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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
The Southern Nursery Association honored Dr. Charlie Hall,
Professor of Horticulture and Ellison Endowed Chair in
International Floriculture at Texas A&M University with the
Porter Henegar Memorial Award during the 57th Annual
SNA Research Conference. Dr. Win Dunwell, lat year’s
honoree, announced the award during the 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 honour of one of SNA’s former Executive Secretaries. Nominations are made
each year by the SNA’s Director of Research and past award winners.
A native of North Carolina, Dr. Charlie Hall received his B.S. in Agricultural
Economics from the University of Tennessee in 1984 and his Master’s Degree in
Ornamental Horticulture and Landscape Design from the University of
Tennessee in 1986. He then obtained his Ph.D. from Mississippi State University
in 1988 and began his academic career at Texas A&M University in 1988, where
he spent 13 years on the faculty before joining the faculty at the University of
Tennessee in 2002. In August 2007, Dr. Hall returned to Texas A&M University
as Professor and Ellison Chair in International Floriculture.
Dr. Hall’s expertise in the production and marketing of Green Industry crops is
nationally recognized in academia and among the horticultural clientele he
serves. His major research, teaching, & extension areas of specialization include
strategic management, market situation/outlook, cost accounting, and financial
analysis for Green Industry firms. He is an invited speaker at numerous regional,
national, and international meetings of various industry-related associations and
organizations. He is particularly known for the enthusiasm, passion, and intensity
he exhibits when speaking.
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The Bryson L. James
Student Research Competition
2012 Awards
This long-standing program was renamed in August 1989, in honor of Dr. Bryson L.
James, longtime Director of Horticultural Research for the Southern Nursery Association.
As Dr. James has been an active participant and leader in the annual Research
Conference for more than 50 years, the award, named in his honor, is a tribute to his
tireless efforts on behalf of the researchers, the association and the industry. Listed
below are guidelines for the Student Competition as well as this year's winners:
1. Any student of a university or a college
having researchers that participate in the
Southern Nursery Association Research
Conference, are not more than one (1)
academic year removed from graduation
and whose research was completed prior
to graduation are eligible to compete.
2. Research is to be that of the presenter
and a part of his/her educational studies.
Contract work, unless a part of a thesis or
classroom report (credit given), is not
acceptable, as it may provide unlimited
funding and an unfair advantage.
3. The number of student papers from a
single university or college may be limited,
should time restraints dictate.
4. The student must have submitted a title to
the SNA Conference Editor by the
deadline specified in the Call For Titles.
The paper should then be submitted both
to the Section Editor for the Student
Competition and to the appropriate topic

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

2012 Bryson L. James Student Competition Award Winners
B.S. Candidates
1st Place S. Evan Wilson

University of Tennessee

M.S. Candidates
1st Place Irene Palmer
2nd Place Jason Lattier
3rd Place Rebecca Pledger

North Carolina State University
North Carolina State University
North Carolina State University

Ph.D. Candidates
1st Place Matthew Wilson
2nd Place Anthony Witcher
3rd Place Adam Newby

Kansas State University
Mississippi State University
Ohio State University
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Effect of Irrigation Frequency on Sedum Grown in Alternative Substrates
Travis R. Carmichael, Cheryl R. Boyer, Stuart L. Warren, Jason J. Griffin
Kansas State University, Department of Horticulture, Forestry, and Recreation Resources
Manhattan, KS 66506
trcarmic@ksu.edu
Index words: container media, eastern red cedar, nursery crops, pine bark, Sedum
spectabile ‘Autumn Fire’
Significance to Industry: Increasing shipping costs of pine bark (PB) and demand
from other uses such as for fuel, has accelerated the need to find alternative substrates
for nursery crop production. This need is particularly important in the Great Plains
region where no native pine stands are available for bark harvest. Eastern red cedar
(Juniperus virginiana RC), however, is abundant and finding uses for it will help recover
prairie ecosystems currently being lost to red cedar invasion. Recent research has
suggested that eastern red cedar can be used as an alternative substrate, but its
physical properties (high air space, low container capacity) tend to limit its use as a full
replacement for pine bark. The purpose of this study was to evaluate irrigation
frequency as a method to improve and potentially overcome some of the physical
properties of eastern red cedar as a substrate. The results of this study demonstrate
that Sedum does not benefit from increased frequency and can be grown in PB/RC and
red cedar mixes.
Nature of Work: Pine bark has been used for many years as a substrate for nursery
production. Due to increases in demand for alternative uses of PB, such as fuel, PB is
becoming more difficult to locate for use in the horticulture industry (2, 3). A previous
study by Murphy et al. (2010) evaluated Clean Chip Residual and WholeTree substrates
as alternatives to PB. In the study Murphy et al. (2010) reported that ‘New Gold’ lantana
(Lantana camara L. ‘New Gold’), ‘Gold Mound’ spirea (Spiraea japonica L.f. ‘Gold
Mound’), ‘Amaghasa’ azalea (Rhododendron x ‘Amaghasa’), tea olive (Osmanthus
fragrans Lour.), ‘Roundifloia’ ligustron (Ligustrum japonicum Thunb. ‘Rotundifolia’), and
Soft Touch’ holly (Ilex crenata ‘Soft Touch’) grown in a greenhouse setting potted in PB
amended with 75% alternative substrates were comparable to PB.
Eastern red cedar has been used as an alternative to PB in a nursery setting using
Black-eyed Susan (Rudbeckia fulgida var fulgida) (4). In this study, RC was noted to
have high container capacity and low air space (4), which may limit plant growth.
Warren et al. (2002) reported that using Cotoneaster (Cotoneaster dammeri ‘Skogholm’)
in a nursery setting and irrigating at 2-hour intervals in the afternoon before 18:00 HR
had increased water utilization and thus grew better as they were less stressed.

