles of denaturation at
94⁰C for 30s, annealing at 54⁰C for 45s, extension at 72⁰C for 90s. Final extension was
performed for 7 min at 72⁰C and then held at 4⁰C. After PCR operation, amplified
products were checked by separating on 1.2% agarose gel electrophoresis (with 0.5mg/L
ethidium bromide) for 1h at a constant temperature of 120V with 0.5×TBE buffer solution
and 100 base pairs (bp) DNA ladder. Gels were visualized via ultra-violet light,
photographed, and documented.
Gel image were analyzed using the DNA marker ladder for fragment length calibration.
Only the clear bands were scored and the faint bands were ignored. The same size band
for a data set was assumed to represent a single locus. For presence or absence of an
ISSR band at a particular locus, the data were recorded as 1 for presence and 0 for
absence to build binary matrices. The matrix of ‘01’ was analyzed using PAUP (Swofford,
2002) and POPGENE (Yeh et al., 1999).
Results and Discussion: Sixteen inter-simple sequence repeat primers were used to
study the genetic variations of Ilex crenata. The primer information, the number of bands,
number of polymorphic bands and percentage of polymorphism were presented in Table
2. The highest number of fragments (22 fragments/bands) was amplified with the
(AG)8YC primer (UBC835), while the lowest number (11) was amplified with (GGGTG)3
primer (UBC881). The average number of fragments per primer was 15.1. A total of 242
fragments were generated and the fragment size amplified with all 16 primers was similar
and ranged from 150-2000 bp. Out of the 242 loci surveyed, 167 were polymorphic
(69%). Percentage of polymorphism for primer UBC856 was highest at 85.7% while
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primer UBC889 the lowest at 47.1%. The results indicated that these 16 ISSR primers
used in this study revealed a wide range of genomic DNA diversity in this open pollinated
Ilex population. Fingerprinting of 24 open pollinated Ilex seedlings DNA band patterns
from primer UBC807 were presented in Figure 1.
Binary matrices from the DNA fingerprints produced by 16 ISSR markers used for Ilex
were imported into PAUP and POPGENE software for analysis of genetic similarity.
Based on all useful ISSR markers, pairwise distances were calculated (data not shown).
Pairwise distances ranged from 0.13223 to 0.35124. Ilex #8 and Ilex #31 showed minimal
pairwise distance, while I. crenata ‘Sky Pencil’ mother tree had the highest pairwise
distance to Ilex #01. The data for observed number of alleles, effective number of alleles,
Nei’s genetic diversity, Shannon’s information index for all accessions were analyzed
using 16 ISSR primers and their respective values were found as 1.5964, 1.4179, 0.2359
and 0.3444 (Table 3). Compared with that in Ilex integra (Leng, 2005), which were 1.421,
1.273, 0.153 and 0.227, Ilex crenata ‘Sky Pencil’ seedlings had higher variations. It
concluded that the genetic diversity of Ilex crenata half siblings was much richer than that
of Ilex integra.
The relatedness between the individuals of Ilex crenata seedlings was generated (Fig. 2).
Three major groups were observed in the UPGMA tree. Ilex crenata ‘Sky Pencil’ mother
tree was clustered as one group. Group 2 had three accessions (Ilex. #05, Ilex. #15, Ilex.
#34). The other seedlings were classified into the third group. The mother tree Ilex
crenata ‘Sky Pencil’ has a typical character, which is straight narrow habit. Among the
seedlings, no one has the same habit as its mother. In Group 2, Ilex #05, Ilex #15, and
Ilex #34 were morphological similar. All of them have compact elliptical habit and their leaf
margin had serration from the middle of the leaf and entire at the base. The seedlings in
Group 2 had uniform leaf size. From both morphological and molecular data, Group 2 and
Group 3 might have different pollen contributors. Dr. Dirr listed 61 Ilex crenata cultivars
(Dirr, 2009). We hypothesed one father was Ilex crenata ‘Compacta’, which had global
habit and flat lustrous dark green leaves. The other was Ilex crenata ‘Beehive’, which was
a dense, compact mounded form and slightly wider than high with lustrous dark green
foliage. It should be not too difficult to speculate that Ilex crenata ‘Compacta’ was the
father of Group 2 and Ilex crenata ‘Beehive’ for Group 3. Plants in Group 3 had high
divergence. The putative father of Group 3, Ilex crenata ‘Beehive’ originated as a cross of
Ilex crenata ‘Convexa’ × Ilex crenata ‘Stokes’ and the leaves were light olive green in
Georgia trails. ‘Convexa’ had round to spreading habit with matte green convex leaves
while ‘Stokes’ rounded habit with glossy leaves. In Group 3, the convex leaves could be
inherited from ‘Convexa’. Though plants in Group 3 have the same putative father, they
still had high divergence in morphology and genetic variation. It indicated that even
though they had same gene sources, their genetic contribution from the parent was not
half and half. Heritability estimation could be obtained from the partitioning of phenotypic
variance into genetic and environmental components or by studying the degree of
resemblance between relatives by rather simple measurements made on the population
(Falconer et al., 1996). Both morphological and ISSR marker results concluded that the
seedling population had high genetic and morphological diversity. Further studies should
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address the detailed contribution percentage from its father and mother plants. Open
pollination has proven to be useful to broaden the genetic base of breeding programs and
guarantee that enough variability should be available for cultivar breeding in future
generations (Badenes et al., 2011; Kumar et al., 2010). Plant selection should start from
F1 generation and molecular markers are valuable for assessing genetic diversity and
relationship in plant breeding.
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Table 1: Morphological data of 36 Ilex crenata seedlings and Ilex crenata ‘SkyPencil’.

z

No.

Node per
z
10 cm

Height
(cm)

Width
(cm)

H/W
ratio

Branch
angle

Foliage
y
color

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

16
21
21.3
21
18
18
22.3
18.7
22
15.3
17.3
15.3
19
19.3
19.7
15
17
18
16
19
21
21
18.3
13.7
16
15
19.7
12.7
21
16.7
19
26
14.7
15.7
14.7
18
23.7

304.8
152.4
190.5
208.28
167.64
187.96
152.4
170.18
152.4
170.18
167.64
139.7
177.8
205.74
203.2
195.58
218.44
246.38
195.58
223.52
213.36
185.42
167.64
205.74
218.44
205.74
228.6
185.42
170.18
152.4
147.32
160.02
182.88
177.8
147.32
147.32
175.26

49.53
129.54
152.4
121.92
154.94
109.22
142.24
139.7
160.02
93.98
147.32
142.24
147.32
142.24
218.44
144.78
203.2
149.86
170.18
226.06
160.02
160.02
152.4
203.2
167.64
203.2
241.3
114.3
142.24
165.1
233.68
190.5
167.64
142.24
104.14
111.76
142.24

6.15
1.18
1.25
1.71
1.08
1.33
1.18
1.35
0.95
1.81
1.14
0.98
1.21
1.45
0.93
1.35
1.08
1.64
1.15
0.99
1.33
1.16
1.10
1.01
1.30
1.01
0.95
1.62
1.20
0.92
0.63
0.84
1.09
1.25
1.41
1.32
1.23

0
50
40
35
35
25
30
40
45
10
50
35
25
25
50
25
30
25
45
45
40
50
45
35
25
30
60
20
55
65
70
60
50
35
30
25
25

D
L
D
D
D
D
D
D
D
D
D
L
D
D
L
D
D
D
D
D
D
L
L
D
D
D
D
D
D
D
L
L
D
D
L
L
L

Leaf
length
mm
23
19
21.7
17.2
20.6
17.3
15.7
18
15
22
16.7
19.3
20.7
17
16.7
18.7
19.7
20.3
20.3
21
19
18.3
19.3
15.2
21.7
16.3
15.3
19.3
15.3
18
13
17
18
22.3
21
17.7
16.7

Leaf
width
mm
10
9
8
8.2
7.8
8
7.7
8.3
6.8
10.8
7.8
8.8
8.5
7.7
7.7
8.7
8.2
8.5
8
8.7
7.2
7.8
7.5
7.2
9.2
7.3
8
7.7
7
8.2
7.3
7.8
7.5
7.7
9
7.8
8

Compactness
x
rank
5
3
3
3
2
4
3
4
3
5
3
3
4
4
1
4
3
3
2
2
3
3
3
2
3
3
2
5
3
3
2
1
3
3
4
4
5

Node per 10cm: number of leaves on a 10 cm branch.
Foliage color: D for dark green or L for light green.
x
Compactness rate: 1-5, loose-compact.
y
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Table 2: ISSR results generated by 16 primers in 36 Ilex crenata seedlings and Ilex crenata ‘Sky Pencil’.
No. of
No. of
Primer
markers
polymorphic
Amplicon
Percent
z
code
Sequence (5’-3’)
amplified
markers
range (bp)
polymorphism
UBC807
(AG)8T
15
11
240-980
73.3%
UBC 809 (AG)8G
12
8
260-950
66.7%
UBC 810 (GA)8T
18
12
200-1000
66.7%
UBC 811 (GA)8C
15
9
200-1200
60.0%
UBC 814 (CT)8A
12
9
300-1500
75.0%
UBC 825 (AC)8T
14
8
280-1500
57.1%
UBC 827 (AC)8G
13
11
320-2000
84.6%
UBC 834 (AG)8YT
15
9
280-1500
60.0%
UBC 835 (AG)8YC
22
17
150-1200
77.3%
UBC 836 (AG)8YA
13
9
350-1300
69.2%
UBC 840 (GA)8YT
18
12
150-1300
66.7%
UBC 856 (AC)8YA
14
12
350-1800
85.7%
UBC 881 (GGGTG)3
11
7
400-1500
63.6%
UBC 889 DBD(AC)7
17
8
260-1400
47.1%
UBC 890 VHV(GT)7
15
11
280-1100
73.3%
UBC891
HVH (TG)7
18
14
220-1000
77.8%
Total
242
167
150-2000
69.0%
z

Y = (C , T), B = (C , G, T), D = (A , G, T), H = (A , C , T), V = (A , C , G).

Table 3: Genetic variations using ISSR markers in the Ilex seedling population.
z
y
x
Na
Ne
H
Mean
1.5964
1.4179
0.2359
St. Dev
0.4915
0.3984
0.2123
z
Na = Observed number of alleles
y
Ne = Effective number of alleles
x
H = Nei’s (Nei, 1973) gene diversity
w
I = Shannon’s Information index
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Figure 1: ISSR PCR band pattern of 24 half siblings from Primer UBC807.

Figure 2: UPGMA dendrogram of 36 Ilex crenata seedlings and Ilex crenata ‘Sky Pencil’ (HD0) based on
ISSR markers.
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Evaluation of Evergreen Quercus at the JC Raulston Arboretum
Mark Weathington
JC Raulston Arboretum, NC State University
Department of Horticultural Science
Campus Box 7522, Raleigh, NC 27695
mark_weathington@ncsu.edu
Index words: Quercus, oak, landscape trials, species trials, broadleaf evergreen
Significance to the Industry: New plants help fuel the growth of the green industry but
nursery professionals must balance new plants with the public’s often slow acceptance of
the unknown. Entirely new genera often need a longer learning curve before the public
accepts them. The public accepts familiar genera, such as Quercus, more readily even
when the species are novel to them.
Evergreen Quercus offer the nursery industry a group of plants that fit many needs of the
public. They offer year-round interest, typically form medium sized trees suitable for
suburban landscapes although some are shrubby, are generally easy to grow, and are
from a familiar genera. Due to their limited hardiness, they will be relegated to warmer
southeastern gardens, mostly zone 7b and warmer. Several species are currently
available in small numbers from specialty nurseries and provide opportunities to acquire
plants for use as propagation stock.
Nature of Work: The JC Raulston Arboretum (JCRA) evaluates a wide diversity of
woody plants for suitability to the central piedmont region of North Carolina and the
broader southeastern United States. Quercus have been an important component of the
collections of the JCRA since its inception in 1976. The first plant installed by J. C.
Raulston when establishing the Arboretum was Quercus robur f. fastigiata (Lam.)
Schwarz, a farewell gift from his colleagues at Texas A&M University. In recent years,
evergreen and semi-evergreen species have gradually been accumulated through wild
collections and from cultivated material to add to the existing specimens that pre-dated
the Arboretum. Many of these Quercus are poorly understood and rarely grown in
western gardens but may be suitable for wider use throughout the southern United
States.
The genus Quercus is comprised of 400−600 species (1, 2, 3, 4) in the Fagaceae with
new species and naturally occurring hybrids being described with some regularity. The
genus ranges across North America south through Central America to Columbia, Europe,
north Africa, and Asia where it crosses into the southern hemisphere (2, 4, 5). The center
of diversity is in southern Mexico where the genus is undergoing active speciation (6).
Where species overlap throughout their native ranges or in cultivation there can be
considerable hybridization. These factors make the taxonomy of the oaks difficult at best.

