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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
Marc van Iersel
The Southern Nursery Association honored
Dr. Marc van Iersel with the Porter Henegar Memorial
Award during the 62nd Annual SNA Research
Conference.
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.
Marc van Iersel was born in the Netherlands and exposed to horticulture at a
young age, playing in his grandfather’s flower shop and greenhouses. Marc
studied horticulture in the Netherlands, where he received his MS degree in
1989. He then came to the US and received his PhD from the University of
Arkansas in 1994.
Dr. van Iersel has been with horticulture department of the University of Georgia
since 1995, where he now holds the Dooley Professorship. His current research
focuses on cost-effective supplemental lighting technologies in greenhouses and
vertical farms. He does so by studying plant physiological responses to different
light intensities and spectra. The goal is to develop crop-specific, cost-effective
lighting protocols. Past research focused on efficient irrigation and fertilization in
the production of ornamental plants. Marc has published over 120 scientific
papers and has given invited lectures about his research around the world,
including in Italy, Spain, Taiwan, Kenya, Canada, Chile, and Brazil.
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The Bryson L. James
Student Research Competition
2018 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.

5. The paper must follow the guidelines for
format and subject matter as stated in the
Call For Titles for the SNA Research
Conference.

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.

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.

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.

6. Student and advisor should be listed as
co-authors.

8. Judging shall be based on preparation of
the paper (50 points) and oral
presentation (100 points) for a total of 150
points.

2018 Bryson L. James Student Competition Award Winners
M.S. Candidates
1. Conner Ryan
2. Matthew Brown

University of Georgia
Tennessee State University

Ph.D. Candidates
1. Geoffrey Weaver
2. Md Niamul Kibir
3. Kaitlin Barrios

University of Georgia
Tennessee State University
University of Georgia
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Container Grown
Plant Production
Winston Dunwell
Section Editor
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Effects of Container Color on Root Zone Temperature and Growth
of ‘Green Giant’ Arborvitae
Jeremy M. Pickens1 and Anthony L. Witcher2
1

Auburn University, Ornamental Horticulture Research Center
Mobile AL 36608

2

Tennessee State University, Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
pickejm@auburn.edu

Index Words Thuja, container production, substrate, pine bark
Significance to the Industry Supraoptimal root zone temperatures continue to
negatively impact container production of sensitive crops through root damage, reduction
in growth rates and increased disease susceptibility. Arborvitae is known to be sensitive
to extreme heat in container production. This study evaluated arborvitae growth and
substrate temperature in different types of containers and two container substrates. Plants
grown in white containers with a 100% pine bark (PB) substrate were 10% larger (growth
index) compared with plants in black pots using the same substrate. White pots using a
mix of 4 pine bark:1 peatmoss (PB:PM) substrate produced plants 20 and 21 % larger
than black pots using PB based on growth index and shoot fresh weight, respectively.
Root zone temperatures for black containers were over 40°C 10.2 (PB) and 9.1% (PB:PM)
more of the time compared to white containers. This research demonstrated increased
plant growth and reduced substrate temperatures could be achieved in arborvitae plants
grown in white containers compared with black containers.
Nature of Work The negative effects of root zone temperature (RZT) in container
production have been observed since the early days of commercial container nursery
production where metal cans filled with field soil blends were used (9). Supraoptimal RZT
often exceeds that of air temperatures due to container walls absorbing solar radiation
which is converted to heat and retained in container substrates. Factors such as substrate
component, substrate porosity, and moisture level affect the rate at which heat energy is
lost and can lead to significantly greater RZT over long periods compared to ambient air
temperatures (6). Container color and porosity also have an effect on the rate of solar
absorption and heat dissipation. Dark colored containers (predominantly black) absorb
more heat compared to white containers and solid wall plastic containers maintain higher
temperatures than more porous materials such as peat and fabric containers (7). In a
study conducted in Manhattan, KS, Markham et al. (5) observed maximum temperatures
of 55.2°C (131.4 °F) in black one gallon nursery containers. The point at which RZT
becomes damaging or lethal is a function of not only temperature but also temperature
duration, crop species, and plant conditioning (8, 10). Research has shown that reduced
RZT and improved plant growth can be achieved through the use of container spacing,
white containers, shading containers and porous container materials compared to
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conventional black containers (1,2,4,5). Ingram et al. (3), in an extensive review of
research involving the impacts of supraoptimal RZT in container grown plants,
summarized RZT between 38 and 40°C (100.4 and 104 °F) hampered physiological
processes and that short exposures between 46 and 52°C (114.8 and 125.6 °F) damaged
cell membranes. The review concluded that work directed toward reducing RZT in
container production should target reduction below these levels. The objective of this study
was to evaluate and demonstrate the effects of container color, container type and
substrate on growth of ‘Green Giant’ arborvitae (Thuja standishii x plicata ‘Green Giant’).
Three different containers and two substrates were evaluated in this study. Containers
included black and white 11.3 L (3 gal) solid wall containers (Nursery Supplies Inc.,
Kissimmee, FL) and a 10.5 L (5 gal) air pruning container (Rediroot) (Nursery Source Inc.,
Boring, OR). Two substrates were evaluated in combination with each container (six total
treatments) and included 100% pine bark (PB) and a mix of 4 pine bark : 1 peatmoss (v:v)
(PB:PM). On April 19, 2017, trade gallon ‘Green Giant’ arborvitae were transplanted into
each treatment with 12 replicates per treatment. Plants were arranged in a randomized
complete block design. To provide maximum surface area to sunlight, plants were spaced
on 0.91m (3 ft) centers.
Separate irrigation zones were used for each treatment to monitor and adjust irrigation
application rates. Water was delivered to each plant with a dribble ring (15 cm (5.9 in)
diameter; Dramm Corp., Manitowoc, WI) fitted with a pressure compensated emitter (8 lph;
Netafim USA, Fresno, CA). Decagon 5TE sensors and EM50 data loggers (Decagon
Devices Inc., Pullman, WA) were used to measure and collect substrate temperature,
volumetric water content and electrical conductivity (EC). Sensors were positioned
vertically approximately 4.5 cm (1.7 in) from the container sidewall and placed below the
substrate surface extending 11 cm (4.3 in). The study was terminated 166 days after
planting (DAP; October 3, 2017) and plants were destructively harvested. Plant height
and diameter were measured (0, 59, 138, and 166 DAP) and growth index (GI) was
calculated [(height+width1+width2)/3]. Shoot dry weight (n=12) and root dry weight (n=4)
were measured after being oven dried at 70°C (158o F) for approximately 7 days.
Substrate pH and EC were monitored using the Virginia Tech Pour-through Method at 52,
97, 146 and 166 DAP. The percentage of time roots were exposed to temperatures above
the critical thresholds (38, 40 and 46o C (100.4, 104.0 and 114.8o F) mentioned by Ingram
et al. (3) was calculated using the total number of data recordings for each day between 6
am and 8 pm. Irrigation application volume for each treatment was adjusted throughout the
study based on a target leaching fraction of 10 - 20%.
All data were analyzed with linear models using the GLIMMIX procedure of SAS (Version
9.3; SAS Institute, Inc., Cary, NC). Differences between treatment means were determined
using the Shaffer-Simulated method (P < 0.05).
Results and Discussion No differences were observed among treatments for pH or EC
throughout the study (Table 1). Across all treatments, no differences were observed in
shoot dry weight; however, plants grown in white containers were 10% larger than those in
black containers based on final GI when comparing containers with the same substrate
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(Table 2, 3). Plants grown in white containers using an PB:PM mix were 20 and 21 %
larger than plants in black containers using PB for GI and shoot fresh weight, respectively.
Final GI was similar for plants in black and Rediroot containers within PB and within
PB:PM. Markham et al (5) also observed an increase in growth when comparing black and
white containers. Plants grown in PB:PM had significantly greater shoot fresh weight
compared with PB within the same container type but there was no effect on GI.
Nevertheless, differences in final GI between PB and PB:PM were 8, 15 and 35% for
black, white and air pruning containers, respectively. This increase in growth could be
explained by the greater substrate moisture holding capacity of PB:PM compared to PB
(data not reported). The method in which irrigation duration was adjusted may have
negatively influenced growth in the Rediroot containers. Air pruning containers often
require higher frequency irrigation applications to maintain critical moisture levels due to
evaporative loss from pot sidewalls.
Root zone temperature (Table 4) above 40°C was significantly greater for both substrates
in black containers compared with all other treatments, remaining above 40°C at least
8.3% more of the time. Root zone temperatures for PB and PB:PM in black containers
were above 38°C for 11 to 28.9% more of the time compared with the remaining
treatments. Root zone temperature did not reach above 46°C in white or Rediroot
containers (either substrate). In our study, substrate type (within container type) did not
affect the percent of time temperatures were above the reported critical values. Martin
and Ingram (6) suggested that as substrate porosity decreased an increase in the lateral
movement of water would occur resulting in reduced RZT, but differences in porosity may
not have been great enough between substrates in the present study to achieve such
effects. Substrate volumetric water content data for the present study will be analyzed and
be used to further interpret results of this study.
Literature Cited
1. Arnold, M.A. and G.V. McDonald 1999. Accelerator containers alter plant growth and
the root-zone environment. J. Environ. Hort. 7(4): 168-173.
2. Ingram, D.L. 1981. Characterization of temperature fluctuations and woody plant
growth in white poly bags and conventional black containers. HortScience 16:762-763.
3. Ingram, D.L., J.M. Ruter and C.A. Martin. 2015. Review: Characterization and impact
of supraoptimal root-zone temperatures in container-grown plants. HortScience
50:530-539.
4. Keever, G.J. and G.S. Cobb. 1984. Growth medium temperature in containers as
influenced by moisture content. J. Environ. Hort. 2:21-22.
5. Markham, J.W., D.J. Bremer, C.R. Boyer and K.R. Schroeder. 2011. Effect of container
color on substrate temperatures and growth of red maple and redbud. HortScience
46:721-726.
6. Martin, C.A. and D.L. Ingram. 1991. Evaluation of thermal properties and effect of
irrigation on temperature dynamics in container media. J. Environ. Hort. 9:24-28.
7. Nambuthiri, S., R.L. Geneve, Y. Sun, X. Wang, R.T. Fernandez, G. Niu, G. Bi and A.
Fulcher. 2015. Substrate Temperature in Plastic and Alternative Nursery Containers.
HortTechnology 25:50-56.
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8. Ruter, J.M. 1996. High-temperature tolerance of heritage river birch roots decreased by
pot-in-pot production systems. HortScience 31:813-814.
9. Self, R.L. and H.S. Ward. 1956. Effects of high soil temperature on root growth of
loquat seedlings in nursery containers. Plant Disease Rptr. 40:957-959.
10. Sibley, J.L. 1999. High temperature tolerance of roots of container-grown red maple
cultivars. SNA Res. Conf. 4:8-12.
Table 1. Effects of container and substrate type on pH and electrical conductivity of
container leachates.
EC (μmho/cm) (DAP)

pH (DAPz )
Container

Substrate

Black

PBx

Black

PB:PM

White
White
Rediroot
Rediroot

52

97

146

166

52

97

146

166

y
7 a

6a

6a

7a

303 a

549 a

212 a

640 a

6a
6a

6a

6a

294 a

485 a

231 a

703 a

PB

7 a
6 a

6a

529 a

447 a

137 a

339 a

PB:PM

7 a

6a

6a
6a

6a

328 a

261 a

156 a

238 a

PB
PB:PM

7 a
7 a

6a
6a

5a

6a

516 a

497 a

161 a

426 a

6a

6a

450 a

420 a

159 a

236 a

w

z

Days after planting.
Data were analyzed with linear models using the GLIMMIX procedure of SAS (Version 9.3; SAS
Institute, Inc., Cary, NC). Means followed by different letters within columns indicate significant
difference at P < 0.05 using the Shaffer-Simulated method.
x
100% pine bark substrate.
w
4 pine bark : 1 peatmoss substrate (v:v).
y

Table 2. Effects of container type and substrate on plant growth of Thuja standishii x plicata ‘Green
Giant’ grown for 166 days.
z
Growth Index
Height (cm)
y
Container Substrate
0
59
138
166
0
59
138
166
x
w
Black
42.3
a
51.3
54.4
c
55.1
dc
a
61.5 a 68.7 a 71.4 d
72 b
PB
v
Black
41.1
53.4
58.5
b
58.8
bc
a
a
60.8
a
70.0
a
76.7
dc
78
b
PB:PM
40.5 a 52.3 a 59.6 ba 61.5 ba
White
PB
62.3 a 70.9 a 75.9 dc 76 b
41.4 a 53.7 a 62.8 a 65.1 a
61.9 a 73.3 a 80.5 bc 81 b
White
PB:PM
Rediroot
40.2 a 50.2 a 50.1 d 52.2 dc
62.1 a 73.9 a 88.3 ba 91 a
PB
Rediroot
42.6
53.3
56.2
bc
58.1
bc
PB:PM
a
a
60.6 a 71.8 a 90.3 a
95 a
z

Growth index = (height+width1+width2)/3.
Days after planting.
x
Data were analyzed with linear models using the GLIMMIX procedure of SAS (Version 9.3; SAS Institute, Inc.,
Cary, NC). Means followed by different letters within columns indicate significant difference at
P < 0.05
using the Shaffer-Simulated method.
w
100% pine bark substrate.
v
4 pine bark : 1 peatmoss substrate (v:v).
y
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Table 3. Effects of container and substrate on shoot and root biomass
of Thuja standishii x plicata ‘Green Giant’ grown for 166 days.
Container

Substrate

Black

PB y
x

Black

PB:PM

White
White
Rediroot
Rediroot

PB
PB:PM
PB
PB:PM

Shoot Fresh
Weight (g)
401.7 cz

Shoot Dry
Weight (g)

477.2 ba
435.7 bc
511.3 a
302.7 d
462.2 ba

Root Dry
Weight (g)

162.0 a
195.2 a

508.5 a
504.5 a

169.7
200.7
120.3
185.5

506.5
614.0
494.0
574.0

a
a
b
a

a
a
a
a

z

Data were analyzed with linear models using the GLIMMIX procedure of
SAS (Version 9.3; SAS Institute, Inc., Cary, NC). Means followed by different
letters within columns indicate significant difference at P < 0.05 using the
Shaffer-Simulated method.
y
100% pine bark substrate.
x
4 pine bark : 1 peatmoss substrate (v:v).

Table 4. Percentage of time substrate temperatures remained
over damaging temperatures (38, 40, and 46°C).
Container

40°C

46°C

13 a

2.2 a

x

33.6 a
18.1 ab

11 a

1.1 ab

White

PB

7.1 b

2.7 b

0.0 b

White

PB:PM

6.1 b

2.1 b

0.0 b

Rediroot

PB

4.7 b

1.7 b

0.0 b

Rediroot

PB:PM

6.6 b

2.9 b

0.0 b

Black
Black

Substrate
y

PB
PB:PM

38°C
z

z

Data were analyzed with linear models using the GLIMMIX
procedure of SAS (Version 9.3; SAS Institute, Inc., Cary, NC). Means
followed by different letters within columns indicate significant
difference at P < 0.05 using the Shaffer-Simulated method.

y

100% pine bark substrate.

x

4 pine bark : 1 peatmoss substrate (v:v).
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Academic and Economic Benefits Accrued from Integration of Nursery Production
and Propagation Learning Experiences within a Multidisciplinary Low Impact
Development (LID) Landscape Project
Michael A. Arnold1, Galen D. Newman2, Ming-Han Li3, Jun-Hyun Kim3, and Kung-Hui Chu4
1

Department of Horticultural Sciences, Texas A&M University
College Station, TX 7743-2133

2

Department of Landscape Architecture and Urban Planning, Texas A&M University
College Station, TX 77843-3137
3

Landscape Architecture Program, School of Planning, Design and Construction
Michigan State University, East Lansing, MI 48824
4

Department of Civil Engineering, Texas A&M University
College Station, TX 77843-3136
ma-arnold@tamu.edu