Container Grown Plant Production
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The purpose of this study was to determine if adjusting irrigation frequencies would
increase plant growth when using RC as an alternative substrate.
Materials and Methods: Eastern red cedar (Queal Enterprises. Pratt, KS) was
processed through a hammer mill (C. S. Bell Co., Tiffin, OH, Model 30HMBL) with a 3/8inch screen on 23 June 2011. On 22 July 2011, substrates consisting of 80% PB
(SunGro, Bellevue, WA): 20% sand; 40% RC 40% PB: 20% sand (PB/RC); or 80% RC:
20% sand were mixed (by volume). Rooted liners of Sedum spectabile ‘Autumn Fire’
were obtained from Emerald Coast Growers (Pensacola, FL) and were transplanted into
quart containers (Classic 200, Nursery Supply INC.) on 22 July 2011. Plants were
placed in Throckmorton Plant Science Center greenhouse complex located in
Manhattan, KS. Containers were top-dressed with 1 gram of Osmoform 18N-5P-13K 3 –
4 month slow release fertilizer (The Scotts Co. Maryville, OH) on 6 Aug 2011. Plants
were watered by hand for 15 days after planting (DAP) to allow plugs to begin rooting
into the new substrates and to make sure that the entire substrate profile was moist.
An irrigation system with five zones was designed to irrigate plants at four frequencies.
A Rain Bird STP9PL (Tucson, AZ) irrigation controller was used to control the irrigation
zones. All plants received 208 ml per day. Zones were broken into different times of
watering with all times equaling a total of 208 ml total per day. Plants were watered 1, 2,
3, and 6 times per day using drip stakes (Angle Arrow Dripper 5/3, Netafim, Tel Aviv,
Israel). Sedum irrigated 1x were irrigated at 0800 HR; 2x irrigated at 1100 and 1500 HR;
3x irrigated at 0900, 1200 and 1500 HR; and 6x irrigated at 0800, 1000, 1200, 1400,
1600, and 1800 HR. To help control the amount of water applied daily 0.5 gallons per
hour (gph) pressure compensating drip emitters (0.5 gph Woodpecker Pressure
Compensating Junior Drip Emitter, Netafim, Tel Aviv, Israel) were attached to the main
line for each treatment. After 15 DAP the irrigation treatments were initiated. Electrical
conductivity (EC) and pH were measured at 42, 62, and 81 DAP using the PourThrough method (7). At the conclusion of the study, shoot and root dry weights were
measured. Growth index (GI) was measured at 25 and 80 DAP and substrate shrinkage
was measured at 42 DAP. Shoots were harvested at substrate level and roots were
then washed of all substrate. Shoots and roots were placed into paper bags and placed
in an oven (Grieve SC-350 Electric Shelf Oven. Round Lake, Il) at 71°C (160°F) until dry
weight stabilized (13 days). The experiment was arranged in a randomized complete
block factorial substrate by irrigation frequency. Data was analyzed using SAS 9.1 using
Waller-Duncan’s means separation.
Results and Discussion: Substrates at 42 DAP were significantly affected by pH with
PB/RC having the highest pH (Table 1). However 62 and 81 DAP pH was similar
between RC and PB/RC which were both higher than PB. Irrigation frequencies were
unaffected by pH at any of the DAP measured (data not shown). EC levels were
unaffected by substrates until 81 DAP where a difference was seen between PB and
PB/RC. RC showed similarities between PB and PB/RC, which were only slight
differences (Table 1). Throughout the entire study pH levels were higher then the
recommended range of 4.5 to 6.5 according to Yeager et al. (2007). EC levels were low
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compared to recommendations by Yeager et al. (2007) which are 0.8 to 1.5 dS/m. EC
readings were below the recommended levels reading 0.46 to 0.52.
At 25 DAP, PB growth index (GI) of Sedum grown in PB was significantly greater than
RC whereas, PB/RC showed similarities to PB and RC, then by 80 DAP RC was
significantly lower than the other two substrates (Table 2). During the duration of the
study, irrigation frequencies did not have an impact on GI. Shoot dry weight was
affected by substrate with PB being greater than RC and PB/RC. In contrast, shoot dry
weight was unaffected by irrigation frequency (Table 2). Sedum grown in PB had root
dry weight greater than Sedum grown in PB/RC; PB and RC were similar as well as RC
was comparable with PB/RC. Root dry weight was significantly affected by irrigation
frequencies with 1x being greater than 3x and 6x. This shows that for Sedum better root
growth was obtained when watered once per day, but also could tolerate irrigating
twice.
In conclusion, this study showed that irrigation had an effect on root dry weight of
Sedum, a plant that is able to withstand dry conditions and a high pH range 5.5 to 7.0
(1, 5), The greatest growth was obtained with Sedum planted in PB and irrigated once
per day. These results demonstrate that eastern red cedar may be used as a partial
replacement for PB when growing Sedum. This study will be replicated with species that
are high water users and less tolerant to drought in order to determine if increasing
irrigation frequencies can overcome undesirable physical properties for species that are
more susceptible to environmental stresses.
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1. Armitage, A. M. 2008. Herbaceous perennial plants: a treatise on their identification,
culture, and garden attributes. Stipes Publishing.
2. Lu, W., J. L. Sibley, C. H. Gilliam, J. S. Bannon, and Y. Zhang. 2006. Estimation of
U.S. bark generation and implications for horticultural industries. J. Environ. Hort.
24: 29-34.
3. Murphy, A. M., C. H. Gilliam, G. B. Fain, H. A. Torbert, T. V. Gallagher, J. L. Sibley,
S. C. Marble, and A. L. Witcher. 2010. Extending pine bark supplies with wholetree
and clean chip residual substrates. J. Environ. Hort. 28: 217-223.
4. Starr, Z., C. Boyer, J. Griffin. 2011. Cedar substrate particle size affects growth of
container-grown Rudbekia. Proc. Southern Nurs. Assoc. Res. Conf. 56: 292-296.
5. Steambank Garden. 2011. Sedum (Stonecrop). 8 Nov. 2011.
<http://streambankgardens.com/sedum_stonecrop.html>
6. Warren, S. L., T. E. Bilderback. 2002. Timing of low pressure irrigation affects plant
growth and water utilization efficiency. J. Environ. Hort. 20: 184-188.
7. Wright, R. D. 1986. The pour-though nutrient extraction procedure. HortScience.
21: 227-229.
8. Yeager, T., T. Bilderback, D. Fare, C. Gilliam, J. Lea-Cox, A. Niemiera, J. Ruter, K.
Tilt, S. Warren, T. Whitwell, R. Wright. 2007. Best management practices: guide for
production nursery crops. 2nd ed. Southern Nursery Association, Atlanta, GA.

Container Grown Plant Production

4

SNA Research Conference Vol. 57 2012
Table 1. Solution pH and electrical conductivity (EC) of substrates z .

Substrate
Pine Bark
Red Cedar
PB/RC

42 DAP y
pH
EC (dS/m)
7.19 c x
0.46 a
7.78 a
0.45 a
7.48 b
0.52 a

62 DAP
pH
EC (dS/m)
7.20 b
0.47 a
7.54 a
0.49 a
7.52 a
0.49 a

81 DAP
pH
EC (dS/m)
7.38 b
0.44 b
7.62 a
0.49 ab
7.66 a
0.50 a

42 DAP
Shrinkage w
1.24 b
1.93 a
1.34 b

z

pH and EC of solution obtained by the pour-through method.
Days after planting.
x
Mean separation within column by Waller-Duncan Multiple Range test (α = 0.05, n = 16)
w
Measurement taken from top of container to surface of substrate.
y

Table 2. Effect of substrate and irrigation frequency on the growth of Sedum s. 'Autumn Fire'

Substrate
Pine Bark
Red Cedar
PB/RC
Irrigation Frequency
1x per day
2x per day
3x per day
6x per day