Plant Breeding and Evaluation

211

SNA Research Conference Vol. 59 2014

Most oaks form medium to large trees but can also be shrubby or colony forming
rhizomatous sub-shrubs. North American species are often separated into red oak and
white oak groups. Red oaks have bristle tips on leaves and seed (acorns) take two years
to mature. White oaks lack bristle tips and acorns mature in one year. While this
grouping works well with many of the temperate North American oaks, it does not
adequately cover the diversity in the genus especially the evergreen Asian species and
the subtropical and tropical species. Using the taxonomy of Grimshaw (3), Quercus is
broken into two subgenera. The strictly Asian evergreen subgenus Cyclobalanopsis
which is often placed at the genera level by Asian taxonomists (7,8) distinguished by
acorn cupule scales fused into concentric rings and the widespread subgenus Quercus
whose cupule scales are free and spirally arranged. Subgenus Quercus is further divided
into four sections by Grimshaw (Table 1).
Some classifications admit more or fewer sections in subgenus Quercus or more
subgenera (9,10). Menitsky (11) breaks subgenus Cyclobalanopsis further into eight
sections. Recent research indicates the genus Quercus is separated into two clades
each comprised of three groups (12).
Results and Discussion : Nineteen taxa from the Cyclobalanopsis subgenus and two of
the sections of the Quercus subgenus are currently growing in the JCRA collection and
are presented below with brief information on the habit, propagation, and hardiness as
presently known. While many of these species have proven to be hardy, some over
many decades, others have not been evaluated long enough to be certain of their cold
tolerance. Many of the borderline species will show increased hardiness with age so
protection when young is advised. The seed (acorns) of oaks are recalcitrant and must
be sown fresh. Propagation of oaks by means other than seed is difficult at best for most
species although Asian oaks in the Cyclobalanopsis subgenus show varying degrees of
suitability for cutting production. Most other evergreen oaks root with difficulty or not at
all. Published information for these and other evergreen Quercus in general can be found
in the following resources (2,3,4,6,7,8,9,11,13,14,15,16,17).
Subgenus Cyclobalanopsis
Quercus acuta Thunb. syn. Cyclobalanopsis acuta (Japanese evergreen oak)
(2,9,11,13,14,15,23) – An evergreen tree to 12 m (40 ft) from Japan, South Korea, and
Taiwan. Leaves emerge with a brownish pubescence before becoming glossy, dark
green and leathery, to 20 cm (8 in) long and about ⅓ to ½ as wide with no lobes or teeth,
an undulate margin, and an acuminate tip. Q. acuta was introduced to the West by
Charles Maries in 1878 (2). It is one of the hardiest evergreen oaks from Japan making a
handsome tree with smooth gray bark. It has been much confused in the nursery industry
with Q. glauca and Q. myrsinifolia. Our plant was received from the US National
Arboretum in 1994 and is now 9 m (30 ft) tall. It is generally listed as a zone 8 plant (13)
but with its distribution, hardiness is likely dependent on provenance. Our plant has
proven to be reliable in zone 7b at least. Reports indicate that summer moisture is
necessary for adequate growth (14), typically not a problem in the southeastern U.S.
Propagation by sowing fresh seed is easy, softwood cuttings, just past the tenderwood
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stage can be rooted using 1000ppm KIBA (pers. observation) and reports indicate
dormant cuttings under mist with bottom heat and medium levels of hormone root in as
little as 3−4 weeks (14).
Quercus glauca Thunb. syn. Cyclobalanopsis glauca (Japanese blue oak)
(2,7,8,9,11,13,14,15,23) – Along with Q. myrsinifolia, with which it is often confused in the
trade, Japanese blue oak is the most common evergreen Asian oak found in western
gardens. It has a relatively wide distribution across east Asia from Japan and Taiwan
across south China to the Himalaya below 1525 m (5000 ft). In the garden, it forms an
upright pyramidal to conical crown growing to 9 m (30 ft) at maturity although trees can
ultimately grow to twice that height. The foliage of Q. glauca grows to 15 cm (6 in) long at
most and is elliptical to obovate with an acuminate tip and coarse serrations or teeth
along the distal ½−⅔ of the leaf. New foliage emerges with a light silky pubescence and
waxy coat for a bluish to purplish character which becomes medium green to blue-green
as the season progresses. With the typical summer moisture and heat of the Southeast,
Q. glauca performs very well. It is reliably hardy to zone 8 and there are many plants
growing happily in zone 7 gardens. Grow in full sun to part shade. The JCRA plant
predates the Arboretum so its source is unknown. In 1985 the record low for Raleigh,
NC, -23 C (-9 F) killed the established tree to the ground. It subsequently re-sprouted
and is growing now as a multi-stem tree over 12 m (40 ft) tall. In drier locations and windy
spots the leaves can yellow somewhat (14), a sign that supplemental water is needed.
Propagation is by seed, very softwood cuttings, or dormant hardwood cuttings with
bottom heat, mist, and medium to high hormone.
Quercus longinux Hayata. syn. Cyclobalanopsis longinux (Taiwan oak) (3,7,8,11) – This
endemic Taiwanese tree is sometimes listed as a subspecies of the similar Q. glauca (11)
but is generally recognized to be distinct. In its native habitat in broadleaved evergreen
forests of Taiwan below about 2500 m (8200 ft), it can grow to 15 m (50 ft) often with the
smooth gray barked trunk rising branchless to ⅔ of the total height (pers. observation). In
the landscape expect a 10 m (33 ft) upright oval to round-headed tree. Foliage is similar
to Japanese blue oak, growing to 13 cm (5 in). The JCRA plant was received from the
Taiwan Forestry Research Institute index seminum in 2001 and is now over 2.4 m (8 ft)
tall growing in sun and rich soil. Our plant has not fruited yet to verify its identity, but the
elliptic to lanceolate deep green leaves appear to be correct. The 2014 winter
temperatures, -13 C (7.5 F) caused significant tip dieback so this plant will likely be
relegated to zone 8 gardens. Fresh seed germinates readily. We have not attempted
cutting propagation to date, but based on its close affinity to the Q. myrsinifolia/glauca
group, it may root with bottom heat, mist, and medium to high hormone levels.
Quercus morii Hayata syn. Cyclobalanopsis morii (Formosan evergreen oak) (3,7,8,11) –
This rarely encountered Taiwanese endemic reportedly grows to 30 m (98 ft) in its habitat
(3) often forming pure stands (7) at relatively high elevations, 2400 m (7800 ft). Shiny
lanceolate to oblong leaves can grow to about 10 cm (4 in) long and 5 cm (2 in)
wide but are often half that width. The distal end of the leaf is serrate and the margins
often revolute. New growth often has a bronzy cast. Few plants are found in western
landscapes and most of those are quite young. The JCRA plant was received from the
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Taiwan Forestry Research Institute in 2011 but has not been grown long enough to
evaluate. Plants from the highest elevation should prove hardy to zone 8 at least.
Quercus myrsinifolia Blume syn, Cyclobalanopsis myrsinifolia (Chinese live oak/bamboo
oak) (2,7,8,9,11,13,14,15,23) – This Asian evergreen has proven to be one of the best for
western gardens, performing well in both droughty West Coast landscapes and wetter
southeastern gardens. It forms a medium tree to 10.5 m (35 ft) in the garden although
trees can be twice as tall in the wild. It typically grows with a somewhat narrow crown
eventually broadening to a rounded or gumdrop-shaped head. The foliage is about 12.5
cm (5 in) long, relatively narrow with a long drip tip and serrations along its edges.
Perhaps its most striking attribute is the coloration of new growth which ranges from
burgundy to near black before turning deep green with a bluish tinge. Mature trees have
been known to survive temperatures well below -18 C (0 F) although its wide native range
indicates hardiness may be affected by provenance. Hardy forms should be planted
together to produce a good seed source for production. Acorns are produced on very
young trees, often after as little as five seasons (pers. observation). Japanese
nurserymen have selected several clones which are grafted on seedlings including the
splashed variegation of ‘Shima Fu’, cream margined ‘Fun Fun’, and an unnamed clone
with a pure white flush of new growth (pers. observation). Trees planted in full sun will
develop a very uniform habit and make excellent street trees. Plants will tolerate
relatively heavy shade but growth is slower and quite open. Two plants at the JCRA have
performed well for many years, one for over 25 years.
Quercus salicina Blume syn. Cyclobalanopsis salicina (willow-leaf oak) (3,7,11) – Another
evergreen in the Asian Cyclobalanopsis group growing to 18 m (60 ft) in the wild, perhaps
⅔ that height in cultivation. It is found in Japan, North and South Korea. It bears
lanceolate foliage to 9 cm (3.5 in) long which is sharply serrate along the distal half. It is
reportedly hardy only to zone 8, but germplasm from North Korea likely will prove much
hardier. Plants have been growing in the Piedmont of North Carolina for at least a
decade (pers. observation) and a specimen has grown well in an exposed location for 5
seasons at the JCRA. Propagation should be similar to other oaks in subgenus
Cyclobalanopsis.
Subgenus Quercus
Section Lobatae
Quercus canbyi Trel. (Canby oak) (3,15) – Canby oak makes a 10 m (33 ft) tree, perhaps
taller in cultivation, from Nuevo Léon, Mexico (3). This species can be evergreen but is
often semi-evergreen or tardily deciduous. It was named in 1924 for Charles Marriott
Canby (15) a Delaware businessman and avid botanist. It grows vigorously and easily in
cultivation in both dry and moist summer situations but needs a relatively well-drained
soil. Foliage is narrow and up to 9 cm (3.5 in) long and about ¼ as wide with a dark
glossy green surface and 9−15 lobes with bristle tips, sometimes losing all but the
terminal bristle with maturity. It has proven to be hardy at least to zone 6b. The JCRA
plant was received in 2007 from Stephen F. Austin Mast Arboretum and is now 4.5 m (15
ft). It retains its leaves through most of the winter in Raleigh, generally going mostly
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deciduous by mid-February. This species is becoming more widely planted in Texas over
the last decade. Propagation is by seed.
Quercus crassifolia Bonpl. (leather-leaf Mexican oak) (2,9) – A tall evergreen species
from Mexico and Guatemala growing to 15 m (50 ft) tall although it is also described as a
30 m (100 ft) deciduous species (2, 9). It bears very stiff, leathery, deep blue-green
foliage to 16 cm (6 in) , ovate to obovate with widely spaced, bristle-tipped teeth. The
adaxial surface of the foliage is rugose while the abaxial is covered in a wooly cream to
tan indumentum. New growth emerges brilliant red which is quite showy against the dark
green of the previous season’s growth. Plants grow stiffly upright with somewhat sparse
branching. The JCRA plant has been exceptional with no winter damage after at least 16
years, growing to 10.5 m (35 ft) in that time. While many of the Mexican oaks require a
loose, well-drained soil, our plant has thrived in a heavy soil with considerable neglect in
full sun. This is certainly a plant which deserves wider consideration as a large tree,
perhaps even suitable for urban conditions, we have been unable to root it and it has
refused to develop any acorns to date.
Quercus inopina Ashe (Florida oak) (19) – This evergreen from sandy ridges in central
Florida forms a mounding shrub that can grow to 4.5 m (15 ft) tall (19). The foliage is
typically ovate but can range from elliptic to nearly round or spatulate and grow to 9 cm
(3.5 in) long often with several bristle tips. The margins are convex giving even a wellhydrated plant a somewhat parched appearance. The adaxial surface is olive green with
distinct yellowish veins while the underside is somewhat tawny tomentose. Florida oak
needs well-drained soil, a sunny location, and is drought tolerant in the landscape. The
JCRA plants from Woodlanders Nursery, South Carolina and Xenoflora LLC, Florida have
only been in the ground for two seasons and have consequently not been fully evaluated
but the species is likely of interest only to collectors or for naturalistic settings. Despite
the young age of the JCRA plants, both survived -13.5 C (7.5 F) in the garden.
Propagation is by seed.
Quercus sartorii Liebm. (Sartor’s oak) (3)– A Mexican oak which forms a sizeable tree to
20 m (65 ft) with lanceolate 13 cm (5 in) leaves with entire margins on mature foliage but
widely spaced, shallow serrations on juvenile foliage. The glossy green leaves emerge
covered in a sparse yellow pubescence which is quickly lost. The JCRA tree from Yucca
Do Nursery, Texas has only been in the ground for two seasons but shows promise with
no damage in a very exposed situation. Propagation is by seed.
Section Quercus
Quercus durata Jeps. (leather oak) (16,17) – This is a low shrub to about 1.5 m (5 ft)
native to the West Coast from Monterey to Napa, California (16). Small leaves are oval
and convex with wavy margins and sharp equal teeth. It requires full sun and excellent
drainage. We received our plant from ForestFarm Nursery, Oregon, in 2007. It was
growing relatively well in very well-drained soil but did not survive -13.5 C (7.5 F) during
the winter of 2014. Propagation is by seed.
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Quercus germana Schltdl. & Cham. (Mexican royal oak) (3) – This eastern Mexican tree
makes a semi-deciduous plant to 10.5 m (30 ft) with a pyramidal habit when young,
becoming rounded with age in cultivation. Foliage emerges pink to bright red in spring
and subsequent flushes during the summer, maturing to deep glossy green, 20 cm (8 in)
by 5 cm (2.5 in). With summer heat, it appears to be hardy to zone 7 but in cool summer
locations the wood does not harden off causing significant dieback (3). Mexican royal oak
is threatened due to habitat loss because of deforestation for coffee plantations (3). At
the JCRA, our plants have remained evergreen down to close to -15 C (5 F). One tree
procured prior to 1995 is now 7.6 m (25 ft) and another received from Stephen F. Austin
Mast Arboretum in 2007 is now 3.6 m (12 ft). This oak has been among the finest of the
Mexican oaks at the JCRA and is available in limited landscape sizes and quantities in
Texas (D. Creech, pers. comm.). It deserves more attention as a potential landscape
specimen for the south. Propagation is by seed.
Quercus ilex L. (holm oak) (2,9,10,14,15) – This native Mediterranean species is widely
grown in Europe and Great Britain where it forms large trees to 21 m (70 ft) or larger if
grown in a favorable location (2). It develops a bushy crown over time with branches
becoming pendulous with age. Small oval to elliptic leaves to 7 cm (2.75 in) are sparsely
toothed on immature plants often becoming entire with age. New growth is covered with
a fine whitish pubescence which is retained on the abaxial surface often turning gray or
tan. Although one of the most prevalent of evergreen oaks in western landscapes, it is
rarely seen in the southern U.S. It is well adapted to droughty areas and could prove to
be a valuable street tree. It should be perfectly hardy to at least zone 7 (14). It has made
a handsome if somewhat shrubby tree at the JCRA but has not shown the growth rate
seen in other areas only putting on about 4.5 m (15 ft) of growth in 25 years. The slow
growth could be attributable to the heavy clay soil it is situated in since Bean (2) notes it
prefers “rather light soil” and a sunny location. Propagation is by seed. There are quite a
few clones (18) which have been grafted on seedling stock or rooted.
Quercus marlipoensis Hu & W. C. Cheng (Yunnan maple) (8,11,20) – This exceptionally
rare evergreen maple is from low elevations in a restricted locality in south China near the
Yunnan–Guangxi provincial and Vietnam border (20). In the wild, it can grow quite tall to
18 m (60 ft) (11). It bears long elliptic to obovate leaves to 22 cm (8.5 in) which are rusty
stellate tomentose especially when young and along the midribs of the leathery mid-green
leaves. Stout young branches are covered in rusty pubescence with the entire
appearance of young plants bringing to mind Eriobotrya japonica. The JCRA received
this rarity from Dr. Jenny Xiang of North Carolina State University in 2006 and planted it
out in 2009. It suffered some winter dieback over the next three years and never
increased much in size. The -13 C (7.5 F) temperatures in 2014 killed the plant outright.
The mean temperature of the coldest month in its native range is 9.9 C (50 F) (20) so lack
of hardiness is no surprise and Q. marlipoensis is likely suitable only for sub-tropical
landscapes. Propagation is by seed.
Quercus phillyreoides A. Gray (ubame oak) (2,4,7,8,9,11,14,15,23) – This tree is often
called the Japanese equivalent of our native Q. virginiana but it ranges well beyond Japan
into Korea and across much of south and south-central China. It is indeed closely related
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to our native live oak and grows as an upright tree often branching near ground level
unless trained to a single trunk. Reports indicate it may grow to 15 m (50 ft) in the wild
but 10 m (35 ft) is more realistic as a landscape tree. Foliage is 7.5 cm (3 in), yellowish
olive green, oval, often with fine serrations which may be bristle-like on juvenile growth
and leaf tips. It has proved to be quite hardy, to at least zone 7. One plant at the JCRA is
reported to be over 50 years old although records pre-dating the Arboretum are sadly
lacking. This tree reportedly suffered little or no damage during the devastating freezes of
the mid-1980s. The multi-stemmed nature of this plant and its reported 4 m (14 ft) height
in the late 1980s indicate it may have been killed back to the ground. In wet seasons
plants growing in shade may develop some foliar fungal problems but these have not
appeared to affect the health of the trees. Propagate by seed or dormant cuttings with
bottom heat and high hormone levels. The JCRA introduced a very upright, nearly
fastigiate form as ‘Emerald Sentinel’ which is reportedly hardy to near zone 6 and is
perhaps somewhat easier to root than the species. Several variegated specimens can be
found in Japanese specialty nurseries (pers. observation).
Quercus polymorpha Schltdl. & Cham. (Monterrey white oak) (3,15) – This lovely
evergreen to semi-evergreen tree ranges from Texas south through Mexico to
Guatemala, growing to 20 m (65 ft) in cloud forests. In typical southern gardens expect a
mature height closer to 12 m (40 ft) with pyramidal growth when young becoming ovate
with age. The long, up to near 15 cm (6 in), leaves are quite variable ranging from elliptic
to ovate, typically entire or with some coarse serrations along the margins of the distal
half. New foliage emerges shrimp pink to rich red covered in gold hairs before becoming
glabrous dark green to deep blue-green. The tree has become quite popular in Texas as
a landscape tree (D. Creech, pers. comm.) and deserves much wider consideration
across more of the South. Best in full sun, it is hardy to zone 7 but expect it to be fully
deciduous in cold winters. Propagate by seed. This is a plant that could possibly benefit
from selection of forms with superior new growth coloration.
Quercus pungens Liebm. (sandpaper oak, pungent oak) (9,21,22) – This southwestern
species ranges from Arizona, New Mexico, Texas, and into Mexico growing in dry, welldrained soils. It is typically a multi-stemmed evergreen to semi-evergreen shrub to 2 m
(6.5 ft) but can grow as a tree to 8 m (26 ft) tall (22). Coarsely toothed lanceolate foliage
to 9 cm (3.5 in) is semi-evergreen in Raleigh, North Carolina. where a plant from
Woodlanders Nursery grows as a 3 m (10 ft) tall and wide shrub. It likely requires
excellent drainage and full sun. In the JCRA’s Xeric Garden it suffered no ill effects from 13.5 C (7.5 F). In the wild, it grows on shallow soils and may be a candidate for green
roofs in the South.
Quercus rugosa Née syn. Q. reticulata (net-leaf oak) (3,12,14,15) – This oak has perhaps
the widest distribution of any Mexican oak. It has a quite variable habit, growing as a tree
to at least 12 m (40 ft) or as a shrub. The name is notorious for being attached to many
of the unidentifiable oaks found in Mexico. A pair of sibling seedlings from a Yucca Do
Nursery collection have grown to about 7 m (23 ft) tall with multiple stems at the JCRA.
The foliage can grow to 23 cm (9 in) (14) but the JCRA plants rarely grow larger than 10
cm (4 in) long and half or more as wide. The obovate corrugated foliage emerges with a
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creamy pubescence, the adaxial surface quickly becoming glabrous dark green. The
abaxial surface remains covered in a creamy pubescence. The leaf margins are sharply
toothed, occasionally forming a pair of lobes, and often curled down in a presumed
drought adaptation. It is quite hardy especially where it receives adequate heat to harden
the wood, perhaps to zone 6 especially in areas with dry autumns. In the moist
Southeast, it may be slightly less hardy but forms collected at high elevations should
certainly be hardy to at least zone 7. The JCRA plants have not suffered winter damage
but do become semi-deciduous in cold winters. Propagate by seed.
Quercus turbinella Greene (Sonoran scrub oak) (3,17,21) – Growing typically as a shrub
but occasionally as a multi-stem tree to 10 m (33 ft), this evergreen desert dweller ranges
across much of the Southwest from Colorado to southern California and Mexico. Small
leaves to 2.5 cm (1 in) are ovate typically with 3−5 sharp teeth per side but can be entire
with maturity. It ranges into high elevations and is reportedly hardy to zone 5 but this is
likely dependent on provenance and requiring lean, well-drained soils where late season
dry conditions and cold nights ensure it is completely dormant before freezing
temperatures. The JCRA plant from Sun Chaser Natives and Specialty Plants, Colorado
has survived three years in perfect drainage where the silvery-blue spiny foliage is quite
attractive. It is widely considered the hardiest of the American evergreen oaks and is
another that may be suitable for green roof culture.
Other evergreen and semi-evergreen oaks growing at the JCRA but too young to
evaluate include:
Quercus acutifolia Née
Quercus alnifolia Poech
Quercus castanea Née
Quercus ×dysophylla Benth.
Quercus emoryi Torr.
Quercus gilva Blume
Quercus greggii (A. DC.) Trel. (La Siberia strain)
Quercus guyavifolia H. Lév.
Quercus hypoleucoides A. Camus
Quercus look Kotschy
Quercus rysophylla Weath.
Qurcus sadleriana R. Br. ter.
Quercus sessilifolia Sieb. & Zucc.
Quercus stenophylloides Hayata
Quercus suber L.
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Table 1 Subgenus Quercus sections from Grimshaw (3)
Section

EG/Dec.

Cerris

EG or
Dec.

Lobatae (red oaks)

EG or
Dec.

Protobalanus

EG

Quercus (white
oaks)

EG or
Dec.

Identification
Characteristics
Leaf margins entire,
revolute, or spiny; gray or
yellow fascicled hairs on
abaxial leaf surface
Leaf margins entire,
serrate, or lobed; bristles
on leaf tips; seed matures
in two seasons (typically)
Leaf margins entire,
dentate, or serrate;
glaucous or waxy on
abaxial leaf surface
Leaf margins entire,
serrate, or lobed; bristles
absent; seed matures in
one season (typically)

Nativity
Asia, Europe,
North Africa
North America

North America

North America

Figure .1 Quercus glauca makes a handsome small to medium tree.
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Figure 2. The new growth color can be quite showy on Q. myrsinifolia.

Figure 3. Q. canbyi foliage.

Plant Breeding and Evaluation

221

SNA Research Conference Vol. 59 2014

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Figure 4. Q. crassifolia showing both last season's growth and bright red new growth.

Figure 5. Q. durata foliage.
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Figure 6. Q. ilex can grow quite large in favorable conditions.

Figure 7. Q. marlipoensis has not proven to be hardy.
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Figure 8. Q. phillyreoides 'Emerald Sentinel' makes a useful screening plant.

Figure 2 Q. turbinella has spiny blue-green foliage.
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Effect of Oryzalin on Inducing Polyploidy in Dissotis rotundifolia
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Index Words: Melastomaceae, Dissotis, oryzalin, polyploidy
Significance to Industry: Dissotis rotundifolia (Sm.) Triana is a species in the
Melastomaceae with good ornamental potential. Nursery production can be difficult due to
the aggressive growth habit of the species. To help reach the goal of obtaining a more
compact D. rotundifolia, rooted cuttings were treated with oryzalin to induce polyploidy.
Flow cytometry was performed to determine the ploidy level of the treated cuttings. One
tetraploid was obtained. Growth of the tetraploid is being monitored to determine whether
its growth will be more compact than that of diploid plants.
Nature of Work: D. rotundifolia is a species in the Melastomaceae. The Melastomaceae
family consists of 185 to 190 genera that contain 5,000 species (9). Most Melastomaceae
species are tropical or sub-tropical species (8). The genus Dissotis is from Africa. D.
rotundifolia has also naturalized in tropical and subtropical areas such as Puerto Rico and
Hawaii (6, 9) .The species is able to live in varying environments, such as waste places
and along roadsides, as well as small granite outcroppings in the middle of rain forests
(7). D. rotundifolia is a diploid (2n = 30) (11).
D. rotundifolia is currently in use as an ornamental. This trailing species flowers
abundantly, has attractive dark green foliage, roots easily, and is extremely drought
tolerant. It grows so vigorously that it must be pruned back every few weeks. Pruning the
plants will cause flowering to cease for several weeks. Vigorous growth and the need for
frequent pruning make nursery production of the plant problematic.
Induction of polyploidy will sometimes cause a plant to become smaller and more
compact than its diploid form (3). Autotetraploid Brassicas produced 64% less biomass
than their diploid counterparts (1). Induced autotetraploids of Helianthus annuus L.
’Morden’ were reduced in both height and width by one-third compared to the diploid
control plants (12).
Induction of polyploidy in ornamental species has been accomplished by application of
chemicals such as colchicine, an alkaloid extracted from Colchicum autumnale, or
oryzalin (4-(dipropylamino)-3,5-dinitrobenzenesulphonamides). Both substances double
chromosomes by inhibiting the formation of mitotic spindles (4). Colchicine is more toxic
to humans than oryzalin and must usually be applied at higher rates to induce polyploidy
(4). Oryzalin has successfully been used to induce polyploidy in many ornamental
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species, such as Japanese barberry (Berberis thunbergii var. atropurpurea), Hibiscus
acetosella Welw. ex Hiern., and ornamental ginger (Hedychium muluense R. M. Smith)
(3, 5, 10). The purpose of this study was to induce polyploidy in D. rotundifolia through
treatment with oryzalin in an attempt to produce a more compact version of the species.
Cuttings of D. rotundifolia were taken in December 2013, stuck in Fafard Germination Mix
containing processed pine bark, Canadian sphagnum peat, perlite, and vermiculite (Sun
Grow Horticulture, Agawam, MA), and placed under intermittent mist for seven weeks in a
greenhouse in Athens, GA. All of the cuttings were the same genotype. In February 2014,
rooted plants were potted into Fafard 3B consisting of Canadian sphagnum peat,
processed pine bark, perlite, and vermiculite in a 38-round flat and placed on a bench in
the Riverbend Research greenhouse in Athens, GA . Apical meristems were treated with
50 µM oryzalin solution (supplied as Surflan® A.S.; United Phosphorus, King of Prussia,
PA) solidified with agar. The solution was stirred for several minutes and then heated in a
microwave oven for 25 s. Before application, the solution was again heated in a
microwave oven to melt the agar. Approximately 25 µl of oryzalin or agar solution was
applied to the apical meristem and then the meristem was covered with a plastic cap for
24 hours. Following removal of the cap, the meristems were rinsed with tap water.
Oryzalin treatments were applied either 1, 2, or 3 days, with each application on
consecutive days. A control treatment of one drop of agar only was also used. A total of
64 cuttings were treated, with 16 cuttings per treatment. Treated cuttings were allowed to
grow in the greenhouse for three weeks after treatment before being tested for ploidy
level.
Flow cytometry was performed to determine the ploidy level of the treated cuttings. Three
samples were prepared for each treated cutting. Approximately 1 cm2 of newly expanded
leaf tissue was chopped in a petri dish with 500 µl of nuclei extraction buffer (CyStain PI®
Absolute P Nuclei Extraction Buffer; Partec GmbH, Münster, Germany). Tissue was
incubated in the solution for 30s. Solution was filtered through Partec CellTrics®
disposable filters with a pore size of 30 µm to remove leaf material. Nuclei were stained
with a solution of 2.0 ml of CyStain® PI absolute P, 12 µl propidium iodide stock solution,
and 6 µl Rnase stock solution. Samples were incubated for at least 60 min on ice.
Samples were analyzed with a CyAnTM ADP Analyzer (Beckman Coulter, Brea, CA) to
determine mean relative DNA fluorescence. Ploidy was determined by comparing the
mean DNA fluorescence of each sample with the 2C peak of a diploid D. rotundifolia.
Results and Discussion: No mortality occurred in any of the treated cuttings. One
tetraploid (4x) and three mixaploids (2x + 4X) were identified (Figure 1). The tetraploid
resulted from treating the cutting with two drops of oryzalin solution. The tetraploid cutting
was potted up in a pine- bark based substrate with added nutrients in a 2.8 liter trade
container and placed in a greenhouse at the University of Georgia Horticulture Farm,
Watkinsville, GA. On 28 March 2014, a flower bud was observed on the tetraploid cutting.
The cutting continued to produce flowers after the initial flower bud. Five cuttings of the
original tetraploid cutting were taken on 13 May 2014 to produce tetraploid plants.
Cuttings were potted into 2.8 liter trade containers in a pine-bark based substrate on 04
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June 2014 and placed in the greenhouse at the University of Georgia Horticulture Farm,
Watkinsville, GA, for further observation.
Induction of polyploidy did not delay flowering in D. rotundifolia. In contrast, flowering in
induced polyploids of Helianthus annuus ’Morden’ was delayed by almost two weeks (12).
Induction of polyploidy in Lilium L. cultivars by either oryzalin or colchicine caused the
polyploid plants to flower from four to ten days later than the diploid plant of the same
cultivar (2).
Since tetraploidy can be induced in D. rotundifolia by use of oryzalin, the possibility exists
that the growth habit of the plant may be improved if the tetraploid plant proves to be
more compact than its diploid counterpart. The five tetraploid plants derived from the
original tetraploid cutting are being monitored and compared to the growth habit of the
diploid species. Based upon visual observation, we have found no difference in leaf or
flower morphology between the tetraploid plants and the diploid D. rotundifolia. The study
should be repeated with a larger number of cuttings to determine the dose of oryzalin that
is optimum for inducing polyploidy and to increase the likelihood of obtaining at least one
tetraploid plant that is more compact than its diploid counterpart.
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Fig 1. Histograms generated using flow cytometry from leaves of (A) diploid D.
rotundifolia, (B) induced tetraploid of D. rotundifolia, and (C) induced cytochimera of D.
rotundifolia.
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Hybridization Studies in Lilacs (Syringa L.)
Jason D. Lattier and Ryan N. Contreras
Department of Horticulture, Oregon State University, Corvallis OR, 97331
Jason.Lattier@oregonstate.edu
Significance to Industry: Syringa is a genus in the Oleaceae consisting of 22 to 30
species from two distinct centers of diversity, the highlands of East Asia and the BalkanCarpathian region of Europe (3). The vast majority of lilacs are native to the Asian center
of diversity with only Syringa vulgaris and Syringa josikaea native to southeastern Europe
(2). Hundreds of lilac cultivars have been developed as ornamentals and are ubiquitous
in temperate gardens around the world. Historically, the most popular cultivars of lilacs
originated from the European species Syringa vulgaris, primarily grown for its fleeting
spring blooms of purple, pink, blue or white fragrant flowers. The current phylogeny of the
genus describes six sections within Syringa: Pubescentes, Villosae, Ligustrina, Ligustrae,
Pinnatifoliae and Syringa (4).
Each section is separated by significant morphological distinctions. Pubescentes is
distinct by having pubescent leaves (4), and Villosae is distinct by having inflorescences
develop from a single terminal bud with lateral buds become vegetative shoots (2).
Ligustrina is distinct by its privet-like flowers (short, white corolla tubes with long exerted
anthers) and its growth habit as a large tree (2). Pinnatifoliae is distinct by having
pinnately compound leaves (4). Ligustrae contains the privets (Ligustrum spp.), nested
within the lilacs (4). Data on cross compatibility between culitvars, species, and sections
within Syringa will aid future lilac breeders and lead to new improved cultivars for the
nursery industry.
Nature of Work: Intraspecific and interspecific hybridization are proven methods for
development of new cultivars in lilac. However, intersectional hybridization has proven
more difficult with only several successful hybrids produced from crosses with S.
pinnatifolia (6). Previous attempts to create intersectional hybrids resulted in highly
abortive fruits with no germination of recovered seeds (6). Anatomical studies on S.
villosa, an Asian lilac with naturally high rates of seed abortion, found that after crosspollination embryos developed normally through the globular, heart-shaped, torpedo, and
cotyledonal stages before embryo and endosperm began to degrade (1). Few embryo
rescue studies have been attempted for lilacs. However, Zhou et al. (7) successfully
cultured immature embryos on Monnier’s Medium (5) supplemented with 1naphthaleneacetic acid (NAA), 6-benzylaminopurine (BAP), glutamine (Gln), and a high
rate of sucrose, indicating that tissue culture may be a platform for rescuing abortive
seeds of lilac hybrids.
Though hundreds of improved lilac cultivars have been introduced, fertility and cross
compatibility between cultivars, species, and sections have yet to be published in a formal
study. The objectives of this study were to 1) investigate cross compatibility of elite
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cultivars of lilac in intraspecific, interspecific, and intersectional combinations and 2)
investigate the potential for intersectional hybridization and embryo rescue of abortive
embryos in vitro.
Cross Compatibility Study. During the spring of 2013 and 2014, nearly 20,000 crosses
were made between cultivars, species, and sections of lilacs. Parent plants were
collected from nurseries, gardens, and arboreta. Representative species and cultivars
were obtained for lilac sections Syringa, Pubescentes, and Villosae focusing on elite
cultivars improved for one or more horticulturally important traits. Individual flowers were
emasculated prior to anthesis and pollinations were made in a glasshouse with day/night
set temperatures of 77/68oF that was kept free of pollinators. Each flower was pollinated
two to three times post emasculation. Fruits were counted and collected in the fall and
allowed to dry before extracting seed. Seeds were cold stratified for ten weeks at 40oF
before being sown in flats filled with Metro-Mix Professional Growing Mix (Sun Gro
Horticulture, Agawam, MA) and treated once with Kocide® 2000 (DuPont™, Wilmington,
DE) at ½ tbsp/gal. All seedlings were germinated in a glasshouse under conditions
described above. In 2013, we counted number of pollinated inflorescences, number of
pollinated flowers, number of fruits, number of collected seeds, number of germinated
seeds, and number of seedlings. In 2014, we counted number of pollinated
inflorescences, number of pollinated flowers pollinated, and number of fruits. Germination
percentage and seedlings recovered will be calculated in the fall and winter of 2014.
Intersectional hybridization and embryo rescue. In 2013, intersectional hybrid fruit were
collected seven weeks after pollination. Fruits were surface sterilized by rinsing in a 70%
ethanol solution for 30 seconds followed by a soak in a 20% (v/v) bleach (6.15% NaOCl)
solution with several drops of Tween® 20 (Acros Organics™, Fair Lawn, NJ). Then, fruits
were triple-rinsed with filter-sterilized, autoclaved water and seeds were dissected in a
sterile hood using a dissecting microscope. Seeds were removed from fruits into sterile
petri dishes containing an aqueous solution of L-ascorbic acid at 25 mg/L to reduce
oxidation. Dissected seeds were cultured on Monnier’s medium according to Zhou et al.
(7) and incubated under standard culture conditions.
Results and Discussion: Intraspecific and interspecific crosses in 2013 yielded 1,086
seedlings. The most prolific cross within section Syringa was S. vulgaris ‘Ludwig Spaeth’
x S. vulgaris ‘Angel White’, which produced 1.35 seedlings per pollinated flower (Table 1).
The most prolific cross within section Pubescentes was the interspecific cross S. meyeri
‘Palabin’ x S. pubescens ‘Penda’ Bloomerang® Purple, which produced 1.16 seedlings
per pollinated flower. Out of 958 seed collected from cross combinations using S.
pubescens ‘Miss Kim’ as the female parent, 160 seed germinated as albino seedlings.
No albino seedlings survived, indicating that ‘Miss Kim’ is not suitable for use as a female
parent in the combinations used in our study.
Immature hybrid seed obtained from intersectional crosses in 2013 had low germination
percentages in vitro on Monnier’s medium (Table 2). The highest number of fruits
observed from intersectional crosses occurred with the cross S. oblata x S. pubescens
‘Penda’ Bloomerang® Purple yielding 238 fruits. However, fruits from this cross aborted
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six weeks after pollination and were not collected for tissue culture. Of the 161 seeds
cultured in vitro, only three germinated from the cross S. pubescens ‘Penda’ Bloomerang®
Purple x S. vulgaris ‘Ludwig Spaeth’ (Table 2). Seedlings failed to grow post germination
and tissues subsequently converted to callus. This result may be due to lack of proper
transfer media post-germination or lack of proper combination of genotype and embryo
rescue medium. Surprisingly, Zhou et al. (7) does not report the genotype used in their
protocol. Further research will be necessary to design efficient protocols for embryo
rescue of intersectional lilac hybrids.
As more accessions were added to our germplasm in 2013, a wider range of crosses
were designed for spring of 2014. Of 9,635 attempted pollinations including 46 cross
combinations, 1,111 fruit have been observed from intraspecific, interspecific, and
intersectional crosses. The cross combination with the highest fruit set was S. vulgaris
‘Sensation’ x S. ×hyacinthiflora ‘Old Glory’, which has yielded 1.0 fruit per pollinated
flower (Table 3). The most promising intersectional cross combination was S.
×prestoniae ‘Redwine’ x S. pubescens ‘MORjos 060F’ Josee™ yielding 174 total fruits
(0.3 fruits per pollinated flower, Table 3). This cross between section Villosae and section
Pubescentes represents an intersectional hybridization of less genetic distance,
according to Li et al. (4), than intersectional crosses made in 2013. Hybrids between
sections may be useful as bridge species for future intersectional crosses between
section Pubescentes and section Syringa. The widest intersectional cross in 2014 to set
fruit (between section Syringa and section Pubescentes) was S. vulgaris ‘President
Grevy’ x S. pubescens ‘Penda’ Bloomerang® Purple. Although this cross produced 0.4
fruit per pollinated flower, the fruits are undersized and may lack viable seed (Table 3).
As fruits continue to develop from 2014 crosses, seed set and germination data from all
crosses will be recorded and presented in future publications. Promising intersectional
hybridizations that produce abortive fruits or seeds with low germination percentages will
be repeated in 2015, and new embryo rescue protocols will be designed using specific
cultivars to optimize protocols. Controlled crosses of varying genetic distances
(intrasectional vs. intersectional) can be a useful tool for plant breeders in the
development of new and improved cultivars that combine traits of distantly related
species. Our work provides a foundation to determine the relative ease or difficulty with
which a number of cross combinations previously unreported may be made.
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Table 1. Cross compatibility in 2013 lilac hybrids.
Pollinated
flowers