Index Words Interdisciplinary research, sustainable landscape design, rain garden,
container nursery production, bioretention
Significance to Industry Integration of nursery production and propagation learning
experiences into multidisciplinary low impact development (LID) landscape research
project improves students’ knowledge of both sustainable landscape practices and assists
in their exposure to the production side of the Green Industry. This will hopefully result in
a greater awareness of career opportunities in nursery production and landscape
architecture fields.
Nature of Work With expanding urbanization continuing unabated, enhancing
sustainability of the built environment using improved landscape design strategies, such
as LID, are of increasing importance in minimizing runoff and non-point source pollution
from impervious land cover. This innovative approach to treating stormwater prior to
discharge uses stormwater collection devices, water reuse mechanisms, and biofiltration
systems to limit adverse impacts of runoff. The current project “Aggie B.L.U.E. print
Laboratories: Building Lasting University Environments” incorporates LID strategies in the
development of a rain garden which is to be incorporated into the new Texas A&M
University Gardens and Greenway (1, 2). As a planned component of this multidisciplinary teaching and research opportunity students from three departments in three
different colleges are involved in the planning, design, production of plants, collection and
analysis of runoff data, installation, and monitoring of the project. Students growing the
plants in greenhouses and a container nursery for incorporation in the rain garden are a
major horticultural component of the overall project. In the following paragraphs the overall
outcomes of the process and an estimate of economic contributions from the student
oriented production of plants is outlined.
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Results and Discussion To date over 300 students from a dozen different courses in the
Department of Landscape Architecture and Urban Planning, Department of Horticultural
Sciences, and Department of Civil Engineering and five faculty members have been
directly involved in the project. In addition, enthusiastic assistance has been provided
from the TAMU Gardens and Greenway and SSC corporation staff (firm to which campus
grounds maintenance has been outsourced) laying a solid framework for future
cooperative educational, research and outreach efforts.
A decline in the number of horticulture majors has been recognized as a recent national
trend (3) and activities exposing students to horticulture production may serve as an
entree into the industry. The horticultural components of this project were specifically
formulated to facilitate not only landscape design and installation activities, but to also
facilitate exposure to and experiences with hands-on propagation and production of the
plants to be used in the design. Students learned many technical aspects of propagating
and growing dozens of different taxa for the project (Figure 1). Most plants were
propagated from seeds or cuttings, with a few purchased as small plugs or liners and then
grown on to sizes ranging from 4 inch quart pots to 100 gallon trees. Students gained
experiences with essentially the entire gamut of nursery production activities from rooting
cuttings and germinating seeds, to choosing substrates, fertilization schedules, monitoring
pest and disease outbreaks, pruning, training and perhaps most importantly time and
staging of a variety of crops to mature simultaneously. Repeated delays due to access
limiting construction on adjacent sites provided students (and faculty) with real-world
experiences in improvisation of project implementation and nursery production schedules.
In addition to the academic benefits to student participants, growing plants internal to the
university accrued economic benefits through cost savings. Using a replacement value
method to estimate the contributions of plants produced by the students for the project, a
conservative wholesale value estimate of the plants produced was $26,258.00 (Table 1).
Retail prices are often double those of wholesale prices and the wholesale prices
estimated here were FOB from nursery website inventories and thus did not include
shipping costs. Most of the shipping costs are saved with internal production onsite.
Shipping costs are often an additional ten to twenty percent of the cost of goods sold.
Wholesale delivered costs would easily be in excess of $30,000 and if plants were
purchased retail, probably represent a $50,000 to $60,000 value returned to offset
implementation costs of the project. Funding sources included the TAMU Tier One
Program, Aggie Green Fund, and facilities funded in part by hatch funds from NIFA.
Literature Cited
1. Arnold, M.A., Newman, G., J.H. Kim, M.H. Li, and K.H. Chu. 2017. A Simple Rain
Garden Serves as a Catalyst to Multi-Disciplinary Teaching and Campus Community
Engagement. 2017 Annual Meeting of the Southern Region of the American Society
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Table 1. Estimated value of container grown taxa based on wholesale prices, not including
shipping costs, posted on grower websites in November 2017. Plants were grown from
seeds, cuttings, or plug liners by students involved in a multidisciplinary team studying a
LID rain garden project.
Representative
Wholesale
Quantity
Taxa
Size
wholesale price
Total value ($)
$/Unit
Andropogon glomeratus
#5
9.50
75
712.50
Aster pilosus
#3
8.50
38
323.00
Baptisia spp.
4”
2.00
320
640.00
Bouteloua curtipendula
#2
7.50
300
2,250.00
Canna x generalis ‘Bengal Tiger’
#10
18.00
50
900.00
Canna x generalis ‘Tropicana’
#10
18.00
50
900.00
Cephalanthus occidentalis
#25
75.00
10
750.00
Chasmanthium latifolium
#3
7.50
188
1,410.00
Erygium yuccifolium
#1
3.00
80
240.00
Eupatorium coelestinum
#3
8.50
90
765.00
Eupatorium greggii
#3
8.50
180
1,530.00
Eupatorium purpureum
#5
9.50
135
1,252.50
Eysenhardtia texana
#15
55.00
10
550.00
Helianthus angustifolius
#5
9.50
106
1,007.00
Helianthus maxmilliani
#2
7.50
46
345.00
Iris virginiana
#2
7.50
70
525.00
Juncus pallidus ‘Javelin’
#2
8.50
104
884.00
Leucophyllum frutescens
#1
3.00
14
42.00
Malvaviscus arboreus
#5
9.50
50
475.00
Phyla nodiflora
#4
1.50
475
712.50
Phylostachys aureosuculenta
#15
150.00
10
1,500.00
Phylostachys nigra
#15
120.00
10
1,200.00
Raphiolepis umbellata
#5
12.00
2
24.00
Rosmarinus officinalis
#3
9.50
10
95.00
Sabal minor
#1
5.00
18
90.00
Salvia uliginosa
#3
8.50
108
918.00
Semiarundinaria fastuosa
#15
65.00
10
650.00
Solidago gigantea
#2
7.50
60
450.00
Solidago speciosa
#2
7.50
54
405.00
Tagetes lemmonii
#3
9.50
210
1,995.00
Taxodium distichum
#100
450.00
1
450.00
Tradescantia ohiensis
4”
2.00
20
40.00
Tradescantia ohiensis
#2
7.50
45
337.50
Zephranthes spp.
#1
3.00
630
1,890.00
Total
3579 26,258.00
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Figure 1. Overview of plants grown for the project in the nursery at the new Horticulture
Research, Teaching, and Extension Center (HortTREC) in College Station, Texas.
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Managing Flatheaded Appletree Borer with Cover Crops
Karla Addesso, Sujan Dawadi, Jason Oliver, Donna Fare and Anthony Witcher
Tennessee State University, Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
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Index Words Chrysobothris femorata, red maple, field production
Significance to the Industry The flatheaded appletree borer (FHAB) is a serious pest
throughout the United States and reported as injurious to fruit, shade and nut trees. The
FHAB is in the order Coleoptera and family Buprestidae. A single flatheaded borer larva is
capable of girdling a tree within one season. Although trees attacked by FHAB do not
always die, the trunk damage caused by larval tunneling ruins the economic quality of the
nursery tree. In general, newly transplanted maples have slightly higher rates of attack, but
maples may continue to be attacked well after transplanting (Oliver et al. 2010). The most
effective treatment available for FHAB are soil drenches of imidacloprid, although
chlorpyrifos, bifenthrin, and permethrin trunk sprays also are commonly used (Oliver et al.
2014). From previous studies on weed management in nursery fields, one possible
management alternative identified for FHAB management is the use of cover crops sown
within the tree rows in order to make it more difficult for female beetles to access preferred
oviposition sites in late spring. The following study was undertaken to evaluate the
potential for a winter cover crop to act as a barrier for FHAB egg laying in the late
spring/early summer. This method, if effective, can offer an alternative management
method to soil drenches, which can be costly as well as labor intensive.
Nature of Work A field site of 97.54 m (320 ft) × 24.38 m (80 ft) was tilled and disked in
early September and 5-20-20 NPK (Plant food, Tennessee Farmers’ Cooperative,
Lavergne, TN) was added at a rate of 116.1 kg/plot ((256 lb/plot). Lime was added at
1,020.6 kg/plot (1.125 tons/plot) to bring the pH to 6 as recommended by soil tests. A
cover crop was sown with crimson clover (Trifolium incarnatum L.) and winter wheat
(Triticum aestivum L.) (Adams-Briscoe Seed Company, Jackson, GA) on 15 October 2015
at the rate of 16.8 kg/ha (15 lb/acre) and 84.2 kg/ha (75 lb/acre), respectively, before liner
transplant. Red maple 'Franksred' liners were propagated by cutting in June 2014 and
transplanted into size #3 containers with slow release fertilizers (15-15-15 NPK) (Plant
food, Tennessee Farmers’ Cooperative, Lavergne, TN) in spring 2015 at the Otis L. Floyd
Nursery Research Center, McMinnville, TN.
On 13 November 2015, four hundred #3 containers were transplanted into the cover
cropped field in 10 rows of 40 trees. Rows were spaced 2.1 m (7 ft) apart with 1.8 m (6 ft)
within- row spacing between trees. Four treatments were replicated in a 2 × 2 factorial
design. Each treatment block was 11 × 11 m (36 × 36 ft) and contained 25 trees randomly
assigned to one of the four field treatments. The four treatments included: 1) herbicide +
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no insecticide (Herb), 2) herbicide + insecticide (HerbIns), 3) cover crop + insecticide
(CoverIns) and 4) cover crop only (Cover). Trees were fertilized on March 8 and June 20,
2016 at the base of the tree (11 g) using 15-15-15 NPK (Plant food, Tennessee Farmers’
Cooperative, Lavergne, TN). The pre-emergent herbicide SureGuard (Flumioxazin 51%,
Valent U.S.A. Corp., Walnut Creek, CA) was applied at a rate of 10 oz./acre in November
2015, March 2016, August 2016 and April 2017. Finale (Glufosinate-ammonium 11.33%,
Bayer Environmental Science., Research Triangle Park, NC) or Glystar Original
(Glyphosate 41%, Albaugh, LLC, Ankeny, Iowa) with 80-20 (0.5%) surfactant (Ragan and
Massey, Inc, Ponchatoula, LA) were also applied as spot treatments to control weeds that
broke through the pre-emergent barrier. Applications of post-emergent herbicides were
made in March 2016, June, July and August 2016 and April 2017. The cover crop in all
middles was mowed several times through the spring and summer and the cover crop in
tree rows was permitted to senesce naturally.
In April 2016, trees within the insecticide-treated plots were treated with Discus N/G
(imidacloprid 2.94% + 0.70% cyfluthrin, OHP, Inc. Mainland, PA) at half the labeled rate
(11 ml product/2.5 cm of trunk diameter) based on previous research. All trees from each
treatment were evaluated for damage by FHAB in Oct 2016. Trunk temperatures were
recorded bi-weekly from 30-Mar to 23-Jun 2016. Temperatures were recorded using a IR
crop temperature meter (Spectrum Technologies, Inc., East Plainfield, IL) at 20 cm above
the soil surface on the southwest side of each tree. Mean values for each evaluation
period are reported. Height and diameter growth measurements were calculated by
subtracting Oct 2016 data from Oct 2015 data. Flatheaded appletree borer attack counts
were compared among treatments by a generalized linear model procedure (PROC
GENMOD) with a negative binomial distribution and treatment means were separated by
LS means Tukey's multiple comparison test (SAS 9.3, SAS Institute, Inc., Cary, NC).
Temperature values were analyzed by a generalized linear model procedure (PROC
GENMOD) with a normal distribution with treatment means separated by LS means
Tukey's multiple comparison test Growth values were analyzed with a generalized linear
model under a normal distribution. LSmeans were separated by Tukey's multiple
comparison test.
Results and Discussion Flatheaded appletree borer attacks in the first year posttransplant were highest in the Herb treatment where no cover crop or insecticide was
applied (Fig. 1). The Cover treatment had one tree attack and the CoverIns and HerbIns
had no attacks. There was a strong effect of cover crop treatment (cover: F = 22.53, df =
1,396, P < 0.0001) and insecticide (insecticide: F = 27.26, df = 1,396, P < 0.0001), but only
in the herbicide treatment (cover*insecticide: F = 22.53, df = 1,396, P < 0.0001). The trunk
temperatures at the preferred oviposition site of FHAB was consistently warmer in the
herbicided plots (Fig. 2; cover: F = 165.44, df = 1,2789, P < 0.0001) with temperatures as
much as 4C warmer in April. The major negative impact of the cover crop treatment was
loss of growth due to competition (Table 1). Trees grown with the winter cover crop within
the tree rows were shorter and had a smaller diameter than trees grown in rows with preemergent herbicide applied (cover: F = 493.05, df = 1,396, P < 0.0001). A positive effect
of growth was also observed in the imidacloprid treated trees, but only in the herbicided
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treatments (Table 1; insecticide: F = 47.49, df = 1,396, P < 0.0001, cover*insecticide: F =
32.52, df = 1,396, P < 0.0001). Trunk diameter was also affected by cover (cover: F =
278.75, df = 1, 396, P < 0.0001), and by insecticide, but only in the herbicide treatments
(insecticide: F = 2.28, df = 1,396, P = 0.1322, cover*insecticide: F = 10.64, df = 1,396, P =
0.0012). These results, if consistent in year 2, suggest that winter cover cropping is a
viable alternative to insecticide applications. However, the cover crop will need to be
managed to minimize loss of growth through competition. Future work in this area will
focus on optimizing winter cover crop selection and management in order to maximize
FHAB protection while minimizing the negative impacts of cover crop competition.
Literature Cited
1. Dawadi, S. 2017. Cover crop usage for pest management in red maple tree production
systems. MS Thesis, Tennessee State University.
2. Oliver, J. B., D. C. Fare, N. Youssef, S. S. Scholl, M. E. Reding, C. M. Ranger, and M.
A. Halcomb. 2010. Evaluation of a single application of neonicotinoid and
multi−application contact insecticides for flatheaded borer management in field grown
red maple cultivars. Journal of Environmental Horticulture. 3: 28−135.
3. Oliver, J.B and A. Blalock. 2014. Controlling the flatheaded appletree borer in nurseries
with soil applied systemic insecticides. Tennessee State University Cooperative
Extension. ANR-ENT-01-2014.

Figure 1. Total number of red maple 'Red Sunset®' trees attacked by FHAB in Year 1
post-transplant. Counts with different letters are significantly different by Tukey's pair-wise
comparison (P < 0.05).
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Figure 2. Trunk temperatures on the southwest side of red maple 'Red Sunset®' trees at
20 cm from soil surface.

Table 1. Growth of red maple 'Red Sunset®' in first year (Oct 2015 - Oct 2016) in all
treatments (mean ± SEM).
Height
Growth (cm)*

Trunk Diameter
Growth (cm)

Cover

8.26 ± 1.18c

0.41 ± 0.10c

CoverIns

10.59 ± 1.45c

0.31 ± 0.01c

HerbIns

65.28 ± 1.84a

1.43 ± 0.03a

HerbNoIns

40.60 ± 2.92b

1.17 ± 0.03b

Treatments

*Values with different letters are significantly different by Tukey's pair-wise comparison (P
< 0.05).
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The Effects of Tree Shelters on Field Grown Maple Liners
D.C. Fare, F. Baysal-Gurel, K. Addesso and J. Oliver
U.S. National Arboretum and Tennessee State University
Otis L. Floyd Nursery Research Center, 472 Cadillac Lane, McMinnville, TN 37110
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Index Words Acer rubrum L. ‘Sun Valley’, nursery production, flatheaded appletree borer,
Nectria canker
Significance to the Industry This research demonstrates that the use of tree shelters as
a physical barrier on field grown maple liners did not provide protection from flatheaded
borer attacks during a three-year evaluation. There was no apparent advantage with the
use of tree shelters for height or trunk diameter growth when compared to the control or
Discus® N/G Insecticide treated trees.
Nature of the Work Young tree liners are commonly affected by flatheaded appletree
borer (Chrysobothris femorata [Olivier]), especially in the years following transplanting into
field nurseries. Prophylactic trunk sprays with contact insecticides like chlorpyrifos (e.g.,
Dursban), bifenthrin (e.g., Talstar or OnyxPro), or permethrin (e.g., Perm-Up 3.2EC) are
commonly used to prevent flatheaded borer attacks, however losses still occur in many
field nurseries. Surveys in middle Tennessee indicate flatheaded borers are not being
adequately managed in some nursery crops like dogwood and maple, where crop losses
near 25 to 40% are common (Oliver and Fare, unpublished data). Oliver et al. (2010) (4)
reported that a single application of some neonicotinoid insecticides can provide multi-year
prevention from flatheaded borer damage, as well as increased height and trunk growth.
However, neonicotinoid chemistry has recently been unsubstantially targeted as a
potentially harmful pesticide to important pollinators and honey bees.
Tree shelters have been used in forestry plantings to provide support and protection of
young tree seedlings, but reviews of their benefits are conflicting. Ponder (5) reported a
benefit in growth of northern red oak with the use of tree shelters, but black walnut and
green ash had no difference in growth between non-treated and shelter-treated treatments
during a ten-year evaluation. Field grown Kentucky coffee tree liners had increased shoot
elongation with the use of tree shelters compared to no tree shelters, but sheltered trees
had less trunk diameter growth (2). Tree shelters have shown to increase survivability with
some tree species, but with a mixed report on growth improvement (1, 6). The use of
shelters also showed protection from rodents, sunscald and deer damage, but had limited
effects on growth (3).
This research evaluated the use of tree shelters on red maple, Acer rubrum L. ‘Sun Valley’
liners for flatheaded appletree borer activity and subsequent tree growth in a field nursery.
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On Apr 1, 2015, Sun Valley maples grown in #3 nursery containers, were planted in a field
nursery in Warren County, Tennessee with Etowah Cherty Silt Loam and Talbott Silt Loam
soil types. Trees were planted in rows 1.5 m (5 feet) apart with 1.8 m (6 feet) in-row
spacing. Immediately after planting, each tree received 90 g of 13N-5.8P-10.8K (13-1313) agricultural grade fertilizer spread around a 15 cm (6-inch) radius at the base. Two
weeks after planting, lower branches on the trunks were removed to have a 120 cm (4
feet) branch-free trunk to allow for installation of the trunk shelters. Trunk shelters
evaluated were: 1) Tree Pro Tree Protector (Tree Pro, West Lafayette, IN), a solid rigid
single-walled 100% recycled polyethylene tube, 36 cm x 120 cm (14 in x 48 in), wrapped
on the trunk and secured with three adjustable zip ties, 2) Tree Wrap Crinkled paper, 21
cm (4 in wide) (Agriculture Solutions LLC., Strong, ME), a double layered Kraft paper with
asphalt tar sandwiched in between layers and wrapped around the trunk for complete
coverage, 3) Verdura® Biodegradable Tree Spiral (EcoXtrusion, Hengelo, Netherlands), a
6.3 cm wide (2.4 in) starch based bioplastic wrap with sparsely spaced 10 mm diameter
holes, wrapped around the trunk for complete coverage, and 4) Tubex TreeShelter®
(Tubex USA, Old Hickory, TN), a polypropylene twin-walled translucent tube, 21.5 cm x
120 cm (8.5 in x 48 in) wrapped around the trunk and secured with three adjustable zip
ties. All shelters were installed to protect the lower 120 cm (48 in) of tree trunk. A fifth
treatment was an application of a neonicotinoid insecticide, Discus® N/G Insecticide
(cyflurthrin and imidacloprid) at a rate of 15 ml product per 2.5 cm (1 in) trunk diameter
applied in 125 ml (4.2 oz) of water, directed at the soil within 15 cm (6 in) of the base of
the tree. An untreated, unprotected control was included.
Within 5 days post-planting, there were two rain events totaling 2.3 cm (0.9 in). Trees were
maintained with traditional nursery practices for fertilization and weed control during the
three-year test.
Tree shelters were rated for performance in Aug 2015, Dec 2015, Feb 2017, and Nov
2017 with the following scale: 1 = 100% intact, 2 = 75% - 99% intact, 3 = 50% - 74% intact,
4 = 25% - 49% intact and 5 = displaced. Flatheaded borer damage and Nectria canker
[caused by the fungus Nectria galligena (Bresadola)] incidence were evaluated in Jul
2016, Feb 2017 and Dec 2017. Based on previous studies (3), all flatheaded borer
attacks on trees likely were flatheaded appletree borer. At the onset of the experiment,
trunk diameter [measured 15 cm (6 in) above the substrate surface] and height were
recorded, and subsequent measurements were made each year during winter dormancy.
The experimental design was a randomized complete block with 39 replications. All data
were analyzed using the general linear model in SAS 9.1. Mean separations were
performed with Fisher’s least significant difference (LSD) test with alpha = 0.05.
Results and Discussion Tree shelter performance. The Tree Pro Tree Protector and
Tubex TreeShelter® stayed intact during the three-year test and provided 100% trunk
coverage (Table 1). In Aug 2015 (4 months post-treatment), the Tree Wrap Crinkled paper
was beginning to show signs of degradation and was not entirely covering the trunk. By Jul
2016 (16 months post-treatment), the Tree Wrap Crinkled paper was either off the trunk or
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was only around the lower section of the trunk providing less than 50% trunk coverage.
The Tree Wrap Crinkled paper was completely deteriorated by third year Nov 2017 rating.
The Verdura® Biodegradable Tree Spiral started degrading in the early months of the test
and by Aug 2015 (4 months post-treatment), less than 50% of the trunk was covered. The
Verdura® Biodegradable Tree Spiral maintained this status until Jul 2016, when less than
75% of the trunk was covered. The starch-based material was very brittle and would break
in pieces when touched.
Flatheaded borer and Nectria canker incidence. Tree shelters were gently removed to
determine flatheaded borer and Nectria canker incidence (Figure 1A). By Jul 2016 (16
months post-treatment), all treatments had at least one borer attack (two attacks on the
Verdura® Biodegradable Tree Spiral and the Tubex TreeShelter®) with the exception of
the Discus insecticide treated trees which had no attacks. In Feb 2017, borer attacks had
continued with all treatments, including the Discus-treated trees. At termination of the test
in Dec 2017 (33 months post-treatment), the trees with the Tree Pro Tree Protector had
8% borer attacks and was similar as the Discus-treated trees. The Tree Wrap Crinkled
paper and Verdura® Biodegradable Tree Spiral were providing less than 75% trunk
coverage and resulted in 10-12% of the trees with borer attacks. The Tubex TreeShelter®
was completely intact providing 100% tree coverage but trees with this treatment still had
12% flatheaded borer damage. There was a small amount of space between the trunk and
the tree shelters, Tree Pro Tree Protector and Tubex TreeShelter®, which allowed for
trunk growth. Borer attacks on these trees were primarily at the lower section of the trunk
near the soil line, which might suggest that the female borer crawled into the area to lay
eggs (or that eggs were laid indiscriminately, but survived only when deposited in sites
suitable for larval establishment). The lower rate of Discus applied at application did not
provide multi-year protection as seen in other research due to the smaller liner size used
in this experiment compared to other research (4).
During 2016 and 2017, Nectria canker was found on trees with the Tree Pro Tree
Protector, the Verdura® Biodegradable Tree Spiral, the Tubex TreeShelter® and the
control (2017) (Figure 1B). The presence was < 3% with the Tree Pro Tree Protector
Tube, the Verdura® Biodegradable Tree Spiral and the control. However, by the end of the
test, about 18% of the trees with Tubex TreeShelter® had evidence of a Nectria canker. A
digital temperature probe did not confirm the suspicion that trunk temperature inside the
Tubex TreeShelter® was higher than the Tree Pro Tree Protector, which could have been
a factor in the increased presence of borer activity and canker. Higher humidity and trunk
moisture could be another issue that favored Nectaria canker with some tree shelter
treatments that had tighter wrapping and probably less air exchange, but moisture values
were not measured in this study.
Height and trunk diameter growth. After one year, trees treated with Discus insecticide
had similar height growth as trees grown with Tree Pro Tree Protector, but had more
growth than trees with other tree shelters or the control (Table 2). At the end of year three,
the Discus treated trees had less growth than the trees with the Verdura® Biodegradable
Tree Spiral wrap, but was similar among other treatments. However, overall tree height
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growth during the three-year period was similar with the Tree Pro Tree Protector, the
Verdura® Biodegradable Tree Spiral wrap, the Discus treatment and the control.
Trunk diameter growth was greater with Discus-treated trees in year one than other
treatments with the exception of the control which was similar. In year three, there were
no differences detected among treatments in the amount of trunk diameter growth. The
Discus treated trees had the most overall trunk diameter after three years compared to the
Tree Pro Tree Protector and the Tubex TreeShelter® and was similar to the other tree
shelters and the control.
The authors have reported greater trunk diameter and height growth from Discus
insecticide treated trees compared to untreated controls (4). However, in this test, the
untreated controls and the Discus treated trees had similar growth during the three-year
period with the exception of year one. In other research, tree shelters had provided greater
shoot growth of small seedling trees and provided some trunk support (1, 2); however, in
this test there was no apparent advantage with the use of tree shelters for tree height or
trunk diameter growth when compared to the control or Discus-treated trees. In addition,
there was less than satisfactory protection from flatheaded appletree borers, and some
evidence of an increase in disease severity with some treatments (e.g., Tubex
TreeShelter).
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Figure 1. Flatheaded appletree borer damage (A) and Nectria canker incidence (B) on the
trunks of field grown Sun Valley maple during a three-year evaluation of tree shelters. Jul
2016, Feb 2017, and Dec 2017 ratings were 16, 23, and 33 months or days post-treatment
exposure, respectively.
A

B
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Table 1. Trunk coverage rating of tree shelters during a three-year evaluation,
2015-2017.

Treatments

Aug
2015

Tree Pro Tree Protector
Tree Wrap Crinkled paper
Verdura® Biodegradable Tree Spiral
Tubex TreeShelter®
Discus insecticide
Control

1.0
1.7
3.5
1.0
-

LSD

0.3

cX
b
a
c

RatingZ
Dec
July
2015
2016
1.0
2.1
3.5
1.0
0.2

c
b
a
c

1.0
3.2
4.1
1.0
0.2

Dec
2017
c
b
a
c

1.0 b
4.2 a
1.0 b
0.2

Z

Rating scale: 1 = 100% intact, 2 = 75% intact, 3 = 50% intact, 4 = 25% intact
and 5 = displaced. Ratings on Aug 2015 were 4 months after treatment
application, Dec 2015 were 8 months after treatment application, July 2016
were 16 months after treatment application and Dec 2017 were 33 months after
treatment application.
X

Means within columns followed by different letters were significantly different.
Means separated using Fisher's least significant difference (LSD) test with
alpha = 0.05.
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Table 2. Height and trunk diameter growth of Acer rubrum 'Sun Valley' during a 3-year evaluation of tree shelters, 2015-2017.

Height growth, cmZ
Treatment
Tree Pro Tree Protector
Tree Wrap Crinkled paper
Verdura® Tree Spiral
Tubex TreeShelter®
Discus insecticide
Control
LSD

2015
69.2
63.3
64.3
64.2
76.1
64.0
7.2

ab
b
b
b
a
b

2016
X

60.0
58.6
63.9
55.8
60.8
62.8
5.6

ab
ab
a
b
ab
a

2017
69.2
62.1
70.2
65.5
61.8
64.2
8.2

ab
ab
a
ab
b
ab

Total
Height
Growth,
cmY

Trunk Diameter Growth, mmZ

198.7
184.0
198.4
186.0
198.7
191.0

9.3
9.5
10.4
8.2
11.7
11

11.5

a
b
a
b
a
ab

2015
c
c
b
d
a
ab

0.9

2016
12.6
13.5
12.8
12.4
12.6
12.8
0.8

b
a
ab
b
b
ab

2017
10.3
10.7
10.3
10.7
10.6
9.2
1.6

a
a
a
a
a
a

Total Trunk
Diameter
Growth,
mmY
32.2
33.7
33.5
31.7
34.8
32.9

b
ab
ab
b
a
ab

2.1

Z

Trunk diameter [measured 15 cm (6 in) above the substrate surface] and height were recorded at the onset and at the end
of each yearly growing season during winter dormancy. Measurements for 2015 were 9 months after treatment application,
2016 were 21 months after treatment application and 2017 were 33 months after treatment application.
Y

Total height and trunk diameter growth were from the onset in Apr 2015 through Dec 2017.