25 DAP
GIz
12.8 a w
9.4 b
11.0 ab

80 DAP
GI
19.4 a
14.8 c
17.8 b

Shoot Dry
Weight (g)y
7.3 a
4.4 c
5.8 b

Root Dry
Weight (g)x
10.2 a
8.6 ab
7.8 b

12.0 a
12.0 a
10.5 a
9.6 a

17.7 a
17.1 a
17.5 a
17.1 a

6.0 a
6.0a
6.1 a
5.3 a

10.6 a
9.7 ab
7.2 c
8.0 bc

z

Growth Index = (height + width + perpendicular width) / 3 (1cm = 0.397 in.).
Shoots harvested at container surface and oven dried at 71°C for 13 days (1 g = 0.0035 oz).
x
Roots barerooted and oven dried at 71°C for 13 days (1 g = 0.0035 oz).
w
Mean separation within column by Waller-Duncan Multiple Range test (α = 0.05, n = 18).
y
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Long Residual Controlled Release Fertilizer Pour-through Results from Two Plant
Species and a No-Plant Control
Winston Dunwell, Carey Grable, and Dwight Wolfe
University of Kentucky Research and Education Center
1205 Hopkinsville St, Princeton, KY 42445
wdunwell@uky.edu
Index Words: Pour-through, Nyssa sylvatica ‘Fire Master’, Cotoneaster x ‘Hessei’
Significance to Industry: This research was performed to determine if using
controlled-release fertilizer (CRF) of high longevity, 12-14 month, would overcome midseason low pour-through (PT) soluble salt readings that occur when 5-6 month CRF no
longer provides adequate levels of fertilizer after 13 weeks in western Kentucky (2).
The data show that the soluble salt level of the leachate from the No-plant container
followed the same pattern as the leachate from containers with plants. The 12-14
month CRF provided adequate levels of fertilizer from the June application to October
as indicated by PT soluble salt levels.
Nature of Work: Utilizing the pour-through (PT) method (3) to evaluate soluble salt
levels that indicate fertilizer availability, has typically revealed that soluble salt levels in
mid-summer following a spring CRF application were less than recommended (2).
Previous work attempting to retrieve all fertilizer prills to test for fertilizer remaining in
mid-summer when the low soluble salts PT results occurred has not been successful.
Including a container with no plant might give us an indication of whether there was still
fertilizer being released to the soil solution but not depleted by the plant.
April 20, 2011, fifteen plants each of Nyssa sylvatica ‘Fire Master’ and Cotoneaster x
‘Hessei’ were transplanted from RootTrapper® II RTII 8 bags and 3 gallon containers
(Nursery Supplies, C300) respectively to 7-gallon containers (WhiteRidge, LLC, 2358 l).
The substrate was aged pine bark with no amendments. Fifteen 7-gallon containers
filled with media without a plant were used as the No-plant control. Containers were set
in TopHat™ Container Stabilizers to avoid blow over and fertilizer loss. Irrigation was
provided via a single Agridor 4463 sprayer per container. Water was applied at three
cycles of 12 minutes each (250ml/min) at 1020, 1400, 1700. Osmocote Plus 15-9-12,
12-14 month formulation, was applied June 28, 2011 at the medium rate of 7.5 oz for a
7-gallon container. The three treatments were allocated to the 45 containers in a
generalized randomized block design with three treatments per row and three rows
(blocks).
Soluble salts and pH were recorded approximately every two weeks from June 6, 2011
to October 24, 2011 by the pour-through extraction method (3,7). The PT was
performed 30 minutes following irrigation except on September 26, 2011 when the pour-
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through was done without irrigation following a 1.88 inch (5) overnight rain. The
leachate soluble salts and pH were read with a Hanna HI9811 pH/EC/TDS meter.
Results and Discussion: Leachate salts showed a stable release rate (Figure 1.)
averaging 294 μS/m for the no-plant control, 316 μS/m for the Nyssa sylvatica ‘Fire
Master’ and 272 μS/m for the Cotoneaster x ‘Hessei’ over the duration of experiment
and were not significantly different from each other (Table 1.). The soluble salts in the
leachate for the September 26, 2011 non-irrigated PT spiked for the N. sylvatica ‘Fire
Master’ and the C. x ‘Hessei’ while the No-plant container PT was significantly different
from the N. sylvatica ‘Fire Master’ and the C. x ‘Hessei’ and was not significantly
different from the September 12, 2011 No-plant PT. The salt level was in the 200 to
500 μS/m range considered adequate for growth (2,7,8) and was maintained from the
June application date to the last PT in October. The levels of fertility in October are
high enough for growth and may result in reduced cold hardiness leading to potential
winter injury (4,6). A no-plant treatment did not contribute information for evaluating
nutrient availability that is not gained by performing PT on containers with plants.
The spike in leachate soluble salts for Nyssa sylvatica ‘Fire Master’ and Cotoneaster x
‘Hessei’ on September 26, 2011 was due a lack of pre-PT leaching of soluble salts. The
evening rainfall triggered elimination of the irrigation event prior to the PT. It is
speculated that the lack of a significant soluble salts spike in the no-plant container
reflects the lack of plant depletion of water leading to a concentration of soluble salts.
The average leachate pH readings over the course of the experiment for Cotoneaster x
‘Hessei’ were significantly different from the No-plant and Nyssa sylvatica ‘Fire Master’
Leachate pH (Table 2), but the readings were not consistently different from date to
date. The pH of pour-through leachate declined over time (Figure 2).
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Table 1. Average soluble salt reading over the experiment
Treatment
No-plant
Nyssa sylvatica ‘Fire Master’
Cotoneaster x ‘Hessei’
Lsd (0.05)
1
Means with the same letter are not significantly different.

Soluble
Salt
294 a1
316 a
272a
47

Number of
Readings
176
176
177
na

Soluble
Salt
6.91a1
6.91a
6.85b
0.05

Number of
Readings
176
176
177
na

Table 2. Average pH reading over the experiment
Treatment
No-plant
Nyssa sylvatica ‘Fire Master’
Cotoneaster x ‘Hessei’
Lsd (0.05)
1
Means with the same letter are not significantly different.
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Figure 1. Soluble salts in PT leachate from Nyssa sylvatica ‘Fire Master’, Cotoneaster x
‘Hessei’ and No-plant containers for two-week sampling intervals. Mean intervals are +
or – ½ the least significant difference at the 0.05 probability level.