Seedlings per
pollinated
flower

Section

Female Parent

Male Parent

Seed

Syringa

S. vulgaris 'Angel White'

S. vulgaris 'Ludwig Spaeth'

319

204

0.17

Syringa

S. vulgaris 'Ludwig Spaeth'

S. vulgaris 'Angel White'

138

222

1.35

Syringa

S. vulgaris 'President Grevy'

S. vulgaris 'Sensation'

129

16

0.01

Syringa

S. vulgaris 'Sensation'

S. vulgaris 'President Grevy'

147

1

0.00

Pubescentes

S. meyeri 'Palabin'

S. pubescens 'MORjos 060F' Josee™

355

40

0.05

Pubescentes

S. meyeri 'Palabin'

S. pubescens 'Penda' Bloomerang® Purple

239

398

1.16

Pubescentes

S. meyeri 'Palabin'

S. pubescens 'Bailbelle' Tinkerbelle®

206

155

0.65

Pubescentes

S. pubescens 'Miss Kim'

S. meyeri 'Palabin'

601

900

0.25

Pubescentes

S. pubescens 'Miss Kim'

S. pubescens 'MORjos 060F' Josee™

210

0

0.00

Pubescentes

S. pubescens 'Miss Kim'

S. pubescens 'Penda' Bloomerang® Purple

380

58

0.15

Pubescentes

S. pubescens 'MORjos 060F' Josee™

S. meyeri 'Palabin'

122

82

0.52

Pubescentes

S. pubescens 'MORjos 060F' Josee™

S. pubescens 'Penda' Bloomerang® Purple

246

158

0.53

Pubescentes

S. pubescens 'MORjos 060F' Josee™

S. pubescens 'Bailbelle' Tinkerbelle®

145

42

0.19

Pubescentes

S. pubescens 'Bailbelle' Tinkerbelle®

S. meyeri 'Palabin'

253

58

0.12

Table 2. Attempted pollinations, recovered seed, and in vitro germination rates from
intersectional lilac hybrids in 2013. All seed collected from green capsules and cultured
on cultured on Monnier’s medium as described by Zhou et al. (7).
Pollinated
flowers

Female Parent

Male Parent

S. vulgaris 'Ludwig Spaeth'

S. pubescens 'Penda' Bloomerang Purple

S. oblata

Seed

Germinated
In vitro
0

®

2206

18

S. pubescens 'Penda' Bloomerang Purple

®

547

0

S. meyeri 'Palabin'

S. oblata

179

6

0

S. meyeri 'Palabin'

S. vulgaris 'Angel White'

91

0

0

S. meyeri 'Palabin'

S. vulgaris 'Sensation'

197

39

0

S. pubescens 'Miss Kim'

S. oblata

223

0

0

S. pubescens 'Miss Kim'

S. vulgaris 'President Grevy'

408

0

0

S. oblata

138

77

0

S. pubescens 'MORjos 060F' Josee™
®

z

0

S. pubescens 'Penda' Bloomerang Purple S. vulgaris 'Ludwig Spaeth'
2098
21
3
z
Early abortion of 238 fruit occurred 6 weeks post pollination
y
Radicle, hypocotyl, and cotyledons emerged; seedlings failed to grow post germination and tissues subsequently
converted to callus.
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Table 3. Fruit set from intraspecific, interspecific, and intersectional lilac hybridizations in 2014.
Pollinated
flowers

Fruits

Fruit per
pollinated
flower

Female Parent

Male Parent

S. vulagris 'Elsdancer' Tiny Dancer™

S. vulgaris 'Angel White'

56

0

0.00

S. vulagris 'Elsdancer' Tiny Dancer™

S. vulgaris 'Sensation'

36

15

0.42

S. vulgaris 'Monore' Blue Skies®

S. vulagris 'Elsdancer' Tiny Dancer™

47

35

0.74

S. vulgaris 'Monore' Blue Skies®

S. vulgaris 'President Grevy'

238

82

0.34

S. vulgaris 'Prarie Petite'

S. ×hyacinthiflora 'Old Glory'

20

0

0.00

S. vulgaris 'Prarie Petite'

S. vulgaris 'Sensation'

74

33

0.45

S. vulgaris 'President Grevy'

S. ×hyacinthiflora 'Old Glory'

176

59

0.34

S. vulgaris 'President Grevy'

S. ×prestoniae 'Miss Canada'

22

0

0.00

®

S. vulgaris 'President Grevy'

S. pubescens 'Penda' Bloomerang Purple

68

27

0.40

S. vulgaris 'President Grevy'

S. vulagris 'Elsdancer' Tiny Dancer™

304

3

0.01

S. vulgaris 'President Grevy'

S. vulgaris 'Angel White'

182

4

0.02

S. vulgaris 'President Grevy'

S. vulgaris 'President Lincoln'

81

0

0.00

S. vulgaris 'President Grevy'

S. vulgaris 'Sensation'

111

60

0.54

S. vulgaris 'President Lincoln'

S. vulgaris 'Angel White'

135

27

0.20

S. vulgaris 'President Lincoln'

S. vulgaris 'President Grevy'

126

0

0.00

S. vulgaris 'Sensation'

S. ×hyacinthiflora 'Old Glory'

73

73

1.00

S. vulgaris 'Sensation'

S. ×prestoniae 'Miss Canada'

48

5

0.10

S. vulgaris 'Sensation'

S. vulagris 'Elsdancer' Tiny Dancer™

95

12

0.13

S. vulgaris 'Sensation'

S. vulgaris 'President Grevy'

229

14

0.06

S. ×hyacinthiflora 'Old Glory'

S. pubescens 'Penda' Bloomerang Purple

35

0

0.00

S. ×hyacinthiflora 'Old Glory'

S. vulagris 'Elsdancer' Tiny Dancer™

102

20

0.20

S. ×hyacinthiflora 'Old Glory'

S. vulgaris 'Angel White'

195

57

0.29

S. ×hyacinthiflora 'Old Glory'

S. vulgaris 'Sensation'

82

0

0.00

S. ×prestoniae 'Miss Canada'

S. pubescens 'Penda' Bloomerang® Purple

425

80

0.19

S. ×prestoniae 'Miss Canada'

S. vulgaris 'Sensation'

142

0

0.00

S. ×prestoniae 'Redwine'

S. pubescens 'Penda' Bloomerang® Purple

617

56

0.09

S. ×prestoniae 'Redwine'

S. pubescens 'MORjos 060F' Josee™

602

174

0.29

S. sweginzowii

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

237

22

0.09

S. tigerstedii

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

130

12

0.09

S. villosa

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

219

0

0.00

S. wolfii

S. pubescens 'Penda' Bloomerang® Purple

176

0

0.00

S. yunnanensis

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

163

0

0.00

S. emodii

S. pubescens 'Penda' Bloomerang® Purple

97

0

0.00

S. emodii

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

82

21

0.26

S. josikaea

S. meyeri 'Palabin'

58

0

0.00

S. josikaea

S. pubescens 'MORjos 060F' Josee™

149

6

0.04

S. josikaea

S. pubescens 'Tinkerbelle'

135

10

0.07

S. julianae

S. pubescens 'SMSJBP7' Bloomerang® Dark Purple

64

16

0.25

S. meyeri 'Palabin'

S. pubescens 'Miss Kim'

522

24

0.05

S. meyeri 'Palabin'

S. pubescens 'MORjos 060F' Josee™

351

9

0.03

S. pubescens 'MORjos 060F' Josee™

S. ×prestoniae 'Miss Canada'

500

82

0.16

®
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S. pubescens 'MORjos 060F' Josee™

S. ×prestoniae 'Redwine'

150

1

0.01

S. pubescens 'MORjos 060F' Josee™

S. oblata var. alba

329

1

0.00

S. pubescens 'MORjos 060F' Josee™

S. pubescens 'Miss Kim'

137

4

0.03

S. pubescens 'Penda' Bloomerang® Purple

S. ×prestoniae 'Miss Canada'

482

17

0.04

S. pubescens 'Penda' Bloomerang® Purple

S. pubescens 'Miss Kim'

175

2

0.01

®

S. pubescens 'MORjos 060F' Josee™

141

28

0.20

®

S. pubescens 'Penda' Bloomerang Purple

S. pubescens 'Tinkerbelle'

133

0

0.00

S. pubescens 'Tinkerbelle'

S. oblata

271

0

0.00

S. pubescens 'Tinkerbelle'

S. pubescens 'Miss Kim'

124

0

0.00

S. pubescens 'Tinkerbelle'

S. pubescens 'MORjos 060F' Josee™

199

0

0.00

S. pubescens 'Tinkerbelle'

S. pubescens 'Penda' Bloomerang Purple

290

20

0.07

S. pubescens 'Penda' Bloomerang Purple

®
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The North American Plant Collections Consortium as a
Resource for Breeders and Researchers
Mark Weathington
JC Raulston Arboretum, NC State University
Department of Horticultural Science
Campus Box 7522, Raleigh, NC 27695
mark_weathington@ncsu.edu
Index words: NAPCC, conservation, education, germplasm preservation, collections
management
Significance to the Industry: The North American Plant Collections Consortium
(NAPCC) is an initiative of the American Public Gardens Association (APGA) in
partnership with the United States Department of Agriculture (USDA) tasked with the
mission to build a network of public gardens to coordinate a continent-wide approach to
plant germplasm preservation and to promote high standards of plant collection
management. Participating institutions commit to holding and developing a collection(s)
of documented living plants. These collections are used for germplasm preservation,
research, and education. Participating institutions commit to allowing access to the
germplasm and collections information for external researchers. This continent-wide
approach makes efficient use of resources, strengthening collections through combined
collaborative activities and has the potential to be a significant asset to ornamental plant
breeders and researchers.
Discussion: The American Public Gardens Association (APGA) was founded in1940 as
the American Association of Botanical Gardens and Arboreta. APGA is committed to
increasing the knowledge of public garden professionals throughout North America via
information sharing, professional development, public awareness, and research so these
professionals have the tools to effectively serve visitors and members (1). The
association is currently comprised of over 500 institutional members and over 5000
individual members. Institutional members include traditional botanical gardens and
arboreta as well as zoos, cemeteries, conservatories, historic estates and public parks.
APGA has several programs such as the Sentinel Plant Network (SPN), YOUtopia, and
the North American Plant Collections Consortium (NAPCC). The SPN contributes to
plant conservation by engaging public garden professionals, volunteers, and visitors in
the detection and diagnosis of high consequence pests and pathogens (1) through
training in monitoring and diagnostics of plant pests, facilitating collaboration between
institutions, enhancing participant gardens’ outreach, and managing Plant Heroes, a
program designed for young learners. YOUtopia is a program designed to help public
gardens, gardeners and garden visitors understand the impacts of climate change and
provide steps to take at home to participate in solutions.
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The NAPCC is the oldest of these APGA programs and has been designated a core
program by the APGA board (Casey Sclar pers. comm.). The NAPCC’s mission is to
coordinate a continent-wide approach to plant germplasm preservation among public
gardens and to promote professional standards of plant collections management. Its
vision is to be the recognized standard for excellence in plant collections management
and demonstrates a garden’s enduring commitment to global efforts to save plants.
Participant gardens must be members of APGA, have an active collections management
program, show a commitment to maintaining the plant group, have the endorsement of a
governing body, have a collections policy and a designated curator, and must provide
reasonable access to the collection for researchers. Participants in the program commit
to holding and developing one or more collections of documented living plants or seed.
The collections are to be used for germplasm preservation, education, and research.
The program was begun in the late 1980’s modeled on the United Kingdom National
Collections Scheme. By 1995 a cooperative agreement with the U.S. Department of
Agriculture (USDA) was formalized and in the following year six pilot collections were
designated. In 2004, the APGA board recognized the NAPCC as a core program and has
re-affirmed this recognition regularly since that time. In 2005 the first multi-site application
was piloted recognizing the need for multiple institutions with different growing conditions
to adequately hold some of the larger or more widespread genera.
NAPCC collections are predominantly alpha-taxonomic but also include floristic
collections (i.e. Mesoamerican cloud forest), thematic (i.e. alpines of Colorado) or historic
(i.e. Upjohn herbaceous Paeonia cultivars, Dr. Griffith Buck Rosa cultivars). Collections
cover both wild species and material of horticultural origin. There are currently 70
participating gardens holding 64 single site collections and 4 multi-site collections (Acer,
Cycas, Magnolia, and Quercus). These collections are being used for ex situ
conservation, taxonomic research, molecular and genetic analysis, public education,
breeding, and conservation of horticultural forms and cultivars.
The NAPCC Cercis collection at the JC Raulston Arboretum (JCRA) at NC State
University (NCSU) holds 69 accessions representing 56 taxa including 11 species or
purported species. This collection is used by former JCRA director and current NCSU
researcher Dennis Werner and other nurserymen for breeding work. Dr. Werner’s
introductions include Cercis canadensis ‘Pink Pom Poms’, ‘Merlot’, and ‘Ruby Falls’
among others. The collection has also been used for horticultural selection of improved
forms including C. ‘Big John’ selected by Shiloh Nursery, North Carolina from a seedling
received from the JCRA and C. chinensis ‘Kay’s Early Hope’ from the JCRA collection.
Other research work utilizing the JCRA’s NAPCC collection include phylogenetic and
molecular studies by the California Academy of Sciences and the Hungarian Academy of
Sciences, assistance in the development of a U.K. National Collection, and dissemination
of propagules to various nurseries for production stock plants and breeding (2).
Other NAPCC collections are being used in a variety of ways. The Dawes Arboretum,
Newark, Ohio, holds a NAPCC Metasequoia glyptostroboides collection. This collection
represents the broadest genetic diversity of the species outside of China and serves as
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an important ex situ conservation collection. Forty-seven wild collected accessions from
across M. glyptostroboides native range consisting of 320 total trees and eight cultivars
are included in this important collection. The collection is currently being used for
population genetic analysis and conservation studies. Based on the morphological
diversity shown in the collection, there is great potential for horticultural selection and
breeding (Fig. 1).
Multi-site collections allow for a wider variety of material to be grown across the country.
This allows for more genetic diversity at the species level, more room for larger growing
taxa, and different climactic conditions for plants that have different growth requirements.
The NAPCC multi-site Magnolia collection has 15 sites across North America. This
collection represents wild species, hybrids, and cultivars. The combined database now
lists 2,793 accessions of 697 different taxa including 145 different species (3) of the
approximately 225 species (4). This shared database allows for gap analysis pinpointing
taxa that are a priority for collection for conservation and horticultural use. The shared
database also allows participant gardens to evaluate the source of wild material and to
begin to understand the extent of genetic diversity represented in North America.
The NAPCC program has allowed for a much greater degree of coordination and
communication between gardens allowing for a greater degree of germplasm
conservation. The high standards of curatorial care required by the program ensures high
quality germplasm and associated data for researchers (5). Participant gardens’
commitment to allow reasonable access to material for researchers makes these
collections valuable resources for phylogenetic study, breeding, taxonomic work, and
other basic and applied research.
Current NAPCC particpants (6/2014)
Arboretum at Arizona State University – Phoenix (1995) 300 taxa
Arizona-Sonora Desert Museum – Agave (2010) 65 taxa
Arnold Arboretum of Harvard University – Acer (1996 multisite) 133 taxa; Carya
(1996) 18 taxa; Fagus (1996) 25 taxa; Stewartia (2006) 11 taxa; Syringa (1996) 201 taxa;
Tsuga (1996) 59 taxa
Atlanta Botanical Garden – Acer (2008 multisite) 82 taxa; Magnolia (2011 multisite);
Sarracenia (2006) 78 taxa
Bartlett Tree Research Laboratories Arboretum – Magnolia (2011 multisite); Quercus
(2010 multisite) 153 taxa
Betty Ford Alpine Gardens – Alpine Plants of Colorado (2010) 87 taxa
Boyce Thompson Arboretum - Quercus (2012 multisite) 24 taxa
Cheekwood Botanical Garden – Cornus (2012) 61 taxa
Chicago Botanic Garden – Geranium (2007) 102 taxa; Spiraea (2003) 89 taxa; Quercus
(2007 multisite) 64 taxa
Cornell Plantations – Acer (2001 multisite) 139 taxa; Quercus (2007 multisite) 77 taxa
The Dawes Arboretum - Acer (2008 multisite) 336 taxa, Aesculus (2010) 59 taxa,
Metasequoia (2009) 9 taxa including 47 DWO accessions, 8 cultivars
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Denver Botanic Gardens – Alpines of the World (2012) 223 taxa; Quercus (2007
multisite) 61 taxa
Desert Botanical Garden – Agavaceae (2010) 346 taxa, Cactaceae (2010) 1319 taxa
Donald E Davis Arboretum at Auburn University – Quercus (2010 multisite) 34 taxa
Fairchild Tropical Botanic Garden – Arecaceae (2006) 625 taxa, 2006 accessions;
Cycads (2007) 150 taxa
Fullerton Arboretum, California State University – Citrus (2000) 36 accessions, 20
taxa
Ganna Walska Lotusland – Cycad (2002) 170 taxa including 9 hybrids, 16 undescribed
taxa
Green Spring Gardens – Hamamelis (2001) 77 taxa, 98 accessions
Henry Foundation for Botanical Research – Magnolia (1995) 15 taxa native to US
Highstead Arboretum – Kalmia (1995) 82 taxa, 3 spp, 76 cvs
Holden Arboretum – Quercus (2007 multisite) 64 taxa
Hoyt Arboretum - Acer (2008 multisite) 67 taxa; Magnolia (2011 multisite)
Huntington Botanical Garden – Camellia (1995) 1,120 taxa
Idaho Botanical Garden – Western Penstemon (2012, provisional) 33 taxa
JC Raulston Arboretum – Cercis (2008) 40 taxa; Magnolia (2011 multisite)
Jenkins Arboretum & Garden – Kalmia (2010) 48 taxa, Rhododendron (2010) 1,861
taxa
Jensen-Olson Arboretum – Primula (2012) 65 taxa
Landis Arboretum – Quercus (2002 multisite) 14 taxa
Longwood Gardens – Nymphaea (2012) 97 taxa
Matthaei Botanical Gardens & Nichols Arboretum – Paeonia (2009)
Mendocino Coast Botanical Gardens – Heath and Heather (2007)
Minnesota Landscape Arboretum – Ornamental Grasses (2012) 184 taxa, Pinus (2012)
60 taxa
Missouri Botanical Garden – Quercus (2007 multisite) 40 taxa
Montgomery Botanical Center – Arecaceae (2007) 358 taxa; Cycadales (2007) 222
taxa
Montreal Botanical Garden/Jardin botanique de Montreal – Rosa (2008) 1097 taxa
Morris Arboretum of University of Pennsylvania – Abies (2001) 35 taxa; Acer (2008
multisite) 82 taxa; Quercus (2007 multisite) 58 taxa
The Morton Arboretum – Acer (2008 multisite) 67 taxa; Magnolia (2011 multisite); Malus
(1995) 185 taxa; Quercus (2007 multi-site) 67 taxa; Tilia (2014) 45 taxa, Ulmus (2001) 78
taxa
Mount Auburn Cemetery - Quercus (2007 multisite) 25 taxa
Mt. Cuba Center – Hexastylis (1996) 26 taxa; Trillium (2001) 71 taxa
Naples Botanical Garden - Plumeria (2011) 348 taxa
New England Wild Flower Society’s Garden in the Woods – Trillium (2013) 28 taxa
New York Botanical Garden - Acer (2008 multisite) 114 taxa; Quercus (2007 multisite)
46 taxa
Norfolk Botanical Garden – Camellia (1997) 525 taxa; Hydrangaceae (2001) 190 taxa,
Lagerstroemia (2013) 75 taxa
North Carolina Arboretum – Rhododendron (1995) 15 species, SE US native azaleas
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Phipps Conservatory & Botanical Gardens – Cypripedioideae (2014) 352 taxa
Polly Hill Arboretum – Stewartia (2005) 19 taxa
Powell Gardens – Magnolia (2011 multisite)
Quarryhill Botanical Garden - Acer (2008 multisite) 48 taxa; Magnolia (2011 multisite,
provisional)
Rancho Santa Ana Botanic Garden - Quercus (2007 multisite) 27 taxa
Reiman Gardens at Iowa State University – Dr. Griffith Buck Roses (2009) 75 cultivars
Rhododendron Species Botanical Garden – Rhododendron subsect. fortunea (1995)
24 taxa
Rogerson Clematis Collection (Friends of) – Clematis (2009 provisional) 709 taxa
San Diego Botanic Garden - Bamboo (2013) 121 taxa
San Francisco Botanical Garden at Strybing Arboretum – Magnolia (2011 multisite);
Mesoamerican Cloud Forest (1997) 331 species in 182 genera
Santa Barbara Botanical Garden – Dudleya (2002) 52 taxa
Scott Arboretum of Swarthmore College – Ilex (1995) 312 taxa; Magnolia (2003
multisite); Quercus (2007 multisite) 52 taxa
Smithsonian Gardens – Tropical Species Orchids (2014) 2,400 plants
South Carolina Botanical Garden – Magnolia (2011 multisite)
Springs Preserve – Cacti & Succulents of the Mojave Desert (2012) 28 taxa
Starhill Forest Arboretum – Quercus (2009 multisite) 290 taxa
Taltree Arboretum - Quercus (2010 multisite) 112 taxa
Toledo Botanical Garden – Hosta (2002) 468 taxa
Tyler Arboretum – Rhododendron (2006) 529 taxa
University of British Columbia Botanical Garden - Acer (2008 multisite) 116 taxa;
Magnolia (2011 multisite)
UC Davis Arboretum –Quercus (2007 multisite) 92 taxa
University of California Botanical Garden at Berkeley – Cycads (2011) 103 taxa;
Ferns (2012) 370 taxa; Magnolia (2011 multisite); Quercus (2007 multisite) 71 taxa
University of Florida-North Florida Research Center – Magnolia (2011 multisite)
University of Washington Botanic Gardens – Acer (2008 multisite) 209 taxa; Ilex
(2002) 47 species; Magnolia (2013 multisite), Quercus (2007 multisite) 86 taxa
United States National Arboretum – Buxus (1995) 137 taxa
VanDusen Botanical Garden – Magnolia multisite (2011 provisional)
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Figure 3. Metasequoia glyptostroboides branchlet variation at the Dawes Arboretum.
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Effects of K-IBA, Propagule Size, Substrate, and Wounding on Adventitious Root
Formation of Echinopsis spachiana (Lemaire) H. Friedrich & G.D. Rowley (Cactaceae)
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Significance to Industry: The nursery and plant propagation industries stand to benefit
from the establishment of new and efficient commercial methods of plant reproduction,
especially for species with ornamental potential. Vegetative propagation of Echinopsis
spachiana can be performed through rooting stem cuttings; however, the establishment
of propagation protocols for large-scale production of this cactus needs scientific study
and data to further improve and increase efficiency. One aspect of this research was to
study the effects of different factors on rooting, root quality, and performance of rooted
cuttings. Therefore, the objective of this research was to determine the effects of the
propagule size, various concentrations of K-IBA, type of substrate, and wounding of
propagules to optimize adventitious root formation (ARF) and overall plant growth
during propagation. We found that Echinopsis spachiana may be considered an easyto-root species since it is able to induce ARF without K-IBA; however, the rooting
process may be enhanced as a result of a wide range of concentrations. Higher
concentrations, such as 10,000 mg/L-1, produced the largest values in root number, root
dry mass and size and positively affected other variables. The best substrate for ARF
and root and plant growth was Mix B. Propagule wounding had no a significant effect on
most variables tested. With this study, we developed a reliable and efficient clonal
propagation system for Echinopsis spachiana, which could have commercial application
for mass production.
Nature of Work: Echinopsis spachiana, which is known as golden torch cereus, is a
member of the Cactaceae native from Northern Argentine in South America (1,2). It is a
columnar cactus with a lime-green body that branches into numerous stems, each of
which reach 5-6 cm in diameter and up to 2 m tall. The stems have 10 to 15 ribs with
yellow areoles including 1-3 central golden spines 12 mm long. The white flowers
emerge in late spring, have a nocturnal habit, and reach up to 20 cm long and 15 cm in