X

Means within columns followed by different letters were significantly different. Means separated using Fisher's least
significant difference (LSD) test with alpha = 0.05.
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Results Using Flue Gas Desulfurization Gypsum in Soilless Substrates
for Greenhouse Crops
Brian W. Brown, Jeff L. Sibley, Jeremy M. Pickens, and H. Allen Torbert
Department of Horticulture, 101 Funchess Hall, Auburn University, AL 36849
jsibley@auburn.edu
Index Words Petunia, Geranium, Australian Sword Fern, Boston Fern, Roosevelt Fern,
Poinsettia, calcium
Significance to Industry Greenhouse grown ornamental plants often have high calcium
requirements in order to produce quality crops. Gypsum (calcium sulfate dihydrate (CaSO4
2 H2O)) is a naturally occurring colorless and odorless very fine textured solid mineral, with
a particle size typically finer than 50 μm (7). Gypsum was one of the earliest forms of
nutrient sources for plants and soil conditioners dating back to the late 18th century.
Gypsum has been used in the United States for over 250 years as a fertilizer to provide
the essential nutrients calcium and sulfur and to improve overall plant growth. Gypsum
available for agricultural use in the United States include traditional gypsum that is mined,
reclaimed casting gypsum from industry, recycled wallboard and flue gas desulfurization
gypsum (FGDG). Flue gas desulfurization gypsum or synthetic gypsum, is a waste
product typically from coal-fired power producing facilities and is a somewhat newer
source that, as of today, does not have clear re-use solutions. Instead, large quantities of
FGDG are being placed in landfills, deposited in surface impoundments, or simply
stockpiled until beneficial recycling. Based on other research in agricultural crops, FGDG
could be used as a source of calcium for greenhouse-grown plants.
Nature of Work: Three studies were conducted to determine the effects of increasing
rates of FGDG on six greenhouse crops. In the first study, substrates (6:1 pine bark:sand)
for two greenhouse crops: zonal geranium (Pelargonium x hortorum) and petunia (Petunia
x hybrida) were pre-plant incorporated with FGDG at 3.26, 6.52, 9.78, 13.0 kg/m3 (5.5, 11,
16.5, 22 lbs/yd3), along with a treatment of 3 kg/m3 (5 lbs/yd3)dolomitic limestone, and a
treatment of 3 kg/m3 (5 lbs/yd3)dolomitic limestone + 3.26 kg/m3 (5.5 lbs/yd3) FGDG.
A second study incorporated FGDG at rates of 0, 3.26, 6.52, 9.78, 13.0, 16.3, and 19.58
kg/m3 (5.5, 11, 16.5, 22, 27.5, and 33 lbs/yd3) along with a treatment of 3 kg/m3 (5 lbs/yd3)
dolomitic lime into a 6:1 pine bark:sand substrate for ‘Freedom Red’ poinsettias
(Euphorbia pulcherrima Willd. ex Klotzsch) and a Fafard 3B substrate for three species of
fern: Nephrolepis obliterata, N. exaltata ‘Bostoniensis’ and N. exaltata ‘Roosevelt’. A third
study with ‘Freedom Red’ poinsettias used similar and higher rates of FGDG at 0, 9.78,
19.58, 29.37, 39.16, 48.95, and 58.74 kg/m3 (0, 16.5, 33, 49.5, 66, 82.5, 99 lbs/yd3) in a
6:1 pine bark:sand substrate. Cell wall stability and stem strength are often attributed to
calcium (5), poinsettias were included in study 2 and study 3 to evaluate calcium from
FGDG effect of stem breakage in poinsettia, often a problem in poinsettia production (4,
5).
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Results and Discussion: In study 1, Geranium growth index (GI) increased as FGDG
levels increased and dry weight increased slightly. Petunia GI was significantly less as
levels of FGDG increased and GI increased at the lowest FGDG rate compared to the
control, however; no differences were observed for fresh or dry shoot weights. Based on
the results of this study, geranium greenhouse production may benefit from incorporating
FGDG when using pine bark-based substrate, but low rates (3.26 kg/m3 (5.5 lbs/yd3))
could be used in petunia production.
In study 2, both fern species had varying responses for GI. N. oblierata GI increased up to
13.0 kg/m3 (22 lbs/yd3) FGDG, but decreased at higher rates. The highest GI for N.
exaltata ‘Bosteniensis’ was observed at 16.3 kg/m3 (27.5 lbs/yd3). The GI for N. exaltata
‘Roosevelt’ was lower in all treatments containing FGDG compared to the control.
However, there were no differences in fern dry weights for all treatments. Means of
growth indices varied across all treatments, and means were similar for the control, the
treatment of dolomitic lime, and rates above 9.78 kg/m3 (16.5 lbs/yd3), with the highest GI
being at the 6.52 kg/m3 (11 lbs/yd3) rate.
In study 3, poinsettia dry weights varied across treatments with the maximum observed
dry weight at the FGDG rate of 48.95 kg/m3 (82.5 lbs/yd3). All plants were grown to a
uniform marketable size averaging 25 cm height and 35 cm x 35 cm width (10” x 14” x
14”). During both experiments, sufficiency levels were within recommended ranges across
all treatments and there was no observable bract necrosis or nutrient deficiency or toxicity
observed on any treatment. We did notice that plants at the higher rates of gypsum did not
dry out between waterings compared to the control and the lowest gypsum rate.
In a study by Kuehny and Branch (4), the stem strength of ‘Freedom Red’ poinsettias was
shown to be greater when fertilizing with high nitrate nitrogen with added calcium
suggesting that the greater stem strength could be attributed to stronger cell walls
associated with increased calcium uptake, In our second and third studies, poinsettia stem
strength was measured using a digital force gauge clamped to similarly sized lower
branches 10 cm from the main branch to record the maximum force at breakage when
pulling perpendicular away from the main stem. In study 2, poinsettia stem strength was
similar in all treatments except for 3.26 kg/m3 (5.5 lbs/yd3) FGDG, which had the lowest
stem strength in all treatments. In study 3, there was a slight increase in stem strength at
FGDG rate of 19.58 kg/m3 (82.5 lbs/yd3) with stem strength for several rates of FGDG
different from the control, however the difference in stem strength may still not be enough
to practically overcome breakage when moving plants or shipping to consumers.
Gypsum has been shown to improve overall plant growth, improve soil physical and
chemical properties, aid in sodic soil reclamation, and supply the essential plant nutrients
Ca and S. The Ca and S contained within FGDG are readily utilized as nutrients in plants
due to gypsum’s solubility (2.5 g per L) and small and uniform particle size (<150 microns)
(2). Using gypsum as a source for Ca is common throughout the southern United States
for high Ca-requiring crops, such as peanuts. However, few studies have considered
gypsum in soil-less substrates (3, 5, 6). Currently, approximately 500,000 tons of FGDG
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are used in agriculture (9), which represents about 4% of all the FGDG produced in the
U.S. (1). With our results less dramatic than might be expected, additional research is
warranted to determine the efficacy of highly soluble gypsum in soil-less substrates.
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Modeling Energy-efficient Lighting Strategies for Petunia and Impatiens Using
Electron Transport Rate and Historical Weather Data
Geoffrey Weaver and Marc W. van Iersel
Department of Horticulture, University of Georgia, 1111 Miller Plant Sciences Building
Athens, GA 30602
gmweaver@uga.edu
Index words Greenhouses, bedding plants, chlorophyll fluorescence, light-emitting diodes
(LEDs), adaptive lighting, weather stations, light response curves, daily light integral
Significance to Industry Supplemental lighting is often required for greenhouse
production of annual bedding plants in early spring. However, supplemental lighting is
generally provided in an inefficient manner, in terms of photosynthetic light use. We used a
series of models to construct an optimal supplemental lighting strategy, using an adaptive
lighting control approach and accounting for crop physiological responses for two bedding
plant species. We estimate that using this strategy can reduce the electrical cost of
supplemental lighting by 24% for petunia and 37% for impatiens.
Nature of Work: Greenhouse production of annual bedding plants typically occurs during
late-winter and early-spring when ambient light levels are relatively low, and may be
inadequate to provide sufficient growth and development for many species. Thus,
supplemental lighting is often required to produce high-quality plants (1, 2, 3). Current
recommendations for greenhouse crop light requirements, as well as much of the existing
research, are based on the daily light integral (DLI, mol∙m-2∙d-1), the total amount of light a
crop receives in a 24-hour period. However, DLI alone may not adequately describe the
relationship between light levels and crop growth, since photosynthetic responses to light
are generally asymptotic; light provided at higher intensities is used less efficiently for
photosynthesis (Figure 1) (4, 5). Thus, preferentially providing supplemental lighting when
sunlight levels are relatively low will likely lead to more growth than providing an identical
amount of light at higher ambient light levels (6).
Species-specific photochemical responses to light intensity (photosynthetic photon flux
density; PPFD, µmol∙m-2∙s-1) were determined using chlorophyll fluorometry to measure
the quantum yield of photosystem II (ΦPSII), the efficiency with which absorbed light is used
to drive the light reactions of photosynthesis (photochemistry) (7, 8). Combined with
PPFD, ΦPSII was used to determine the rate of electron transport through photosystem II
(electron transport rate; ETR, µmoles of photons per square meter of leaf per second), a
proxy for photosynthesis (9, 10). Electron transport rate was calculated from ΦPSII and
PPFD using the following equation: ETR= ΦPSII × PPFD × 0.84 × 0.5. The ETR response
to PPFD was evaluated using 718 observations obtained in a greenhouse and growth
chamber using a chlorophyll fluorometer (JUNIOR-PAM, Heinz Walz; Effeltrich, Germany)
for petunia (Petunia × hybrida ‘Daddy Blue’) and impatiens (Impatiens walleriana ‘Super
Elfin XP Violet’) (Figure 1).
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Developing supplemental lighting strategies that account for the contribution of within-day
PPFDs to total daily photosynthesis provides an alternate approach to controlling
supplemental light based solely on DLI. Such an approach can account for plant light use
efficiency (i.e. ΦPSII), and may be a more reliable indicator of the effect of supplemental
light on photosynthesis and growth than DLI. We define the daily photochemical integral
as the total amount of photochemistry (moles of electrons moved through photosystem II
per square meter of leaf per day) over a 24-hour period (DPI, mol∙m-2∙d-1). To calculate
DPI, the ETR for all observed PPFDs is calculated from the crop-specific light response
curve (Figure 1) and integrated over a 24-hour period. To generate the simulations, we
evaluated the response of DPI to DLI using ten years of light data collected from a weather
station in Watkinsville, GA (Figure 2). A hypothetical 24-hour greenhouse light distribution
for the month of February was also generated from this data (Figure 3). The aim of this
study was to simulate optimal greenhouse lighting strategies based on DPI that could be
easily implemented using adaptive LED lighting control (11, 12, 13). All curve-fitting and
regression analyses were performed using SigmaPlot 13 (Systat Software, Inc.; San Jose,
CA).
Results and Discussion The photochemical light response was described as an
exponential rise to a maximum with an asymptote of ETR = 209 µmol∙m-2∙s-1 for petunia
(R2= 0.94, p<0.0001) and 164 µmol∙m-2∙s-1 for impatiens (R2= 0.89, p<0.0001) (Figure 1).
Because of this asymptotic relationship, as PPFD increases, ETR increases at a
progressively lower rate. Thus, providing supplemental light when ambient PPFD is
relatively low will lead to a greater increase in ETR than at higher ambient PPFD.
Daily photochemical integral was simulated for 1826 days and evaluated as a function of
DLI. This relationship was also described as an exponential rise to a maximum (Figure 2)
with an asymptote of DPI= 8.03 mol∙m-2∙d-1 for petunia (R2= 0.98, p<0.0001) and 6.31
mol∙m-2∙d-1 for impatiens (R2= 0.89, p<0.0001). Daily light integral recommendations are
18-30 mol∙m-2∙d-1 for petunia and 12-24 mol∙m-2∙d-1 for impatiens (14), which correspond to
simulated DPIs of 3.60-5.05 and 1.98-3.34 mol∙m-2∙d-1 for each species respectively. Ideal
DPIs for the following simulations were taken as the DPI corresponding to the highest DLI
recommended for each species (DPIs of 5.05 mol∙m-2∙d-1 for petunia and 3.34 mol∙m-2∙d-1
for impatiens).
Typical supplemental lighting control involves turning on supplemental lights to a
consistent intensity for a fixed period of time. Adaptive LED lighting control incorporates a
light sensor and precision control of LED intensity, and provides supplemental light up to,
but not exceeding, some specified threshold PPFD. Using conventional control with a 16hour photoperiod, for the simulated day with an ambient DLI of 16.2 mol∙m-2∙d-1,
supplemental lighting would need to be provided at a constant 140 µmol∙m-2∙s-1 for petunia
and 90 µmol∙m-2∙s-1 for impatiens for the entire 16-h photoperiod (Figure 3). This would
require approximately 1.31 and 0.840 kWh of electricity per m2 of growing area per day for
petunia and impatiens, respectively (21). Using adaptive lighting control, the PPFD at the
canopy level would be maintained at a minimum of 265 µmol∙m-2∙s-1 for petunia and 160
µmol∙m-2∙s-1 for impatiens for 16 hours (Figure 3). With this approach, supplemental light is
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provided to reach but not exceed the threshold PPFD when ambient PPFD is below this
threshold, and no additional light is provided when ambient PPFD exceeds it. Using this
strategy would reduce the electricity use to 0.992 and 0.536 kWh per m2 for petunia and
impatiens, respectively. Thus, the amount of electricity required for supplemental lighting
could be reduced by 24% for petunia and 37% for impatiens by using an adaptive lighting
approach to achieve the same DPI, which would correspond to the same amount of
photochemistry and presumably growth. Assuming a fixed electrical cost of $0.10/kWh and
a 4-week growing cycle, conventional lighting control would require $14,844 for petunia
and $9,519 for impatiens per acre of greenhouse growing area to power the lights;
adaptive control would reduce this cost by $3,603 per acre for petunia and $3,445 per acre
for impatiens. Further research is needed to validate these models and elucidate the
relationships between DPI, DLI, and crop growth and development.
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Figure 1. Electron transport rate (ETR) as a response to photosynthetic photon flux density
(PPFD) for petunia (Petunia × hybrida ‘Daddy Blue’) (solid line) and impatiens (Impatiens
walleriana ‘Super Elfin XP Violet’) (dashed line). Lines represent the equations obtained by
regression analysis of 718 observations from greenhouse and growth chamber
experiments; for petunia ETR= 209*(1-e(-0.00150*PPFD)) (R2= 0.94, p<0.0001), for impatiens
ETR= 164*(1-e(-0.00142*PPFD)) (R2= 0.89, p<0.0001).
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Figure 2. Simulated daily photochemical integral as a function of daily light integral for
petunia (Petunia × hybrida ‘Daddy Blue’) (closed symbols) and impatiens (Impatiens
walleriana ‘Super Elfin XP Violet’) (open symbols). Simulation was based on ten years of
light data collected at a weather station in Watkinsville, GA. Daily light integral was
calculated by integrating all PPFD observations for each 24-hour period (midnight to
midnight). Daily photochemical integral was calculated by transforming the observed
values of PPFD to ETR according to the equations shown in Figure 1 and integrating
these values for each 24-hour period.
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Figure 3. Photosynthetic photon flux density required to reach an ‘ideal’ DPI of 5.05 mol∙m2 -1
∙d for petunia (Petunia × hybrida ‘Daddy Blue’) (solid line) and 3.34 mol∙m-2∙d-1 for
impatiens (Impatiens walleriana ‘Super Elfin XP Violet’) (dashed line) in a 16-hour
photoperiod using continuous light levels of 140 µmol∙m-2∙s-1 for petunia and 90 µmol∙m-2∙s1
for impatiens (a), or using adaptive lighting control with a threshold PPFD of 265 µmol∙m2 -1
∙s for petunia and 160 µmol∙m-2∙s-1 for impatiens. The dotted line represents a
hypothetical greenhouse light distribution for late-Winter with a DLI of 16.2 mol∙m-2∙d-1. The
DLI required to reach the target DPI for either species with each lighting control approach
is shown in the figure next to the corresponding line (species indicated by first letter of
name in subscript).
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Improving Fertilizer Use Efficiency in Greenhouse Rose Crops
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Significance to Industry Greenhouse-grown cut roses are intensively managed,
fertigated with complete nutrient solutions that have nitrogen (N) concentrations ranging
from 150 to 250 mg/L. Our previous research indicates that N concentrations as low as 90
mg/L could sustain flower yields, albeit often having leaf N concentrations (status) below
3% (dry weight basis), and lower leaf chlorophyll and color readings. As the literature on
cultivated crops and wild plants indicates that photosynthetic rate correlates very well with
leaf N when both parameters are expressed on a leaf dry weight basis, an experiment was
initiated to re-evaluate the relationships of rose leaf N status, expressed both on leaf
weight and area basis, and the flower productivity and quality of cut flower yields. The
effect of the rootstock is also under evaluation by comparing the response of plants
growing on their own roots versus being grafted on ‘Natal Briar’, the predominant rootstock
in use today by the greenhouse rose industry.
Nature of Work The production of roses (Rosa x spp. L.) for cut flowers is a very
intensive and costly activity associated with massive applications of water, fertilizers and
chemical inputs, in addition to high energy and labor requirements. This crop is based
primarily on grafted plants growing in heavily amended mineral soils or soilless substrates
that are continuously fertigated with complete nutrient solutions (1, 2). Growers often have
nitrogen (N) concentrations of 150 to 250 mg/L in these solutions. Our previous work on
rose N nutrition has indicated that plant N status – expressed in leaf tissue N
concentrations – usually plateaus with N solutions exceeding 100-120 mg/L. Furthermore,
we observed that leaf N concentrations, expressed on a DW basis, associated with
apparent symptoms of incipient chlorosis were not actually correlated with reductions in
flower yields (3). Conversely, chlorophyll levels and color attributes (hue, chroma and
value) in leaves of harvested flowers correlated linearly with leaf N status. While massexpressed leaf N concentration during the winter months was not a good indicator of rose
plant productivity, optimum flower yields were possible during spring and summer with
concentrations well below the recommended N critical level of 3% N (as low as 2.4%). In
an effort to identify better correlations of leaf N status with rose flower productivity, and
improved N fertilizer use efficiencies, we have initiated an experiment to see if N status
expressed on a leaf area basis improves correlations with flower yield and quality.
Over two decades ago the North- and South-American rose industries switched overnight
to the rootstock ‘Natal Briar’, which significantly eased plant propagation and increased
flower productivities and quality (1, 2, 4). While rose rootstocks were deemed a
requirement in soil-based production systems (4), there is interest in determining whether
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rootstocks are needed in intensive soilless systems (1). Accordingly, our study
incorporated an evaluation of this proposition, employing rose plants grafted on ‘Natal
Briar’ as well as others growing on their own roots.
Mini-plants of rose Peach Avalanche® (on own roots and grafted on ‘Natal Briar’) were
transplanted to #5 containers filled with a peat: pine bark: sand medium (3:1:1 by volume),
and fertigated with a base ½ strength Hoagland formulation until they reached a
commercial production size. After a six-month establishment period the plants started to
be fertigated with six nutrient solutions having N concentrations ranging from 28 to 160
mg/L (Table 1). A total of six plants (replicates) were randomly assigned to each treatment
(6 N solutions x 2 rootstocks = 12 treatments in a factorial arrangement), and placed on
metal benches inside a climate-controlled glasshouse (25°C and 18°C day and night
targets, respectively). The plants received the solutions through Roberts spitters (one per
pot) connected to 0.5 inch tubing manifolds connected to submersible pumps in tanks
holding the six nutrient solutions. Enough solution volumes are applied to all treatments to
produce target leaching fractions of ~25%. Leachate samples are being collected for
chemical analyses.
The plants were managed with pruning practices that produce synchronized flushes of
flowering. Data collected include harvested (cut flower) dry biomass and number of cut
flowers per plant, flower stem length, leaf chlorophyll (SPAD) index and full leaf mineral
analyses. Preliminary results after harvest of four flowering flushes are reported here.
Results and Discussion As in previous studies on nutrient management in roses (3, 4),
we are finding that it takes several flower flushes after onset of treatments to begin to see
any trends or significant differences in flower productivity and quality. In this particular
study, after harvesting four flushes of growth and flowering we have not yet observed
significant differences in dry biomass (Fig. 1, upper plots), number of flowers (data not
shown) and leaf chlorophyll (Fig. 1, lower plots) due to the applied N concentrations or
rootstock treatments.
Despite an apparent lack of yield responses after four harvest events (i.e. flowering
flushes), visually apparent differences in foliage color, hinting of an incipient leaf
interveinal chlorosis were in several plants during the later harvests (H3 and H4). Mineral
nutrient analyses were performed in leaves of harvested flower shoots and correlated with
harvested biomass yields and chlorophyll levels. No relationships were found between
mass-based (%) leaf N concentrations and harvested biomass yields and leaf chlorophyll
(Fig. 2). The expression of leaf N status on an area basis, however, revealed some weak,
yet significant, relationships with leaf chlorophyll levels (Fig. 2). This observation lends
some support to the potential usefulness of expressing leaf nutrient concentrations on a
dry area basis as an option to aid in the diagnosis of incipient nutrient deficiencies or
disorders.
The faint symptoms of an apparent interveinal chlorosis observed in the latter harvests (H3
and H4), pointed, however, to the potential involvement of microelements (1, 2, 7). A quick
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evaluation of the nutrient analyses results (data not shown), pointed out relatively low
concentrations of iron (Fe) and manganese (Mn). While no relationships were observed for
harvested biomass yields and leaf chlorophyll levels with leaf Fe concentrations (data not
shown), highly relevant and significant correlations were observed with leaf Mn,
increasingly higher for harvest 4 and when expressing leaf Mn concentrations on an area
basis (Fig. 2, lower plots). These data and observations suggest that the level of
micronutrients being applied in the treatment solutions has been insufficient to meet the
needs of the cultivar (Peach Avalanche®) and rootstock (‘Natal Briar’) used in this
experiment. This is an interesting observation, as in our previous and extensive (25+
years) body of research on the nutrition of roses we have always used 0.5X Hoagland
micronutrient concentrations (6) supplemented with 1 mg/L iron as Fe-EDDHA.
Manganese deficiencies have been recently reported as common in South-American rose
farms, in part due to low Mn levels found in the in-ground soil beds, but also attributed to
the use of the ‘Natal Briar’ rootstock (5).
In an attempt to alleviate the unexpected involvement of micronutrients in future harvest in
this nitrogen study, we have increased the applied micronutrient levels, to 1.25X Hoagland
concentrations (6). We hope that this correction to the applied micronutrients, Mn and Fe
in particular, will eliminate any potentially confounding effects, and the rose plants express
more distinctive biomass/flower yields and foliage quality responses to the applied
treatment N concentrations. To this end, we will also be employing some of the integrative
nutrient diagnosis (DRIS) approaches that we have recently proposed for rose crops (2,
5).
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Table 1. Fertigation treatments for rose N nutrition study. Ion concentrations in mg/L
(ppm).
N Treatment

Mg++

K+

Ca++ NH4+

NO3-

H2PO4-

SO4=

EC z

28 mg/L (2 mM) 30
146
100
4.2
23.8
48
82
1.66
56 mg/L (4 mM) 30
146
100
8.4
47.6
48
163
1.69
84 mg/L (6 mM) 30
146
100 12.6
71.4
48
245
1.72
112 mg/L (8 mM) 30
146
100 16.8
95.2
48
326
1.75
140 mg/L (10 M)
30
146
100 21.0 119.0
48
408
1.78
168 mg/L (12 M)
30
148
102 25.2 142.8
48
490
1.82
z
EC of final solution (in dS/m), which includes the EC of the tap water (0.5 dS/M) used to
prepare the solutions. Micronutrients added at 0.5X the concentration of a Hoagland
solution formulation, with 1 mg/L Fe-EDDHA.