Container Grown Plant Production

9

SNA Research Conference Vol. 57 2012

Figure 2. pH of the PT leachate from Nyssa sylvatica ‘Fire Master’, Cotoneaster x
‘Hessei’ and No-plant containers for two week-sampling intervals.
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Eastern Red Cedar as an Alternative Substrate in Nursery Production
Lucy Edwards, Charles H. Gilliam, Glenn B. Fain and Jeff L. Sibley
Department of Horticulture, 101 Funchess Hall, Auburn University, AL 36849
LEE0003@tigermail.auburn.edu
Index Words: alternative substrates, pine bark, eastern red cedar
Significance to the Industry: Recent decline in pine bark (PB) supplies has created
concern for nursery growers about future availability and has created a need to evaluate
alternative components for their standard growing substrate. In many areas they are
looking for plants that are available locally in sustainable quantities. Eastern red cedar
(Juniperus virginiana) has become a “weed species” throughout many parts of the Great
Plains and Midwest. This study demonstrated that most woody nursery crops grown in
varying ratios of PB: Cedar had similar growth to plants grown in a current nursery
standard of 100% PB.
Nature of Work: Increasing energy cost has resulted in the use of bark as an
alternative resource of clean fuels (7). Increasing demand for bark coincides with the
slowly declining timber industry (4). Without a decrease of energy cost in sight and the
horticulture industry’s expected expansion bark shortages could occur. With energy cost
preference over the horticultural industry, the need for an alternative substrate
increases (1, 5, 6).
Thus far, eastern red cedar has been identified as a viable amendment incorporated, at
different percentages, into a PB:sand substrate mixture evaluating seedling growth of
Chinese pistache (Pistacia chinensis) and Indian-cherry (Frangula caroliniana) (3).
Results from evaluation of Acer saccharinum seed propagation in varying eastern red
cedar:sand:PB percentages concluded cedar could be a potential replacement for pine
bark with further development of substrate physical properties (8). When Taxodium
distichum was evaluated in PB:sand substrates amended with percentages of eastern
red cedar, data concluded that there was little significant difference in plant height
between the treatments (9). So far, limited research has been done with woody nursery
crop production. The objective of this study was to evaluate Eastern Red Cedar as an
alternative substrate to pine bark in the nursery production of woody nursery crops.
This study was initiated on May 16, 2011 at the Paterson Greenhouse Complex, Auburn
University, Auburn, AL. Seven substrate treatments were evaluated: 100% PB, 5:95
cedar:PB, 10:90 cedar:PB, 20:80 cedar:PB, 40:60 cedar:PB, 80:20 cedar:PB, and 100%
cedar. Cedar used for the study was harvested on April 7, 2011 at the Auburn Piedmont
Research Station, Camp Hill, Alabama. Cedar was chipped through a Vermeer
BC1400XL (Vermeer Co., Pella, IA) on April 12, 2011, then stored until processing
through a hammer-mill on May 10, 2011. All substrates were pre-incorporated with a 6:1
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(v: v) ratio of sand, and amended with 9.5 kg/m-3 (15.9 lbs/yd-3) 15N-2.6P-9.9K (15-612) Polyon (Harrell’s Fertilizer, Inc.,Lakeland, FL) control release fertilizer (8-9 months),
3.0 kg/m-3 (5 lbs/yd-3) dolomitic limestone, and 0.9 kg/m-3 (1.5 lb/yd-3) Micromax (The
Scotts Company, Marysville, OH).
Liners of Knockout Rose (Rosa x ‘Knockout’) (32 cell pack), Reeves spirea (Spiraea
cantoniensis) (72 cell pack), Wintergreen boxwood (Buxus microphylla japonica
‘Wintergreen’) (32 cell pack), Sergeants juniper (Juniperus chinensis ‘Sargentii’) (32 cell
pack), and Formosa azalea (Rhododendron x indica ‘Formosa’) (72 cell pack) were
transplanted from cell pack trays into a #1 containers, except for Premier blueberry and
Wintergreen boxwood which were planted in trade gallons. All plants were watered with
overhead irrigation (1.27 cm/day) (0.5 in/day). Formosa azalea and Premier blueberry
were kept under a 30% shade structure; all other species were placed in direct sun.
The experimental design was a complete randomized block design with 8 single pot
replications per treatment. Each species was treated as its own separate experiment.
Data collected from the study includes physical properties (air space, water holding
capacity, and total porosity), bulk density and particle-size distribution (2). Leachates
were collected from the Formosa azalea using the Virginia Tech PourThru Method (11).
pH and EC (mS•cm-1) was measured at 7, 15, 30, 60, 90, and 180 days after potting
(DAP). Leaf chlorophyll content was quantified using a SPAD-502 chlorophyll meter
(Minolta Camera Co., Ramsey, NJ) at 90 and 180 DAP. Growth indices were measured
at 90 and 180 DAP. Root growth ratings were taken at 180 DAP on a scale from 1-5,
where 1- less than 20% root ball coverage, and 5 - between 80-100% root ball
coverage. Substrate shrinkage was recorded at 180 DAP. Marketability was also
determined at 180 DAP on a scale from 1-5, where 1 - dead and 5 - highly marketable.
All data were subject to analysis of variance using the general linear models procedure
and multiple comparison of means, conducted using Tukey’s honest significant test at
α= 0.05 (Version 9.1.3; SAS Institute, Inc., Cary, NC).
Results: Substrate treatments containing 80 (25.0) and 100% (29.5) cedar had higher
air space than PB (15.3), while all other treatments were statistically similar (Table 1).
The recommend range of physical properties (10) for a standard growing media is
between 10-30% air space, 45-65% water holding capacity, and 50-85% total porosity
percent per volume. Substrate water holding capacity was similar among all treatments,
except for 10% (42.0) cedar and 100% (48.5) cedar. Total porosity varied throughout
the treatments, but was greatest for treatments containing 80 and 100% cedar. Bulk
density varied between the recommend ranges of 0.19-0.70 g·cm-3 for all treatments.
Substrate pH levels ranged from 6.2-7.0 (Table 2). EC levels were generally similar
throughout the study except at 30 DAP, when 5:95 cedar:PB had the highest EC level
(0.72 mS·cm3). EC levels generally declined over the study.
In general, growth was similar among all treatments across all species (Table 3). There
were no statistical differences among Spirea or Juniper at 90 and 180 DAP.
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Minor differences were observed between Knockout Rose and Boxwood. Knockout
Rose grown in 80:20 PB:cedar substrate were smaller than those grown in 100% PB.
Boxwood grown in 100% cedar were slightly smaller. Formosa azalea growth generally
declined with increasing cedar levels. At 180 DAP, azaleas were statistically smaller
when cedar levels were 40% or greater.
These data show that pine bark amended with cedar provides a suitable substrate for
woody nursery crops, except with acid loving plants.
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Table 2. Solution pH and substrate electrical conductivity (EC) for seven substrates containing
pine bark and cedarz.
x

7 DAP

30 DAP
EC

Substrate

y

100% PB
5:95 Cedar: PB
10: 90 Cedar: PB
20:80 Cedar:PB
40:60 Cedar: PB
80:20 Cedar PB
100% Cedar

pH
6.3
6.3
6.3
6.6
6.6
6.5
6.7

abv
b
ab
ab
ab
ab
a

EC
-1 w

(mS·cm )
0.35
0.42
0.40
0.38
0.37
0.37
0.34

60 DAP

ns

6.7
6.2
6.2
6.6
6.7
7.0
6.9

(mS·cm )
ab
b
b
ab
ab
a
a

0.55
0.72
0.50
0.55
0.46
0.66
0.47

EC

EC
-1

pH

180 DAP

ab
a
ab
ab
b
ab
ab

-1

(mS·cm )

pH
6.3
5.7
6.2
6.3
6.5
6.7
6.7

ab
b
ab
a
a
a
a

0.40
0.57
0.35
0.36
0.37
0.42
0.37

ns

-1

pH
6.4
6.2
6.2
6.5
6.5
6.7
6.8

(mS·cm )
abc
bc
c
abc
abc
ab
a

0.24
0.27
0.25
0.24
0.26
0.27
0.27

ns

z

pH and EC of solution determined using pour-through method on 'Formosa' Azalea.
PB = pine bark.
x
DAP = days after potting.
w
1 mS·cm -1 = 1 mmho·cm -1.
v
Means within column followed by the same letter are not significantly different based on Tukey's Studentized
Range (HSD) Test at α = 0.05 (n=4).
ns
Means not significantly different.
y
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z