Propagation

242

SNA Research Conference Vol. 59 2014

diameter (3,4). This cactus has been dispersed around the world and has become
popular because of its high adaptability to different climates, soil conditions and rapid
growth rate. As ornamental, it is commonly cultivated as pot or rockery plant and can be
used as rootstock for grafting cacti (5).
We conducted a series of experiments to study the effects of several factors affecting
adventitious root formation (ARF) of Echinopsis spachiana cuttings. In a first trial, we
ran a factorial experiment with 12 treatments resulting from the combination of three
levels of cutting size [small (10 mm in diameter), medium (20 mm in diameter), large
(more than 40 mm in diameter)] and four concentrations of the potassium salt of indole3-butyric acid (K-IBA) (0, 1000, 3000, and 10000 mg/L-1). We used a previously
sterilized substrate prepared with peat moss (Premier®), sand (1:1 v:v), and 1% lime.
Each treatment was represented by 20 cuttings (replications).
In the second trial, we ran a simple experiment with a completely randomized design to
test the effect of the type of substrate. Mix A was prepared with peat moss (Premier®)
and sand (1:1 v:v) plus 1% lime for mix A. Mix B was prepared with Sunshine potting
soil (Sun Gro Horticulture, Canada), dry decaying residues of oak, perlite, vermiculite,
and sandy-loam top soil (3:2:1:1:1). Both substrates were sterilized in an autoclave
during 3 alternate days. Cuttings were treated with a solution of 10,000 mg/L-1 of K-IBA
to induce ARF. Each treatment was represented by 40 cuttings (replications).
Finally, we set up a simple experiment with a completely randomized design to test the
effects of propagule wounding on ARF. The two treatments tested included nonwounded (control) detached sprouts from stock plants and wounded sprouts in which 1
cm (about 25%) of the basal portion was dissected to increase the surface cut. Each
treatment was represented by 60 cuttings or replications.
For all experiments, the propagules or sprouts were obtained from healthy 3-year old
plants. The propagules for each experiment were detached from stock plants and
suberized for 8 days under shaded conditions prior to transplantation or application of
any treatment. The stock plants and experimental cultures were grown in a greenhouse
with maximum photosynthetic photon flux density (PPFD) of 1,000 µmol/m2/s-1 at plant
level, an average of day/night temperature of 27/20 ± 3°C. Irrigation was supplied as
needed and fertilization provided once a month (100 ppm N) with Peters Professional
20-20-20 (Scotts-Sierra Horticultural Products Co., Marysville, OH, USA). The
propagules for all experiments were planted in germination plastic trays (5-kg capacity).
To prepare the K-IBA solutions, we added 0.1% of surfactant Tween-20 to each
treatment. K-IBA was applied to cuttings with a quick-dip for 60 sec according to the
treatment and immediately planted. Experimental variables included root number, total
root length (mm), average root length (mm), plant height (increase in cutting height
during the period of experimentation) (mm), plant diameter (increase in cutting diameter
during the time of experimentation) (mm), and root dry weight (DW) (g). Data were
subjected to analysis of variance and mean separation with Duncan's test (=0.05)
(XLSTAT, 2014).
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Results and Discussion: Eight months after establishing the first experiment, both
propagule size and K-IBA level significantly affected the six experimental variables
evaluated; however, there was statistical interaction for propagule size × K-IBA level for
root dry weight, root number, and total root length. Despite this, the general trends in
the root dry weight data showed that large cuttings produced higher values (2.26 g)
than medium (1.01 g) and small (0.62 g) size propagules. In addition to this, 10,000
mg/L-1 of K-IBA produced the higher values (2.29 g) of root dry mass than the other
concentrations evaluated (3,000 mg/L-1: 1.50 g; 1,000 mg/L-1: 0.89 g; 0 mg/L-1: 0.573 g)
(Table 1). The highest values of root number and total root length were obtained with
medium size propagules (13.68 and 182.05 mm) followed by small (11.63 and 142.65
mm) and large size (10.23 and 171.07 mm) propagules. Higher values of root number
and root length were obtained with increased levels of K-IBA (10,000 mg/L-1: 15.55 and
237.69 mm) as compared to other concentrations (3,000 mg/L-1: 13.95 and 187.18 mm;
1,000 mg/L-1: 10.37 138.33 mm; 0 mg/L-1: 7.517 and 97.83 mm) (Table 1). Large
propagules produced higher values of average root length (16.84 mm) as compared to
medium (13.07 mm) and small (12.22 mm) propagules with elevated concentrations of
K-IBA producing the highest values of average root length (15.63 mm) compared with
other concentrations (1,000 mg/L-1: 13.841 mm; 3,000 mg/L-1: 13.617 mm; control:
13.09 mg/L-1) (Table 1). For stem diameter, large propagules produced significantly
higher values (27.14 mm) compared to other treatments (medium: 22.36 mm and small:
17.45 mm). In regards to K-IBA level, the mean test resulted in two significantly different
groups. The first group included 1,000 mg/L-1: 23.09 mm, control: 22.94 mm, and
10,000 mg/L-1: 22.375 mm, which was significantly higher than with 3,000 mg/L-1 (20.86
mm). Finally, greater plant height was obtained when large size propagules were used
(17.00 mm) followed by the small size (15.21 mm) and medium size (13.74 mm).
Increased values of plant height were obtained when cuttings were treated with K-IBA;
however, a higher concentration was better (10,000 mg/L-1: 16.97 mm; 1,000 mg/L-1:
15.53 mm; 3,000 mg/L-1: 15.33 mm), as compared with the control that produced
significantly smaller plants (13.43 mm) (Table 1).
In the second experiment, the type of substrate affected most of the experimental
variables tested; however, no effect was observed on the root dry weight. In general,
mix B, which has better physiochemical traits than mix A (including water holding
capacity, increased aeration, more balanced nutrient status, and better ion exchange
capacity) highly benefited the Echinopsis spachiana cuttings during ARF. Statistical
significance was obtained for the root number data when comparing mix B (11.55)
versus mix A (10.30). Total root length and average root length data showed statistical
significance between mix B (101.91 mm and 8.89 mm) and mix A (51.57mm and
4.98mm). Stem diameter and plant height data were statistically greater when plants
were cultivated in mix B (18.73 mm and 15.88 mm) than mix A (15.77 mm and 13.16
mm) (Figure 1).
Data obtained in the last experiment in which we tested the wounding of cuttings
showed no statistical differences in root dry weight, root number, total root length,
average root length, and stem diameter data between wounded and non-wounded
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cuttings. Plant height was the only variable showing statistical significance between
treatments [wounded: 16.13 mm vs.14.51 mm of non-wounded cuttings] (Table 2).
Acknowledgements: The authors express their thanks for economic support provided
by the Universidad De La Salle Bajío through the Office of the Research Council and
CINVESTAV-IPN at Irapuato, Gto., Mexico for allowing the use of greenhouses and
other facilities to run this study.
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Table 1. Effect of propagule size and K-IBA concentration on adventitious root
formation and growth of Echinopsis spachiana H. (Lemaire) H. Friedrich & G.D. Rowley
cuttings after 8 months of greenhouse culture.

Propagule size
Large
Medium
Small
Large
Medium
Small
Large
Medium
Small
Large
Medium
Small
Significance:
Propagule Size
K-IBA level
Propagule Size
× K-IBA Level

K-IBA
Root dry
level
weight
(mg/L-1)
(g)
0
0.83
0
0.52
0
0.36
1,000
1.60
1,000
0.71
1,000
0.35
3,000
2.63
3,000
1.01
3,000
0.70
10,000
3.98
10,000
1.80
10,000
1.08
***
***
***

Roots
(no.)
7.60
6.55
8.40
8.60
13.85
8.65
10.90
16.80
14.15
13.80
17.55
15.30

Total root
length
(mm)
119.73
79.54
94.54
151.61
156.43
106.95
163.69
239.96
157.88
249.26
252.59
211.22

Root
length(mm)
15.73
12.18
11.36
17.70
11.39
12.43
15.33
14.44
11.08
18.60
14.29
14.00

Stem
diameter
(mm)
26.62
23.82
18.39
28.76
22.42
18.08
25.38
20.77
16.43
27.81
22.44
16.88

Plant
height
(mm)
19.80
13.10
13.90
17.80
14.15
14.65
17.10
14.40
14.50
19.80
13.30
17.80

***
***
***

***
***
***

***
***
***

***
***
NS

***
***
NS

 NS= Non significant, *= Significant (p=0.05), **= Significant (p=0.01), ***= Significant
(p=0.001); n= 20.
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Table 2. Effect of wounding on adventitious root formation, root and plant growth of
Echinopsis spachiana H. (Lemaire) H. Friedrich & G.D. Rowley cuttings after 8 months
of greenhouse culture.
Source of
Variation
Wounding
Non Wounding
Significance:
Treatment

Root dry
weight (g)

Roots
(no.)

Root
length
(mm)
14.36
13.73

Stem
diameter
(mm)
22.33
22.30

Plant height
(mm)

12.10
11.59

Total root
length
(mm)
170.80
159.71

1.35
1.25
NS

NS

NS

NS

NS

**

16.13
14.51

 NS= Non significant, *= Significant (0.05), **= Significant (0.01), ***= Significant
(0.001). n= 60.
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Figure 1. Effect of the type of substrates on adventitious root formation, root and plant
growth of Echinopsis spachiana H. (Lemaire) H. Friedrich & G.D. Rowley cuttings after
4 months of greenhouse culture.
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Morphogenetic Responses Induced by Cytokinins During Micropropagation of
Turbinicarpus ysabelae (Werderm.) John & Riha (Cactaceae)
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Index Words: Turbinicarpus, tissue culture, in vitro propagation, large-scale
propagation
Significance to Industry: This study was conducted to develop an in vitro regeneration
system for Turbinicarpus ysabelae (Cactaceae), which is both an endemic and
threatened Mexican cactus naturally growing in a small area near the town of Tula in the
state of Tamaulipas (1) and an ornamental plant highly appreciated by collectors.
Because natural populations have a tendency to disappear, the Mexican government
recently classified this plant as a threatened species (NOM-059-ECOL-2010) (2). The
establishment of a system of mass propagation for this plant species can benefit the
nursery industry and help to rescue and restore native habitats. In general, we found
that breaking dormancy of axillary meristem located in the areole can be achieved by
varies cytokinins or a combination of NAA+BA at different concentrations to produce as
many as 12 shoots per explant. Whole plants can easily be produced if the regenerated
shoots are cultured on a medium free of growth regulators; however, the presence of KIBA (1.2 and 2.4 mg/L-1) significantly improved responses. Typically, Turbinicarpus
ysabelae is a monopodic plant; however, through this protocol it is possible to produce
plants with multiple shoots, which may be an attractive ornamental trait.
Nature of Work: To establish the micropropagation protocol for Turbinicarpus
ysabelae, we performed several experiments involving standard stages of
micropropagation. Before starting the experiments and because this plant is a
threatened species, we focused on generating the explants (shoots) from aseptic
germinated seeds. Because of this, the seeds were initially cleaned through immersion
in an ethanol solution for 5 min, immersion in a Clorox solution (30% v/v) plus 0.1% of
Tween-20 for 20 min, rinsed 5 times in deionized sterile water, and then initiated on a
half-strength Murashige and Skoog (MS) (3) medium.
For initial culture (Stage 1), we ran a simple experiment with a randomized design to
assess the effects of four cytokinins [6-BAP (6-Benzylaminopurine), 2ip (6-(,Dimethylallylamino) purine, KN (kinetin), and TDZ (thidiazuron)] using five
concentrations of each (BA at 0, 2, 4, 8, or 12 mg/L-1; 2ip at 2, 4, 6, or 8 mg/L-1; KN at 3,
6, 9, or 12 mg/L-1; TDZ at 0.065, 0.125, 0.25, or 0.5 mg/L-1) on breaking dormancy of
axillary buds. For proliferation (Stage 2), we performed a series of experiments to
optimize increase in shoot production. In a first trial, we tested the growth regulators and
concentrations that produced better results during the initial cultures. In order to do this,
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we set up a simple experiment with a randomized design composed of 9 treatments,
which included three cytokinins and three concentrations (BA at 0, 4, or 8 mg/L-1; 2ip at
0, 6, or 8 mg/L-1; KN at 0, 9, or 12 mg/L-1). In a second trial, we established a simple
experiment with a randomized design including 6 treatments to evaluate additional
concentrations of 2ip (10, 12, or 14 mg/L-1) and KN (15, 18, or 21 mg/L-1). Finally, we
ran a third simple experiment with a randomized design to evaluate 15 treatments
including BA (0, 6, 8, or 10 mg/L-1), 2ip (0, 8, 10, or 12 mg/L-1), KN (0, 12, 15, or 18
mg/L-1) and the combinations NAA+BA (1:3, 1:4.5, or 1:6 mg/L-1). After all this, we
established another simple experiment with a randomized design to test the media
concentration on shoot growth and elongation using two treatments: 100% or 50% MS
salts and organic compounds. For rooting (Stage 3), four treatments (0, 0.6, 1.2 or 2.4
mg/L-1 of K-IBA) were used in a simple experiment with a randomized design to test
their effect on adventitious root formation. For the Stage 4, 60 micropropagated
plantlets of Turbinicarpus ysabelae were transplanted and acclimatized for 15 days on a
bench with low light conditions [400 mol/m-2/s-1 photosynthetic photon flux density
(PPFD)] prior the transfer to a greenhouse with 30% (UV filtration) with 800 mol/m-2/s1
of PPFD to evaluate plant performance and survival after one year under greenhouse
culture. In all experiments, we used MS (4) culture media, which was prepared with pH
adjusted to 5.8, agar at 7 g/L, and sucrose at 3%. Cultures were incubated in a room
with a photoperiod of 16 h of light and 400 mol/m-2/s-1 PPFD. Response data included
percentage of explants with callus production, number of shoots per explant, root
number, total root length (mm), mean root length (mm), and percentage of plantlet
survival. All data were subjected to ANOVA and Tukey's test (= 0.05) for mean
separation.
Results and Discussion: The process of seed germination started 13 days after
inoculation and by day 60 we registered 87% total seed germination. At this time, the
seedlings had reached between 7 to 10 mm in height and included between 20 to 25
areoles each. In the initial cultures (Stage 1 of micropropagation), we observed after 70
days of culture that all treatments had induced production of undifferentiated, rapidly
growing callus, which notably turned red as they grew; however, differentiated
organogenic structures (shoots) were also produced only in some treatments, especially
those supplemented with BA, KN, and 2ip, regardless of the concentration. Both
callogenesis and organogenesis were initiated at the base of the explant (shoot without
roots from the seedlings); however, callus was produced from cells at the cut surface
while shoots originated through activation of axillary meristems, which were located in
the areole of each tubercle. Callus production varied according to type and
concentration of cytokinin. TDZ (0.5 and 0.25 mg/L-1), and 2ip and BA (4 and 8 mg/L-1)
were able to induce callus formation on all explants (100%), which was significantly
higher to other treatments (which varied from 49 to 90%). In contrast to this, the control
treatment that lacked any growth regulator produced callus on only 16.6% of the
explants. In regards to shoot production, the highest numbers of shoots were produced
by treatments including KN 12 mg/L-1 (3.7), BA 8 mg/L-1 (3.6), KN 9 mg/L-1 (3.5), and 2ip
8 mg/L-1 (3.2), which showed no statistical differences among each other, but were
significantly higher than other treatments (Table 1). Our data showed a high, positive
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correlation between concentration and shoot number for treatments including 2ip and
KN; however, with the range of concentrations evaluated in this experiment, we did not
reach the optimal peak for shoot number. In contrast to this, the optimal concentration of
BA seemed to be 8 mg/L-1 because it produced an average of 3.6 shoots per explant,
which was reduced to 2.0 shoots at an increased concentration (12 mg/L-1) (Table 1).
Similar to what happened in the induction cultures, in Stage 2 the explants produced
two general responses: proliferating undifferentiated callus and producing shoots.
Shoots, in general, were produced using a wide range of treatments and
concentrations. Interestingly, the propagation rate was significantly increased in
comparison to that observed in the induction cultures. In the first experiment, we
observed that callus was produced by all growth regulators (BA, 2ip or KN), regardless
of the concentration; however, the percentages ranged from 41.7% to 100%. There
were statistical significance among the treatments such that media supplemented with
BA (4 and 8 mg/L-1) and 2ip (6 and 8 mg/L-1) produced the highest values (100%) as
compared to other treatments. The best responses for shoot number were obtained
using treatments supplemented with two different cytokinins and concentrations: KN (12
mg L-1) and BA (8 mg/L-1), which produced an average of 6 and 5 shoots per explant,
followed by KN (9 mg L-1), 2ip (8 mg/L-1), and 2ip (6 mg/L-1) with an average of 5.5, 4.9
and 4.5 shoots per explant, respectively; however, there were no statistically significant
differences among these (Table 2).
In the second experiment, in which we tested additional concentrations of KN and 2ip to
optimize shoot production, we again found callogenesis in all treatments (Table 3). The
highest values were produced by treatments including 2ip (10, 12, and 14 mg/L-1),
which were comparable to the values for KN (15, 18, and 21 mg/L-1) that produced 83.3,
66,7 66.7 %, respectively. Treatments including KN in the range of 15 to 21 mg/L-1
produced the highest values with 8.9, 6.8, and 6.8 shoots per explant, respectively.
These values were, by far, considerably higher than the results obtained in previous
experiments. Media supplemented with 2ip (10, 12, 14 mg/L-1) produced lower
responses (4, 5.3, and 5 shoots per explants, respectively) (Table 3). Treatments free of
growth regulators did not produce shoots.
In a third experiment, we compared the best concentrations of BA, KN and 2ip with
several concentrations of NAA+BA. Most treatments including growth regulators
produced callogenesis as previously observed; however, for an unknown reason, the
percentage with callus was considerably reduced in all treatments supplemented with
cytokinins alone or did not produce any response as observed using KN (15 and 18
mg/L-1). Means were grouped by Tukey's Test into 3 different groups in which NAA+BA
(1:3, 1:4.5 mg/L-1) produced the highest values (100%), which were comparable to
results using NAA+BA (1:6, 1:8 mg/L-1) with 80%. Results with other treatments ranged
between 20% and 60 %. For shoot number, Tukey's test resulted in 5 different groups.
The higher values were obtained with the combinations NAA+BA 1:8, 1:6, and 1:4.5
mg/L-1 (12.67, 11.92, and 11.5 shoots per explant); however, the values for KN (18
mg/L-1) and 2ip (10mg/L-1) (10.58 and 10.08, respectively) resulted in no statistical
differences (Table 4). Responses obtained in this experiment were greater compared to
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the other experiments. Results for other treatments were in the range of 3.32 to 9.92
shoots.
It was found that a subculture to promote shoot elongation allowed for the production of
better and more uniform materials before rooting to regenerate whole plants. In an
experiment to test the effects of media concentration on shoot growth, the two
treatments (MS-100= 11.01 mm vs. MS-50%= 5.67 mm) were statistically significant
(Fig. 1). Whole plantlets were easily obtained through adventitious root formation since
rooting of the regenerated shoots was produced on half-strength MS medium free of
auxins; however, if K-IBA was added to the culture medium at concentrations of 1.2 or
2.4 M, the responses estimated as root number were significantly better (5.3 and 5.0,
respectively) per explant with longer roots (6.4 mm and 5.0 mm, respectively) (Table 5).
Total root length and average root length were comparable among treatments (Table 5).
Survival in soil and greenhouse conditions of the in vitro generated plants was 92%
after a year of transplantation to ex vitro conditions.
Acknowledgements: The authors want to thank the Universidad De La Salle Bajío
through the Office of the Research Council for economic support.
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Table 1. Effect of different cytokinins and concentrations on callus production and shoot
number during culture induction of Turbinicarpus ysabelae (Werderm.) John & Riha
(Cactaceae) after 70 days of culture.
Cytokinin
BA
BA
BA
BA
BA
2ip
2ip
2ip
2ip
2ip
KN
KN
KN
KN
KN
TDZ
TDZ
TDZ
TDZ
TDZ
MSD value