Fig. 1. Relative dry weight yield and leaf chlorophyll responses of Peach Avalanche®
roses, on own-roots or grafted on ‘Natal Briar’, to fertigation with N concentrations of 28 to
168 mg/L.
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Fig. 2. Relationships between relative dry weight yields and leaf chlorophyll index with leaf
nitrogen (N) and manganese (Mn) in Peach Avalanche® roses fertigated with nutrient
solutions having different nitrogen concentrations.
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Significance to Industry Crapemyrtle bark scale (CMBS), Acanthococcus (=Eriococcus)
lagerstroemiae (Kuwana) (Eriococcidae: Acanthococcus), is an emerging pest in the U.S.
that threatens the production and landscape use of crapemyrtle (Lagerstroemia spp.) as
well as other crops. Establishment of CMBS in the U.S. will have huge economic and
social impacts on the Green Industry and homeowners due to the lack of comparable
replacements and cost to treat and manage this pest.
Nature of Work Crapemyrtle is a widely grown woody ornamental valued for its summer
flowering, wide range of sizes and habits, forms with burgundy-colored foliage and
ornamental bark, ability to adapt to diverse landscape/soil conditions, general hardiness,
drought tolerance, and ease of care. It is the top-ranked summer flowering tree with a
wholesale value of $66 M/yr (1).
CMBS is a felt or bark scale (Hemiptera: Eriococcidae) native to Asia where it has been
reported on plants from 11 families (Buxaceae, Cannabaceae, Combretaceae,
Ebenaceae, Euphorbiaceae, Fabaceae, Lythraceae, Moraceae, Myrtaceae, Oleaceae,
and Rosaceae) (7). In addition to crapemyrtle, many reported economically important
plants include apple (Malus), boxwood (Buxus), brambles (Rubus), cleyera
(Ternstroemia), fig (Ficus carica), persimmon (Diospyros kaki), pomegranate (Punica
granatum), privet (Ligustrum) and soybean (Glycine max).
Results and Discussion The first sighting of CMBS occurred on crapemyrtles in
landscapes of north Texas in 2004 (6). Since then, CMBS has rapidly spread to other
areas in Texas (from Dallas/Ft. Worth, to Austin, to Houston, to Shreveport, LA and places
in between) and 11 states (2).
CMBS-infested plants are characterized by black sooty mold on the bark resulting from
honeydew secreted by the scale (4). The presence of sooty mold may confuse the
diagnosis since it is also commonly associated with infestation by crapemyrtle aphid
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(Tinocallis kahawaluokalani). On CMBS-infested trees, masses of CMBS adults, nymphs
and ovisacs are seen as white or gray felt-like encrustations on small twigs to large trunks,
often occurring near pruning wounds or in branch crotches. When crushed, the scale
“bleeds” a pink hemolymph liquid. The sooty mold and felt-like encrustations reduce
aesthetic value. In addition, field observations suggest heavy infestations of CMBS reduce
the size of crapemyrtle flower panicles, delay flowering, and kill small twigs (5).
Information on CMBS biology and ecology is limited. CMBS eggs are 0.35 mm (0.01 inch)
in length, pink and laid inside a white felt-like covering secreted by the female (7). Nymphs
(crawlers) are 0.5 mm (0.02 inch) in length, pink and highly mobile for 1 to 2 days,
eventually settling on stems and becoming sessile. Adult females are approximately 2 mm
(0.08 inch) in length and covered in waxy white filaments giving an overall appearance of
white to gray in color. Female scales lay large numbers of eggs under the scale coverings,
producing up to four generations per year (4). Females and nymphs secrete honeydew as
a result of feeding. Male pupae are pink, immobile and covered by white sacs (7). Adult
males are pink, generally smaller than females, winged, lack mouthparts and produce two
long white wax filaments from the tip of the abdomen. Locally CMBS is thought to spread
in the crawler stage, perhaps with the assistance of wind, birds or mammals. Long
distance transport likely occurs by movement of infested plants or plant parts (i.e. branch
trimmings).
Currently in the natural environment, there are no U.S. reports of CMBS on the other host
plants recorded in Asia. However, CMBS has been found and confirmed on native
American beautyberry (Callicarpa americana, Verbenaceae) in Texarkana, TX and
Shreveport, LA (3). This is concerning given the wide distribution of this native plant, and
also adds Verbenaceae as a plant family hosting CMBS.
Currently, a multistate team is using a transdisciplinary approach and guidance from an
advisory board and international collaborators to develop improved management
strategies for CMBS. Contact insecticides are ineffective because the waxy covering of
CMBS prevents absorption and CMBS often is located beneath exfoliating bark. Contact
insecticides also may reduce populations of natural predators. The most successful
management techniques currently include use of neonicotinoid insecticides applied as root
drenches or soil injection. Ongoing research shows success with other insecticides (4) and
is being reported in the Entomology Section of the 2018 SNA Research Conference.
Current management recommendations, extension publications and other CMBS
resources are available on the Crapemyrtle Bark Scale Resource Website,
http://stopcmbs.com/, as well as on the Crapemyrtle Bark Scale webpage of the Early
Detection & Distribution Mapping System, https://www.eddmaps.org/cmbs/, a collaboration
with the Center for Invasive Species and Ecosystem Health at the University of Georgia.
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and Agriculture (NIFA) Crop Protection and Pest Management project “Integrated pest
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Significance to Industry Trees in ornamental nurseries are often exposed to a variety of
stressors including flooding. Flooding or high levels of soil moisture increase a tree’s
susceptibility to Phytophthora root rot. This research study will provide information to the
nursery industry on the effectiveness of preventive and curative applications of fungicides
and biofungicides for controlling Phytophthora root rot under flooding conditions.
Nature of Work Phytophthora cinnamomi is a soil-borne pathogen that causes major plant
losses in nursery production. Numerous ornamental genera such as Acer, Cornus,
Juglans, Magnolia, Prunus, Rhododendron, and Quercus are susceptible to P. cinnamomi
(1). Phytophthora infects plant roots and infected plants can collapse suddenly. Many of
the symptoms of Phytophthora root rot, including small, yellow, wilted foliage and limb
dieback, can be confused with other plant diseases (1). Flooding predisposes trees to
attack by Oomycetes as a result of creating hypoxic conditions in the soil, reducing root
health, and increasing dispersal of zoospores in the soil (2). Even cultivars which are
resistant to disease under normal growing conditions can become susceptible to disease
during flood events (3).
The purpose of this research experiment was to evaluate the efficacy of fungicides and
biofungicides for preventive and curative control of Phytophthora root rot on flooded
dogwood seedlings.
Fungicides and biofungicides were evaluated for their ability to control P. cinnamomi on
flooded dogwood seedlings under greenhouse conditions (Table 1). The experiment was
conducted at the Tennessee State University Otis L. Floyd Nursery Research Center from
July-August 2017 as a randomized complete block design (RCBD) with five replications.
Flowering dogwood, Cornus florida L., seedlings were propagated from seeds and grown
in 4 in. (10.2 cm) pots containing sterilized potting substrate (Morton’s Grow Mix #2).
Each fungicide was applied as a preventive drench treatment 7 d before flooding or as a
curative drench treatment 24 hr after flooding, except Actigard, MBI-110, and Rootshield
Plus+, which were applied only as preventive drench treatments. All treatments were
applied according to label directions. Non-fungicide-treated inoculated or non-inoculated
plants served as controls. Plants were artificially inoculated by burying four P. cinnamomiinfested rice grains in the potting substrate on opposite sides of the seedling. Flooding
conditions were imposed by enclosing pots in zip-top plastic bags and maintaining
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standing water for 1, 3, or 7 d for each treatment. Plant morality was recorded during the
experiment. The severity of Phytophthora root rot was assessed using a scale of 0-100%
roots affected at the end of the experiment. Plant growth data (fresh weight, root weight,
plant height, and plant width) also were recorded. The presence of Phytophthora was
confirmed by plating selected root samples on PARPH-V8 selective medium. Root weight
and disease severity were compared among preventive or curative treatments within each
flood duration. Root weight data were analyzed with a one-way analysis of variance
(ANOVA) using Proc GLM in SAS, and means were separated using Fisher’s least
significant difference (LSD) test (α=0.05). The percentage of roots affected data were
analyzed using a generalized linear mixed model (GLMM) using Proc GLIMMIX in SAS
with a logit link and assuming a beta distribution, and means were separated by least
squares means (α=0.05).
Results and Discussion Phytophthora-inoculated dogwoods had significantly higher root
weight at 7 d flooding with preventively-applied Pageant Intrinsic and 3 d flooding with
curatively-applied Tartan Stressgard than the non-treated, inoculated control (Figs. 1, 2).
No other fungicide treated plants had a higher root weight than the non-treated, inoculated
control. Dogwoods preventively treated with Subdue MAXX effectively reduced the
percentage of roots affected compared to the non-treated, inoculated control at all flooding
durations, and dogwoods preventively treated with Orkestra Intrinsic reduced the
percentage of affected roots relative to the non-treated, inoculated control at 1 and 3 d
flooding durations (Fig. 3). The biofungicides, Rootshield Plus+ and MBI-110, provided
effective Phytophthora root rot control compared to the non-treated, inoculated control at 1
d of flooding, but not at 3 or 7 d flooding (Fig. 3). Curative applications of Aliette, Segovis,
and Tartan Stressgard were effective at reducing the percentage of Phytophthora root rot
on dogwoods compared to the non-treated, inoculated control at 1 d of flood duration,
while curatively-applied Interface Stressgard was effective at 3 d of flood duration (Fig. 4).
Dogwoods curatively treated with Empress Intrinsic and Orkestra Intrinsic had significantly
less root rot than the non-treated, inoculated control plants in both the 1 and 3 d flooding
durations (Fig. 4). Many fungicide treatments that were effective at 1 or 3 d flooding didn’t
show the same effectiveness at 7 d flooding. The reduction in fungicide efficacy with
longer flooding duration may be due to increased disease pressure (inoculated plant
mortality rates for the 1, 3, and 7 d flood durations were 2%, 16%, and 36%, respectively
(data not shown)), drainage of curative fungicides, or reduced success of microbials in the
biofungicide treatments.
Subdue MAXX and Orkestra Intrinsic were the most effective at providing preventive
control of Phytophthora root rot, while Empress Intrinsic and Orkestra Intrinsic were the
most effective at providing curative control. Many fungicides, especially when applied
curatively, had reduced effectiveness with longer flooding duration. As a result, growers
should apply curative fungicides as early as possible after flooding. Also, growers should
use an integrated approach to manage Phytophthora, which includes proper irrigation to
avoid high soil moisture levels that promote Phytophthora infection. Potentially, growers
can use information from this study to manage Phytophthora root rot in times of flooding or
in areas of the nursery that often experience high levels of soil moisture.
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Table 1. Fungicides and biofungicides
Treatment

Active Ingredients

Application Rate

Manufacturer

Empress Intrinsic

pyraclostrobin

6 fl oz/100 gal

BASF

Orkestra Intrinsic

pyraclostrobin + fluxapyroxad

10 fl oz/100 gal

BASF

Pageant Intrinsic

pyraclostrobin + boscalid

18 oz/100 gal

BASF

Interface Stressgard

trifloxystrobin + iprodione

80 fl oz/100 gal

Bayer

Tartan Stressgard
Signature Xtra
Stressgard

40 fl oz/100 gal

Bayer

80 oz/100 gal

Bayer

50 oz/100 gal

Bayer

8 oz/100 gal

BioWorks

MBI-110

trifloxystrobin + triadimefon
aluminum tris (0-ethyl
phosphanate)
aluminum tris (0-ethyl
phosphanate)
Trichoderma harzianum T-22 +
T. virens G-41
Bacillus amyloliquefaciens

1%

Marrone

Actigard

acibenzolar-S-methyl

4 oz/100 gal

Syngenta

Segovis

oxathiapiprolin

3.2 fl oz/100 gal

Syngenta

Subdue MAXX

mefenoxam

2 fl oz/100 gal

Syngenta

Aliette
+

Rootshield PLUS
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Figure 1. Mean root weight (+ SE) of preventively treated dogwood plants at the end of the
experiment for different fungicide or non-fungicide (controls) treatments and root flooding
durations. Treatments were compared using a one-way ANOVA, and means were
separated using Fisher’s LSD test (α=0.05). Asterisks indicate the root weight of the
fungicide treatment is significantly greater than the non-treated, inoculated control within
the same flooding duration.
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Figure 2. Root weight (+ SE) of curatively treated dogwood plants at the end of experiment
for different fungicide or non-fungicide (controls) treatments and root flooding durations.
Treatments were compared using a one-way ANOVA, and means were separated using
Fisher’s LSD test (α=0.05). Asterisks indicate the root weight of the fungicide treatment is
significantly greater than the non-treated, inoculated control within the same flooding
duration.
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Figure 3. Percentage of roots affected (+ SE) on preventively treated dogwood plants at
the end of experiment for different fungicide or non-fungicide (controls) treatments and
root flooding durations. Treatments were compared using a generalized linear mixed
model with a logit link assuming a beta distribution, and means were separated by least
squares means (α=0.05). Asterisks indicate the percentage of roots affected of the
fungicide treatment is significantly less than the non-treated, inoculated control within the
same flooding duration.
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Figure 4. Percentage of roots affected (+ SE) on curatively treated dogwood plants at the
end of experiment for different fungicide or non-fungicide (controls) treatments and root
flooding durations. Treatments were compared using a generalized linear mixed model
with a logit link assuming a beta distribution, and means were separated by least squares
means (α=0.05). Asterisks indicate the percentage of roots affected of the fungicide
treatment is significantly less than the non-treated, inoculated control within the same
flooding duration.

51

SNA Research Conference Vol. 62 2018

Response of Bigleaf Hydrangea Cultivars to Powdery Mildew Disease
Fulya Baysal-Gurel1, Lisa W. Alexander2, Prabha Liyanapathiranage1 and
Md Niamul Kabir1
1

Tennessee State University and 2USDA-ARS, U.S. National Arboretum
Otis L. Floyd Nursery Research Center, McMinnville, TN 37110
fbaysalg@tnstate.edu
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Significance to Industry Although hydrangeas have a breeding history stretching back
hundreds of years, improvement has focused on novel floral traits rather than disease
resistance or environmental stress tolerance. Foliar diseases often have a detrimental
impact on hydrangea plants in the landscape or on salability of container-grown plants.
Powdery mildew caused by Erysiphe polygoni DC can limit hydrangea plant growth and
affect plant quality, and preventative fungicide treatments are usually required to produce
quality container-grown hydrangeas. Because of the prevalence of hydrangeas in nursery
operations in the United States and globally, hydrangea varieties with improved resistance
to pests, diseases, and drought would benefit the nursery crop industry by reducing the
environmental and budgetary footprint associated with hydrangea production. The purpose
of this study is to provide powdery mildew evaluation results for different bigleaf hydrangea
cultivars and hybrids to help nursery producers make decisions about cultivar selection
and management.
Nature of Work Hydrangea is one of the most economically important nursery crops in
the United States, with sales topping $120 million in 2014 (1). Hydrangeas are popular
ornamental plants in both home gardens and commercial settings. Some hydrangea
species such as bigleaf hydrangea (Hydrangea macrophylla (Thunb.) Ser.) are more
susceptible to powdery mildew while other species such as oakleaf hydrangea
(H. quercifolia Bart.), appear to be more resistant (2). Variation in resistance to powdery
mildew also has been reported among bigleaf hydrangea cultivars in previous studies (3,
4, 5, 6).
Producing hybrids between plant species offers potential for incorporating unique traits
into popular ornamentals. For example, Dichroa febrifuga Lour. produces blue flowers in
soilless media even when no supplemental aluminum is added, and produces blue fruit
that persist throughout winter (7). F1, F2 and BC1 progeny from D. febrifuga ×
H. macrophylla hybrids were produced and evaluated by USDA scientists in McMinnville,
TN. In initial greenhouse evaluations, all F2 and BC1 had showy sepals and 80% produced
blue or purple flowers in the absence of aluminum (8). Four promising genotypes were
selected and propagated. The objective of this study was to determine the response of
commonly available hydrangea cultivars and newly developed hydrangea hybrids to
powdery mildew disease.
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All plants in the experiments originated as rooted cuttings collected in mid-June from
container plants grown under 60% shade in McMinnville, TN. Cuttings were rooted in pine
bark under mist and overwintered in a greenhouse (55°F/45°F day/night and ambient
light). In March, plants were potted in 3-gallon nursery containers filled with 100% pine
bark substrate, which was amended with 0.48 lb of 19-5-9 Osmocote® Pro controlled
release fertilizer, 0.06 lb of Micromax® micronutrient fertilizer, 0.04 lb iron sulfate and 0.01
lb Epsom salt per cubic feet of mix. Plants received additional 2.5 oz of 19-5-9 Osmocote®
Pro in April and July. Five single-plant replications per treatment were arranged in a
randomized complete block design in a greenhouse at the Otis L. Floyd Nursery Research
Center in McMinnville, TN (75°F/65°F day/night and ambient light). Plants were irrigated
for 3 minutes twice a day in June and for 4 minutes twice a day in July using micro bubbler
emitters installed on short stakes.
Plants were evaluated weekly for powdery mildew infection. The severity of powdery
mildew was evaluated using a scale of 0-100% foliage area affected. Area under the
disease progress curve (AUDPC) values were calculated according to the formula:
∑([(xi+xi-1)/2](ti-ti-1)) where xi is the rating at each evaluation time and (ti-ti-1) is the number
of days between evaluations. The experiment was repeated twice. Analysis of variance
was performed using MINITAB statistical software and means were separated using
Tukey method.
Results and Discussion Powdery mildew infection occurred naturally in both
experiments. Final mean powdery mildew severity in the second experiment was
significantly higher compared to the first experiment. There were significant differences
among twelve cultivars in the severity of powdery mildew infection. Powdery mildew
severity and disease progress (AUDPC) were highest in the Hydrangea cultivars
Blaumeise and Kardinal by the end of the first experiment. Powdery mildew severity and
disease progress (AUDPC) were highest in the Hydrangea cultivars Souvenir du President
Doumer, Taube, Kardinal, Oakhill and Blaumeise by the end of the second experiment.
Hybrids NA83993 (Dichroa febrifuga ‘Yellow Wings’ x H. macrophylla ‘Nigra’) and
NA83991 [(D. febrifuga GUIZ48 x H. macrophylla ‘Taube’) x H. macrophylla ‘Souv. Pres.
Doumer’] were resistant to powdery mildew disease.
These results agree with previous reports that most H. macrophylla cultivars are
moderately or highly susceptible to powdery mildew (3, 6). There was no difference in
susceptibility between diploid cultivars (Decatur Blue, Endless Summer, Oakhill, Souvenir
du President Doumer, and Veitchii) and triploid cultivars (Blaumeise, Kardinal, and Taube).
The cultivars Decatur Blue, Endless Summer, and Veitchii were the most resistant to
powdery mildew. Previous reports have characterized ‘Veitchii’ as the only powdery
mildew-resistant H. macrophylla (3, 6). We found that in the second experiment where
infection was most severe, ‘Veitchii’ had the least amount of infected tissues among
H. macrophylla cultivars, though percent infected tissue was not statistically different from
‘Decatur Blue’ or ‘Endless Summer’.
Most significantly, two hydrangea hybrids appeared completely resistant to powdery
mildew disease (0% infected tissue) in both greenhouse experiments with moderate to
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heavy disease pressure. Disease resistance appears to originate from the Dichroa
cultivars, as all hydrangea parents of NA83991 and NA83993 are highly susceptible to
powdery mildew (3, 6 and herein). Current powdery mildew resistance breeding uses only
H. macrophylla ‘Veitchii’ and a few H. macrophylla ssp. serrata cultivars as sources of
powdery mildew resistance (6). The identification of powdery mildew resistance in Dichroa
x Hydrangea hybrids significantly broadens the sources of genetic resistance available for
hydrangea breeding.
Acknowledgements This project was partially funded by USDA-NIFA Evans Allen. We
thank Carrie Witcher and Terri Simmons for help with setting up the greenhouse
experiments.
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Table 1. Response of hydrangea cultivars to powdery mildew disease.
Cultivar

First experiment
Powdery
AUDPC
mildew (%)
a*
33.3
1206.9a
30.0a
1206.9a
23.3b
767.1b

Second experiment
Powdery
AUDPC
mildew (%)
ab
68.3
1318.3a
50.0ab
1025.0a
66.7ab
1293.3a