Table 3. Effect of seven substrates containing pine bark and cedar on growth indices of five woody plant species.
Substrate

y

100% PB
5:95 Cedar: PB
10: 90 Cedar: PB
20:80 Cedar:PB
40:60 Cedar: PB
80:20 Cedar PB
100% Cedar
Substrate
100% PB
5:95 Cedar: PB
10: 90 Cedar: PB
20:80 Cedar:PB
40:60 Cedar: PB
80:20 Cedar PB
100% Cedar

Juniperus chinensis ‘Sargentii’
x
90 DAP
180 DAP
w, ns

ns

28.4
37.4
29.4
34.6
30.3
36.4
32.7
40.4
29.8
36.8
27.8
32.4
26.9
33.3
Buxus microphylla japonica ‘Wintergreen’
90 DAP
180 DAP
18.3
16.5
18.5
18.6
18.9
17.0
15.0

ab
ab
ab
ab
a
ab
b

18.5
17.2
18.4
19.0
19.7
17.7
15.63

ab
ab
ab
ab
a
ab
b

Spiraea cantoniensis
90 DAP 180 DAP
ns

ns

64.5
61.6
48.8
64.9
58.8
58.7
63.9
65.2
51.3
59.2
50.5
59.4
49.2
56.5
Rosa x ‘Knockout’
90 DAP 180 DAP
43.7
41.7
41.8
43.3
39.7
39.7
42.7

ns

59.0
53.2
55.4
60.3
54.6
50.3
50.9

Rhododendron x ‘Formosa’
90 DAP 180 DAP
31.3
33.2
29.0
30.3
29.4
22.9
24.7

a
a
abc
ab
ab
c
bc

42.2
44.3
40.6
41.1
32.7
27.4
26.9

a
a
a
a
b
b
b

ab
ab
ab
a
ab
b
ab

z

Growth Indices= ((height+width1+width2)/3) in cm.

y

PB = pine bark.
DAP = days after potting.
w
Means within column followed by the same letter are not significantly different based
on Tukey's Studentized Range Test at α = 0.05 (n = 8).
ns
Means not significantly different.
x
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The Feather Pot: A Keratin-based Nursery Container
Donna C. Fare
US National Arboretum, USDA-ARS
McMinnville, TN
donna.fare@ars.usda.gov
Index Words: biocontainers, biopots, nursery production, woody ornamentals
Significance to Industry: The nursery industry produces over 500 million containers
each year in the production of ornamental plants. Traditional nursery containers are
made from petroleum based plastic; however, using new technology with keratin, a
renewable natural plastic from poultry feathers, can provide a strong and stable nursery
container that can be used in single or multi-year production. Though not
biodegradable, the use of keratin can reduce the use of petroleum based plastic by
about 40%. Also, utilizing feather waste is an effective and potentially profitable way of
reducing a waste stream from another agricultural entity. The keratin based prototype
nursery containers in this research had neither a positive nor negative effect on the
growth of the plants evaluated, suggesting the potential of this polymer technology for
use in container production.
Nature of Work: About 500 million nursery plants are produced annually in plastic
nursery containers and up to 1.8 trillion plastic containers including greenhouse
produced plants. This equates to about 350 million pounds of plastic used annually in
the horticulture industry. Most of the containers are made with petroleum based plastic.
Reusing and recycling nursery containers have several undesirable caveats such as
potential weed seed and disease contaminations as well as finding recycling stations to
accept nursery containers. Several research projects evaluating bio containers or
biopots for short term crops such as vegetables, herbs and seasonal flowering plants
have been successful (2, 3); however, growing and selling a one year crop as well as a
multi-year crop as is with many woody ornamentals is difficult.
Recent research using polymers or plastics derived from renewable resources such as
poultry feathers have proven successful to make bioplastic (4). Nearly four billion
pounds of waste poultry feathers are produced each year in the United States and are
processed into cheap animal feed, buried, or incinerated. Poultry feathers have about
91% keratin, which is a tough, strong and lightweight protein (1,4). Keratin blended with
polyethylene traditionally used to make nursery containers resulted in the prototype
containers used in this study (1). The objective of this research was to compare plant
response and leachate chemistry from two prototype nursery containers made from
keratin-derived polymer/polyethylene blends with a standard solid-wall black
polyethylene nursery container.