Concentration (mg/L-1)
0
2
4
8
12
0
2
4
6
8
0
3
6
9
12
0
0.65
0.125
0.25
0.5

Callus production (%)
16.7 c
91.7 ab
83.3 ab
100.0 a
91.7 ab
16.7 c
91.7 ab
100.0 a
91.7 ab
91.7 ab
16.7 c
41.7 bc
66.7 abc
91.7 ab
91.7 ab
16.7 c
75.0 ab
55.6 abc
100.0 a
100.0 a

Shoots (no.)
0.0 b
1.0 ab
2.3 ab
3.6 a
2.0 ab
0.0 b
2.3 ab
1.0 ab
2.8 ab
3.2 a
0.0 b
0.0 b
1.7 ab
3.5 a
3.7 a
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b

*Values with the same letter are statistically similar according to Tukey's Test (= 0.05); n= 3.

Table 2. Effect of different cytokinins and concentration on callus production and shoot
number during proliferation subcultures of Turbinicarpus ysabelae (Werderm.) John &
Riha (Cactaceae) after 70 days of culture.
Cytokinin
BA
BA
BA
2ip
2ip
2ip
KN
KN
KN
MSD value

Concentration (mg/L-1)
0
4
8
0
6
8
0
9
12

Callus production (%)
41.7 b
100.0 a
100.0 a
41.7 b
100.0 a
100.0 a
41.7 b
83.3a
66.7 ab
4.76

Shoots (no.)
0.0 c
2.9 b
5.9 a
0.0 c
4.5 ab
4.9 ab
0.0 c
5.5 ab
6.0 a
4.76

*Values with the same letter are statistically equal according to the Tukey's Test (= 0.05); n= 4.
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Table 3. Effect of different cytokinins and concentration on callus production and shoot
number during proliferation subcultures of Turbinicarpus ysabelae (Werderm.) John &
Riha (Cactaceae) after 70 days of culture.
Cytokinin
2ip
2ip
2ip
2ip
KN
KN
KN
KN
MSD value

Concentration (mg/L-1)
0
10
12
14
0
15
18
21

Callus production (%)
41.7 b
100.0 a
100.0 a
100.0 a
41.7 b
83.3a
66.7 ab
66.7 ab
4.68

Shoots (no.)
0.0 c
4.0 b
5.3 b
5.0 b
0.0 c
8.9 a*
6.2 ab
6.8 ab
4.68

*Values with the same letter are statistically equal according to the Tukey's Test (= 0.05); n= 4.

Table 4. Effect of different cytokinins, combinations, and concentration on callus
production and shoot number during proliferation subcultures of Turbinicarpus ysabelae
(Werderm.) John & Riha (Cactaceae) explants with shoot apex after 70 days of culture.
Cytokinin
Concentration (mg/L-1)
Callus production (%)
Shoots (no.)
BA
0
0.0 c
0.00 e
BA
6
20.0 bc
3.92 de
BA
8
20.0 bc
9.92 abc
BA
10
20.0 bc
10.08 abc
2ip
0
0.0 c
0.00 e
2ip
8
60.0 abc
5.92 cd
2ip
10
40.0 abc
9.67 abc
2ip
12
80.0 ab
4.58 d
KN
0
0.0 c
0.00 e
KN
12
20.0 bc
4.92 d
KN
15
0.0 c
7.33 bcd
KN
18
0.0 c
10.58 abc
NAA:BA
1:3
100.0 a
7.25 bcd
NAA:BA
1:4.5
100.0 a
11.5 ab
NAA:BA
1:6
80.0 ab
11.92 ab
NAA:BA
1:8
80.0 ab
12.67 a
MSD value
5.04
5.11
*Values with the same letter are statistically equal according to the Tukey's Test (= 0.05). n= 4.
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Table 5. Effect of K-IBA on adventitious root formation of regenerated shoots
Turbinicarpus ysabelae (Werderm.) John & Riha (Cactaceae) after 50 days of culture.
Growth
Regulator
K-IBA
K-IBA
K-IBA
K-IBA
MSD value

-1

Concentration (mg/L )
0
0.6
1.2
2.4

Root
number
1.83 b
3.17 ab
5.33 a
5.08 a
4.26

Total root length
(mm)
14.67 a
19.5 a
35.33 a
28.58 a
4.20

Root length
(mm)
4.86 a
5.83 a
6.40 a
5.03 a
4.20

*Values with the same letter are statistically similar according to the Tukey's Test (= 0.05). n= 4 .

12

a

10
8

b

6
4
2
0
MS-100

MS-50
Media Strength

Fig. 1. Effect of media concentration on shoot growth of Turbinicarpus ysabelae
(Werderm.) John & Riha (Cactaceae) after 40 days of culture; n= 16.
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Chipped Juniperus virginiana as a Perlite Substitute in Stem Cutting Propagation
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Kansas State University; Department of Horticulture, Forestry,
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Index words: alternative substrate, eastern redcedar, Euonymus kiautschovicus,
Forsythia ×intermedia, Hedera helix, juniper, Lantana camara, perlite, Solenostemon
scutellarioides, wood chips.
Significance to Industry: Eastern redcedar (Juniperus virginiana L.) trees occur as a
weed species throughout the eastern half of the United States. Aged wood can be
chipped and then hammermilled to produce a substrate component with aerating
properties similar to perlite. Stem cuttings of ‘Defiance’ coleus [Solenostemon
scutellarioides (L.) Codd], ‘Anne Marie’ English ivy (Hedera helix L.), forsythia (Forsythia
×intermedia Zab.), ‘Irene’ lantana (Lantana camara L.), and spreading euonymus
(Euonymus kiautschovicus Loes.) were rooted in substrates containing eastern
redcedar chips (ERC) that had been hammermilled to pass a 4.8-mm (0.19-in) screen.
Cuttings of coleus, English ivy, and lantana rooted as well (≥95%) in the 100% ERC
substrate as they did in a standard rooting substrate [3 perlite: 1 peat (v/v)]. Spreading
euonymus also rooted well (≥95%) in all substrates, but root length decreased as ERC
replaced perlite. Forsythia rooted poorly in all substrates (8% to 36%). Growers seeking
an alternative to perlite should consider ERC as a rooting substrate component.
Nature of Work: Researchers have investigated many locally available alternatives for
perlite, which is a dusty, eye and lung irritant. Eastern redcedar trees are frequently
cleared from grassland and burned as “trash” wood. Processing coarsely chipped
eastern redcedar through a hammermill yields material suitable as a horticultural
substrate component. Work by Starr (5) demonstrated that ERC could replace peat
moss without reducing propagation success from stem cuttings of several herbaceous
ornamental species. The current study investigated the potential of ERC as a substitute
for perlite in a general purpose, 3 perlite: 1 sphagnum peat moss (v/v) rooting substrate
used for propagation of coleus, English ivy, forsythia, lantana, and spreading euonymus
On 6 Dec. 2013, chipped eastern redcedar (Queal Enterprises, Pratt, Kans.) was further
processed through a hammermill (Model 30HMBL, C.S. Bell Co., Tiffin, Ohio) to pass a
0.19-in (4.8-mm) screen. These processed chips were used to prepare five substrates
of increasing ERC content (0%, 25%, 50%, 75%, and 100% by vol.). All substrates
contained 25% sphagnum peat moss, except the 100% ERC substrate. The remaining
volume of each substrate was coarse perlite. Clean flats [15.75 in x 15.75 in x 5 in (40
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cm x 40 cm x 12.7 cm] with a screen bottom were filled with substrate and placed under
intermittent mist (8 sec. every 4 min. during daylight hours) in a glass greenhouse with
natural photoperiod and constant temperature set at 84°F (29°C).
Woody cuttings of euonymus and forsythia were harvested 16 Dec. 2013 at Kansas
State University, Manhattan, KS. Stems from most recent season's growth were cut
above nodes to form 4- to 6-in (10- to 15-cm) cuttings. Leaves were stripped from
dormant forsythia cuttings and from the basal one-half of euonymus cuttings.
Herbaceous stem cuttings were purchased from a commercial unrooted cutting supplier
(North Carolina Farms Inc., Indian Trail, NC.) and planted on 4 Jan. 2014. Single node
stem cuttings of English ivy were 0.8 to 1.6 in (2 to 4 cm) in length and were trimmed
just above a node at both ends. Lantana and coleus both arrived as 0.8- to 1.6-in (2- to
4-cm) stem tip cuttings.
The bottom 0.4 in (1 cm) of cuttings of each species (except coleus) was dipped 5 s in
1000 ppm (0.1%) potassium salt of indole-3-butyric acid (K-IBA) dissolved in distilled
water. Coleus cuttings were not treated with auxin. Six cuttings of each species were
inserted 0.4 to 0.8 in (1 to 2 cm) deep into each substrate, which was gently firmed
around cuttings. Intermittent mist was initially set to maintain moist leaf surfaces, but
was gradually reduced as herbaceous cuttings rooted. Coleus, forsythia, English ivy,
lantana, and spreading euonymus cuttings were harvested and data collected after 25,
59, 32, 32, and 51 days, respectively. Data was collected at harvest and rooting
percentage, mean root number, and mean primary root length were calculated.
The experimental design was a randomized complete block design with five substrate
treatments and six cutting subsamples of each species per substrate. The treatments
were replicated 6 times. Data were analyzed with linear models using the GLM
procedure of SAS (Version 9.2; SAS Institute Inc., Cary, NC). Each species made up a
separate experiment.
To determine substrate air space, container capacity, total porosity, and bulk density,
substrate samples were adjusted to 35% volumetric water content and four replications
of each were measured using the procedure described by Fonteno and Harden (2).
Results and Discussion: Overall percent rooting was high for all species (≥95%), except
forsythia (25.6%), and unaffected by substrate ERC content (Table 1). Many forsythia
cuttings desiccated when mist was reduced (to 6 s every 16 min) 40 days after the
experiment began. Warm greenhouse conditions likely forced forsythia cuttings to
initiate shoot growth before adventitious root initiation.
Mean root number per rooted cutting and mean root length were not significantly
affected by substrate ERC content with any species, except spreading euonymus for
which the response to ERC was quadratic in nature (Table 1). Euonymus root number
peaked at 0% and 100% ERC with means of 36.3 and 25.6 roots, respectively. Root
length of spreading euonymus declined linearly [from 2.8 to 0.9 in (7.1 to 2.3 cm)] with
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increasing ERC content and a corresponding increase in bulk density [from 5.6 to 10.6
lb·ft-3 (0.09 to 0.17 g·cm-3)]. Chong (1) observed a similar inverse relationship between
root length and substrate bulk density after growing burning bush [Euonymus alatus
(Thunb.) Siebold] in substrates containing composted municipal solid waste. Kirkham
(3) demonstrated that increasing bulk density increases the work roots must do to
elongate. This may explain why cuttings grown in substrates with large ERC contents
typically had shorter roots.
Herbaceous cuttings rooted well among treatments (Table 1). Average rooting of all
coleus treatments combined was 94.7% with a mean of 12.3 roots per rooted cutting
and a mean root length of 2.2 in (5.5 cm). Cuttings of English ivy rooted at 98.9% with a
mean root number of 11.8 and mean root length of 1.8 in (4.5 cm). Similarly, cuttings of
lantana rooted at 97.2% with a mean root number of 7.8, and mean root length of 1.4 in
(3.5 cm). These results demonstrate that cuttings of many species can root successfully
in ERC substrates.
Maronek et al. (4) provide recommended ranges for physical properties of propagation
substrates. In the current experiment, all substrates were within the recommended
ranges for air space (15% to 40%) and container capacity (20% to 60%) (data not
shown). Total porosity was above the recommended range (40% to 60%) in all cases,
but was closest (79.2%) in the standard 3 perlite:1 peat (v/v) substrate. High porosity can
lead to poor contact between substrate and cutting tissue (4), but in this experiment, high
porosity did not seem to be a problem as most species rooted well. Bulk density was
below the recommended range of 18.7 to 49.9 lb·ft-3 (0.3 to 0.8 g·cm-3) and only reached
10.6 lb·ft-3 (0.17 g·cm-3) at the highest ERC content. Similarly, Starr (5) determined the
bulk density of his 100% ERC substrate to be 11.2 lb·ft-3 (0.18 g·cm-3). The range for bulk
density recommended by Maronek et al. (4) is influenced by the ballast needed in
substrates used for liner production. Though substrates from this experiment may not be
dense enough for container production, they all appear suitable as propagation
substrates.
ERC substrates have excellent potential for cutting propagation. Although roots of
certain species such as spreading euonymus and possibly forsythia may develop poorly
in ERC substrates, other species, including English ivy, lantana, and coleus, root well in
substrates containing up to 100% ERC. Propagators seeking alternatives to perlite
should consider ERC as a component of their propagation substrate.
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Table 1. Percent rooting, mean root number, and mean root length of stem
cuttings inserted into substrates containing 0%, 25%, 50%, 75%, or 100% (by
vol.) Juniperus virginiana chips (ERC). Individual treatment means are given
for spreading euonymus.
Species
Rooting (%)z
Roots (no.)
Root Length (in)
NS
NS
Coleus
94.7
12.3
2.2NS
English Ivy
98.9NS
11.8NS
1.8NS
NS
NS
Forsythia
25.6
3.6
0.6NS
Lantana
97.2NS
7.8NS
1.4NS
NS
y
Spreading Euonymus
96.1
24.6
1.7x
0% ERC
97.2w
36.3
2.8
25% ERC
100.0
20.1
2.3
50% ERC
97.2
20.7
1.6
75% ERC
88.9
20.2
1.0
100% ERC
97.2
25.6
0.9
z
Combined mean of all treatments; n=36 stem cuttings per treatment.
NS
Treatment differences were not significant at P≤0.05.
y
Treatment differences were significant at P≤0.01 and followed a quadratic
trend.
x
Treatment differences were significant at P≤0.01 and followed a linear trend.
w
Treatment mean for spreading euonymus.
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Significance to Industry: Due to pressure from boxwood blight, alternatives to
boxwood are desperately needed. Syzygium buxifolium is an evergreen shrub or small
tree with boxwood-like leaves. It has a similar landscape appearance to common
boxwood. To support breeding and selection of this new crop for the nursery industry,
we investigated clonal propagation using stem cuttings. The results of this study should
enhance the market potential and nursery production of this plant.
Nature of Work: Syzygium buxifolium Hook. et Arn. (boxwood syzygium; Myrtaceae) is
an evergreen shrub or small tree. Although the majority of Syzygium species are
distributed in tropical areas, boxwood syzygium is native to the forest area or scrub in
the mountains of Central and South China (subtropical or temperate zones), as well as
South Japan and Vietnam (1). The plant has a habit and growth features similar to
boxwood and is an ideal plant to substitute for boxwood in the landscape, especially
considering the pressure of boxwood blight (2). Boxwood syzygium has been widely
grown in China for bonsai and landscape plants (3,4,5). The UGA woody plant research
laboratory has initiated a breeding and selection project with Syzygium buxifolium and
hopes to select some potential cultivars which could substitute for boxwood in our
Georgia and southeastern U.S. landscapes.
To regenerate a new cultivar for commercial production, rooting of stem cuttings is the
most common method used in the nursery industry (6). On 29 Jan. 2014, semihardwood stem cuttings (10-15 cm long) of Syzygium buxifolium were collected from
one-year-old seedlings at the Horticulture Farm of the University of Georgia. Cuttings
were placed into black plastic bags and sprayed with water immediately after being
removed from the mother plants. Leaves along the bottom 3-5 cm were stripped and
cuttings received the following treatments: 1: Control (CK); 2: K-IBA at 1,000 ppm; 3: KIBA at 3,000ppm; 4: K-IBA at 8,000ppm; 5: Hormodin #1 (1,000 ppm IBA); 6: Hormodin
#2 (3,000ppm); 7: Hormodin #3 (8,000ppm); and 8: K-IBA at 5,000ppm + Hormodin #2.
For application of Hormodin powder, cuttings were first dipped into water and then
dusted with Hormodin powder. Treated cuttings were randomly inserted into the rooting
media, which contained Fafard 3L Mix (main ingredients: peat moss and bark) and
perlite at 1:1(v:v). For K-IBA application, cuttings were dipped into the concentrations for
10-15 seconds, then air-dried for at least 10 minutes before placing them into the
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rooting medium. For the double dips, cuttings were treated with liquid hormone first, and
then the powder. All cuttings were rooted in 32-cell flat trays and thoroughly watered
before placing them on the mist bench. The mist bench was covered with 70% shade
cloth and the mist system was set for 20 seconds every 20 minutes for the first week,
then 10 seconds every 20 minutes thereafter.
A randomized complete block design was used in this experiment with 4 replicates for
each treatment and 8 subsamples (cuttings) per replicate per treatment. Rooting
percentage, number of roots, and average length of roots were collected on the 14 May
2014 (after 15 weeks). All data were analyzed with SAS and mean separations were run
with LSD (α=0.05).
Results and Discussion: Since the rooting percentage for the control was 68.8% and
the root quality (as indicated by total root length (cm) per cutting) was acceptable,
rooting of stem cuttings from one-year-old seedlings should not be too difficult and
Syzygium buxifolium can be regenerated from stem cuttings. Application of rooting
hormones did significantly affect the rooting percentage and root quality. The highest
rooting percentage, 81.3%, was obtained using Hormodin #3 (8,000 ppm IBA). A
negative effect was observed using Hormodin #2 (3,000 ppm IBA), which only yielded
21.9% rooting. Root quality followed a similar trend (Table 1).
Boxwood syzygium responded significantly to hormone concentration. Better results
were obtained using either higher or lower hormone concentrations. Concentrations at
3,000 ppm reduced both rooting percentage and root quality greatly. Application
methods resulted in significant differences in rooting. Use of 8,000 ppm powder yielded
the highest rooting percentage (81.3%) and root quality (19.4cm). Double dips had
78.1% rooting, but no significant difference from than that of liquid hormone (62.5%).
Double dip treatment yielded 10.2 cm roots per cutting, which was significantly lower
than that of both liquid K-IBA at 8,000 ppm and Hormodin #3 powder (Table 1). Since
double dips increased the amount of work and did not yield better results, it is not
recommended.
Although Hormodin #2 significantly reduced rooting percentage and root quality, much
greater callus formation was observed (Table 1). It is possible that lower powder
hormone concentrations (1,000 ppm and 3,000 ppm) might help the callus formation.
The callus could produce roots after the second application of hormones (data not
presented). Further studies should address the relationship between callus formation
and root initiation for boxwood syzygium.
Commercial propagation of Syzygium buxifolium can be carried out using stem cuttings
and powder hormone at 8,000 ppm (Hormodin #3) recommended for better rooting
percentage and higher quality of liners.
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Table 1. Impact of rooting hormones on the rooting percentage and root quality of
Syzygium buxifolium stem cuttings.
Treatment
Rooting (%)
Total root length (cm) Callus formation (%)
Control
68.8a*
8.8bcd
25.0c
K-IBA 1,000 ppm
75.0a
14.6ab
25.0c
K-IBA 3,000 ppm
59.4a
7.9bcd
34.4bc
K-IBA 8,000 ppm
62.5a
17.1a
31.2bc
Hormodin #1 (1,000ppm IBA)
31.3b
5.3cd
54.2ab
Hormodin #2 (3,000ppm IBA)
21.9b
2.9d
75.0a
Hormodin #3 (8,000ppm IBA)
81.3a
19.4a
15.6c
K-IBA 5,000 ppm + Hormodin
78.1a
10.2bc
21.9c
*Different letters in the same column indicate a significant difference at α = 0.05.
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Assessment of Bottled and Tap Water from Middle Tennessee Counties
Dominated by Nursery Crop Production
Aminul I. Chowdhury, Anonya Akuley-Amenyenu, Sam O. Dennis
Department of Agricultural and Environmental Sciences
Tennessee State University, Nashville, Tennessee 37209
sdennis@tnstate.edu
Index Words: Nursery, metal ions, tap water, bottled water
Significance to Industry: Nursery crop production activities can be labor intensive
because it involves both field and greenhouse operations. The intensity is exacerbated
when workers have to work in summer months when outside temperature averages 8085 degrees Fahrenheit. Under these conditions workers are encouraged to drink plenty
of water. This either could be bottled water or tap water. Fresh water is a finite and
precious resource essential for sustaining life and health. However, with population
growth coupled with rapid urbanization, changing lifestyles and economic development,
concerns over drinking water quality and availability is becoming very important. As a
result, consumers are demanding and paying premium prices for clean drinking water.
It is not uncommon for consumers to pay three dollars for a 20 oz (591 ml) of bottled
water. Certainly, many factors account for U.S. consumers’ enthusiasm for bottled
water. Central among these factors include portability, safety, convenience, value and
healthfulness. Bottled water’s versatility makes it suitable for consumption at any time
of the day as well as any circumstances. United States residents drink more bottled
water annually than any other beverage, other than carbonated soft drinks (International
Bottled Water Association, 2011). Bottled water wide acceptability is related to the
convenience and taste it provides (Glecik, 2006) along with the belief that it is purer
than tap water; this perception by consumers makes it a healthy alternative to tap water
(Ahmad and Bajahlan, 2007).
Nature of Work: Six counties from middle Tennessee were chosen for the collection of
the tap water samples. These counties were chosen because they represent urban,
urbanizing and rural counties. Secondary to these reasons, they were chosen because
of their accessibility from our campus and the rural counties have an abundant of field
nursery production operations. Therefore, among the chosen six counties Davidson
County (pop. 648,295) is urbanized while Williamson County (pop. 192,911)) and
Rutherford County (pop. 274,454) are considered urbanizing. Coffee County (pop.
53,222) and Warren County (pop. 39,839) were the rural counties according to U.S.
Census Bureau (2012). Twelve different brands of bottled water containing spring and
purified water types were purchased randomly from supermarket in Middle Tennessee.
(Note that the names of the bottled water were not listed in this publication for obvious
reasons, however if interested please contact via e-mail address in the manuscript). All
analytical chemicals used were of reagent grade and were purchased from Fisher
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Scientific (Suwanee GA, USA) and Hach (Loveland, CO, USA). The deionized water
used throughout the experiment had less than 1µg/L organics and a resistivity of 18.3 m
Ω/cm at room temperature. A stock solution (100ppm) of mixed standards containing a
suite of elements were obtained from SPEX Certiprep, Inc (Metuchen, NJ. USA).
Another stock solution (1000 ppm) of metal ions standards were purchased through
Fisher Scientific. A Varian Vista-Pro Inductively Coupled Plasma-optical emission
Spectrometer (ICP-OES) was used to measure the metal ions (major, minor and trace)
content of the water samples. The ICP-OES was calibrated by preparing calibration
standard solutions from the stock standard solutions and an internal standard
(scandium) was used as part of the quality assurance. Standard reference material
(SRM 1643e) was used to check the accuracy and precision of the analytical method.
The Standard reference material (SRM 1643e: trace elements in natural water) was
purchased from National Institute of Standards and Technology (NIST), Gaithersburg,
MD, USA. The water samples were transported to the laboratory for analyses. The tap
water samples and the bottled water samples did not contain particulates hence they
were not filtered prior to analyses. The elements determined by ICP-OES are depicted
in Table 1. Additionnaly, the physico-chemical parameters of the water samples (pH,
conductivity, total dissolved solid and turbidity) were also determined according to Hovis
et al, 2012.
Results and Discussion: The levels of aluminum (Al), copper (Cu) and iron (Fe) in the
tap water in all the counties were relatively consistent and were below US-EPA (2013)
allowable limits. The same is true with all the bottled water tested, they were also below
US-EPA allowable limits. Phosphorus (P) concentration in the tap water samples
ranged from 0.01 ppm (Coffee County, a rural county) to 0.28 ppm (Davidson County,
an urban county). The slightly high phosphorus content in water samples collected from
Davidson County could be attributed to the phosphorus rich limestone found in the area.
Phosphorus in the bottled water samples ranged from 0.00 ppm to 0.015ppm. Water
hardiness is an important water quality feature and it is affected by the concentration of
calcium (Ca) and magnesium (Mg) in water, which in many instances is influenced by
surrounding soil and rocks. The concentration of calcium in the tap water samples
ranged from 27 ppm in Williamson County to 51 ppm in both Coffee and Cannon
counties. Middle Tennessee has an abundance of limestone rock, which may explain
the relatively high concentrations of calcium in the counties sampled. The bottled water
samples had a calcium concentration ranging from 0.002 ppm to 76 ppm. Water is
generally classified as soft when it contains 0 to 60 ppm of calcium carbonate;
moderately hard if it contains 61 to 120 ppm of calcium carbonate and hard if it contains
121 to 180 ppm (USGS Office of Water Quality, 2012). Based on our findings all the
water samples were considered soft except for one brand of the bottled water that was
moderately hard. While the concentration of heavy metals in both the tap water and
bottled water were below US-EPA allowable limits; statistically our data showed that tap
water collected from urban to urbanizing counties had significantly higher percentage of
heavy metals than that of rural counties areas (Figures 1, 2). The reasons could be
attributed to urban sprawl and associated greater number of industries than in the rural
counties. However, the concentrations of inorganic and metal ions found in the two
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types of drinking water sources were relatively similar. Suggesting that, there is no
different in the chemical constituents of tap water and bottled water analyzed. Certainly,
many factors account for consumers’ enthusiasm for bottled water. Central among
these factors include portability, safety, convenience and healthfulness. Bottled water’s
versatility makes it suitable for consumption at any time of day as well as any
circumstances.
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Table 1. Elements determined in tap water and bottled water, 2013.
Type
Elements
Instrument used
Macro
Sodium (Na), Potassium (K),
Inductively Coupled Plasma-optical
elements
Calcium (Ca), Magnesium (Mg),
emission spectrometer (ICP-OES)
Phosphorus (P), Silicon (Si),
but for Fluoride and Chloride Ion
Chloride (Cl ) and Fluoride (F )
Selective Electrodes were used.
Trace
Lithium (Li), Boron (B), Aluminum
ICP-OES
elements
(Al), Titanium (Ti), Vanadium(V),
Chromium (Cr), Manganese (Mn),
Iron (Fe), Cobalt (Co), Nickel (Ni)
Copper (Cu), Zinc (Zn)
Heavy
Arsenic (As), Cadmium (Cd),
ICP- OES
metals
Mercury (Hg), Lead (Pb),
Molybdenum(Mo)
0.012