‘Kardinal’
‘Blaumeise’
‘Oakhill’
NA83990 (Dichroa febrifuga
9.2c
288.8cd
5.0bc
74.1bc
‘Yellow Wings’ x ‘Oakhill’)
‘Veitchii’
9.2c
224.0cd
7.5bc
117.1bc
‘Souvenir du President Doumer’
9.2c
326.1c
81.7a
1453.3a
c
cd
a
‘Taube’
8.3
253.2
75.0
1439.2a
‘Decatur Blue’
6.7c
205.9cd
25.0b
431.7b
‘Endless Summer’
6.7c
157.5cd
13.3bc
391.7b
NA83992 (D. febrifuga
5.9c
121.3cd
10.0bc
207.1b
‘Yamaguchi Hardy’ x ‘Hamburg’)
NA83993 (D. febrifuga ‘Yellow
0.0d
0.0d
0.0c
0.0c
Wings’ x ‘Nigra’)
NA83991 [(D. febrifuga GUIZ48 x
0.0d
0.0d
0.0c
0.0c
‘Taube’) x ‘Souv. Pres. Doumer’]
P-value
≤0.0001
≤0.0001
≤0.0001
≤0.0001
*
Values are the means of five replicate plants. Treatments followed by the same letter
within a column are not significantly different at P≤0.05. All cultivars are Hydrangea
macrophylla unless otherwise noted.
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Significance to Industry Endophytic fungi are ubiquitous and phylogenetically diverse;
they have wide plant host range including mosses, ferns, grasses, deciduous, coniferous
(1, 2), aquatic, lichens, mangroves and bamboo (3). Endophytes can live inside host
tissues without causing any external symptoms. There is considerable evidence
suggesting that some endophytic fungi play a role in protecting plants against pathogens
and promoting plant growth using various mechanisms. Some biodiversity studies have
demonstrated that some endophytes are saprophytes, while others are latent or
opportunistic pathogens that may be quite aggressive when the host plant is stressed.
Thus, it is important to understand fungal populations colonizing dogwood plant tissues
internally without external symptoms; this would facilitate early response to the disease
outbreaks that may adversely impact dogwood production (1, 2, 4).
Nature of work Flowering dogwood (Cornus florida L.) is native to the southeastern region
of the United States and it is of great economic importance (5). It is economically important
in nursery production industry, but it also has been shown to have rich ethnobotanical
history. A phytochemical study have shown that C. florida produce anti-parasitic
compounds for the treatment of malaria (6). Several studies have shown that some
endophytes produce chemicals for important pharmaceutical products, but endophytes
associated with C. florida have not yet been investigated. Therefore, the aims of present
study were to explore diversity of culturable endophytes of class Sordariomycetes and
understand their phylogenetic relationship. Such study on dogwood endophytes may
provide information on potential products of economic or pharmaceutical value.
Healthy stem samples of C. florida were collected from different location in middle
Tennessee. For isolation of endophytic fungi, the plant material was thoroughly washed in
running tap water followed by surface sterilization in 70% ethanol for 1 minute and 10%
sodium hypochlorite for 3-5 min. Samples were subsequently rinsed 3 times in sterilized
distilled water for 5 min. each. Using sterilized scalpel, 0.3-0.5mm vascular tissue
segments were placed on acidified potato dextrose agar (APDA) in Petri plates. The Petri
plates were sealed with parafilm and incubated at 28 ± 2°C until fungal growth was
initiated. The tips of the fungal hyphae were sub-cultured on PDA (Sigma-Aldrich, St.
Louis, MO). Repeated sub-culturing of fungal isolates on PDA was carried out until pure
cultures were obtained.
Taxonomic identification of fungal endophytes was done using genomic DNA extracted
using the FastDNA kit (MP Biomedicals, Santa Ana, CA) as per manufacturers’
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instructions. Polymerase chain reaction (PCR) amplification of isolated DNA was
performed with negative control using the universal primers internal transcribed spacer
(ITS) 1 and ITS4 (7). The amplicon was purified using Exosap (USB-Affimetrix, Santa
Clara, CA), and submitted to Eurofin Genomics (Louisville, KY) for sequencing. The
resulting sequence was analyzed using BLASTN tool against the available sequences in
Genbank National Centre of Biotechnology information (NCBI) database
(https://www.ncbi.nlm.nih.gov). The identity of the organism was based on the closest
similarity match in the GenBank database at ≥ 99-100% identity. The sequence alignment
and phylogenetic tree was constructed by neighbor-joining method using MEGA 7.0
software. Multiple sequence alignments were performed using MUSCLE with reference
ITS rDNA sequences obtained from GenBank.
Results and Discussion A total of 379 isolates were obtained from stem samples
obtained from 70 plants. Isolates with same morphological features were grouped together
and 164 representative groups of isolates were identified for DNA sequence analysis. PCR
amplification of rDNA ITS region generated DNA fragment ranging from 450 to 650 bp in
size. The analysis of ITS rDNA fragments using BLASTn showed that all 164 isolates
belonged to species of phyla Ascomycota and Basidiomycota. Sordariomycetes (90
isolates, 54.87%) was the most frequently occurring class. These fungi were distributed
over 5 orders comprising of 11 genus including Xylariales (Hypoxylon, Whalleya,
Nemania, Pestalotiopsis, Discotroma, and Xylaria), Diaporthales (Diaporthe and
Cytospora), Trichosphaeriales (Nigrospora), Glomerellales (Colletotrichum) and
Xylomelasma). Many of these fungal isolates are important plant pathogens, endophytes,
epiphytes, and saprophytes for other plant species. Xylariales (85.5%) was the most
frequently predominant endophytes followed by Diaporthales (7.8%), Trichosphaeriales
(3.3%), Glomerellales (2.2%), and Xylomelasma (1.1%) as shown in Figure 1.
To confirm identification, cluster analysis of isolated fungi was carried out using ITS rDNA
and reference sequences obtained from GenBank using neighbor joining method. The
fungus Paludomyces mangrovei of Chytridiomycota class was used as outgroup for cluster
analysis. The isolates belonging to same family clustered together in the phylogenetic tree.
The optimal tree with the sum of branch length (= 3.888) is shown in Figure 2 (A & B). The
percentages of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches. Bootstrap values ≥50%
are shown on branches. The phylogenetic tree represented diverse taxonomical affinities
among identified taxa. The tree is drawn to scale, with branch lengths in the same units as
those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the p-distance method and are in the units of the number
of base differences per site. Results from this study contribute to the understanding of
species diversity in Sordariomycetes associated with C. florida.
Out of the organisms that reside in dogwood tissue without causing symptoms, Hypoxylon
sp., Diaporthe, Cytospora, Colletotrichum sp. and Pestalotiopsis have been reported as
plant pathogens associated with cankers, and dieback disease problems. In addition,
some endophytes such as Nigrospora sp. have demonstrated potential as antagonists to
plant pathogens. Thus, information from this study may facilitate early response to future
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disease outbreak that may adversely impact dogwood production; it is also a resource in
the identification of beneficial organisms that may help plant defense against pathogens
(Mmbaga and Gurung, unpublished) as well as the identification of organisms that have
pharmaceutical potential (Maheshwari et al., unpublished data).
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Figure 1. Relative abundance (%) of class sordariomycete at level of families isolated from
C. florida stems. Xylomelasma belong to a large unsupported clade consisting of
members the Ophiostomatales.
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Figure 2. Dendogram (A & B) of phylogenetic analysis of endophytic fungi of class
sordariomycetes associated with C. florida. This phylogenetic tree was constructed by
using the neighbor-joining method (1,000 bootstrap replications). Bootstrap values (≥50%)
are indicated at relevant nodes. The analysis involved 156 nucleotide sequences. All
ambiguous positions were removed for each sequence pair. There were a total of 2678
positions in the final dataset. Evolutionary analyses were conducted in MEGA7. The
fungus Paludomyces mangrovei was used as outgroup for clustering analysis.
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Significance to Industry Over the past several decades rose rosette disease has
become very serious and threatens to decimate the US rose industry [11]. The causal
agent, Rose rosette virus (RRV, Emaravirus) [5, 10], is transmitted by wind-blown
eriophyid mites (Phyllocoptes fructiphilus) [1, 2, 7] and can kill a rose within 2-3 years of
infection (11). A recently-funded USDA, NIFA, Specialty Crops Research Initiative grant
involves 17 scientists in 6 states working on a range of approaches to study this disease
and determine how best to manage it. The only strategy currently available for disease
management is early identification and eradication of the infected plants, thereby limiting
its potential spread. Key to this effort is the development of efficient and affordable
diagnostic tools to enable accurate detection of the virus. Molecular- and serologicalbased assays with potential for technology transfer and/or on-site implementation should
be easy to use, offering visual detection, reliability and sensitivity to the end user. RRVspecific primers and probes (for nucleic acid-based tests) and monoclonal and polyclonal
antibodies (for serology-based tests) have been developed. We report here a brief review
of our recent research efforts in the development of accurate, rapid, efficient, easy-to-use
and affordable rose rosette virus diagnostic tools.
Nature of Work When this NIFA, Specialty Crops Research Initiative project was initiated,
Rose rosette virus had only recently been described and the nucleic acid-based diagnostic
methods available included end-point reverse transcription-polymerase chain reaction
(RT-PCR) and real-time quantitative RT-PCR (RT-qPCR). RT-PCR can be time
consuming and requires skilled personnel and well-equipped laboratories. The real-time
RT-qPCR assay is more sensitive for the detection of RRV, but it is also more expensive
and requires even more specialized equipment. Currently, neither RT-PCR nor RT-qPCR
can be used in field-based testing for RRV. The objective of this portion of the NIFA grant
work is to develop one or more diagnostic techniques that are sensitive, discriminating,
quick, and easy-to-run, for use both in the laboratory and the field [Table 1].
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The Oklahoma State University (OSU) and University of Florida (UF) team members
explored several variations of RT-PCR, including endpoint RT-PCR, TaqMan RT-qPCR,
and SYBR Green RT-qPCR assays. They developed and validated an improved real-time
PCR which is reliable, sensitive (with a detection limit of 1 fg viral RNA from infected plant
tissue), and provides results in as little as 3 hours, thus reducing the time for analysis by
50% [3, 8]. In subsequent work, they developed a loop-mediated isothermal amplification
(LAMP) assay, where the amplification reaction is carried out at a constant temperature
(60–65 °C), which avoids the use of a thermal-cycler. The RT-LAMP results can be
measured by turbidity, change of color, or by fluorescence using intercalating dyes that
allows visualization of the reaction by the naked eye [12]. The method is friendly to labtrained end-users and continues to be optimized for this use, but can be challenging for
non-skilled operators.
The UF and OSU team members jointly developed a novel probe-based, isothermal
reverse transcription-recombinase polymerase amplification (RT-exoRPA) assay. The
assay is highly specific and sensitive, with a detection limit of 1 fg [5]. In addition, the
assay could detect virus from leaves, stems, petals, pollen, primary roots and secondary
roots [5]. A rapid (< 5 min) technique for the extraction of viral RNA was also developed
and the entire assay, including the extraction, can be completed in ca. 25 min [4].
The USDA Maryland team members have focused on the serological approach. Virusspecific polyclonal and monoclonal antibodies have been developed to RRV nucleoprotein
(NP) [9]. In silico consensus alignment of the NP proteins from >25 RRV isolates was
used to identify conserved regions predicted to contain ‘good’ epitopes for analysis of the
epitope-site specificity of these antibodies. To that end, twelve 25-mer synthetic peptides
were produced for analysis and several NP surface-located regions were identified by
these antibodies in ELISA-based assays. Known healthy and RRV-infected rose samples
from a variety of geographical locations are currently being tested in a triple antibody
sandwich (TAS)-based ELISA. The antibodies will subsequently be evaluated for usage in
antibody-based lateral flow devices, either in-house, or in collaboration with Agdia, Inc.,
based on their proprietary Immunostrip platform. Another potential usage to be examined,
in collaboration with the OSU and UF teams, will be to determine if using these as trapping
antibodies in an Immunocapture-RT-PCR (IC-RT-PCR) assay can increase sensitivity and
decrease sample preparation steps.
For the validation phase of this project, all three groups are preparing diagnostic reagent
kits to be laboratory-tested by grant collaborators; including for example, by Jen Olson at
the Plant Disease and Insect Diagnostic Laboratory (OSU) and by Kevin Ong at the Texas
Plant Disease Diagnostic Laboratory (TAMU). As the validation process develops, the
interaction between the developers of the diagnostics and the validators will lead to
modifications to improve the robustness of the techniques.
Achieving the stated goals should result in availability of sensitive, accurate, reliable, and
inexpensive molecular, serological, or in the case of IC-RT-PCR, combined
serological/molecular tests, for diagnosing the occurrence of RRV – assays suitable for
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use by high-volume commercial producers of roses, and in the case of Immunostrip lateral
flow devices, even for plant collectors and gardeners.
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Table 1. Comparative analysis of the different potential diagnostic methods
Assay

Sensitivity

Skill
Equipment
High
required
needed
throughput

Time
required

Cost

Nucleic acid-based Assays
RT-PCR

High

High

Yes

Low

6-8 hrs

High

RT-LAMP

High

Med

Yes

Med

1-3 hrs

Med

RT-exoRPA

High

Med/Low

Yes

Med

20-30 min

Med

Med

Med

Yes/No

High

4-18 hrs

Low

Low/Med

Low

No

Med

10-30 min

Med

Antibody-based Assays
ELISA
Immunostrip
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Significance to Industry Sarcococca, or sweet box, is a genus of ornamental evergreen
woody shrubs in the Buxaceae noted for their evergreen foliage, shade adaptability, insect
and disease resistance, deer resistance, and fragrant winter flowers. With the recent
emergence of boxwood blight, a fast-acting disease caused by Calonectria
pseudonaviculata that affects members of the Buxaceae, questions remain regarding the
susceptibility of Sarcococca to the blight. Boxwood blight was first reported in the United
States in 2011 after being known in the United Kingdom since the 1990s (7). As of
January 2017, it has since spread to at least 22 different states (6). Boxwood blight
research has rightfully focused on disease susceptibility and control for Buxus, but other
members of the boxwood family are susceptible including Pachysandra and Sarcococca.
In 2014, Sarcococca hookeriana was reported to be infected by boxwood blight in a home
landscape for the first time (8). However, no susceptibility screening for the disease has
focused on Sarcococca, and only one unidentified Sarcococca species has been tested for
susceptibility (5).
Nature of Work Sarcococca is poorly represented in American landscapes, with few
species and cultivars commonly grown. If Sarcococca is ever to see increased landscape
use or be incorporated into ornamental plant breeding programs, it is important to
understand the susceptibility of the genus to boxwood blight caused by C.
pseudonaviculata. The purpose of this study was to evaluate Sarcococca taxa for
susceptibility to boxwood blight using a detached stem assay.
Pathogen. Eleven single-spore isolates of C. pseudonaviculata collected from a naturallyinfected boxwood from a landscape in Dekalb County, GA (Cp1-1 to Cp1-11), were
incubated on potato dextrose agar (PDA) (BD Difco, Sparks, MD) amended with ampicillin
trihydrate (250 mg/L) (Sigma Aldrich; St. Louis, MO) for 2 weeks at room temperature in
ambient light. Culture plates were flooded with sterilized deionized water (SDW) for 2 hr,
decanted, scraped with a sterile metal spatula to remove aerial hyphae, and rinsed with
SDW by swirling and decanting (1). Plates were incubated upside-down for 5 days at
23°C under 12 hr light/dark cycle. Spores were harvested by washing plates with a stream
of SDW while being held over a beaker. The spore suspension was filtered through three
layers of cheesecloth to remove clumps of hyphae. Spores were counted with a
hemocytometer and adjusted to a final concentration of 20,000 spores/ml. This spore
concentration was chosen based on the results of a stem spray inoculation assay in which
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boxwood blight symptoms for Buxus sempervirens ‘Suffruticosa’ did not worsen at
concentrations greater than 20,000 spores/ml (4).
Taxa. Sarcococca and Buxus taxa were acquired from several nurseries and gardens and
grown at the University of Georgia Durham Horticulture Farm, Watkinsville, GA. Stems
from 27 Sarcococca and 2 Buxus taxa (Table 1) were collected from plants in our
collection and nearby gardens in June 2017. The collected stems were stored in moist
plastic bags at 4°C. Sarcococca and boxwood stems were trimmed to have 10 leaves and
approximately 15 leaves, respectively. The two Buxus taxa used in this study, B.
sempervirens ‘Suffruticosa’ and B. sinica var. insularis x B. sempervirens ‘Green Gem’,
have been previously tested for susceptibility to boxwood blight and thus served as
positive controls (3).
Experiment. Four stems of each taxon were dipped in the spore suspension, with
occasional swirling, for three to four minutes. Two stems of each taxon were dipped into
deionized water as a non-inoculated control. Inoculated and non-inoculated stems were
stuck into 50 ml plastic centrifuge tubes containing 1% water agar (10 g/l) (BD Bacto agar;
Sparks, MD). Inoculated stems were randomly placed in cardboard holding trays and
enclosed in clear plastic bags whose interiors were spritzed with water. Non-inoculated
stems were incubated separately from inoculated stems. Following three days of
incubation at room temperature on a counter in our lab, each leaf for each taxon stem was
examined and the number of water-soaked leaf spots per leaf was recorded. The stems
were then transferred to a growth chamber (23°C, 90% relative humidity, and 12 hr
light/dark cycle) for 4 additional days.
Statistics. The differences in mean number of spots among taxa were evaluated using a
one-way analysis of variance (ANOVA), and means were compared using Tukey’s Honest
Significant Difference test. This was done in R (version 1.0.143), and means were grouped
using the HSD.test function in the agricolae package (version 1.2-8) (9,2). Results were
considered significant if p ≤ 0.05 (Table 1).
Results and Discussion Overall, in a laboratory setting, every inoculated Sarcococca
and Buxus taxon developed water-soaked spots, indicating susceptibility to boxwood blight
(Table 1). No taxa were deemed immune. Nearly all controls had no spots three days after
inoculation, except S. hookeriana ‘Purple Stem’ and S. humilis ‘Sarsid2’, which had 2 and
1 spots total, respectively (data not presented). These appeared to be caused by
contamination during the inoculation process and not by some unknown factor.
Most Sarcococca taxa had a greater mean number of spots per leaf than the Buxus
positive controls, though this is somewhat misleading because of smaller leaf size in the
boxwood taxa. All S. confusa had significantly greater mean spots per leaf than any other
plant tested. This is highly important to the green industry because S. confusa is among
the most popular sweet boxes in cultivation.
Perhaps most interestingly, two sweet box taxa had almost no spots three days after
inoculation. Both S. ruscifolia from Atlanta Botanical Garden and S. ruscifolia var.
chinensis ‘Dragon Gate’ had a mean number of water soaked spots per leaf of 0.05 (Table
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1). These plants may be valuable for breeding blight resistance into new cultivars and
should be considered for increased landscape use. We are optimistic that these taxa may
represent a source of resistance to boxwood blight in Sarcococca, though further testing is
needed to confirm.
The results of this study indicate that susceptibility of Sarcococca to boxwood blight is
variable, even within species. For example, for S. hookeriana, one taxon tested averaged
21.4 spots per leaf (HF source), while another only had 2.2 spots per leaf (FRF source).
Knowing the susceptibility of cultivated Sarcococca will help guide landscape usage of
sweet box and may inform breeders interested in introducing blight resistance into new
releases. In the future, the experiment will be repeated and other work will be done to
clarify boxwood blight susceptibility in Sarcococca.
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Table 1. Mean number of water-soaked spots per leaf of Sarcococca and Buxus taxa three
days after being inoculated with Calonectria pseudonaviculata in June 2017.
Taxon
Sarcococca confusa
S. confusa
S. confusa
S. orientalis
S. hookeriana
S. vagans
S. humilis ‘Sarsid2’
S. ruscifolia
S. sp.
S. saligna
S. wallichii
S. humilis ‘Sarsid1’
S. humilis
S. orientalis
S. ruscifolia
S. ruscifolia
S. hookeriana ‘Purple
Stem’
S. humilis
S. ruscifolia var. chinensis
S. orientalis
S. ruscifolia
S. sp.
S. saligna
S. sp.
S. hookeriana
Buxus sempervirens
‘Suffruticosa’
B. ‘Green Gem’
S. ruscifolia
S. ruscifolia var. chinensis
‘Dragon Gate’

Mean Spots
per Leafz
37.7
33.2
28.5
24.8
21.4
21.3
18.5
16.1
15.0
13.7
12.3
11.2
9.8
8.9
8.1
7.2
7.0

Groupy

Sourcex

a
ab
abc
a-d
a-e
a-e
a-e
a-e
a-e
b-e
b-e
b-e
b-e
c-e
c-e
c-e
c-e

SBG
GPN
HF
HF
HF
FRF
RFN
SBG
ABG
JCN
FRF
NC
SBG
HF
JCN
SBG
PDN

6.0
5.9
5.9
5.4
5.3
5.0
4.4
2.2
1.5

c-e
c-e
c-e
c-e
c-e
de
de
de
de

WH
PDN
SBG
WH
ABG
WH
HF
FRF
SFN

0.9
0.05
0.05

e
e
e

HF
ABG
FRF

z

Means determined using four detached stem replicates per taxon with 10 leaves per stem for Sarcococca
and 15 leaves per stem for Buxus.
y
Treatments followed by the same letter within a column are not significantly different at p ≤ 0.05. Means
were separated using Tukey’s Honest Significant Difference test.
x
ABG = Atlanta Botanical Garden, Gainesville, GA; FRF = Far Reaches Farm, Port Townsend, WA; GPN =
Griffith Propagation Nursery, Watkinsville, GA; HF = UGA Durham Horticulture Farm, Watkinsville, GA; JC
= Joy Creek Nursery, Scappoose, OR; NC = Nurseries Caroliniana, North Augusta, SC; PDN = Plant
Delights Nursery, Raleigh, NC; RFN = RareFind Nursery, Jackson, NJ; SBG = State Botanical Garden,
Athens, GA; SFN = Silver Falls Nursery, Salem, OR; WH = Willis Harden, Commerce, GA.