Container Grown Plant Production

16

SNA Research Conference Vol. 57 2012

On 2 June, Spiraea japonica ‘Little Princess’, spirea, Camellia japonica ‘Boyd’, Boyd
camellia, and Coreopsis x ‘Presto’, coreopsis, liners were potted into #1 standard
nursery container (TSW) (Nursery Supplies, Chambersburg, PA, USA) or a #1 solid
wall keratin-based container (KSW). On 15 June, a second group of plants, Camellia
japonica ‘Spring’s Promise’, camellia, Catharanthus roseus ‘Rosea’, vinca, and Acer x
‘Gingerbread’, Girard maple, were potted into #1 STD nursery containers or a keratinbased ARPACC™ container (Air-Root-Pruning, Anti-Circling Containers) (Tri-Tech
Molded Products Inc, McMinnville, TN, USA) (KAP). Containers were filled with a pine
bark amended substrate with 4.5 lbs Osmocote Pro 19-5-9 (The Scotts Co., Marysville,
OH), 1.0 lb Micromax (The Scotts Co., Marysville, OH), and 1.0 lb Aqua-Gro per cubic
yard. Plants were placed on a gravel pad in full sun and watered daily with overhead
irrigation. Three plants from each container style and species were selected to collect
container leachate weekly. About 30 minutes after morning irrigation, 250 ml of irrigation
water was surface applied and resulting leachate was collected. Within 30 minutes, pH
and EC were measured using an AG6/pH meter (Myron L Co., Carlsbad, CA, USA) (pH
data not shown). Leachate was analyzed for nitrate, ammonia and phosphate levels.
Weekly leachate collections ceased on 30 August for spirea, coreopsis and vinca and
26 October for Boyd camellia, Spring’s Promise camellia and Girard maple (only spirea
and maple data shown). Spirea, coreopsis and vinca were harvested for dry weights by
severing the shoots at the soil line; tissue was dried at 55C then weighed. Root
systems were qualitatively rated on a scale of 1-5, with 5 indicating the most vigorous
root system as seen on the perimeter of the root ball. Spirea roots were separated from
the substrate by using compressed air, placed in brown paper bags and dried at 55C.
Vinca and coreopsis roots were too fine to adequately separate from the media. Growth
indices, [(plant height + width1 at widest point + width2 perpendicular to width1)/3], was
measured at the onset and at termination with all species except Girard maple which
height and soil-line caliper measurements were made. Plants were randomized by
species with eighteen (‘Boyd’ camellia and spirea), sixteen (‘Spring’s Promise camellia
and Girard maple) or fifteen (coreopsis and vinca) single plant replications. Differences
in growth indices, shoot weight, root ratings and container leachate by pot type for each
species were assessed using t-tests in GraphPad Prism 5.03 (La Jolla, CA, USA).
Results and Discussion: Plant response. Growth, as determine by growth indices,
was similar with ‘Boyd’ camellia, spirea and coreopsis grown in KSW compared to
plants in TSW containers (Fig. 1). Vinca and ‘Spring’s Promise’ camellia both grew
equally in the TSW and the KAP. There were no differences in height or caliper growth
of ‘Gingerbread’ maple when grown in KAP and TSW containers (Fig. 2). The TSW
and KSW containers used in these tests were similar in volume, 2490 mls and 2750
mls, respectively. The KAP container was slightly larger than the TSW with a volume of
3300 mls.
Visible root growth on the perimeter of the root balls was assessed on 31 August for
spirea, coreopsis and vinca (Fig. 3). Root growth on the perimeter of the root ball was
visually different with coreopsis grown in the KSW compared to the root system in the
TSW. Roots had very little branching in the KSW and had the appearance of ‘combed
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spaghetti’ as the roots grew straight down the perimeter of the root ball. The altered
root system did not affect shoot growth and shoot dry weight was greater in the KSW
container compared to TSW.
Spirea and vinca had lower root ratings when grown in the KSW (spirea) or the KAP
(vinca) containers compared to the TSW (Fig. 3). The roots appeared healthy, but had
not grown to the point of encompassing the entire root ball which resulted in a lower root
rating. However, the root dry weight of spirea showed an increase in root mass with
plants grown in the KSW compared to plants grown in the TSW (Fig. 3). Shoot dry
weight was greater in the KSW container with spirea compared to plants in the TSW.
Shoot dry weight was similar with red vinca grown in KAP and TSW.
The roots of ‘Spring’s Promise’ camellia in the KSW container and maple and ‘Boyd’
camellia in the KAP were rated and compared to plants in the TSW in Dec 2011 (data
not shown). Plant roots systems in both the KSW and TSW had similar root growth and
were typical of roots in standard solid wall containers. ‘Boyd’ camellia and maple in KAP
had no root growth around the perimeter at the container-substrate interface of the root
ball compared to plants in the TSW containers. This was expected as the KAP
container is a root air pruning container.
Container leachate analysis. The electrical conductivity (EC) from leachate showed a
consistent release of the controlled release fertilizer within days after potting (Fig. 4).
Though an initial spike around 2.0 at the first collection date, the EC levels were similar
throughout the sampling weeks and stayed with acceptable ranges (<1.0) for about 10
weeks. The rate of fertilizer used with both groups is about half the rate traditionally
used for woody ornamentals; however, since both woody and herbaceous plant material
was evaluated in the experiment a lower rate was used. The fertilizer rate and
unusually hot temperatures attributed to the short duration of fertilizer release. There
was no difference with EC readings between container prototypes.
Phosphorus, nitrate-N and ammonium-N levels were detected in weekly container
leachates for all plants, but only data for spirea and maple are shown (Fig. 5). There
was less nutrient leachate with spirea compared to maple throughout the test period.
‘Little Princess’ spirea is considered a heavy fertilizer user compared to the slow
growing Girard maple. Thus, it was not unexpected to see nutrient levels higher in the
container leachate from the maple compared to spirea.
At most sampling dates, phosphorus, nitrate and ammonia levels were similar between
TSW and KSW and between TSW and KAP with all species, with the exception of
nitrate levels in leachate from maple. The KAP prototype had considerably less nitrate
in container leachate for most sampling dates. Though a similar trend was detected in
the early weeks of the test with spirea grown in KSW, by the middle of July, the nitrogen
fertilizer (nitrate and ammonia) was basically spent from the container substrate.
From this research, the growth and leachate chemistry was similar between the keratin
based containers KSW and KAP compared to the industry standard container TSW.
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This assessment is critical to determine the structural longevity of the keratin based
containers. If during the research period, the nitrogen levels increased in the leachate,
it could be an indication that the keratin protein was breaking down and the structural
soundness of the container was compromised. The keratin based prototypes had
neither a positive nor negative effect on the growth of the plants evaluated suggesting
the potential of this polymer technology for use in container production.
Literature Cited
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Figure 1. Growth response of ‘Boyd’ camellia, ‘Little Princess’ spirea, ‘Presto’
coreopsis, ‘Spring’s Promise’ camellia and ‘Rosea’ vinca grown in KSW, TSW or KAP
containers.
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Figure 2. Height and caliper growth of ‘Gingerbread’ maple grown in KAP or TSW
containers.

Figure 3. Root ratings and shoot dry weight of ‘Little Princess’ spirea, ‘Presto’ coreopsis
and ‘Rosea’ vinca taken 31 Aug 2010 from plants grown in TSW, KSW and KAP
containers and root dry weight of ‘Little Princess’ spirea.
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Figure 4. Electrical conductivity of container leachate from plants potted 2 and 15 June
in TSW, KSW and KAP nursery containers.