b

0.010

0.008

0.006

a

Concentration
ppm +SE
0.004

0.002

0.000
Rural

Urban

Figure 1. Mean + SE heavy metal residues in parts per million (ppm) for urban counties
(Williamson, Davidson, Rutherford) and rural counties (Coffee, Canon, Warren). Bars
with different letters were significantly different (2 = 4.31; df=1; P < 0.038) (Wilcoxon
Rank Sum Test) (SAS 2003).
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0.014
0.012
0.010
0.008

+

0.006
0.004
0.002
0.000
Davidson

Williamson

Rutherford

Coffee

Warren

Cannon

County

Figure 2. Mean + SE heavy metal residues in parts per million (ppm) in different
counties. The rural counties (Coffee, Warren, and Cannon) had lower concentrations
than the urban counties when data were pooled (P < 0.05). The figure suggests that as
we move from urban county such as Davidson to rural counties such as Canon the
concentration of heavy metals tends to decrease.
Acknowledgement. We gratefully acknowledge the financial support from USDACapacity Building Grants through Virginia State University’s 1890 Water Center and the
College of Agriculture, Human and Natural Sciences at Tennessee State University.
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Effect of Container Spacing and Plant Species on Water Use
Tom Yeager and Jeff Million
University of Florida, IFAS, Gainesville, Florida
yeagert@ufl.edu
Index words evapotranspiration, container plant irrigation
Significance to the Industry Water conservation continues to be an important
challenge for the nursery industry. Our research indicates the distance between
container-grown plants should be minimized during production as plant water use
increases significantly when plants are placed at wide spacing. The importance of
spacing is substantiated by the finding that the increase in water use due to spacing
was generally larger than the differences in water use between the species evaluated.
Nature of Work Irrigation amounts applied to container-grown nursery plants are rarely
based on scientific research. One irrigation Best Management Practice (BMP) is to
group plants by irrigation need. Emphasis has traditionally been to group by plant
species or genera. However, recent research has indicated that placing similar-sized
plants at different spacings can greatly affect water use (1) leading one to question
whether plants should be grouped not only by species or genera but also considering
plant spacing, plant size, or other criteria. The objective of this research was to
compare the relative effect of plant species and plant spacing by measuring the
evapotranspiration (ET) rate of six plant species at two different spacings in a
production nursery environment.
At Saunders Brothers Nursery in Piney River, Virginia, 19 uniform and marketable-sized
plants for each of six species (Table 1) in trade 3-gallon containers (approximately 10
liter volume) were positioned in an offset spacing pattern (hexagonal) either non-spaced
or at wide spacing (Table 1). The non-spaced arrangement allowed plant species to be
compared under full canopy coverage of the production area. The ET of both nonspaced and spaced plants was determined by weighing seven interior plants in the
morning following irrigation and drainage and again at dusk. Container ETc (cm) was
calculated by dividing grams or cm3 of water lost from the container plant by the top
area of the container (cm2). Results for Aug. 2, 2013 are presented in Figure 1. The
minimum and maximum temperatures on this day were, 63 and 84 F, respectively, and
average solar radiation was 323 W/m2.
Results and Discussion ETc for non-spaced plants ranged from 0.81 cm for
Rhododendron to 1.27 cm for Berberis. The ETc for spaced plants ranged from 1.27
cm for Gardenia to 1.64 cm for Berberis. ETc of Berberis greatly exceeded the ETc of
the other plants and this may be because Berberis plants were 2 to 4 inches wider than
other plants. Excluding Berberis, ETc for all non-spaced plants was within one standard
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deviation of the mean (Figure 1) and the difference in ETc for the remaining five genera
was 0.18 cm for the non-spaced plants and 0.26 cm for spaced plants. The increase in
ETc for spaced plants vs non-spaced plants ranged from 28% for Gardenia to 84% for
Spiraea.
While additional testing with a large number of species is needed to make definitive
conclusions about differences in water use for different species, these data indicate that
under similar environmental conditions differences in water use between plant species
may be less important than differences in plant spacing. These data and data from a
previous study (1) indicate that widely-spaced plants can use considerably more water
than non-spaced plants. In the research reported here, spaced plants used an average
of 52% more water than non-spaced plants on the same day. Growing plants with
minimal distances between containers that result in quality plants should be a BMP for
conserving water. Likewise, grouping plants by plant size and spacing may be as
important as grouping plants by species.
Literature Cited
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container-grown ornamentals. Proc. SNA Res. Conf. 58:302-307.
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Table 1. Plants and spacing for trade #3 containers used for evapotranspiration (ET)
evaluation at Saunders Brothers Nursery in Piney River, Virginia on Aug. 2, 2013.
Container spacing
(inches within, between rows)
Plants evaluated
Berberis thunbergii f. atropurpurea
‘Rose Glow’
Gardenia jasminoides ‘Frostproof’
Hydrangea paniculata Pinky
Winky™
Rhododendron spp. ‘Girard’s
Crimson’
Spiraea japonica ‘Tracy’ Double
Play® Big Bang
Weigela florida Wine & Roses®