67

SNA Research Conference Vol. 62 2018

Effect of Fungicides and Biocontrol Products on Phytophthora Root Rot
of Hydrangea
Md Niamul Kabir and Fulya Baysal-Gurel
Tennessee State University
Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
mkabir@my.tnstate.edu
Index words Hydrangea macrophylla, H. paniculata, H. quercifolia, bigleaf hydrangea,
panicle hydrangea, oakleaf hydrangea, Phytophthora root rot, fungicide and biocontrol
products, Phytophthora nicotianae
Significance to Industry Hydrangeas are very popular summer–flowering deciduous
shrubs in the landscape. With the recent advances in plant breeding, hydrangeas are now
available in almost every size, color, and form imaginable. Many new cultivars also have
the ability to rebloom, which further adds to their popularity among gardeners.
Phytophthora root rot is one of the most important diseases, which affect wide range of
nursery-grown woody ornamentals. Almost all hydrangeas are susceptible to Phytophthora
root rot disease. Few hydrangea species such as the oakleaf hydrangeas (Hydrangea
quercifolia) and panicle hydrangeas (H. paniculata) are more susceptible to this disease
while other species such as the bigleaf hydrangea (H. macrophylla) come out to be more
resistant. Through Phytophthora-contaminated container stock, rooted cuttings this
pathogen can be introduced very easily into a nursery. Also water serves as an important
means of introduction and spread of Phytophthora species in nursery production. The
most effective management for controlling Phytophthora root rot is the proper application
of fungicides (1, 2). Biocontrol products have gained increased attention of end-users for
their environmental benefits and short worker re-entry interval. The rationale of this work is
to present efficacy test results for hydrangea Phytophthora root rot management to help
nursery growers to make proper management decisions about fungicides and biocontrol
products to use on their production.
Nature of Work Hydrangeas are one of the most showiest and spectacular flowering
woody ornamental plants in the landscape. In hydrangea productions the most important
and commonly observed diseases are root diseases which can cause a continuing and
permanent damage of the plant. Phytophthora root rot is considering one of the most
economically important diseases in container and field grown production of hydrangeas.
Sudden wilting, yellowing of the foliage, brown discoloration of infected roots are the main
symptoms of the Phytophthora root rot and discoloration can be seen on crown at the soil
line and stem above the soil line as well. Phytophthora root rot can be easily prevented
with sanitation, cultural practices and chemical treatments (1, 3). Various products
including fungicides and biocontrol products are available or in development that have the
potential to contribute to the management of Phytophthora root rot.
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The objective of this study is to test the efficacy of biocontrol products and fungicides to
control Phytophthora root rot of hydrangea.
Biocontrol products and fungicides including RootShield PLUS, MBI110, IT-1503,
OxiPhos, Grotab, Pageant Intrinsic, TerraClean 5.0 + TerraGrow program, Segovis,
Empress Intrinsic, and Subdue Maxx were tested (Table 1). The efficacy of biorational
products and fungicides against Phytophthora root rot of hydrangeas were assessed in
greenhouse and field experiments. Uniform H. quercifolia ‘Picnic Hill’ and H. macrophylla
‘Princess Juliana’ were transplanted into a #1 nursery container in a greenhouse. A pine
bark substrate was amended with Micromax (The Scotts Co., Marysville, OH) and
AquaGro (Aquatrols, Paulsboro, NJ) and 19-5-9 (19N-2.2P-7.5K) Osmocote Pro 12 to 14
month controlled release fertilizer (Everris, Dublin, OH). Plants were watered daily using
overhead irrigation system. Uniform H. paniculata were planted at the Otis L. Floyd
Nursery Research Center in McMinnville, TN in field plot with Waynesboro loam soil.
Plants were fertilized with 10 g of 18-6-8 Nutricote controlled-release fertilizer. Plants were
watered as needed using drip irrigation system. Field plots and pots were inoculated with
P. nicotianae infested rice grains. Treatments were applied as drench application. Plants
were evaluated for Phytopthora root rot after 3 months of the first application. The
experimental design was a randomized complete block design, and treatments were
arranged with four replications of each plots and pots. Analysis of variance (ANOVA) was
performed on the data set using the general linear model (GLM) procedure with SAS
statistical software.
Results and Discussion In greenhouse experiments the severity of Phytophthora root
rot were ~28 and 61% root affected, whereas in field study the severity was ~69% (Table
2). All of the treatments significantly reduced Phytophthora root rot severity compared to
non-treated inoculated control. Plants treated with Empress Intrinsic, Segovis, Subdue
Maxx, Pageant Intrinsic, MBI110 and Terraclean + TrerraGrow program had significantly
less Phytophthora root rot than the other treatments in greenhouse experiments. The
treatments most effective in reducing Phytophthora root rot severity were Segovis,
Empress Intrinsic, Subdue Maxx and MBI110 in field experiment. Phytotoxicity and
defoliation were not observed in any of the hydrangea plants. Bigleaf hydrangea (H.
macrophylla) is more resistant than oakleaf hydrangea (H. quercifolia) against
Phytophthora root rot.
An integrated approach should be used to control Phytophthora root rot in the nursery
production. Results of both greenhouse and field experiments indicate that fungicides
Segovis, Empress Intrinsic, Subdue Maxx provide control of Phytophthora root rot.
Nursery producers could benefit from using MBI110 and Terraclean + TrerraGrow program
alone or in a rotation of the fungicides typically drenched to control Phytophthora root rot in
hydrangeas.
Acknowledgements We would like to thank Syngenta, BASF, OHP, BioSafe Systems
LLC, and Marrone Bio Innovations, Inc. for providing the materials. This work was funded
by Tennessee State University, Otis L. Floyd Nursery Research Center.
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Table 1. Treatments, active ingredients and rates.
Treatment
Active ingredient

Rate

Empress Intrinsic

Pyraclostrobin

3 fl oz/100 gal

Grotab

Glomus spp., Trichoderma atrviride and
bacteria of the rhizosphere

2 tablets/plant

IT-5103

Trichoderma spp.

2 g/plant

MBI110

Bacillus amyloliquefaciens

1.0 %

OxiPhos

Mono- and di-potassium salts of
phosphorus acid and hydrogen peroxide

0.2%

Pageant Intrinsic

Boscalid + pyraclostrobin

12 oz/100 gal

RootShield PLUS

T. harzianum Rifai strain T-22, T. virens
strain G-41

8 oz/100 gal

Segovis

Oxathiapiprolin

3 fl oz/100 gal

SoilGard

Gliocladium virens strain GL-21

2 lb/100 gal

Subdue Maxx

Mefenoxam

2 fl oz/100 gal

TerraClean 5.0
+ TerraGrow

Hydrogen dioxide and peroxyacetic acid,
Bacillus spp. and T. harzianum

0.2%
+ 1 oz/10 gal
0.4 oz/10 gal
0.1 oz/10 gal
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Table 2. Effect of biocontrol products and fungicides on severity of Phytophthora root rot
disease on hydrangeas.
Field
Greenhouse experiments
experiment
Phytophthora
Phytophthora
Phytophthora
root rot severity root rot severity root rot severity
on bigleaf
on oakleaf
on panicle
z
z
Treatment
hydrangea (%) hydrangea (%) hydrangea (%)z
Empress Intrinsic
Grotab

4.5 by

19.3 bc

10.9 ab

48.4 ab

14.9 ef
-

IT-5103

-x

MBI110

6.8 b

OxiPhos

-

Pageant Intrinsic

4.5 b

19.3 bc

RootShield PLUS

12.8 ab

31.8 abc

29.9 bcd

Segovis

4.5 b

27.6 bc

9.2 ef

Subdue Maxx

4.5 b

19.3 bc

15.6 ef

TerraClean 5.0 + TerraGrow

6.8 b

19.3 bc

21.4 cde

27.6 a

60.9 a

68.9 a

Non-treated, inoculated control

10.9 c
-

35.8 b
17.1 def
33.3 bc
-

Non-treated, non-inoculated
2.3 b
4.5 c
4.2 f
control
P value
0.0081
0.0002
≤0.0001
z
Disease severity rating was based on percentage root affected.
y
Values are the means of four replicate plots and containers. Treatments followed by the
same letter within a column are not significantly different at P≤0.05.
x
Treatment was not included into the trial.
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Mutagenesis of Illicium parviflorum for Novel Phenotypes
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Significance to Industry Illicium parviflorum Michx. is a prevalent landscape shrub for a
myriad of reasons: its adaptability, fast growth, ability to form a dense mass, evergreen
nature, and relatively pest-free landscape performance [1, 2]. Although it is a popular
Florida and Georgia native for hedges and beds, very few cultivars exist. Much of the
nursery stock Illicium parviflorum is clonal from very few wild sources [3, 4]. This inherent
survival risk attributed to mass reproduction of the same genotype, plus the phenotypic
uniformity among plantings, begs for the introduction of distinct cultivars for homeowners
and landscapers. Gamma radiation was used to induce phenotypic variation in material for
potential cultivar development.
Nature of Work: Small anise tree (Illicium parviflorum) performs well as a reliable
landscape shrub providing a green to olive green vegetative mass in USDA hardiness
zones 6-9. Due to its uniform appearance and the shortage of cultivars, there is much
room for improvement in market options. Mutation induction was chosen over traditional
breeding because of deterring factors like low fruit and seed set, small flowers, and
reported self-incompatibility [5, 6]. Mutation breeding has led to many ornamental cultivars,
and gamma irradiation is relatively quick, with minimal waste, and capable of changing
one to few traits in plants [7, 8]. The objectives of this project were to observe and select
for phenotypic variations induced by gamma irradiation of stem cuttings, determine the
optimal dose for rooting cuttings, as well as evaluate the interaction of the effects of the
stage of tissue growth with irradiation.
The cultivar ‘Forest Green’ which is described as having lustrous, dark green foliage was
utilized for this study and cutting material was obtained from the State Botanical Garden of
Georgia. Shoot tip cuttings were collected 2016 and 2017 in Feb., May and July/Aug. for
hard-, soft- and semi-hardwood tissue types, respectively. Cuttings had 4-6 nodes and
following irradiation treatment were dipped in potassium salt of Indole-3-butyric acid (KIBA) at 3,000 ppm for approx. 5 seconds. After allowing to air-dry for a few minutes,
cuttings were stuck into propagation mix (2:1 Jolly Gardener® Pro-Line Growing Mix:
Aero-soil® perlite), randomized by irradiation treatment level, and placed under mist (8
secs. every 5 mins. from 7am-7pm) for 9-12 weeks (Table 1). Irradiation was administered
with a 60Co source and dose levels varied for tissue type and year (see Table 1) but
always included an untreated control. The experimental unit was a single stem cutting and
there were 10 replicates per irradiation level for each tissue type.

73

SNA Research Conference Vol. 62 2018

Stem cuttings were taken out of mist and evaluated on rooting. A successfully rooted
cutting was scored as 1 and an unrooted cuttings was scored as a 0. Data for 2017 was
analyzed as a randomized complete block design (RCBD) where each tissue type, or
collection date, was treated as a block and irradiation as the main effect. For 2016, each
tissue type was treated as a completely randomized design (CRD) and irradiation was the
main effect. Data for 2017 was analyzed as a two-way ANOVA and for 2016 as a one-way
ANOVA with transformation of the binomial data in R [9].
Results and Discussion Stem cuttings of Illicium parviflorum were affected by exposure
to gamma irradiation and type of tissue when evaluated for rooting success. Data from
each year was analyzed separately due to differences in irradiation levels. For 2017, there
was a 60 Gy treatment for hardwood and softwood but not semi-hardwood. Additionally,
neither tissue type had any successful rooting at that level, therefore it was omitted in a
two-way ANOVA for sake of balancing data (Figure 1). The analysis of rooting found
irradiation to have an effect (p<0.001), as well as tissue type (p<0.01) with a nonsignificant interaction (p=0.30). The highest number of rooted cuttings was for the
untreated control using hardwood tissue. Within each of the three tissue types, no
irradiation treatment had higher rooting than the non-irradiated control. Each of the three
tissues had zero rooting when irradiation was greater than 10 Gy, with the exception of
semi-hardwood with one rooted cutting at 20 Gy. The level of irradiation for which cuttings
had peak rooting at 5 Gy for hardwood, 3 Gy for softwood, and 10 Gy for semi-hardwood
tissue.
Data from 2016 could not be analyzed as a two-way ANOVA due to substantial
unbalanced data from differences in irradiation treatment levels. Therefore, data for each
collection date, or tissue type, was analyzed separately and irradiation had a significant
effect for each tissue type (p<0.001). Cuttings taken of hardwood and softwood were
influenced by irradiation and even the control had a relatively moderate rooting percentage
(Figure 2). Semi-hardwood had the highest rooting for 2016 with all cuttings rooting for the
control and just below that were cuttings treated at 5 Gy with 90% rooting and 3 Gy with
70% rooting. This observation of such a high rooting % in the summer for Illicium
parviflorum was expected based on propagation suggestions found in Dirr and Heuser
[10].
Rooting similarity was high for 3 and 5 Gy treated cuttings, which would seem to be the
optimal level for irradiating Illicium parviflorum to obtain successful rooted cuttings.
Cuttings readily root at <3 Gy, however at such a low rate of irradiation, it seems unlikely
that any mutation would occur. From phenotypic observations thus far, a few plants have
started to display differences compared to controls. Two plants treated in the summer of
2016 at 5 Gy have a unique foliage morphology (Figures 3 & 4). The shape appears
curved, rather than the uniformly linear shape typical of the species, and the surface has a
warped, wrinkly texture which is very different from the smooth untreated plants. These
findings suggest that a dose of 5 Gy for semi-hardwood cuttings are optimal for obtaining
phenotypic mutations in rooted cuttings of Illicium parviflorum.
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Table 1. Details of individual treatment levels by tissue type over 2016 and 2017.
Initiation
Weeks
Rates Applied (Gy*)
Date
Under Mist
Hardwood
2/16/16
9
0, 20, 40, 60
Softwood
5/20/16
12
0, 5, 10, 20, 40, 60
Semi-hardwood
8/4/16
12
0, 3, 5, 10, 20, 40
Hardwood
2/17/17
10
0, 5, 10, 20, 40, 60
Softwood
5/16/17
10
0, 3, 5, 10, 20, 40, 60
Semi-hardwood
7/27/17
10
0, 3, 5, 10, 20, 40
*Gy : joule of radiation energy per kilogram of matter
Stem cutting type
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Tissue Type Comparison

Rooting %

100%
90%

Hardwood

80%

Softwood

70%

Semi-hardwood

60%
50%
40%
30%
20%
10%
n.t.

0%
0

0%

3

5

0% 0%

10

20

0%

0% 0% n.t.

40

60

Irradiation (Gy)
Figure 1. Rooting percentages for 2017 irradiation treatments of Illicium parviflorum by
stem cutting type. ‘n.t.’ indicates there was no treatment for tissue type at that irradiation
level.

Tissue Type Comparison
100%
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90%
80%

Hardwood

70%

Softwood

60%

Semihardwood

50%
40%
30%
20%
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n.t.

0%
0

3

n.t. 0%

n.t.
5

10

0%
20

0%
40

0% 0% n.t.
60

Irradiation (Gy)
Figure 2. Rooting percentages for 2016 irradiation treatments of Illicium parviflorum by
stem cutting type. ‘n.t.’ indicates there was no treatment for tissue type at that irradiation
level.
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Figure 3. Shoots (top) and leaves (below) from plants of Illicium parviflorum of control (L)
and irradiated at 5 Gy (R) on July 28, 2016.
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Figure 4. Shoots (top) and leaves (below) from plants of Illicium parviflorum of control (L)
and irradiated at 5Gy (R) on Aug. 4, 2016.
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Hardwood Cutting Propagation of Sequoyah™ Crape Myrtle
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Significance to Industry Sequoyah™ crape myrtle cuttings dipped in Dip’N Grow®
(DNG) at an IBA rate of 5000 ppm had greater root numbers compared to cuttings that
received no auxin and higher root and cutting quality ratings compared to cuttings that
received no auxin or basal wounding treatment. However, cuttings dipped in Hortus IBA
Water Soluble Salts™ (Hortus IBA) or DNG, regardless of auxin concentration, had similar
rooting percentages, root numbers, average length of three longest roots, root quality,
cutting quality, and growth. These results suggest that hardwood cuttings of Sequoyah™
crape myrtle will root without wounding or use of auxin. However, a basal quick-dip in
Hortus IBA or DNG at an IBA rate of 1000 or 5000 ppm does result in a better liner.
Nature of Work In many southern landscapes, crape myrtles provide a reliable source of
color, often flowering for more than 100 days (2, 6). The cultivar palette is constantly
expanding, and Mississippi State University has been active in the development of new
crape myrtle selections, including Sequoyah™. Sequoyah™ is a hybrid resulting from the
cross of Lagerstroemia ‘Arapaho’ (7) and an unknown pollen donor. Sequoyah™ has a
clear, true red flower color and medium to large growth habit. Three-year-old plants in a
research setting are 15+ feet and have flowered from early June through late August.
Propagation of crape myrtle via softwood or hardwood cuttings is widely described as easy
(2, 4). Byers (2) reports using 8-inch (20-cm) hardwood cuttings taken after frost and
stored overwinter. Dirr and Heuser (4) report early February hardwood cuttings rooted
better (43%) than early January or early March cuttings when using bottom heat and
peat:perlite or bark. The objective of this research was to evaluate ease of rooting and
determine optimal commercial auxin formulation and concentration and possible value of a
basal wounding for hardwood cutting propagation of Sequoyah™.
Five-inch (12.7-cm) medial cuttings were harvested from the parent plant and stuck to a
depth of 1 inch (2.5 cm) on 1 Feb. 2017. Propagation medium was 100% perlite placed in
3-inch (7.6-cm) containers. Treatments included two basal wounding treatments (wounded
or non-wounded), three auxin formulations [Hortus IBA (Hortus IBA Water Soluble
Salts™), Dip’N Grow®, or Hortus IBA + KNAA (Hortus IBA Water Soluble Salts™ + NAA
potassium salt)], and three levels of auxin (0, 1000, or 5000 ppm IBA). DNG and Hortus
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IBA + KNAA formulations contained NAA at one-half the rate of IBA. KNAA is a researchonly product, but was added to Hortus IBA in selected treatments for comparison with
DNG. Experimental design was a randomized complete block design with five single
cutting replications. Data collected after 60 days included rooting percentage, growth
index (new shoots), cutting quality (0-5, with 0 = dead and 5 = transplant-ready cutting),
total root number, average root length (of three longest roots), and root quality (0-5, with
0=no roots and 5=healthy, vigorous root system). Data were analyzed using linear mixed
models and generalized linear mixed models with the GLIMMIX procedure of SAS (ver.
9.4; SAS Institute Inc., Cary, NC).
Results and Discussion Rooting percentage, average length of three longest roots, and
growth index were similar among treatments (Table 1). Rooting percentage ranged from
80% to 100%, higher than those reported by Dirr and Heuser (4) for hardwood cuttings.
However, rooting percentages were similar to those reported by Dirr (3) for summerpropagated ‘Natchez’ crape myrtle using 5000 ppm IBA or 95% ethanol, the solvent used
for IBA. Similarly, Blythe et al. (1) reported greater than 90% rooting when using 1000 ppm
DNG for ‘Natchez’ crape myrtle. Differences in rooting percentages may be due to
differences in cultivars evaluated or cultural conditions of the parent material (5). Cuttings
that were wounded and dipped in DNG 5000 ppm had more roots compared to cuttings
wounded and dipped in DNG 1000 ppm or Hortus IBA(1000 ppm) + KNAA (500 ppm),
non-wounded Hortus IBA (1000 ppm) + KNAA (500 pm), and cuttings receiving no auxin,
regardless of basal wounding treatment. Total number of roots for Sequoyah™ were very
similar to total number of root reported for ‘Natchez’ when 5000 ppm IBA was used,
although the solvent differed (3). However, total number of root for Sequoyah™ dipped in
DNG 1000 ppm averaged 10 more when compared to a previous study using ‘Natchez’
crape myrtle (1). Cuttings that were wounded and dipped in DNG 5000 ppm had higher
root and cutting quality ratings compared to cuttings that were non-wounded and received
no auxin, but were similar to all other treatments.
For a more thorough examination of treatment factors, selected treatment combinations
were compared using the Shaffer-Simulated method for simultaneous comparisons.
Treatment comparisons were as follows: wounded vs. non-wounded, Hortus IBA vs. no
auxin, DNG vs. no auxin, Hortus IBA + KNAA vs. no auxin, Hortus IBA vs. DNG, DNG vs.
Hortus IBA + KNAA, Hortus IBA vs. Hortus IBA + KNAA, Hortus IBA at 5000 vs. 1000 ppm
IBA, DNG at 5000 vs. 1000 ppm IBA, and Hortus IBA + KNAA at 5000 ppm IBA vs. 1000
ppm IBA. Rooting percentages and length of three longest roots were similar regardless
of treatment comparison (Table 2). Wounding did not increase number of roots and root
or cutting quality. However, cuttings treated with Hortus IBA, DNG, or Hortus IBA + NAA
(averaged over auxin concentration and basal wounding treatment) had more roots
compared to cuttings receiving no auxin treatment. Blythe et al. (2003) reported that
‘Natchez’ crape myrtle cuttings receiving DNG 1000 ppm as a basal dip had more roots
compared to cuttings receiving no auxin from a foliar spray, but ‘Natchez’ cuttings
receiving K-IBA as a basal dip had similar root numbers compared to cuttings receiving no
auxin. Cuttings treated with Hortus IBA or DNG (averaged over auxin concentration and
basal wounding treatment) had higher root quality when compared to plants receiving no
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auxin. These results are similar to those reported by Dirr and Heuser (4) indicating use of
auxin increased root number and improved quality of ‘Natchez’, ‘Tuscarora’, and
‘Muskogee’ crape myrtle cuttings. Cuttings dipped in Hortus IBA or DNG (averaged over
auxin concentration and basal wounding treatment) had a higher root quality when
compared to cuttings dipped in Hortus IBA + NAA (averaged over auxin concentration and
basal wounding treatment). Cuttings dipped in Hortus IBA or DNG (averaged over auxin
concentration and basal wounding treatment) had a higher cutting quality compared to
cuttings that received no auxin. Cuttings dipped in Hortus IBA or DNG (averaged over
auxin concentration and basal wounding treatment) had higher cutting quality compared to
cuttings dipped in Hortus IBA + NAA. Cuttings dipped in Hortus IBA, averaged over auxin
concentration and basal wounding treatment, had a higher growth index compared to
cuttings dipped in Hortus IBA + NAA or cuttings receiving no auxin.
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Table 1. Influence of basal wounding treatment, auxin concentration, auxin source on rooting percentage, root number, average
length of three longest roots, root quality, cutting quality, and growth of Sequoyah™ crape myrtle.
Root
Rooting
Roots
Avg. length of 3
quality
Cutting quality
z
y
x
Treatment
(%)
(no.)
longest roots (inches)
rating
rating
v
Wounded control
100a
6.9cd
3.9a
3.0ab
3.1ab
Non-wounded control
100a
4.3d
2.4a
2.6b
2.8b
Wounded Hortus IBA™ 1000 ppm
100a
11.8abcd
4.0a
3.3ab
3.5ab
Non-wounded Hortus IBA™ 1000 ppm
80a
11.1abcd
3.7a
3.5ab
3.7ab
Wounded Hortus IBA™ 5000 ppm
100a
15.8abc
4.0a
3.7ab
3.7ab
Non-wounded Hortus IBA™ 5000 ppm
100a
14.3abcd
3.7a
3.4ab
3.5ab
Wounded Dip’N Grow® 1000 ppm
100a
8.2bcd
4.1a
3.1ab
3.4ab
Non-wounded Dip’N Grow® 1000 ppm
100a
11.3abcd
4.2a
3.2ab
3.5ab
Wounded Dip’N Grow® 5000 ppm
100a
27.7a
3.8a
3.9a
3.9a
Non-wounded Dip’N Grow® 5000 ppm
100a
23.3ab
3.4a
3.6ab
3.7ab
Wounded Hortus IBA™ 1000 ppm KNAA 500 ppm
100a
8.2bcd
3.8a
2.7ab
3.3ab
Non-wounded Hortus IBA™ 1000 ppm KNAA 500 ppm
100a
8.7bcd
2.8a
2.8ab
3.0ab
Wounded Hortus IBA™ 5000 ppm KNAA 2500 ppm
100a
16.7abc
4.1a
3.1ab
3.2ab
Non-wounded Hortus IBA™ 5000 ppm KNAA 2500 ppm
100a
16.9abc
3.9a
3.2ab
3.4ab
z
Dip’N Grow and Hortus IBA + KNAA formulations contained NAA at one-half the rate of IBA.
y
Root quality (0-5, with 0=no roots and 5=healthy, vigorous root system).
x
Cutting quality (0-5, with 0=dead and 5=transplant ready cutting).
w
Growth index=(width1+width2+height)/3.
v
Means followed by the same letter are similar according to Holm-Simulated method for simultaneous comparisons (α = 0.05).