Figure 5. Phosphorus, nitrate-N and ammonium-N levels detected in weekly container
leachates for ‘Little Princess’ spirea and ‘Gingerbread’ maple.
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Plant Growth Promoting Rhizobacteria Positively Affect Root Growth and Nutrient
Status of the Mexican Fan Palm (Washingtonia robusta Wendland: Arecaceae) Plants
Andrés Adolfo Estrada-Luna1; Esteban Camarena Olague1;
José Carlos Romero González1; Victor Olalde-Portugal2.
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Index Words: palms, plant growth promoting rhizobacteria, PGPRs, Mexican
Washington palm, Mexican Washingtonia, Arecaceae.
Significance to Industry: The nursery industry can be benefited from the activity of
naturally occurring microorganisms including soil rhizobacteria, which may be helpful in
reducing pesticide and chemical fertilization inputs during production, promote plant
growth, and increase product quality. Our data provide insights about the effects of
selected PGPRs on young Mexican fan palm plants. This study demonstrated that
PGPR enhance nutrient status and root growth and development, which may be of
interest and application in sustainable agricultural commercial exploitations including
woody and herbaceous plant species at the nursery industry.
Nature of Work: Plants growing under natural conditions are not isolated and intimately
interact with harmful and beneficial macro and microorganisms above and underground.
Beneficial microorganisms, which are those that fix atmospheric N, decompose organic
wastes and residues, detoxify pesticides, suppress plant diseases and soil-borne
pathogens, enhance nutrient cycling and produce bioactive compounds such as
vitamins, hormones and enzymes that stimulate plant growth (1) includes different
genus of fungi and bacteria. In particular, beneficial bacteria interact with plant roots by
forming symbiotic associations (rhizobia) during biological nitrogen fixation; however,
free living or non symbiotic bacteria referred as plant growth promoting rhizobacteria
(PGPR) including Acetobacter, Azospirillum, Azotobacter, Bacillus, Burkholderia,
Pseudomonas, etc. (2) enhance plant growth through several mechanisms including the
synthesis of siderophores to facilitate nutrient uptake, hormones, low molecular mass
compounds, enzymes or by reducing and preventing the deleterious effects of one or
more pathogens (2, 3, 4, 5).
The Mexican fan palm (Washingtonia robusta Wendland) is a multipurpose plant
cultivated as indoor and outdoor ornamental, to reforest degraded areas, as natural
barrier or to recover eroded soils (6, 7, 8). Data on the biology (6, 7, 8), seed
germination (9), and culture (7, 10) have recently been published; however, no
information exists on the effects of the interaction PGPR - Mexican fan palm roots.
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Because of this, any knowledge to understand this relationship may be applied on an
ecological context or to enhance plant health and growth in sustainable commercialoriented systems where chemical, water and nutrient inputs need to be reduced, and
pathogen stresses are common production constrains. In this study we evaluated the
effects of selected PGPRs on nutrient uptake and plant growth and assess PGPR root
colonization.
A glasshouse study was conducted to evaluate three selected plant growth promoting
rhizobacteria (PGPR) [Bacillus subtilis BEB-b13, B. subtilis BEB-Mz, Azospirillum
brasiliensis BEB-Az] and their combinations. PGPR was inoculated by pipetting 30 mL
of liquid inoculum directly on the roots, which corresponded to 5X10-6 cells (exponential
phase of bacterial growth). At the end of the study, several growth measurements
including leaf number, total shoot length (cm), root, shoot, total plant fresh (FM) and dry
mass (DM) (g) were determined in all treatments. Root:shoot and Shoot:root ratio was
calculated with the root and shoot DM data. Mineral nutrient analysis was performed
from the aerial part of the plants (four mature and expanded leaves) to determine total
concentration of all macronutrients and some micronutrients (Fe, Mn, Cu, Na, Zn).
Samples were digested with a 2:1 HNO3/HClO4 solution. Nutrient uptake was calculated
by multiplying the concentration (g Kg-1 or µg g-1) of a specific nutrient by the shoot DM
(g). Root colonization by PGPRs was also determined.
Results and Discussion: After thirteen months of culture the Washingtonia robusta W.
plants interacted with all PGPR tested and developed dense populations on the
rhizosphere zone, which varied according to the bacteria or combination colonizing the
roots. Our results provide the first data showing that PGPR can enhance nutrient status
(Table 1, 2) and increase overall plant growth as compared to the control (Table 3, 4).
Generally speaking, bacilli produced better results when compared to Azospirillum. The
best treatment including a single inoculum was B. subtilis BEB-b13. The better dual
combinations were B. subtilis BEB-Mz plus B. subtilis BEB-b13 and Bacillus subtilis
BEB-b13 plus Azospirillum brasiliensis BEB-Az. Inoculation with PGPR increased total
uptake of K, Fe, and Zn; however, the control enhanced Mn and S in leaf tissue
concentration (Table 1, 2). This improvement in nutrient concentration resulted in better
nutritional status in inoculated plants and enhanced plant growth and development.
Greater carbon partitioning occurred in the root system of inoculated plants with Bacillus
subtilis BEB-b13, which increased cumulative fresh and dry mass. The higher root:shoot
ratio obtained from PGPR (>1.0) compared to control plants was an indication of
changes in carbon partitioning and more effective root function (Table 3, 4).
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. Effects of selected Plant Growth Promoter Rhizobacteria on leaf mineral
content (macronutrients) of Mexican Fan Palm (Washingtonia robusta H. Wendland)
plants after 13 months of culture.
PGPR+
N (%)
P (%)
K (%)
Ca (%)
Mg (%)
S (ppm)
Treatment
Control
1.25 a
0.11 a
3.75 ab
1.32 a
0.05 a 3712.50 ab
1.34 a
0.14 a
4.11 ab
0.99 a
0.07 a
2272.28 c
Mz•
⊕
1.22 a
0.12 a
3.95 ab
1.05 a
0.05 a 2833.07 bc
Dn
Azº
1.20 a
0.12 a
3.81 ab
1.03 a
0.05 a 3059.03 bc
Mz X Dn
1.27 a
0.14 a
4.30 a
1.05 a
0.05 a 3675.35 ab
0.88 a
0.13 a
3.69 ab
1.10 a
0.04 a 3147.87 bc
Mz X Az
1.32 a
0.12 a
4.21 a
1.27 a
0.06 a
4166.57 a
Az X Dn
0.13 a
3.19 b
1.00 a
0.05 a 3629.33 ab
Mz X Az X Dn 1.30 a
+
•
PGPR: Plant Growth Promoter Rhizobacteria, Mz= Bacillus subtilis BEB-Mz,
Bacillus subtillis BEB-Dn, ºAz= Azosporillum brasiliensis BEB-Az

⊕

Dn=

Table 2. Effects of selected Plant Growth Promoter Rhizobacteria on leaf mineral
content (micronutrients) of Mexican Fan Palm (Washingtonia robusta H. Wendland)
plants after 13 months of culture.
PGPR+
Fe (ppm)
Cu(ppm)
Zn (ppm)
Mn (ppm)
Treatment
Control
178.06 c
16.00 a
15.56 d
170.11 a
•
370.83 ab
22.06 a
17.14 bcd
114.75 b
Mz
⊕
283.89
bc
16.56
a
16.22
cd
136.00
ab
Dn
Azº
203.17 c
19.33 a
20.60 abc
114.31 b
Mz X Dn
521.67 a
19.94 a
23.51 a
129.86 ab
281.83 bc
17.22 a
20.19 abc
134.39 ab
Mz X Az
165.56 c
17.67 a
20.84 ab
137.08 ab
Az X Dn
245.00 bc
18.50 a
24.09 a
120.78 ab
Mz X Az X Dn
+
PGPR: Plant Growth Promoter Rhizobacteria, •Mz= Bacillus subtilis BEB-Mz,
Bacillus subtillis BEB-Dn, ºAz= Azosporillum brasiliensis BEB-Az

Container Grown Plant Production

⊕

Dn=

26

SNA Research Conference Vol. 57 2012

Table 3. Effects of selected PGPRs on growth and development (Fresh Weight) of Mexican Fan
Palm (Washingtonia robusta H. Wendland) plants after 13 months of culture.

Height
Leaf
PGPR+
Root (g) Stem (g) Leaf (g) Shoot (g) Plant (g)
(cm)
Number
Treatment
Control
243.50 ab 84.88 a 64.38 a 149.25 c 392.75 ab 63.50 a 12.00 a
298.88 a 98.50 a 76.38 a 174.88 a 473.75 a 64.00 a 12.13 a
Mz•
⊕
283.25 a 95.88 a 70.05 a 166.38 ab 449.63 a 63.63 a 12.38 a
Dn
Azº
244.88 ab 101.00 a 76.00 a 177.00 a 421.88 ab 63.75 a 12.38 a
Mz X Dn
241.38 ab 91.63 a 67.50 a 159.13 ab 400.50 ab 62.88 a 12.00 a
273.88 ab 89.75 a 71.00 a 160.75 ab 434,63 ab 62.75 a 12.13 a
Mz X Az
267.13 ab 96.88 a 68.13 a 165.00 ab 432.63 ab 64.13 a 12.25 a
Az X Dn
Mz X Az X Dn 218.75 b 77.88 a 63.88 a 141.75 c 360.50 b 61.00 a 11.75 a
+
PGPR: Plant Growth Promoter Rhizobacteria, •Mz= Bacillus subtilis BEB-Mz, ⊕Dn=
Bacillus subtillis BEB-Dn, ºAz= Azosporillum brasiliensis BEB-Az
Table 4. Effects of selected PGPRs on growth and development (Dry Weight) of Mexican Fan
Palm (Washingtonia robusta H. Wendland) plants after 13 months of culture.