Non-spaced

Spaced

11, 9.5

19, 17

11, 9.5

15, 14

11, 9.5

17, 17

11, 9.5

16, 18

11, 9.5
11, 9.5

18, 17
15, 17
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Figure 1. Effect of spacing and container plant on evapotranspiration (ETc) measured
on Aug. 2, 2013 at Saunders Brothers Nursery in Piney River, Virginia. Bars represent
one standard deviation from the mean (n=7) value of each of two spacing groups.
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Loss of Methyl Bromide Increases Need for Preemergence Herbicides in Woody
Plant Seed and Liner Beds
Hannah M. Mathers, Luke T. Case and Jennifer Emerick
Ohio State University, 2001 Fyffe Court, Columbus, Ohio
mathers.7@osu.edu
Index Words: weed control, nursery production, seedling production, fumigants
Significance to the Industry: Forests (tracts of native growth) and the urban forests
(tree populations in urban settings) are increasingly important for mitigating global
pollution and climate change. The first step in forestry is the production of tree
seedlings at forest seedling nurseries. The first steps in urban forestry can take three
forms: 1) seedling production for root stocks to be grafted or budded with scions of
selected tree cultivars; 2) seedlings for species such as Quercus sp. or native plants
(seed propagated); and, 3) asexual propagation such as cuttings or tissue culture for
species grown on their own roots. Forest and ornamental nurseries provide healthy
starting materials for reforestation and aforestation. Reforestation is the planting of trees
on areas covered in recent history with forests. Aforestation is planting trees on areas
not covered with forests for >50 years. Intensive seedling production relies on the
ability of the nursery managers to meet quality and yield goals as well as certification
that the plants are essentially pest-free. Weeds are a major cause of reduction in
quality and yield goals. Herbicides found effective in this study cost less than $35.00/ac,
such as Treflan 1 pt/ac rate and Barricade 10 oz/ac. Treflan, Barricade and Pendulum
2G caused no to minimal damage for all woody plant seedlings evaluated. The overall
goal was to cut seedling growers weed control program cost by 30%. Using the
herbicides listed above would accomplish this goal. More work is needed with
preemergence herbicides in seedling production nurseries. By 2015, Methyl Bromide
(MeBr) will be completely phased out. The lack of alternative soil fumigants and
preemergence herbicides for seedling production will dramatically reduce US seedling
production and subsequently the durability of our future forests.
Nature of Work: Methyl Bromide (MeBr) has been used extensively as the soil
fumigant of choice to manage fungal pathogens (e.g., Fusarium, Alternaria,
Phytophthora, Pythium, Rhizoctonia, Cylindrocladium spp., Cylindrocarpon, and
Macrophomina), nematodes (e.g., Circonemoides, Helicotylenchus), and yellow and
purple nutsedge (species of Cyperus) in forest and herbaceous seedling nurseries of
the US. In 1994, the Clean Air Act mandated 100% phase-out of MeBr by 2001. MeBr
has been phased out internationally because it depletes stratospheric ozone, which
protects life on Earth from the harmful effects of the sun's ultraviolet radiation. In 1998,
the phase-out schedule was revised to reduce production and import of MeBr by the
following percentages of the 1991 baseline amounts: 25% in 1999, 50% in 2001, 70% in
2003 and 100% in 2005. Later developing countries were scheduled to freeze
consumption in 2002 at 1995-98 levels and reduce all use by 2015. In 2015, MeBr will
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be gone. There will be no more Critical Use Exemptions that have essentially kept the
seedling nurseries in business since 2005. There has been research over the years on
alternative fumigants but none have proven to be as successful for weed control (in
particular) as MeBr. We had planned to test the two most promising alternatives to
MeBr in these 2013 trials, Chloropicrin and Basamid with supplemental low-rates of
preemergence herbicides. However, in 2012, additional regulations were placed on the
use of Chloropicrin that made the use of this product impossible in these trials.
Chloropicrin is a powerful tear gas; it is a highly hazardous material that can now only
be used by specially trained and certified personnel. In consultation with growers, there
was no desire to test Basamid (e.g. metam-sodium and dazomet) due to inconsistent
pest management performance in previous trials.
Two growth stages were selected for woody plants. We hypothesized injury would be
more significant for stage 1 seedlings versus stage 2: Stage 1) two to six weeks after
the seedlings had emerged; Stage 2) transplant beds, two weeks after two year old
seedlings were transplanted from seedbeds to the transplant beds. Trials were
conducted at New Life Nursery, 3720 64th St. Holland, MI on deciduous and coniferous
seedlings. Applications were applied in the early afternoon of May 22, 2013. There was
a gentle rain, cloudy skies and the temperature was 55°F. Stage 1 trials consisted of
nine treatments and four replicates that were randomized within each bed/species.
Chemical treatments included trifluralin (Treflan 4 EC) (Helena Chemical Company,
Collierville, TN, 38017) applied at 1/2 rate (1qt) and 1/4 rate (1 pt) per acre; prodiamine
(Barricade 4FL) (Syngenta Crop Protection, LLC, Greensboro, North Carolina, 27419)
applied at 1/2 rate (10 oz/ac); Barricade 4FL 1/4 rate (5 oz/ac) plus Treflan 4EC 1/4 rate
(1pt/ac); oxyfluorfen + prodiamine (Biathlon) (OHP, Inc., Mainland, PA, 19451) applied
at 1/4 rate (50 lb/ac); pendimethalin (Pendulum 2G) (BASF Corporation, Research
Triangle Park, NC 27709) applied at 1/2 rate (100lb/ac) and oxadiazon + pendimethalin
(Jewel) (Scotts-Sierra Crop Protection Company, Marysville, OH 43041) applied at 1/2
rate (50 lb/ac). The remaining two treatments to total nine were an untreated weeded
check and an untreated weedy check. Three ft. X three ft. sections of beds with one ft.
buffers between each were used. For Stage 2 trials, 12 treatments were conducted:
dimethenamid-P + pendimethalin (FreeHand 1.75G) (BASF Corporation, Research
Triangle Park, NC 27709) applied at normal rate (150 lb/ac); indaziflam (Marengo G)
(OHP, Inc., Mainland, PA, 19451) applied at ½ rate (50 lb/ac) and normal rate
(100lb/ac); oxyfluorfen + prodiamine (Biathlon) (OHP, Inc., Mainland, PA, 19451) applied
at 3/4 rate (150 lb/ac) and 1/3 rate (75 lb/ac); pendimethalin (Pendulum 2G) (BASF
Corporation, Research Triangle Park, NC 27709) applied at 1/2 rate (100lb/ac);
oxadiazon + pendimethalin (Jewel) (Scotts-Sierra Crop Protection Company, Marysville,
OH 43041) applied at normal rate (100 lb/ac); Barricade 4FL 1/4 rate (5 oz/ac) plus
Treflan 4EC 1/2 rate (1qt/ac); dimethenamid-P (Tower) + pendimethalin (Pendulum
Aqua Cap) (BASF Corporation, Research Triangle Park, NC 27709) applied at normal
rates (1 qt/ac + 1 qt/ac); and, isoxaben (Gallery) (Dow Agro Sciences, LLC,
Indianapolis, IN 46268) applied at 1/3 rate (0.65 lb.ac) + Barricade 4FL ½ rate (10
oz/ac). The remaining two treatments to total 12 were an untreated weeded check and
an untreated weedy check. All herbicides and rates were chosen based on previous
crop safety studies by the authors on a wide range of materials (1, 2 and 3).
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The Stage 1 trials at New Life were conducted on common lilac, Syringa vulgaris; black
walnut, Juglans nigra; and, bur oak, Quercus macrocarpa. Soils at New Life are
Saugatuck series sands. Soils were very deep and somewhat poorly drained with
cemented subsoil. Saugatuck Series soils were formed by sandy glaciofluvial deposits
on lake plains, till plains, and outwash plains (4). The lilac field had been fumigated
prior to fall planting with MeBr at 400 lb/ac. Post planting, a thin layer of pine mulch was
applied to the lilac field to decrease wind erosion of the sandy soils. The walnut and the
bur oak were also fumigated with MeBr at 400 lb/ac prior to fall planting. Lilac had
emerged approximately ¼ inch above the ground at time of application on May 22,
2013. Cotyledons were present and some seedlings had their first true leaves just
expanding. Due to rains becoming heavy on May 22, 2013, applications to the oak and
walnuts were conducted on June 19, 2013. Thus these two species were more
advanced in growth versus the lilacs at time of application. The Stage 2 trials were
conducted using Norway spruce, Picea abies that were being grown as 2+1 transplants
(2 years in the seedbed) and transplanted two weeks before application (May 22) on
May 8, 2013. They were approximately six inches tall at time of application. The
spruce fields had not received MeBr prior to planting nor mulch post planting. Visual
ratings of phytotoxicity were based on a scale of 0-10 with 0 being no phytotoxicity and
10 death with ≤3 commercially acceptable. Visual ratings of weed control were based
on a 0-10 scale with 0 being no control and 10 perfect control with ≥7 commercially
acceptable. Efficacy evaluations were only conducted in Syringa beds. Data was
analyzed using SAS® GLM. Phytotoxicity effects of treatments were compared to the
controls using Dunnett’s t-test (α = 0.10 and 0.05). Efficacy treatments were compared
to each other using least significant difference (ls means). Evaluations were conducted
every two weeks after application for 3 months or 12 WAT, unless otherwise stated.
Results and Discussion: The Stage 1 trials at New Life at 12 WAT showed very low
phytotoxicity on the Juglans and the Quercus (Table 1). The damage on these species
had been either passing on the Quercus as with Treflan 1 qt/ac and Biathlon 50 lb/ac, or
non-existent with the Juglans (Table 1). Averaged across all dates of evaluation, there
were four treatments that were commercially acceptable (<3) with the Syringa, Treflan
1pt/ac, Treflan 1qt/ac, Barricade 10 oz/ac and Pendulum 2G 100lb/ac (data not shown).
At 8 WAT, the Barricade and the Pendulum picked up phytotoxicity and exceeded the
level of commercially acceptable (> 3) (Table 1).
Treflan 1pt/ac, Treflan 1qt/ac, Barricade 10 oz/ac and Pendulum 2G provided higher
weed control than the un-weeded control at New Life (Table 3). Normal practice at New
Life Nursery is zero tolerance of weeds, so the efficacy trial was unfortunately ended at
6 WAT, when it was inadvertently hand weeded by New Life staff (Table 3).
Unfortunately, the weeding crew, also pulled out the plot markers at 8 WAT in the lilac
and thus ended the phytotoxicity trial. We recommend that trials on woody plant
seedlings be continued with Treflan, Barricade and Pendulum 2G at lower rates, with
increased application frequencies, in future studies. The low phytotoxicity levels
demonstrated with these products indicate their value and promise for further study in
forest seedling and ornamental nurseries seed beds.
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Trials on transplant beds of Picea abies seedlings at New Life Nursery 2 and 6 WAT
with Barricade + Treflan (5 oz/ac + 1 qt/ac) provided no injury. By 6 WAT, there was
phytotoxicity greater than the control but still commercially acceptable (2.8 rating) (Table
2). At 2 WAT and 4 WAT with Marengo G 100 lb/ac there was no phytotoxicity. At 6
WAT, there was minimal phytotoxicity with Marengo G 100 lb/ac. At 8 to 12 WAT,
phytotoxicity with Marengo G 100 lb/ac had increased but it was still in the commercially
acceptable range (2.8 rating). (Table 2). Unfortunately there were no efficacy
evaluations conducted in the Picea abies to judge the merit of Marengo 100 lb/ac in
weed prevention. Although Jewel was the most efficacious treatment (Table 3) for
Syringa, Jewel was also the most phytotoxic (Table 1). The best treatment taking into
account phytotoxicity and efficacy (Table 3) was Biathlon 50 lb/ac or ¼ rate.
Literature Cited:
1. Mathers, H. and L.T. Case. 2010. Phytotoxicity of Selected Herbicides to
Ornamental Plants at Three Michigan Nurseries. 2010 Yearly Research Summary.
http://basicgreen.osu.edu
2. Mathers, H. and L.T. Case. 2011. Phytotoxicity of several weed control products
to selected ornamentals in Ohio. 2011 Yearly Research Summary.
http://basicgreen.osu.edu
3. Mathers, H. and L.T. Case. 2012. State-wide Weed Control Initiative for Ohio
Nurseries. Phytotoxicity of several weed control products to selected
ornamentals in Ohio. 2012 Yearly Research Summary.
http://basicgreen.osu.edu
4. National Cooperative Soil Survey - USDA. 2012. Saugatuck Series.
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAUGATUCK.html
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Table 1. Phytotoxicity of several ornamental herbicides in Stage 1 (emerged two to
six weeks) seedling beds of Syringa vulgaris, Juglans nigra, and Quercus macrocarpa
Syringa vulgaris
Rate
Treatment
2 WATz
4 WAT
6 WAT
8 WAT
y
2.0
1.0
0.8
2.0
1 qt
Treflan
2.8
1.0
0.8
1.0
1 pt
Treflan
Barricade 4FL
10 oz
3.5
0.5
1.5
3.5**
Barricade 4FL +
4.0
3.0**
1.8*
4.0**
5 oz + 1 pt
Treflan
Biathlon
50 lb
5.0*
2.0**
2.0**
3.5**
Pendulum 2G
100 lb
3.8
2.0**
1.0
4.3**
Jewel
50 lb
8.3**
5.3**
5.5**
6.3**
Untreated weeded
-2.0
0.0
0.0
0.0
Untreated
-1.5
0.0
0.0
1.0
Juglans nigra
Rate
Treatment
2 WAT
4 WAT
6 WAT
8 WAT
1.0
0.0
1.0
0.5
1 qt
Treflan
0.8
0.3
0.8
1.3
1 pt
Treflan
0.5
0.5
0.3
0.5
10
oz
Barricade 4FL
Barricade 4FL +
0.8
0.3
0.5
0.3
5 oz + 1 pt
Treflan
0.3
0.0
0.3
0.3
50 lb
Biathlon
0.0
0.3
0.5
1.0
100 lb
Pendulum 2G
0.3
0.3
0.3
0.5
50 lb
Jewel
Untreated weeded
-0.3
0.3
1.5
0.8
0.8
0.0
1.3
1.3
-Untreated
Quercus macrocarpa
Rate
Treatment
2 WAT
4 WAT
6 WAT
8 WAT
2.8
0.8
1.8
2.8
1 qt
Treflan
1.5
0.3
0.5
0.0
1 pt
Treflan
1.3
0.3
0.5
0.0
10 oz
Barricade 4FL
Barricade 4FL +
5 oz + 1
2.3
0.5
0.5
0.8
Treflan
pt
2.0
0.5
2.0
1.0
50
lb
Biathlon
0.3
0.0
0.8
0.0
100 lb
Pendulum 2G
1.3
0.5
1.5
0.3
50 lb
Jewel
Untreated weeded
-0.0
0.0
0.0
0.0
0.3
0.5
0.0
0.0
-Untreated
z = Weeks after treatment
y = Visual ratings based on a 0-10 scale with 0 being no phytotoxicity and 10 death
with ≤3 commercially acceptable
*, ** significantly different from the untreated weeded control based on Dunnett's t-test
(α = 0.10 and 0.05, respectively
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Table 2. Phytotoxicity of several ornamental herbicides on Stage 2 Picea abies
seedlings at New Life Nursery, Holland, MI.
2
Treatment
Rate
WATz 4 WAT 6 WAT 8 WAT
10 WAT
12 WAT
y
0.0
0.8
1.8
1.8
1.5
150 lb
0.8
FreeHand
50 lb
0.0
0.0
0.8
0.8
1.3
1.3
Marengo
150
lb
1.5
0.0
0.3
0.3
0.3
0.3
Biathlon
Pendulum
100 lb
0.8
1.5**
1.8
2.8**
3.0**
2.3*
2G
75 lb
2.5
0.0
0.5
0.8
0.5
0.3
Biathlon
100 lb
1.0
1.0
1.5
3.0**
2.8**
2.8**
Marengo
100 lb
0.5
0.0
0.5
1.0
0.0
0.0
Jewel
Barricade +
5 oz
2.0
2.8**
2.0
0.8
1.3
2.5*
Treflan
+ 1 qt
Tower +
1 qt
0.8
0.3
0.3
1.3
1.8
0.8
Pendulum
+ 1 qt
Gallery +
0.65 lb
1.5
1.3
1.0
0.5
1.5
1.8
Barricade
+10 oz
-0.5
0.0
0.3
0.0
0.0
0.0
Untreated
Untreated
-0.5
0.0
0.3
0.8
0.0
0.3
weeded
z = Weeks after treatment
y = Visual ratings based on a 0-10 scale with 0 being no phytotoxicity and 10 death with
≤3 commercially acceptable
*, * Significantly different from the untreated weeded control based on Dunnett's t-test
(α = 0.10 and 0.05, respectively).
 = Treatment was reapplied on this date.
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Table 3. Efficacy of several ornamental herbicides in seed beds at New Life Nursery,
Holland, MI, May to June, 2013
New Lifey
6 WAT
Treatment
Rate/ac
4 WATX
wv
Treflan
1 qt
8.3 b
7.8 bc
Treflan
1 pt
7.5 b
7.6 cd
Barricade 4FL
10 oz
8.0 b
7.6 cd
Barricade 4FL + Treflan
5 oz + 1 pt
7.8 b
7.3 cd
Biathlon
50 lb
8.5 b
8.4 ab
Pendulum 2G
100 lb
8.3 b
7.3 cd
Jewel
50 lb
9.8 a
8.9 a
Untreated weeded
-6.3 c
7.0 d
Untreated
-6.0 c
6.1 e
y = Treatment means were taken from a Syringa liner beds
x = Weeks after treatment
w = Visual ratings based on a 0-10 scale with 0 being no control and 10 perfect control
with ≥7 commercially acceptable
v = Treatment means followed by the same letter in the same column are not significantly
different, based on ls means (α = 0.05)
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Efficacy of Preemergence-Applied, Granular Flumioxazin (Broadstar®) as
Influenced by Moisture and the Distance Separating Prills and Weed Seed
Paul Bartley, Glenn Wehtje, Charles Gilliam, Wheeler Foshee and Anna-Marie Murphy
Auburn University, Dept. of Horticulture, Auburn, AL 36849
pcb0004@auburn.edu
Index Words: weed control, herbicides, container nursery production,
Cardamine hirsuta, Euphorbia maculata
Significance to Industry :These data indicated that flumioxazin in a sprayable dryflowable and a granular do not provide the equal control of hairy bittercress or spotted
spurge, even when applied at equivalent rates. The sprayable formulation provided
superior control of both weed species at all rates while granular showed a distinct
correlation with rate response to weed control. This effect was determined to be derived
from inadequate spacing of the granular formulations prills when applied at the labeled
rate.
Nature of Work: Flumioxazin provides both preemergent and early postemergent
control of broadleaf weeds (1). Flumioxazin works by inhibiting protoporphyrinogen
oxidase, which is the last common enzyme in the biosynthesis of chlorophylls and other
similar molecules with a tetrapyrole structure (5, 6). Two different formulations of
flumioxazin are currently available: a sprayable dry-flowable (SureGuard 51WDG®)(2),
and a granular (BroadStar 0.25G®)(4). Both formulations are commonly used in nursery
production and landscape maintenance industries. BroadStar is intended to be applied
over the top where it will fall through, and/or be washed off the foliage, and onto the
growing media surface. Foliar injury was reported soon after the introduction of this
product. For example, Stamp and Chandler reported that foliar-applied Broadstar was
injurious to Plumbago auriculata Lam (7). Wet foliage aggravated this injury. In
response to this injury potential, Broadstar was subsequently reformulated with a
coating to minimize the injury potential (3). Unfortunately growers have reported less
weed control with this new granular formulation which is being perceived as less
effective than the sprayable formulation when applied at an equivalent rate. SureGuard
is labeled at a rate range, 0.25 to 0.375 lb. ai/a, while BroadStar is labeled at a single
rate; i.e. 0.375 lb. ai/a. Reports of decreased efficacy with the granular formulation led
us to hypothesize that a greater amount of water may be required to activate the
granular formulation relative to the sprayable formulation. Our first objective of this
research was to determine if additional moisture for activation would render the granular
formulation equivalent in efficacy to the sprayable formulation. Our second objective
was to determine the relationship between the distance separating an individual prill of
the granular formulation and a weed seed and the chances that the germinating seed
would be killed by the herbicide.
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Influence of Activation Moisture and Formulation. Pots (trade gallon or 2.8 l) were
filled with a pine bark-sand (6:1, v:v) substrate. After 4 days for settling, three moisture
levels, low, medium, and high, were established by differential irrigation. Low moisture
pots were watered once, to saturation, 4 d prior to the scheduled herbicide treatment.
Medium pots were saturated 1 d prior to treatment; and high moisture level pots were
saturated 1 h before treatment. Herbicide treatments consisted of the aforementioned
granular and sprayable flumioxazin formulations. Both formulations were applied at 0.25
and 0.375 lb ai/a (0.28 and 0.42 kg ai/ha-). The sprayable formulation was applied using
an enclosed-cabinet sprayer; granular formulation was applied with a hand-held shaker.
Treated pots received a one-time irrigation of either 0.5, 1.0, 2.0, or 4.0 inches
immediately after herbicide applications. Each pot was seeded with 25 weed seeds 1 d
after the one-time irrigation. A standard irrigation schedule of 0.6 cm applied twice each
day was resumed 2 days after seeding.
The experiment consisted of a factorial treatment arrangement of the three atapplication moisture levels, two flumioxazin formulations, two flumioxazin rates, and four
after application, one-time irrigation levels, resulting in 48 treatments. A nontreated, noflumioxazin control treatment was also included. This control had a medium atapplication moisture level, and no irrigation 1 day prior to seeding. Each treatment was
replicated six times. Pots were maintained in a retractable roof greenhouse. A
completely random experimental design was used. The experiment was repeated three
times with hairy bittercress (Cardamine hirsute) and two times with spotted spurge
(Euphorbia maculata). Weed seedlings were counted on a weekly basis for 9 weeks
after seeding. Weed foliage fresh weights were determined after the final count. Both
the seedling stand count and the foliage weight data were expressed as percent
reduction relative to the non-treated control. Data were subjected to ANOVA. Fisher’s
protected LSD test at the 0.05 level was used to compare between individual means of
experimental variables.
Herbicide Prill-Weed Seed Separation Distance. As previously mentioned, the
granular formulation is only registered at 0.375 lb ai/a (42 kg/ha). This rate is equivalent
to 168 kg/ha or 168 mg product per 100 cm2 (39.37 in2). The authors determined that
the average weight of 100 prills was 98 mg. Assuming that the 171 prills were to be
evenly spaced in a grid pattern over 100 cm2, each prill would occupy 0.58 cm2; which
translates to the prills being spaced 7.6 mm apart in a grid pattern. Through geometry
it can be determined that seed positioned exactly in the middle of this grid spacing
would be separated 5.4 mm from the nearest prill(s); 5.4 mm = [(7.6 mm * √2)/2]. We
hypothesized that the granular formulation would only be effective provided that the prill
to spotted spurge seed spacing did not exceed the 5- to 6-mm range.
A very fine commercial potting mix was placed into plastic nursery flats, and wetted to
saturation. Using plastic templates, 25 individual herbicide prills were placed on the
media surface in a 5-by-5 grid pattern, with the individual prills spaced either 6, 9, 12,
15, 18 or 21 mm apart. Spotted spurge seeds were then placed in a 4-by-4 grid pattern
centered exactly within the grid of prills. This experiment was only conducted with
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spotted spurge. The prill-seed separation distance was 4.2, 6.2, 8.5, 10.6, 12.7, and
14.5 mm for the six prill spacings, respectively. Each of the six prill-seed spacing
distances was replicated four times. In addition, 100 seeds were broadcast over the
same media to determine seed germination. This treatment was also replicated four
times across two flats. Flats were watered twice daily with a mist nozzle. Number of
spotted spurge seedlings was determined 2 weeks after starting the experiment. This
number was converted to a percent control value by contrasting it to the non-treated.
Control was regressed against the six prill-seed spacing distances using a nonlinear
model.
Results and Discussion:
Influence of Activation Moisture and Formulation. For hairy bittercress and spotted
spurge, control, as indicated by weed counts and fresh weight, was influenced almost
exclusively by flumioxazin rate and formulation. Conversely, neither pre-application
moisture nor post application, single-event irrigation had any effect on flumioxazin
efficacy, regardless of formulation (Table 1). In one case, the third repetition with hairy
bittercress, control was numerically increased (but not significantly different) with
additional irrigation. Across both weed species, control was superior with the sprayable
formulation, such that a rate response was not evident. A rate response was frequently
detected with the granular formulation.
Herbicide Prill-Weed Seed Separation Distance. Nonlinear regression of spotted
seedling survival data revealed that > 99% control required a prill-seed separation of <
5.2 mm. This prill-seed separation requirement is only marginally obtained with the
current registered rate, i.e 0.42 kg ai/ha or 168 kg product/ha. The relationship between
control and prill-seed separation distance cannot be manipulated by additional
activation moisture. Inadequate contact between the spotted spurge seeds and the
flumioxazin-containing prills is likely the sole cause of inadequate control with the
granular formulation.
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Table 1. ANOVA of ‘control’ data for experiments with spotted spurge
Source of variation
Main effects

Round 1
Round 2
(September 2010)
(August 2011)
--------------------------------(probability)-----------------------------

Pre-moisture

NS

NS

Post irrigation

NS

NS

Formulation

*

*

Rate

*

*

Form*rate

Form*rate

Significant 2-way interactions
Control= percent reduction in foliage fresh weight at ~10 wks after treatment relative to
nontreated control

Weed Control

281

SNA Research Conference Vol. 59 2014

Growth Regulators
Anthony LeBude
Section Editor

Growth Regulators

282

SNA Research Conference Vol. 59 2014

Container-grown Knock Out™ Rose Affected by Fertilizer Rate and
Plant Growth Regulator
Diana R. Cochran and Amy Fulcher
Department of Plant Sciences, University of Tennessee
2431 Joe Johnson Drive, Knoxville, TN 37996
afulcher@utk.edu
Index words: growth retardant, dikegulac sodium, plant quality, branch architecture
Significance to the Industry: Nursery growers use patience and skill to cultivate plants
that are desirable to consumers. Plants left unpruned often appear “leggy”, become top
heavy in containers, and are not desirable to consumers. Additionally, racks with a fixed
or narrow range of shelf heights are frequently used to ship plants. Therefore, it is
necessary to train plants to a compact, symmetrical form that is appropriate for shipping
and conducive to retail sales. By applying plant growth regulators and providing plants
with the proper amount of fertilizer, growers can produce plants with uniform growth and
desirable characteristics for both shipping and consumers.
Nature of Work: Knock Out™ rose is a popular cultivar with consumers because it
establishes easily, provides color throughout the season, and is resistant to a variety of
diseases and insects. Like many container-grown plants, roses require pruning during
the growing season to achieve uniformity in growth. Some growers report as many as
three to four prunings being necessary for Knock Out™ rose. While hand pruning is an
option, it can be hazardous with roses and other thorny plants, and multiple prunings
can be problematic due to the cost and availability of labor (Holland et al., 2007). An
alternative method of height control, such as plant growth regulators (PGRs), could
greatly benefit the industry by reducing financial costs and worker hazards associated
with pruning thorny plants. Plant response to PGRs is affected by rate, timing, number
of applications, and can vary across cultural and environmental conditions (Bruner et
al., 2002; Kessler and Keever, 2008). This research compares the effect of pruning to a
single PGR application. Additionally, it provides insight into whether high nitrogen
counteracts PGR application by either supporting growth of one or a few shoots
exhibiting apical dominance, enhances the effect of a PGR application, or has no
influence on plant response to PGR.
On April 11, 2013, Knock Out™ roses were potted into 3 gal containers filled with 85%
pine bark: 15% peat and immediately irrigated. Two fertilizer treatments [medium
labeled rate (65g) and high labeled rate (95g)] and three branching treatments
[dikegulac sodium at 3100 ppm (DS), a hand-pruned control leaving 5 nodes (handpruned), and a water control (untreated)] were applied. Both fertilizer treatments were
applied as a top dress using 15N-3.9P-9.9K, 3-4 month control release fertilizer
(Osmocote® Plus 15-9-12, Everris, The Netherlands) on April 16, 2013. Pruned plants
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were hand-pruned on June 7, 2013. On June 14, 2013, DS was applied using a CO2
backpack sprayer until foliage was thoroughly wetted. Plants were grown outdoors at
the University of Tennessee Nursery Research Complex, Knoxville, TN (lat. 35.98°N,
long. 83.91°W, USDA plant hardiness zone 7a) under full sun with drip irrigation. Initial
irrigation was applied for 3 min at 8:00AM and 1:00PM, (5.1 oz applied) and after 8
weeks irrigation was applied at 8:00AM, 1:00PM and 5:00PM (7.7 oz applied) using 3.2
gal/h pressure-compensating spray stakes (PCNL Spray Stake; Netafim, Fresno, CA).
Initial (IGI) and final (FGI) growth index [GI = ((height + width + perpendicular width)/3)]
was measured to determine increase in growth (IG) over the experiment (IG = FGI IGI), and initial branch (IB) and final branch (FB) count (number of growing points) was
recorded to determine branch increase (BI) over the experiment (BI = FB - IB).
Additionally, plant symmetry was used as an indicator of plant quality. Plant symmetry
was visually rated after observing each plant over the top and in profile on a 1 - 5 scale:
1 representing sparse, asymmetrical branching without covering the container substrate
surface and 5 representing full, symmetrical branching with 100% coverage of the
substrate surface. Phytotoxicity was rated using the following ranking: 0 being no
phytotoxicity and 10 being plant death. The experiment lasted 105 days. Experimental
design was a completely randomized design with 12 single pot replications.
Data were analyzed using linear models with the GLIMMIX procedure of SAS (SAS
Institute Inc, Cary, NC). Treatment differences were determined using the LSMEANS
statement according to the Holm-Simulation method, alpha = 0.05.
Results and Discussion: DS treated plants had 33% more branches at the end of the
experiment due to 58% greater BI than hand-pruned plants (Table 1). Plants respond to
dikegulac sodium differently depending on species and environmental conditions but
responses generally include increased branching, reduced growth, and improved
symmetry (Cochran et al., 2013; Hester et al., 2013). Hand-pruned plants had
comparable FB and BI to the untreated plants. There was a greater BI in plants treated
with the high rate of fertilizer compared with the medium rate of fertilizer. We used plant
symmetry as a proxy of plant quality (plant proportion, density and branch symmetry)
and results indicated DS improved plant quality by 33.3% and 38.5% compared with
hand-pruned and unpruned plants regardless of fertilizer rate. DS is a DNA synthesis
inhibitor that disrupts apical dominance and retards growth (Bhattacharjee and Gupta,
1984; Arzee et al., 1977); therefore, plants treated with DS should be smaller in size
compared with untreated plants. This was apparent in the current experiment with DS
plants being 11.7% shorter and 9.1% smaller (FGI) than untreated plants. Similar to FB
and BI, plants with the high rate of fertilizer were taller (height) and larger (FGI)
compared with the plants receiving the medium rate of fertilizer. Phytotoxicity was
observed on plants treated with DS 2 weeks after PGR application; however, by the end
of the experiment there were no symptoms (data not shown). There were no branching
treatment × fertilizer interactions for any of the parameters measured.
Results indicate that DS or hand pruning were not effective methods to increase
branching compared with untreated plants. However, if the desired response is to
control growth and promote dense and uniform plants without hand pruning, then DS
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may be an option for growers who produce Knock Out™ roses. Fertilizer rate appeared
to influence branching and plant growth but it neither counteracted DS application nor
enhanced it.
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Table 1. Branch and growth response of Knock Out™ rose following branching treatments and two
rates of fertilizer.
Final
Branching treatment
branch
Branch
Plant
(TRT)z
number
increasey
symmetryx
Height
FGIw
Dikegulac sodium
300.2 av
246.5 a
3.6 a
71.5 b
86.4 b
Hand-pruned
225.8 b
156.5 b
2.7 b
76.0 ab
92.0 a
Untreated
258.9 ab
208.7 ab
2.6 b
79.9 a
94.3 a
Fertilizer rate (FERT)u
Medium
High
TRT
FERT
TRT×FERT