Growth
w
index
14.0a
13.2a
17.2a
17.6a
15.3a
15.4a
14.2a
15.3a
15.5a
13.6a
14.4a
13.3a
12.9a
13.0a
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Table 2. Direct comparisons of selected treatment combinations on rooting percentage, root number, average length of three longest
roots, root quality, cutting quality, and growth of Sequoyah™ crape myrtle.
(Length of 3
Root
Cutting
Rooting
Roots
longest roots)/3
quality
quality
z
y
Comparison
(%)
(no.)
(inches)
rating
rating
w
Wounded vs. non-wounded
NS
NS
NS
NS
NS
Hortus IBA™ vs. no auxin
NS
**
NS
**
**
Dip’N Grow® vs. no auxin
NS
**
NS
**
**
Hortus IBA™ + NAA vs. no auxin
NS
**
NS
NS
NS
Hortus IBA™ vs. Dip’N Grow®
NS
NS
NS
NS
NS
Dip’N Grow® vs. Hortus IBA™ + NAA
NS
NS
NS
*
*
Hortus IBA™ vs. Hortus IBA™ + NAA
NS
NS
NS
*
*
Hortus IBA™ 5000 ppm vs. Hortus IBA™ 1000 ppm
NS
NS
NS
NS
NS
Dip’N Grow® 5000 ppm vs. Dip’N Grow® 1000 ppm
NS
**
NS
NS
NS
Hortus IBA™ + NAA 5000ppm vs. Hortus IBA™ + NAA 1000 ppm
NS
**
NS
NS
NS
z
Root quality (0-5, with 0=no roots and 5=healthy, vigorous root system).
y
Cutting quality (0-5, with 0=dead and 5=transplant ready cutting).
x
Growth index=(width1+width2+height)/3.
w
NS=Not significant or significant at α = 0.01 (**) or 0.05 (*) using the Shaffer-Simulated method for simultaneous comparisons,

Growth
x
index
NS
*
NS
NS
NS
NS
**
NS
NS
NS
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Significance to Industry: We performed this research to develop an in vitro
micropropation system for Astrophytum asterias, which is an endemic cactus of Mexico
that naturally grows in the states of Tamaulipas and Nuevo León (1, 2). This plant
species has serious reproductive problems. Its natural habitat is being degraded and
decimated by overcollection; consequently, the Mexican government (NOM-059SEMARNAT-2010) (3) and international institutions including CITES had classified
native populations endangered. To contribute to the rescue of this cactus, the conditions
to activate the axillary buds and shoot proliferation were set in order to establish the
basis for an efficient and reliable micropropagation protocol. The establishment of a
scheme to propagate massively this plant species may produce benefits to both the
nursery and ornamental industries because the micropropagation protocol described
here can be used with commercial purposes, however, most importantly to rescue and
restore the native populations in natural habitats in Mexico. After one year of research,
we found that breaking dormancy of the axillary meristems located in the areoles can be
achieved by the cytokinins KN and BAP at different concentrations. The best treatment
produced 26 shoots per explant. Whole plants can easily be produced if the
regenerated shoots are cultured in a medium free of growth regulators; however, the
supplementation of the culture medium with K-IBA (1.2 mg/L-1) significantly improved
the responses.
Nature of Work To establish a reliable massive micropropagation system for
Astrophytum asterias, we conducted varies experiments covering the four
micropropagation steps. Before starting these experiments and because our plant
model is a threatened species, we focused in germinate seeds aseptically to produce
the explants for the propagation process. 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 and rinsed 5 times in deionized sterile water, and
then inoculated in a half strength Murashige and Skoog (MS), (4) medium. Initially, the
effect of several cytokinins including 6-benzyl-aminopurine (BAP) [0, 4, 8, 12, 16, 20, 24
mgL-1], Kinetin (KN) [0, 6, 9, 12, 15, 18, 21 mg L-1] and 2-isopentenyl-aminopurine
(2ip) [0, 6, 9, 12 mg L-1] was evaluated in breaking dormancy of axillary buds and the
production of shoots. For the proliferation subcultures, we performed a series of
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experiments to optimize the conditions to increase shoot production in which the best
treatments from the induction step (BA 16 and KN 18 mgL-1) were re-evaluated to
increase the rate of multiplication. Four treatments (0, 0.6, 1.2 and 2.4 mg/L-1) of the
auxin indole butyric acid (K-IBA) were tested on adventitious root formation in the
production of complete plantlets. The plants obtained were used to conduct an
experiment of acclimatization, in which the effect of the presence of endomycorrhizal
fungi and fertilization level of P (0, 22, 44, 66 ppm) was evaluated. In the experiment,
eighty micropropagated plantlets were transplanted and acclimatized for 30 days in a
bench with low light conditions (400 µmol m-2 s-1 of photosynthetic photon flux density,
PPFD) prior the transfer to a greenhouse with 800 µmol m-2 s-1 of PPFD to evaluate
plant performance and survival. After a year of culture, plant survival, growth and root
colonization by the mycorrhizaal fungi were estimated. In all experiments of
micropropagation, we use the MS (3) culture media, which was prepared with an
adjusted pH= 5.8, agar= 7gL-1, and sucrose= 3%. The cultures were incubated in a
room with a photoperiod of 16 h of light, and light conditions of 400 µmol.m-2.s-1 of
photosynthetic photon flux density. Experimental variables included data on % calli
production, number of shoots per explant, root number, total root length (mm), mean
root length (mm), and % plantlet survival. All data were subjected to ANOVA and Tukey
test (∝= 0.05) for mean separation.
Results and Discussion The aseptic germination started 25 days after seed
inoculation and by day 70 we registered 98% of total seed germination. At this time, the
seedlings had reached between 5 to 10 mm in height and 10 to 12 mm in diameter,
which had developed between 10 to 20 areoles each. This was the optimal size to get
the explants to start the experimentation for the micropropagation. The results obtained
after one year of research revealed that from the cytokinins evaluated, BAP and KN
were able to break the dormancy of the buds at any of the dosages tested but the best
treatment during the induction step was KN 18 mg L-1 with 23 shoots produced per
explant after 90 days of culture, which was significantly higher as compared to rest rest
of treatments evaluated (Table 1). For the proliferation subcultures KN (18 mg L-1)
produced 26 shoots in average, which were significantly higher than BAP (16 mg L-1)
that produced 18 shoots per explant (Table 2). The best time to produce optimal growth
of the new shoots during subculture was sixty days. Rhizogenesis was achieved after
sixty days in a half-strength MS medium without supplementation of growth regulators,
however, the addition of auxins, in particular K-IBA to the medium substantially
improved the number and length of roots. 1.2 mg L-1 was the best concentration
because it produced 12 roots of 14 mm in length (Table 3). One hundred percent of the
micropropagated plants survived successfully to the acclimation conditions we provided
and after one year of growing under greenhouse conditions we observed that plants
inoculated with mycorrhizal fungi had higher rates of growth in comparison to the
uninoculated.
Acknowledgements Authors want to thank for the economical support provided by the
Universidad De La Salle Bajío through the Office of the Research Council.
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Table 1. Effect of different cytokinins and concentration on shoot number during induction
stage of Astrophytum asterias (Zucc.) Lem (Cactaceae) after 90 days of culture.
Treatment (mgL-1)
Shoot number
KN 18
22.833a*
BA 16
14.167b
BA 20
14.083b
KN 21
12.917bc
KN 15
12.250bc
BA 12
11.083c
BA 24
7.667d
BA 8
7.333d
KN 12
7.333d
BA 4
3.417e
KN 6
2.917e
KN 9
2.917e
BA 0
0.000f
KN 0
0.000f
*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05).
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Table 2. Effect of different cytokinins on shoot number during proliferation subcultures of
Astrophytum asterias (Zucc.) Lem (Cactaceae) after 40 days of culture.
Tratamiento (mgL-1)
Valor medio (NBE)
KN 18
26.185a*
BA 16
18.556b
*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05). n= 4.

Table 3. Effect of K-IBA on adventitious root formation of regenerated shoots
Astrophytum asterias (Zucc.) Lem (Cactaceae) after 60 days of culture.
Treatment (mgL-1)
Root number
AIB 1.2
12.444a*
AIB 2.4
10.167b
AIB 0.6
8.000c
AIB 0
4.167d
*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05). n= 4 .

88

SNA Research Conference Vol. 62 2018

Massive plantlet propagation of Mammillaria hernandezii (Glass et Foster)
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Significance to Industry We conducted this study to develop an in vitro
micropropation system for Mammillaria hernandezii. The establishment of a successful
micropropagation scheme may consequently produce a positive impact to the nursery
and ornamental industries because the procedure described here can be used with
commercial orientation for massive propagation and to rescue native populations and
recover natural habitats.
Nature of Work Mammillaria is one of the largest cacti genera of the Cactaceae family
with more than 350 recognized species. Most of the species of Mammillaria are
endemic of the Chihuahuan desert (USA and México), the Antilles and Venezuela (1).
Mammillaria hernandezii naturally grows in the state of Oaxaca in the TehuacánCuicatlán valley (1, 2, 4). It is a beautiful cactus of small size that produce dark pink
flowers. The Mexican government through the NOM-059-SEMARNAT-2010 and some
international institutions including CITES have classified the wild populations under
endanger due to over collection, serious reproductive problems and degridation and
disturbance of its natural habitat (3). Because of this, we have been working for several
years in an institutional program to contribute to the study and rescue this and other
cacti species. Through the establishment of tissue culture methods our main objective
for this plant species was to set up the conditions for an efficient protocol of
micropropagation. In order to do this, we focused first in producing the explants, which
corresponded to aseptic shoots obtained from aseptic germinated seedlings. 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 and rinsed 5 times in
deionized sterile water, and then treated for 0, 4, 6, 8, and 10 weeks (0, 672, 1008,
1344, and 1680 h) to a stratification treatment of 4° C. After the treatment, the seeds
were inoculated in a half strength Murashige and Skoog (MS), (5) medium.
For the initial cultures (step I of micropropagation), we ran a simple experiment with a
randomized design to assess the effects of four auxin:cytokinins concentrations (NAA=
1 mgL-1) and (BAP= 0, 3, 4.5, 6 mg/L-1) on breaking dormancy of axillary buds. For the
proliferation subcultures (step II of micropropagation), we performed a simple
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experiment with a randomized design to compare the best two treatments from step I
(NAA= 1 mgL-1) and (BAP= 4.5, 6 mg/L-1) to optimize de conditions to increase shoot
production. For the rooting stage (Step III), four treatments (0, 0.6, 1.2 and 2.4 mg/L-1 of
K-IBA) were established in a simple experiment with a randomized design to test their
effect on adventitious root formation. In all experiments, we use the MS culture media
(5), which was prepared with an adjusted pH= 5.8, agar= 7gL-1, and sucrose= 3%. The
cultures were incubated in a room with a photoperiod of 16 h of light, and light
conditions of (400 µmol.m-2.s-1 of photosynthetic photon flux density, PPFD).
Experimental variables included data on % calli production, number of shoots per
explant, root number, total root length (mm), mean root length (mm), and % plantlet
survival. All data were subjected to ANOVA and Tukey test (∝= 0.05) for mean
separation.
Results and Discussion: The process of seed germination started 14 days after
inoculation and by day 60 after the cold treatment we registered 37.8 % of total seed
germination for the best treatment (6 weeks of stratification). At this time, the seedlings
from this treatment produced higher number of roots (6.17) and number of areoles
(2.99) per seedlings h Table 1). In the stage I of micropropagation, we observed after 40
days of culture that all the treatments evaluated induced the production of two
responses: production of undifferentiated rapid growing calli, which particularly turned
red as they growth and differentiation of organogenic structures (shoots) regardless the
concentration added to the culture medium. Both, callogenesis and organogenesis were
initiated in the base of the explant (shoot without roots from the seedlings), however,
calli were produced from cells at the cut surface while shoots were originated through
activation of axillary meristems, which were located in the areole of each tubercle. Data
of calli production varied according to the concentration of cytokinin in combination to
1mgL-1 of NAA. The combination (NAA 1mgL-1 and BAP 4.5 mgL-1) produced the higher
calli formation in the explants (66 %), however, the mean separation test did not show
significance in comparison to the data of the other trreatments that only 50% of explants
produced calli. In contrast to this, the control media that lack growth regulators showed
no calli production. In regarding to the shoot production, this treatment also produced
the higher values for shoot number (7.2 per explant), which resulted statistically
significant as compared to the other treatments (Table 2).
Similar to what happened in the induction cultures, during sub-cultures (stage II of
micropropagation), the explants produced two general responses: proliferating undifferientiated calli and shoots. Shoots, in general, were produced in the two treatments
evaluated. However, treatment including NAA 1mgL-1 and BAP 4.5 mgL-1 produced
higher averages (27.75) per explant, which resulted significantly different to the 17.50
shoots produced by the combination (NAA 1mgL-1 and BAP 6 mgL-1). Interestingly, the
propagation rate was significantly increased in comparison to what was observed in the
induction cultures. In this experiment, we observed that calli were also produced by the
two treatments regardless the concentration used, however, the data ranged from 75 to
92 %. The ANOVA of these data showed no statistical significance between the
treatments (Table 3).
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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, the supplementation of indole-3-butyric acid to the culture medium
substantially improved the number and length of roots, however, the best treatment that
was statistically higher to the rest of treatment was 2.4 mg L-1 because it produced 6.6
roots of 18.5 mm in lenght (Table 4).
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Table 1. Effect of auxin and cytokinin mix on calli production and shoot number during
culture induction of Mammillaria hernandezii (Glass et Foster) after 80 days of culture.
Treatment (mgL-1)
ANA 0 : BAP 0
ANA 1 : BAP 3
ANA 1 : BAP 4.5
ANA 1 : BAP 6

Shoot number
0d*
2.417c
7.167a
4.33bb

Calli production (%)
0b*
50.0a
66.6a
50.0a

*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05).
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Table 2. Effect of auxin and cytokinin mix on calli production and shoot number during
proliferation subcultures of Mammillaria hernandezii (Glass et Foster) after 40 days of
culture.
Treatment (mgL-1)
ANA 1 : BAP 4.5
ANA 1 : BAP 6

Shoot number
27.75a*
17.50b

Calli production (%)
91.67a*
75.00a

*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05).
Table 3. Effect of K-IBA on adventitious root formation of regenerated shoots
Mammillaria hernandezii (Glass et Foster) after 40 days of culture.
Treatment (mgL-1)
Root number
Root Length (mm)
AIB 0
2.16c*
8.01b*
AIB 0.6
2.33
9.35b
AIB 1.2
4.08b
8.29b
AIB 2.4
6.58a
18.54a
*values with the same letter are statistically equal according to the Tukey Multiple
Comparison Test (∝= 0.05).
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Routine Leaching Fraction Testing Reduces Micro-irrigation Water Use
Jeff Million and Tom Yeager
Department of Environmental Horticulture
University of Florida, IFAS, Gainesville, FL
jmillion@ufl.edu
Index words Best Management Practice, holly, spray-stake, water conservation
Significance to the Industry There is much pressure for container nurseries to conserve
irrigation water. This study provides evidence that periodic adjustments to irrigation rates
based on routine monitoring of the leaching fraction (LF=container drainage volume ÷
volume of water applied to the container) can conserve irrigation water while producing
high-quality plants. During a 6-month period of production of ‘Nellie R. Stevens’ holly in
15-gallon containers with spray-stake, micro-irrigation, LF-adjusted irrigation reduced
water use 59% and resulted in similar size plants compared to the nursery’s traditional
irrigation practice with spray-stake emitter. The observed water savings have both
economical and consumptive use permitting ramifications.
Nature of Work Leaching fraction testing has been shown to be effective in guiding
irrigation and conserving water for outdoor production of landscape plants in a container
nursery that predominantly uses sprinkler irrigation (2). Using routine LF testing and
adjusting irrigation run times to target a leaching fraction of 10-15%, the nursery was able
to reduce irrigation water use 43%. The purpose of the current trial was to test whether
LF-adjusted irrigation could also be used successfully for producing landscape plants in
larger containers with micro-irrigation.
A demonstration trial was conducted at a container nursery (Holly Factory, Alachua, FL;
29.8oN, 82.5oW) to compare an irrigation schedule based on LF testing with the nursery’s
traditional irrigation practice, in terms of effects on the growth and water use of holly (Ilex
x ‘Nellie R. Stevens’) grown in 15-gallon (17-inch diameter) containers. The container
substrate was 60% pine bark and 40% unspecified compost (Sun Gro Horticulture,
Orlando, FL). The experimental area included six irrigation test zones each independently
controlled by a solenoid valve. Each test zone contained ≈ 800 containers (one plant per
container) arranged in two blocks of four rows 300 ft long. There was an ≈ 8-ft alley
between blocks. The containers were arranged in an offset pattern with a within-row
spacing of 3 ft and a between-row spacing of 3.3 ft. Water was supplied to each of the 8
rows of plants via 1-inch polyethylene pipe. Plastic tubing (0.125-inch i.d.) supplied water
from the 1-inch pipe to a single spray-stake (Groove Pot Stake®; Maxijet, Dundee, FL)
located at the perimeter of each container. While the Holly Factory traditionally uses
green emitters [11.4 gallons per hour (GPH) @ 20 psi] for this crop, the staff wanted to test
lower flow rate spray-stakes. Therefore, we divided the six test zones into three pairs of
test zones. One pair of zones was fitted with green spray-stakes; a second pair with lime
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spray-stakes (6.6 GPH @ 20 psi, and a third pair with rust spray-stakes (4.2 GPH @ 20
psi). The 160o spray pattern exhibited by all three spray-stakes was directed towards the
center of the container.
Irrigation treatments were initiated on July 1, 2015. Initially, irrigation was scheduled once
daily for 0655 HR. From August 11, 2015 until September 25, 2015, plants were irrigated
twice daily with a second cycle added to start at 1815 HR. From September to December
5 (trial termination), plants were irrigated only once daily at 0655 HR. The nursery’s
traditional practice used for one half of each pair was to irrigate 10 minutes/cycle and
manually turn off irrigation if significant rainfall occurred. For LF-adjusted irrigation used
for the other half of each pair, four plants from each of the LF irrigation test zones were
selected for routine LF testing. LF test plants were placed on 17-inch diameter aluminum
pizza pans supported off the ground using 1-ft pieces of 4-inch x 4-inch lumber. A one half
inch drainage hole punched at the edge of the pizza pan allowed drainage water to be
collected (1). Approximately once every three weeks, a LF test was conducted in both the
nursery-controlled irrigation zones and in the LF-adjusted irrigation zones. For a LF test,
leachate was collected by placing a pan under the drainage hole of the pizza pan. The
volume of water applied to the container was estimated by collecting water from an
adjacent emitter into a bucket. Both leachate volume and volume of water delivered by
the emitter to the container were determined by weighing to the nearest 0.01kg. When
there were two cycles of irrigation per day, we collected leachate and emitter output over
both cycles. LF was calculated as below.
LF = volume of leachate ÷ volume of water from emitter ×100%
The average LF of the four test plants (LFtest) was then used to calculate a new run time to
achieve a desired target LF (LFtarget).
New run time (minutes) = (100%-LFtest) ÷ (100%-LFtarget) × Previous run time (minutes)
We used a target LF of 25% for this trial based on our experience and unpublished data.
The new daily irrigation run time was implemented by nursery staff and remained in effect
until the next LF test date. LF tests were conducted on days where irrigation water
demand was expected to be high (e.g. sunny and warm). This insured that adequate
water would be supplied on most other days where irrigation water demand would be
approximately equal or less (e.g. cloudy and/or cool).
Plant growth and water use were monitored throughout the trial. For plant growth
monitoring, we selected eight plants in each test zone and measured the height and width
of each once every three to four weeks. For water use, we kept a running log of daily
irrigation run times. To estimate the total water applied to each container in a given test
zone, we multiplied the daily irrigation run time (minutes) by the average flow rate (gallons
per minute) for that zone. The flow rate for a given test zone was the average (n=20) flow
rate measured for four LF test plants during five LF test dates (8/12, 9/23, 10/8, 11/5, and
12/5). All LF testing was conducted by the researchers. All other production practices
were carried out similarly for all zones by nursery staff.
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Results and Discussion Leaching fraction values for the nursery’s traditional irrigation
practice ranged from 55% to 82% with 11.4 GHP emitters, 37% to 65% with 6.6 GPH
emitters, and 36% to 70% with 4.2 GPH emitters. For LF-adjusted irrigation, LF values
ranged from 51% to 73% with 11.4 GPH emitter, 21% to 57% with the 6.6 GPH emitters,
and 29% to 56% with 4.2 GPH emitters. We found that even when adjusting the irrigation
run times to target a LF of 25%, it was difficult to achieve LF values of 25% or less, even
when irrigation amounts were reduced considerably. This indicated that the container
substrate was not retaining irrigation water very efficiently even with the low-flow emitters.
While plant size was not greatly affected by irrigation treatments (Table 1), irrigation water
use was reduced 59% (173 vs. 426 gallons/container) when using a LF-adjusted irrigation
schedule, compared to the nursery’s traditional irrigation practice of using a high-flow rate
emitter and a fixed irrigation schedule (Table 2 and Fig. 1). When the nursery kept the
same irrigation schedule but exchanged the spray-stake emitters with spray-stakes with
lower flow rates, the water use dropped proportionately to the observed flow rates in Table
2. The only problem experienced with the lower flow rate emitters was some emitter
clogging, particularly at the ends of the 1-inch polyethylene pipes. This was remedied for
the most part by installing auto flush valves (5 psi) at the ends of the 1-inch poly-pipe lines.
Using LF-adjusted irrigation had less effect on decreasing water usage when using the
lower flow-rate emitters. Results showed that routine LF testing to adjust irrigation
amounts to minimize leaching can save water in the nursery without reducing plant growth.
Literature Cited
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Table 1. Effect of spray-stake flow rate and irrigation schedule on final plant size of ‘Nellie
R. Stevens’ holly in 15-gallon containers. Irrigation was either based on the nursery’s
traditional irrigation practice or an irrigation practice based on routine leaching fraction (LF).