243.5 b
279.7 a

179.0 b
228.8 a

3.0
2.9

0.0018
0.0302
0.8238

0.0050
0.0255
0.3881

0.0005
0.5200
0.4469

72.9 b
78.7 a

87.6 b
94.2 a

0.0041
0.0049
0.2649

0.0001
0.0001
0.7913

z

Branching treatment: dikegulac sodium at 3100 ppm; hand-pruned leaving 5 nodes; untreated.
Branch increase = final branch count - initial branch count.
x
Plant symmetry: was visually rated on a 1 - 5 scale; 1 representing sparse, asymmetrical
branching without covering the container substrate surface and 5 representing full, symmetrical
branching with 100% coverage of the substrate surface.
w
FGI: final growth indices = Final GI [(height + width + perpendicular width) ÷ 3] - Initial GI
[(height + width + perpendicular width) ÷ 3].
v
Means with the same letters (within a column) are not significantly different according to
the Holm-simulation method for mean comparison, alpha = 0.05.
u
Fertilizer rate: medium (65g) and high (95g) top dressed with 15N-3.9P-9.9K, 3 – 4 month
control release fertilizer (Osmocote® Plus 15-9-12, Scotts Company, Marysville, OH) on April
16, 2013.
y
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Effect of Cutless .33G on Landscape Shrubs Used as Hedge
Yan Chen, Regina P. Bracy, and Allen D. Owings
Louisiana State University Agricultural Center, Hammond Research Station
Hammond LA, 70403
yachen@agcenter.lsu.edu
Index Words: flurprimidol, plant growth retardant, landscape irrigation
Significance to Industry: Cutless .33G and three irrigation methods: micro-sprinkler,
drip irrigation, and no-irrigation were evaluated in this study for their effect on growth
control in burford holly, elaeagnus, ligustrum, sweet viburnum, and wax myrtle. Plants
were planted in fall 2012 and treated in spring 2013. Plant size index recorded monthly
indicated that, plant responses to Cutless were species specific, and wax myrtle was
the most responsive species with 31% size reduction at 21 lbs/1000 ft2 compared with
the untreated plants at 8 weeks after treatment, and sweet viburnum had no response
to irrigation or PGR treatment. Irrigation methods had transient effects on plant size with
overhead irrigation resulted in smaller plants in elaeagnus and wax myrtle at 4 WAT
across Cutless rates. More treatments will be applied in the next two years and
observations will be reported when available.
Nature of Work: Shrubs used as border or hedge plantings in urban landscapes require
frequent trimming to maintain desired size and shape. During a growing season,
pruning often becomes one of the top contributors to landscape service cost because of
labor needed for trimming and cleaning up, and associated cost of fuel and equipment
wear. In addition, pruning may increase disease problems associated with wounding the
plants. Cutless.33G (SePRO Corporation, Carmel, IN) is a granular formulation of the
plant growth regulator flurprimidol, a GA3 biosynthesis inhibitor, and is registered for
managing growth of woody and perennial plants in established landscapes (1). As
indicated by previous studies, its residual effects last longer than Atrimmec possibly
because of the longer release period based on its granular formulation (3).
Effectiveness of Cutless .33G varies among plant species (2, 3, 4). In addition, its
effectiveness depends on timely delivery of the material to roots, which is affected by
irrigation method and amount. Drip or micro sprinklers are commonly used in landscape
plantings including hedges and borders. The objective of this 2-year study was to
determine possible interactions between three irrigation methods (overhead microsprinkler, drip, and no irrigation) and three rates of Cutless.33G (0, 14, and 21 lbs/1000
ft2) applied to five woody ornamental plants that are often used as hedges in a
simulated landscape field.
The experiment was conducted in Hammond, LA (US Department of Agriculture Plant
Hardiness Zone 8b) in 2012. Nine field beds, each 196’ long x 4’ wide, were prepared
by adding bedding mix (a mix of top soil and utility trim compost, Natures Best Inc.,
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Baton Rouge) and pine bark to make raised beds. Each long bed was then divided into
18 plots, each 12’ long x 4’ wide. The experimental design was a Split Plot with three
main plots each included three long beds (subplots), each assigned with one of the
three irrigation methods. A total of fifty-four plants each of azalea, burford holly,
elaeagnus, ligustrum, sweet viburnum, and wax myrtle in 3-gal containers were
transplanted on 9 Oct. 2012 with three plants per plot (treatment unit, 4’ center-tocenter) and three units per subplots. All plants were trimmed slightly to have similar size
within the species at the time of transplant. The layout of the individual plots for each
species within a main plot was a Completely Randomized Block Design with three
replications. Plants were fertilized with Agriform 21 g tablets (20N-4.8P-3.9K) at 2
tablets per plant at planting. All plants were irrigated with micro-sprinklers for the first 6
months after transplant. Irrigation was changed to treatment irrigation methods and
schedule on 4 Mar. 2013. Drip irrigation was delivered by two 0.5 gph emitters
(RainBird, Azusa, CA) per plant. Micro-sprinkler treatment was delivered by seven
Antelco sprinklers (0.04 orifice) arranged on both sides of the individual plots (Antelco
Corp., Longwood, FL). Both irrigations were scheduled to deliver 0.5 gallon of water to
each plant at each watering. Plants with the no irrigation treatment depend on rainfall as
the only source for water. Total precipitation from 4 mar. 2013 to 31 Dec. 2013 was
about 9.3 inches (LSU AgCenter Weather Reports). Cutless was applied on 10 Apr.
2013 as topdress to bed surface, which was followed with a light rainfall event (0.02
inch). The amount of Cutless to apply at each rate was calculated based on plot area,
48 ft2. Plants were measured monthly for growth responses and photosynthesis rates.
Growth measurements presented as size index (height x widest width x perpendicular
width to the widest width). Data were analyzed by ANOVA and as repeated
measurement for each species (SAS v 13.1, SAS Institute, Cary, NC). Only first year
growth responses are presented here.
Results and Discussion: Plant size index (SI) increased over time for each species from
May to September (data not shown). However, there was no consistent response of SI
to PGR or irrigation treatments when data were analyzed as repeated measurements
(data not shown). The effects of irrigation and Cutless on SI and their interactions varied
among plant species and date of measurement (Table 1). Sweet viburnum had no
response to irrigation or PGR treatments. For the other four species, effects tended to
become less significant or no longer significant by September, which was ~20 weeks
after Cutless application (azaleas were not treated because of small plant size).
In May, interactions between irrigation and PGR were significant in ligustrum and wax
myrtle but did not affect the main effects of PGR or irrigation (Table 1). Irrigation effect
was significant in elaeagnus and wax myrtle (Fig. 1), where drip irrigation resulted in
larger plants than overhead irrigation, and was similar or slightly larger than noirrigation. However, this effect was transient and no significant irrigation effect was
found for any species from later measuring dates over the growing season (Table 1). In
June, despite the interaction in ligustrum which did not respond to either PGR or
irrigation treatment, SI of the other three species was affected by PGR treatment (Fig.
2). Across irrigation methods, SI decreased with increasing Cutless rate in burford holly,
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elaeagnus and wax myrtle, with wax myrtle responded most significantly among the
three (31% size reduction at 21 lbs/1000 ft2 compared with the untreated plants).
From these preliminary results over the first growing season, effect of Cutless .33G
varied among plant species with wax myrtle being the most responsive and sweet
viburnum being no response. With 9.2 inch of rain over the growing season, irrigation
method only had transient effect on plant growth. Effect of Cutless was slightly affected
by irrigation but the interaction was also transient and not significant in most cases.
More treatments will be applied in the next two years and observations will be reported
when available.
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Table 1. Significances of treatment effect for Cutless .33G rate and irrigation methods,
and their interactions as indicated by ANOVA p-values with t-test at α = 0.05.
Treatment

May

June

July

Aug.

Sept.

Weeks after Cutless application

4

8

12

16

20

NS
0.0481
NS
0.0050
NS
NS
0.0129
NS
0.0081
NS
0.0034
0.0070
NS
NS
NS

0.0142
NS
NS
0.0463
NS
NS
NS
NS
0.0008
<.0001
NS
NS
NS
NS
NS

0.0094
NS
NS
NS
NS
0.0481
NS
NS
NS
<.0001
NS
NS
NS
NS
0.0595

NS
NS
NS
0.0273
NS
NS
NS
NS
NS
<.0001
NS
NS
NS
NS
0.0206

NS
NS
NS
0.0544
NS
NS
NS
NS
NS
0.0128
NS
NS
NS
NS
NS

Elaeagnus

Burford holly

Ligustrum

Wax Myrtle

Sweet viburnum

Rate
Irrig.
Interaction
Rate
Irrig.
Interaction
Rate
Irrig.
Interaction
Rate
Irrig.
Interaction
Rate
Irrig.
Interaction

Plant size index (ft3)

80

60

40

a

Overhead
Drip
No-irrig.

b

a

b

b

ab

20

0
Elaeagnus

Wax myrtle

Fig. 1. Size index of elaeagnus and wax myrtle in May 2013 at 4 weeks after Cutless
.33G application and 8 weeks after irrigation treatment began. Results were averaged
across Cutless rate.
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a

Plant size index (ft3)
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14 lbs/1000ft2
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b
b
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a
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b
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0
Elaeagnus

Holly
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Fig. 2. Size index of elaeagnus, holly, and wax myrtle in June 2013 at 8 weeks after
Cutless .33G application and 12 weeks after irrigation treatment began. Results
presented were averaged across irrigation methods.
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Smoke Point Testing of Tea-seed Oil (Camellia oleifera)
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Significance to Industry: Camellia oleifera, an oilseed crop native to Asia, has recently
been adapted for production in the Southeastern United States. The oil derived from the
seed, known as tea-seed oil, is a popular cooking oil in its native regions and is known
to have a relatively high smoke point. The significance of the smoke point is that when
an oil reaches this temperature it degrades and increases free radical production [9].
Oxygen derived free radicals are thought to be related to the formation of cancer,
inflammation, atherosclerosis, ischemia-reperfusion injuries, aging, Alzheimer’s disease,
shock, diabetes, cataracts, hypertension, cardiovascular disease, exercise related
muscle damage, infertility and other pathological changes [4]. There are an abundance
of claims on the smoke point temperatures of various cooking oils, however, little work
has been conducted by research institutions on these smoke points and little to no
research on tea-seed oil specifically. In this study, smoke point testing was conducted
on Camellia oil as well as several popular commercial cooking oils. Based on accepted
food standards, the smoke point of tea-seed oil allows it to be classified as an edible oil
with high heat tolerance.
Nature of Work: Camellia is a genus of evergreen flowering trees and shrubs native to
China, Japan, and other regions of Southeast Asia. Camellia is a member of the family
Theaceae and botanical tribe Gordonieae which is characterized by the formation of a
seed within a capsule [6]. The various species can be identified by their floral and leaf
characteristics. Morphologically, Camellias are large shrubs ranging from 15-70 feet tall
at maturity [2]. The crop normally takes two to three years to mature and can produce
fruit for fifteen to sixty years [12] with one year from flowering to fruit.
The extract from the seed of Camellia oleifera has been used in China and southeast
Asia for thousands of years as a sweet seasoning and cooking oil and has been
commonly referred to as the “eastern olive oil” [11] due to its associated health benefits.
Oil yields have been reported up to 40% [7] of the seed weight and 80 gallons per acre.
Roughly one seventh of the Chinese population uses tea-seed oil for cooking purposes
[7].
The structure and quantity of various oil constituents are affected by horticultural
practices and oil processing allowing the assumption that geography can have an
impact on health benefits [6]. Georgia grown Camellia could possibly contain
characteristics not seen in Chinese Camellia due to the location in which they were

Engineering, Structures and Innovations

293

SNA Research Conference Vol. 59 2014

grown. The organization of the University of Georgia’s Specialty Oilseeds Committee
and Georgia Oilseed Initiative stress importance of oilseeds in Georgia row crop
agriculture [7].
As defined by the American Oil Chemists’ Society (AOCS), the smoke point is the
temperature in which a constant stream of smoke is emitted from the surface of a
heated oil [1]. Heating of an oil to its smoke point causes its molecular constituents to
degrade creating free radicals. While it is accepted that reactive oxygen species (ROS)
are necessary in the fine tuning of metabolic processes, unbalanced and prolonged
presence of these species can lead to oxidative stress, apoptotic and necrotic cell death
[5]. Free radicals have been shown to react with cyclooxygenase, an enzyme in the
body, to produce PGs1 and PGs2 prostaglandins [3]. PGs2 prostaglandins have been
linked to pro-inflammatory and pro-carcinogenic responses [3]. Tea-seed oil (Camellia
oleifera), is thought to have a relatively high smoke point when compared to other oils
while possessing many other health benefits.
Fifteen commercially refined cooking oils were used for testing. They are as follows:
Earth Fare Expeller Pressed Grape Seed Oil, Kroger Pure Vegetable Oil, Spectrum
Expeller Pressed Walnut Oil, Kroger Pure Sunflower Oil, Hollywood Enriched Gold
Peanut Oil, Hollywood Enriched Gold High-Oleic Peanut Oil, Kroger Pure Canola Oil,
Kroger Pure Olive Oil, Kroger Corn Oil, Georgia Olive Farms Extra Virgin Olive Oil,
Hollywood Enriched Expeller Pressed Safflower Oil, Kinloch Virgin Pecan Oil, Arette
Organic Extra Virgin Tea Seed Oil, Kroger Value Shortening, and International
Collection Sweet Almond Oil. Crude and centrifuged Georgia grown tea-seed oil were
also tested. The sample was centrifuged only to remove the heavy particulates that
were found in the crude sample. Smoke point testing was conducted in accordance to
AOCS method Cc 9a-48 with slight modifications for the testing apparatus. The height
and depth of the apparatus were decreased for proper placement into the fume hood.
Dimensions for the testing cup can also be found in this method.
To conduct analysis, 2.2oz (65mL) of oil was measured out into the cup using a
serological pipette. Special care was taken not to drip any oil on the rim of the cup or
the tripod holding the cup. Stray oil can cause premature smoking and an inaccurate
smoke point reading. Temperatures were measured with a Maverick dual sensor ET-85
thermometer. It was secured and angled through the oil for stability and to maximize
surface contact with the medium. A standard six inch Bunsen burner with 7/16th inch
(11.1 mm) diameter was used as the heating source. The oils were rapidly heated until
within 75oF (42oC) of the expected smoke point. Heating is then slowed to a rate of 911oF (3-5oC) per minute and observed until smoking appears. At a few degrees before
the smoke point is reached, slight puffs of smoke will be emitted from the oil surface.
This should be ignored and smoke point will only recorded when stream is constant.
Five replications were performed on each oil. Metal wool was used to clean heavy
debris from the cup between replications. Crown mineral spirits were used to remove
any residual oil from the cup.
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Results and Discussion: The results for smoke point testing can be found in Figure 1.
Hollywood Enriched Gold Peanut Oil and Hollywood Enriched Expeller Pressed
Safflower oil had the highest smoke points. An analysis of variance (ANOVA) was
performed and found no significant difference between these two oils (p<0.0001).
Centrifuged and crude Camellia oils had the lowest smoke points. These low smoke
points can be attributed to the many particulates and pro-oxidants that can be found in
unrefined oils. Commercially refined Camellia oil did, however, have a higher smoke
point temperature than both extra virgin and pure olive oils. There was no difference
seen between the following oils: sunflower and pecan, walnut and vegetable, almond
and canola, high-oleic peanut and shortening, shortening and corn, and corn and
commercial Camellia.
Knowing the smoke point temperature of a cooking oil determines the temperature
range in which the oil best performs. Table 1 shows the recommended uses for each oil
based on their smoke points. Recommendations are based on information provided by
the cooking oil industry, specifically Spectrum Organics, and the United States
Department of Agriculture Food Safety and Inspection Service (USDA-FSIS). The
smoke point is indicative of the level of heat stress the oil can withstand. Oils with low
smoke points, below 250oF (121oC), are best when used with no heat such as in salad
dressings or poured onto a finished dish [8]. Medium heat oils have smoke points
ranging from 250-350oF (121-176oC). These oils are best used for light sautéing and
making sauces. Oils with smoke point temperatures 350-410oF (176-210oC) are ideal
for medium-high heat. They should be used for higher heat sautéing and baking [8].
High heat oils, 410oF (210oC) and above, can be used as all-purpose cooking oils and
are ideal for usage in deep fat frying [10]. Further research should be conducted to get
more accurate values of other popular commercial cooking oils with a wider range of
smoke points.
The results of this study allow for the consumer to make a more informed decision of
which cooking oil to use based on the heat required for cooking, minimizing exposure to
dangerous free radicals. With a smoke point of 410oF (210oC), commercially refined
Tea-seed oil can be classified as a cooking oil with high heat tolerance. This high
smoke point allows the oil to be used in various applications while resisting degradation
and maintaining oxidative stability.
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Table 1: Heat recommendations for various edible cooking oils
Heat Recommendation
No Heat- below 250oF (1210C)
Medium Heat- 250-350oF (121-176oC)
Med-High Heat- 350-410oF (176-210oC)
High Heat- 410oF (210oC) and above

Oil
N/A
Crude Camellia
Centrifuged Camellia
Extra Virgin Olive
Pure Olive
Grapeseed
Commercial Camellia
Corn
Shortening
High-Oleic Peanut
Canola
Almond
Vegetable
Walnut
Pecan
Sunflower
Safflower
Peanut
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Figure 1: Smoke point temperatures of various cooking oils ± standard error.
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Significance to the Industry: Collection of inventory data is time consuming, often
inaccurate, and costly. Although some improvements have been made to the process, it
still relies heavily on manual methods. The long-term objective of this research program
is to develop an automated method to collect and process inventory data using aerial
images. This set of experiments is focused on evaluating the effect of plant canopy
shape on plant count accuracy. Based on the combined result from these separate
experiments, a commercially available software program and another under
development, appear to be fairly robust with regard to this single factor (canopy shape).
The algorithms trained using the two software programs did not find any differences
when plant canopy shape was evaluated with images taken at 12 m.
Nature of Work: In general, the nursery industry lacks an automated inventory control
system (2). The process of collecting inventory data in a nursery is labor intensive
involving the physical counting of thousands of plants. Due to the time involved in
manually counting plants, growers often count only a portion of their crop (1). Aerial
images combined with image processing software have been used in agricultural and
environmental applications. Since nurseries grow a wide range of plants this may
require several counting algorithms. This study was designed to evaluate the effect of
plant canopy shape on counting accuracy of container-grown plants.
Container-grown plants were spaced in staggered rows with a canopy separation of 5
cm between canopy edges. Two species of juniper (Juniperus chinensis L. ‘Sea Green’
and Juniperus horizontalis Moench ‘Plumosa Compacta’) growing in #2 black
polyethylene containers (Plastics Inc., Jacksonville, TX) were used in the study the
foliage, texture, and color was similar. Henceforth, the canopy for ‘Plumosa Compacta’
will be referred as ‘regular’ and ‘Sea Green’ canopy as ‘irregular’. For each canopy
shape treatment, a set of 64 containers (8 × 8) were established outdoors on black
polypropylene fabric ground cover (Lumite, Inc., Alto, GA) on 13 November, 2013 at
Greenleaf Nursery, Park Hill, OK . Treatment sets were replicated five times in a
randomized complete block design (RCBD) for a total of 10 sets. Two images of each
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set were taken and then used for algorithm evaluation. Six sets of four fully separated
plants were positioned between treatment sets and were used to train an algorithm
using MATLAB® (MathWorks Inc., Natick, MA) (MATLAB). Two additional sets of 49
containers (7 × 7), one with ‘Sea Green’ juniper and the other with ‘Plumosa Compacta’,
were positioned adjacent to the treatment sets and were used to train the algorithm
using FA, and henceforth referred to as training sets.
Data collection: Images were obtained by extending a Bil-Jax 3632T boom lift (Haulotte
Group, Archbold, OH) to 12 m above ground level. The camera was handheld and the
distance from the sensor to the ground was obtained using a measuring tape. Each time
the boom was re-positioned, sensor height relative to the ground was verified. The
sensor was positioned over the center of every block, resulting in both sets for that
block being included in the image. Image spatial resolution was calculated based on 20
cm square white boards positioned around the treatment blocks, resulting in 0.15
cm/pixel.
Variables: When FA was used, 3 variables were measured using the final count and
output image as follows: a) Total count b) False positives: counts that do not represent
a target plant (e.g. multiple counts, weeds or other objects within the ground cover that
were counted as a plant), and c) Unidentified: target plants that were not counted.
The algorithm trained using MATLAB does not generate an output image, therefore,
only total count is reported. Means were separated using an analysis of variance
followed by a Student’s t-test based on the experimental design described above using
SAS 9.3 (SAS Institute Inc., Cary, NC). No statistical comparison was made between
results obtained using the two software packages.
Environmental parameters: Mean environmental parameters including light intensity
(140 LUX), relative humidity (24.4%), temperature (15.6° C), and ground wind speed (04 km/h) were measured using a Mini Environmental Quality Meter (Sper Scientific,
Scottsdale, AZ) at the time of image collection. A subjective estimate of cloud cover was
determined to be less than 5%.
Sensor: A Sony Alpha NEX-7 (Sony Corporation of America IR, San Diego, CA), 24.3
megapixels color digital frame camera, with an 18-55 mm lens was used as the sensor.
The shooting mode was set as manual with an ISO of 200, shutter speed of 1/250
seconds, and f value of 8. Autofocusing and aspect ratio of 3:2 were fixed. Flash, object
tracking, and face detection were turned off. Prior to processing, images were cropped
using Adobe Photoshop Elements 6 (Adobe System Incorporated, San Jose, CA)
leaving only the set of interest for that particular image.
Algorithm training using Feature Analyst® (FA): A total of two algorithms were trained,
one for each canopy shape. Each algorithm was applied to all images regardless of
canopy shape. The general process of training the algorithms is the same described in
(3).
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Algorithm training using MATLAB: A counting algorithm was written using MATLAB
(R2013b). Procedures described by (3) were used to train this algorithm, with the
exception that a different ratio was used to extract plants from the background: 2*G-BR.
Results and Discussion:
Algorithm trained using images displaying plants with regular canopy shape: An
algorithm was trained using a training image displaying junipers with a regular canopy
shape using FA and then applied to images displaying junipers with regular and
irregular canopy shapes. There were no significant differences (P≤ 0.05) between
canopy shape treatments for the three variables measured when the data were
analyzed using FA (Table 1). When data were analyzed with the algorithm trained using
MATLAB, there was no significant difference (P≤ 0.05) between total count for both
canopy shape treatments (Table 2).
Algorithm trained using images displaying plants with irregular canopy shape: An
algorithm was trained using a training image displaying junipers with an irregular canopy
shape and then applied to images displaying junipers with regular and irregular canopy
shapes. There were no significant differences (P≤ 0.05) between canopy shape
treatments for the three variables measured when data were analyzed using FA (Table
3). When images were analyzed with the algorithm trained in MATLAB, total count did
not show a significant difference (P≤ 0.05) between canopy shape treatments (Table 4).
When data were analyzed with FA and the MATLAB algorithm, there was no difference
between variables measured when an algorithm trained with an image displaying
regular or irregular plant canopy shape was applied to images displaying either of the
plant canopy shapes. Even though the canopy shape of ‘Sea Green’ is less compact
than ‘Plumosa Compacta’, visible individual lateral branches are eliminated when
applying the erosion procedure. The erosion procedure reduces object size by
determining if pixels are enclosed within an object (4).
When using FA, one set of training samples was selected by the user from one training
image and then the training set was used to analyze different images. Expectations
were that this user input was going to decrease the accuracy of results, however, if
there is an effect related to this procedure, it appears to have a minimal effect on count
accuracy for juniper plants.
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Table 1. Count accuracy for container-grown junipers with regular (Juniperus
horizontalis ‘Plumosa Compacta’) and irregular (Juniperus chinensis L. ‘Sea Green’)
canopy shapes when training an algorithm with images displaying junipers with regular
canopy shape using Feature Analyst®
Canopy Shape
Regular
Irregular

Total count (%)
97%
98%

False positives (%)
0%
0%

Unidentified (%)
3%
2%

Table 2. Count accuracy for container-grown junipers with regular (Juniperus horizontalis
‘Plumosa Compacta’) and irregular (Juniperus chinensis L. ‘Sea Green’) canopy shapes
when training an algorithm with images displaying junipers with regular canopy shape
using MATLAB®
Canopy shape
Regular
Irregular

Total count (%)
100%
102%

Table 3. Count accuracy for container-grown junipers with regular (Juniperus horizontalis
‘Plumosa Compacta’) and irregular (Juniperus chinensis L. ‘Sea Green’) canopy shape
when training an algorithm with images displaying junipers with irregular canopy shape
using Feature Analyst®
Canopy Shape
Regular
Irregular

Total count (%)
98%
98%

False positives (%)
0%
0%

Unidentified (%)
2%
2%

Table 4. Count accuracy for container-grown junipers with regular (Juniperus horizontalis
‘Plumosa Compacta’) and irregular (Juniperus chinensis L. ‘Sea Green’) canopy shapes
when training an algorithm with images displaying junipers with irregular canopy shape
using MATLAB®
Canopy shape
Regular
Irregular

Total count (%)
97%
102%
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