Spray-stake
flow ratez
GPH

Plant height (inches)

Plant width (inches)

Traditional
irrigation

LF irrigation

Traditional
irrigation

LF irrigation

11.4

44 (2)y

45 (1)

29 (2)

29 (1)

6.6

45 (4)

41 (2)

30 (2)

28 (2)

4.2

42 (3)

46 (4)

28 (2)

29 (3)

z

Maxijet Pot Groove Stake® specifications @ 20 psi GPH = gallons per hour
Mean (standard deviation); n=8

y

Table 2. Total irrigation run time and estimated water usage for the nursery’s traditional
irrigation practice, compared to an irrigation practice based on routine leaching fraction
(LF) testing and adjustment to a target LF of 25%.
Spray-stake
flow ratez
(GPH)
Green
11.4
Lime
6.6
Rust
4.2

Irrigation
practice

Observed spraystake flow rate
(GPH)

Total irrigation
run time
(hours)

Total irrigation
water applied
(gallons/container)

Nursery

9.8

44.7

426

LF

9.4

19.8

173

Nursery

7.3

44.7

316

LF

7.7

38.3

287

Nursery

4.4

44.7

193

LF

4.8

32.3

148

z

Maxijet Pot Groove Stake® specifications @ 20 psi GPH=gallons per hour
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Fig. 1. Cumulative irrigation water applied to ‘Nellie R. Stevens’ holly in 15-gallon
containers using the nursery’s traditional irrigation practice or a leaching fraction (LF)
irrigation schedule. GPH=gallons per hour
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Clean WateR3: Helping Growers Save Water and Money
Sarah A. White
E-143 Poole Agricultural Center
Department of Plant and Environmental Sciences
Clemson University, Clemson, SC 29634-0310
swhite4@clemson.edu
Index Words: Irrigation control, fertilizer management, treatment technologies, water
footprint, carbon footprint
Significance to the Industry: Access to quality sources of water for irrigation is
increasingly limited. To stay in business over the coming years, growers will need to
develop alternative sources of water (e.g., recycled water) or the capacity to recycle water.
The Clean WateR3 team (cleanwater3.org) is developing information resources and tools
growers can use to help make decisions related to optimizing use of water and fertilizer,
managing and remediating runoff, and costs and benefits associated with recycling water.
Nature of Work: Fresh water resources are precious and limiting in many areas of the
United States. Even in areas of the U.S. where water is not considered a limited resource,
competition for and scrutiny of current uses of water resources are increasing. Use of
recycled water for nursery and greenhouse crop production may serve to reduce stress on
potable water resources, enhance consumer perception of industry reputation for water
conservation, and support continued producer economic viability over coming years.
Producers’ use of recycled water resources for irrigating crops is limited by (A) concerns
related to contaminant (e.g., disease, pesticide, and salt) presence and crop health, and
(B) the cost of infrastructure changes required to use the resource.
Twenty-two research and extension faculty from 9 universities, 11 collaborating growers,
and 6 advisory board members from across the U.S. make up the Clean WateR3 (R3 =
Reduce, Remediate, Recycle) team. In 2014, our team received NIFA-USDA Specialty
Crop Research Initiative funding to:
(A) Develop a suite of online tools that present information related to water
management in a manner beneficial to the producer decision process. These data
are supported by economic analysis of water management strategies [life cycle
inventory (water footprint and carbon footprint)] and crop loss assessments.
(B) Reduce contaminant loading into recycled water sources via installation of
treatment technologies and alteration of water management strategies.
(C) Evaluate treatment technology capacity to remediate plant diseases, pesticides,
and nutrients from irrigation runoff.
These outputs support the project’s long-term impacts of (A) ensuring that water does not
limit economic sustainability of nursery and greenhouse producers; (B) helping growers
reduce water use, adopt treatment technologies to clean water, and incorporate water
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reuse at their operation; and (C) conserve valuable water resources and reduce the
environmental impact of irrigation runoff.
Results and Discussion: Research conducted by the Clean WateR3 team is delineated
within four areas: understanding the system, reduce, remediate, and recycle. Each area is
critical for creating a holistic, systems-based approach for managing water at producer
facilities. The ultimate priority for each research area involves getting relevant, quality
information to growers so they have tools with which to make informed management
decisions. Growers can access information on a variety of water-related topics online at
cleanwater3.org.
Understanding the system: To confidently make recommendations about changes in
practice, we need to have a better understanding of the many components within a
complex system and how they interact. Clean WateR3 team members have:
• Installed nursery pads at their research facilities and are modeling in three
dimensions as well as quantifying how water moves onsite – both surface runoff and
water that percolates through the bed, and
• Determined: (A) how water moves through container substrates, (B) barriers to
grower adoption and retention and how to present information so it is understood and
implemented, (C) how to market reduced water use and conservation during
production to end consumers, and (D) the economics of production practices related
to water (1, 2).
Reduce: Reducing runoff via optimizing irrigation application methodology and timing is an
important task, as managing water during irrigation may help reduce water use, fertilizer
leaching, and plant disease pressure. Clean WateR3 team members have:
• Engineered substrates for better water relations and refined parameters for quality
• Helped growers apply water efficiently when needed by the crop (sensor vs. timed
irrigation)
• Identified factors that reduce pesticide losses from nursery production areas
Remediate: Once irrigation runoff exits the production area, it is critical to manage the
contaminants it carries. Clean WateR3 team members are developing and evaluating
capacity of treatment technologies to remove nutrients, pesticides, and diseases from
runoff (3, 4). Nutrient remediation technologies include floating treatment wetlands,
vegetative buffers, filter socks, and woodchip bioreactors. Pesticide remediation
technologies include: woodchip bioreactors and granular activated carbon filters. Plant
disease remediation technologies include floating treatment wetlands, vegetative buffers,
woodchip bioreactors, slow sand filters, and ozone. For each contaminant, the timing,
scalability, and efficacy of treatment technologies are being quantified - along with the
economics of their adoption and use.
Recycle: Clean WateR3 team members have worked with growers to help them develop
water recycling systems (5) and also evaluated the return on investment for installing
water recycling infrastructure. In the future, information gained from understanding the
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system, reducing water use, and remediating production runoff will combine to inform
decisions related to water recycling. Our mission is to provide growers with researchbased information sufficient to evaluate the merits of investing in recycling water and to
selecting production and irrigation strategies, treatment options, and infrastructure
enhancements that are suited for their operation.
Acknowledgements: This material is based upon work that is supported by the National
Institute of Food and Agriculture, U.S. Department of Agriculture, under award number
2014-51181-22372. Special thanks to all Clean WateR3 researchers, advisory board
members, students, and technicians.
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Comparison of On-demand and Conventional Irrigation Regimes for ‘Silver Dollar’
Hydrangea Grown Outdoors in Biochar Amended Pine-bark
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Index Words: Automatic irrigation system, nursery crops, overhead sprinkler systems,
plant physiology-based irrigation, substrate physical properties-based irrigation
Significance to Industry: Controlling irrigation using automated timers or by manually
operated systems are the most common irrigation scheduling methods in container
production systems. Using a fixed irrigation rate in timer-based or manual systems can
result in over- or under-watering, an increase in crop vulnerability to disease, a decrease
in nursery crop growth due to human error and an increase in leachate. Developing
management practices that make more efficient use of irrigation is important for improving
the sustainability of nursery crop production.
Nature of Work: Improving irrigation efficiency can be achieved by scheduling irrigation
based on estimated crop water use rather than relying on periodically adjusting irrigation
volume based on perceived water needs (1). Irrigation scheduling can increase water use
efficiency (2) by applying the appropriate amount of water only when needed to support
plant growth and avoiding over or under-watering (3). Amendments such as biochar, a
carbon-rich by-product of pyrolysis, can reduce substrate pore size by nesting between the
larger particles of pine bark. This reduction in substrate pore size could increase the
amount of available water and improve irrigation efficiency and plant growth (4). The
objective of this research was to evaluate the impact of a hardwood biochar and ondemand irrigation scheduling on plant water use and biomass gain of container-grown
‘Silver Dollar’ hydrangea.
The outdoor experiment was initiated on 15 June 2017 at University of Tennessee in
Knoxville. The treatments were arranged in a 2×3 factorial with two substrates (100% pine
bark amended with biochar at 0% or 25% by volume) and three irrigation schedules
(conventional irrigation, substrate physical properties-based and plant physiology-based
irrigation system). The experiment was a randomized complete block design with three
replications and eight subsamples. Data were subjected to analysis of variance using
mixed models (SAS v9.4, Cary, NC). ‘Silver Dollar’ hydrangea rooted cuttings (Griffith
Propagation Nursery Inc. Watkinsville, GA) were transplanted into 7.6 L plastic containers
on 5 May 2017 which were filled with pine bark and amended with 0% or 25% by volume
of hardwood biochar (Proton Power Inc., Lenoir City, TN). One week after transplanting,
plants were top-dressed with medium rate, 40 g per container, of 18N-2.6P-9.9K controlled
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release fertilizer with micronutrients (Osmocote Classic, Everris, Marysville, OH). A wetting
agent (Aquagro L, Aquatrols, Paulsboro, NJ) was applied as a drench of 600 mg L−1 to
ensure even wetting of the substrate. Eight plants were placed in the center of each
irrigation zone. Border plants of the same species were spaced around the perimeter of
the containers in the experiment to mitigate edge effects.
Substrate moisture levels were monitored with moisture sensors (GS1, Decagon Devices
Inc. Pullman, WA) connected to a data logger (CR1000, Campbell Scientific Inc. Logan,
UT) with a multiplexer (AM16/32, Campbell Scientific Inc.). A 16-channel relay controller
(SDM-CD16AC, Campbell Scientific Inc.) was used to operate solenoid valves. Each
probe was calibrated for each of the two substrates at three moisture levels to determine
volumetric water content (VWC). There were three sensors per irrigation and biochar rate
combination. When the average VWC estimated by the three sensors dropped below the
irrigation set point, the data logger was programmed to supply power to the valve
controlling irrigation to those containers. Eighteen independently controlled, square
irrigation plots were constructed from 1.9 cm PVC pipe. Irrigation was applied by four
overlapping sprinklers (Toro® 570 Shrub Spray, The Toro Co., Riverside, CA) per
irrigation plot. Each emitter provided 5.5 L h−1. Emitters were mounted on 1.3 cm diameter
risers at a height of 66 cm. There were three replicates of each irrigation system and
biochar rate combination for a total of eighteen plots. The irrigation run time of each plot
was individually calculated based on the lower set points, upper irrigation set points and
the flow rate of each plot.
Plants were hand watered until the roots reached the container sidewall. Once the roots
reached the sidewall, plants were irrigated by one of the three automatic irrigation
systems. An irrigation schedule based on the soilless substrate moisture characteristic
curve for each of the two substrates was developed via the evaporative method (Hyprop,
UMS, Munich, Germany) and applied irrigation when the volumetric water content
corresponding to a substrate water potential of -0.1 bar, generally considered the highest
tension for plant available water, was reached. A second irrigation scheduling regime was
based on the relationship between photosynthetic rate and substrate moisture content and
actuated irrigation at the volumetric water content that was expected to maintain
photosynthesis at 90% of the predicted maximum photosynthetic rate. The traditional
industry approach to irrigation, delivering 1.8 cm (0.7 inches) of water in one event each
day served as the control.
Growth index was determined at initiation and termination of the experiment using the
formula [(plant width 1 + plant width perpendicular to width 1 + plant height) /3]. For dry
weight measurements, the above ground portions of plants were harvested and handwashed of substrate. Plant shoots and leaves were dried at 55 °C until there was no
change in mass and then weighed to obtain dry weight at initiation and termination of the
experiment. Water use efficiency (WUE) per plant was estimated as (increase in dry
weight (g) /total irrigation volume applied (L) over the eight weeks). Leachate was
captured with drip pans on three plants per irrigation zone. The leachate pans were
shielded from the overhead irrigation by an inverted 7.6 L plastic container with the bottom
removed.
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Results and Discussion: Plant physiology-based irrigation used less water than the two
other irrigation systems while still meeting the needs of the crop. The total amount of water
used over the 13-week experiment was reduced by 15% in plant physiology-based
irrigation compared to the conventional irrigation (Table 1). There were no differences in
the total water used between the substrate physical properties-based and the conventional
irrigation system.
Total leachate volume was lower in both on-demand irrigation systems compared to the
conventional irrigation. It was 27% lower in plant physiology-based and 31% lower in
substrate physical properties-based irrigation scheduling. Estimating plant water use by
measurements tied to the physiological status of the plant can conserve water and
minimize leachate (5). Plants were under short periods of low VWC in on-demand
irrigation system (6), which reduced the channeling and the volume of leachate. The
tendency of water to channel through the substrate increased when applied to dry
substrate. Channeling may increase water and dissolved fertilizer leaching (7).
Although the total water use was unaffected or lower in on-demand irrigation systems,
plant biomass and growth index were higher in on-demand irrigation systems compared to
the traditional industry practice of applying 1.8 cm of water per day (Table 1). The ondemand irrigation system prevented the over- or under-watering that happen with
traditional irrigation (8). Moisture deficit in traditional irrigation might approach or exceed
the water buffering capacity and result in a soil water content in which little to no water is
available to plants.
Water use efficiency was greater in on-demand irrigation systems. It increased by 40% in
plant physiology-based and substrate physical properties-based irrigation scheduling
systems compared to the conventional irrigation (Table 1). Conserving water and
promoting maximal crop growth maximized WUE. Conservative irrigation schedules that
applied the appropriate amount of water as it was needed by the plants increased the
water use efficiency over the traditional industry practice of applying 1.8 cm of water per
day. Similar results are also reported in other studies (1, 2). Moderate moisture deficit in
on demand irrigation system improved water use efficiency by reducing the water use and
leachate volume without a negative effect on plant growth (6).
Total irrigation applied, water use efficiency and total leachate volume were not affected
by biochar amendment rate. The effect of biochar depends on type of feedstock, the
pyrolysis conditions, and the ecosystem or cropping systems to which biochar is applied
(9).
Substantial water savings were achieved without a decrease in growth using a plant
physiology based-irrigation system, which selected irrigation set points based on
photosynthetic rate and volumetric water content relationship. This system also mitigated
leaching. The nursery industry can adopt this system in order to increase water savings
potential or expand production on existing and/or limited water supplies. This research
demonstrated that on-demand irrigation scheduling with a physiological-basis or substrate
physical properties-basis could be an effective approach to increase water use efficiency
for container-grown nursery crops without negatively affecting plant growth.
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Table 1. Total irrigation applied per container (L), total leachate volume (L), final dry weight
(g), final growth index (cm) and water use efficiency (g L-1) for Hydrangea paniculata
‘Silver Dollar’ plants in substrates amended with 0% or 25% by volume of hardwood
biochar over a 13 week experiment.
Irrigation
system

Conventional
Substrate
physical
Plant
physiology
P-value

Total
irrigation
applied per
container (L)
52.8a
54.1a

Total
leachate
volume (L)

Final dry
weight (g)

24.4a
16.9b

96.9b
117.9a

Final
growth
index
(cm)
55.7b
60.6a

Water use
efficiency
(g∙L-1)

45.0b

17.7b

111.5a

59.2a

1.4a

0.0358

0.0069

0.0272

0.0324

0. 0442

1.0b
1.4a

Means in each column followed by the same letter were not significantly different (α =
0.05).
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Utilization of Part-time and Temporary Labor in the Tennessee Nursery Industry
Enefiok Ekanem and Mary Mafuyai
Tennessee State University
3500 John Merritt Blvd., Nashville, TN 37209
eekanem@tnstate.edu
Index Words Tennessee nursery and greenhouse industry, part-time and full-time labor
Significance to Industry According to the 2012 Census of Agriculture, Tennessee’s
nursery, greenhouse, floriculture and sod generated sales of $295 million to the state’s
economy. This sector ranked 4th in terms of total value of sales, making up about 8.2% of
the value of total sales. Crops, including nursery and greenhouse crops showed a total
value of sales of approximately $2.09 billion in 2012 from 20,000 farms in Tennessee.
Although hired farm workers constitute less than 1% of all U.S. wage and salaried
workers, they play an important role in U.S. agriculture. Wages, salaries, and contract
labor expenditures represent approximately 17% of total variable farm costs and as much
as 40% of costs in labor-intensive crops such as fruit, vegetables, and nursery products
(USDA/ERS, 2016). Hired farm workers include field crop workers, nursery workers,
livestock workers, farmworker supervisors, and hired farm managers. Some employment
estimates may include on-farm support personnel, and service workers brought to farms
by special contractors.
The average number of hired farmworkers has steadily declined from approximately 3.4
million to about 1 million, over the last century. According to the Farm Labor Survey (FLS),
annual average hired farm labor employment (including agricultural service workers)
decreased from 1.142 million in 1990 to 1.032 million in 2007 dropping further down to
1.063 million in 2012. (Figure1).
Approximately 575,000 positions were full-year in 2009 while 199,000 were part-year
positions in 2012. Calculating the ratio of part-year to full-year positions, part-year
positions represented about 34% of all hired farm worker positions in the U.S. Using
household rather than farm labor survey, the Current Population Survey (CPS) estimated
the average hired farm employment at 787,000, a number closer to the FLS estimate of
775,000 excluding agricultural service workers.
Results and Discussion As in the broader agricultural sector, employment in the
nursery, greenhouse and the floriculture sub-sector is highly seasonal. About 56% of all
hired farm workers work in crop agriculture (USDA, 2016) For the purpose of this paper,
farm workers employed for less than 150 days a year are considered part-time while those
employed for 150 days or more per year are considered full-time. In Tennessee, about
12,574 farms had 32,739 workers working less than 150 days a year. Approximately 4,323
farms had 9,998 workers working 150 days or more (USDA, 2012). A total of 15,071 farms
(6%) reported hiring 42,737 workers for $252,642,000 in payroll. In 2012, there were
68,050 farms in Tennessee.
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In May 2016, an average of 480 to 780 people were employed as farm workers and
laborers in the crop, nursery and greenhouse sector in Tennessee, according to the
Bureau of Labor Statistics (Figure 2). Using these figures as average monthly
employment in 2016, the total average annual employment in crops, nursery and
greenhouse sub-sector in Tennessee would equal 5,760 to 9,360. While it is difficult to
estimate the exact number of workers in the Tennessee greenhouse and nursery crop
industry, it is reasonable to assume that the number of workers will show a downward
trend as witnessed in the last century for U.S. agricultural farm workers. As noted earlier in
this paper, part-time workers continue to play an important role in U.S. agricultural
workforce. This should be equally true for the nursery and greenhouse sector in
Tennessee. Based on approximately 34:66 ratio of part-time to full-time employment of
farm workers in the agricultural sector, it can be estimated that crops, nursery and
greenhouse will employ an average of 2,016 to 3,182 part-time workers per year in
Tennessee. A more detailed primary data could provide better estimates of part-time and
full-time utilization of labor in the nursery, greenhouse and floriculture industry in
Tennessee. Primary data would make it possible to separate employment in the different
agricultural sub-sectors of interest.
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Figure 1: Average full-year and part-year hired farm workers and agricultural service
workers, 1990-2012

109

SNA Research Conference Vol. 62 2018

Figure 2: Employment of farmworkers and laborers in the crop, nursery, greenhouse in
Tennessee, May 2016,
Source: U.S. Department of Labor, Bureau of Labor Statistics. 2016. Occupational
Employment Statistics, 2016. https://www.bls.gov/oes/current/oes452092.htm#nat
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