Root to Shoot to
Shoot
Plant
Shoot
Leaf
Stem
Root
Root
PGPR
ratio
(g)
(g)
(g)
(g)
ratio
(g)
Treatment
-1
(g g )
(g g-1)
Control
48.38 a 26.75 a 24.00 a 50.75 a 99.13 a 0.96 a
1.06 a
•
55.25 a 29.00 a 26.38 a 55.38 a 110.63 a 1.01 a
1.02 a
Mz
⊕
54.63 a 29.50 a 25.63 a 55.13 a 109.75 a 1.00 a
1.02 a
Dn
Azº
46.63 a 30.00 a 27.38 a 57.38 a 104.00 a 0.85 a
1.26 a
Mz X Dn
48.25 a 27.63 a 23.75 a 51.38 a 99.63 a 0.97 a
1.12 a
53.50 a 27.25 a 26.38 a 53.63 a 107.13 a 1.01 a
1.05 a
Mz X Az
48.25 a 28.63 a 24.50 a 53.13 a 101.38 a 0.90 a
1.33 a
Az X Dn
1.25 a
Mz X Az X Dn 42.25 a 30.13 a 23.00 a 53.13 a 95.38 a 0.87 a
+
•
PGPR: Plant Growth Promoter Rhizobacteria, Mz= Bacillus subtilis BEB-Mz, ⊕Dn=
Bacillus subtillis BEB-Dn, ºAz= Azosporillum brasiliensis BEB-Az
+
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Interaction Between Selected Endomycorrhizas and Roots of the Mexican Fan
Palm (Washingtonia robusta Wendland) Improve Overall Plant Growth and
Nutrient Status
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Significance to Industry: The nursery industry stands to benefit from naturally
occurring soil microorganisms including mycorrhizal fungi symbionts that enhance plant
health when properly interact with roots. The benefits of mycorrhizal symbiosis are of
interest for a low input-sustainable agricultural system both at greenhouse, nursery
production stage and field production stage. In this study, we demonstrated that
inoculated Washingtonia robusta plants were extensively colonized with different
endomycorrhizal fungi. Overall plant growth and nutrient status was significantly
increased by mycorrhizas when compared to the control. However, a fungal consortium
established a more efficient interaction that single pure isolates. There is great potential
in using selected mycorrhizal isolates for improving growth of slow-growing plant
species during field establishment of commercial orchards. This has application to other
ornamental palms cultured under commercial nursery production systems in the US.
Nature of Work: Ubiquitous mycorrhizal fungi establish mutualistic and beneficial
associations with most plant species including angiosperms and gymnosperms (1).
Palms are woody perennial monocots, which are known to form mycorrhizas (2, 3, 4, 5,
6, 7) with several Glomus species (G. aggregatum, G. deserticola, G. mossae, G.
clarum, G. monosporus). The mycorrhizal colonization on palms promotes better growth
and enhances nutrient uptake on poor native soils (7) and is potentially significant in the
ecology of wild palms and in the cultivation of ornamental palms. Although some studies
have been published on the effects of mycorrhizas in palm species (2, 3, 6, 7), only
limited and discrepant information on the Mexican fan palm has been published (8).
We ran a factorial experiment to study the effects of three endomycorrhizal fungi (EMF)
isolates plus the control and two fertilization regimes (22 and 44 ppm of P) on growth,
nutrient concentration and uptake of Washingtonia robusta H. Wendland young plants.
The three experimental EMF included a consortium and two pure isolates: a) The
Mexican consortium Selva (SE), which is composed by Glomus constrictum, G.
fasciculatum, G. tortuosum, and Acaulospora scrobiculata, b). G. clarum (GC) pure
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isolate, c) G. intraradices (GI) pure isolate. During transplantation, the EMF, which
corresponded to approximately 1,000 fungal spores, was applied by banding the
inoculum just below the roots. The Mexican fan palm seedlings were obtained through
seed germination (9) and cultured for 45 days before transplantation. Fertilization was
provided with the Long Ashton nutrient solution modified according the experimental
treatments. After thirteen months of culture under greenhouse conditions, several
growth measurements including leaf number, total shoot length (cm), root, leaf, shoot,
total plant fresh (FM) and dry mass (DM) (g) were determined in all treatments.
Root:shoot and Shoot:root ratio was calculated with the root and shoot DM data.
Mineral nutrient analysis was performed from the aerial part of the plants (four mature
and expanded leaves) to determine total concentration of all macronutrients and some
micronutrients (Fe, Mn, Cu, Na, Zn). Samples were digested with a 2:1 HNO3/HClO4
solution. Nutrient uptake was calculated by multiplying the concentration (g Kg-1 or µg
g-1) of a specific nutrient by the shoot DM (g). Root colonization by EMF was also
determined.
Results and Discussion: After thirteen months of greenhouse culture the roots of
uninoculated plants remained free of EMF, while inoculated plants were extensively
colonized and several internal hyphae, spores, vesicles, and arbuscules in root cortical
cells were observed. Data on root colonization varied according the inoculum tested (45
to 84%). Out data showed that the Mexican fan palm is highly dependent mycorrhizal
plant because the presence of EMF significantly increased overall plant growth when
compared with the control treatment; however, no significant effect was recorded for Plevel (Tables 1, 2). Significant differences were observed in plant height, leaf number,
and stem, leaf, shoot, and plant fresh (Table 1) and dry (Table 2) mass accumulation
between mycorrhizal and control treatments. In general, the consortium SE established
the best beneficial interaction and it would be considered the best EMF for
Washingtonia robusta plants since much better growth was observed as compared with
the other isolates. Supplementary P did not show statistically significant differences in
the two levels tested; however, the two pure isolates produced better responses when
fertilized with 22 ppm of P. In contrast to this observation, 44 ppm of P enhaced the
positive effects of the SE consortium. EMF and P levels affected foliar tissue elemental
concentration of the Mexican fan palm young plants. Mycorrhizal associations had
increased concentrations of P, Mg, Cu, and Zn in foliar tissue, but had lower Mn than
NonEMF plants.
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Table 1. Effects of selected vesicular arbuscular mycorrhizas and phosphorus levels on
growth and development (Fresh Weight) of Mexican Fan Palm (Washingtonia robusta H.
Wendland) plants after 13 months of culture.
EMF+
Treatment
Control
Control
GIº
GIº
SE‡
SE‡
GC«
GC«

P Level Root
Stem
(mM)
(g)
(g)
22
375.1 138.1 ±
± 33.2 16.7
44
372.1 141.4 ±
± 31.9 12.1
22
346.1 218.4 ±
± 19.5 10.3
44
379.7 226.7 ±
± 32.1 23.7
22
393.1 226.7 ±
± 40.7 19.6
44
433.9 267.9 ±
± 22.3 15.5
22
398.3 191.3 ±
± 39.7 13.8
44
419.4 196.7 ±
± 30.3 15.00

Leaf
(g)
99.7 ±
14.8
108.4
± 15.4
141.6
± 10.8
161.1
± 23.7
152.1
± 16.0
173.4
± 9.7
139.6
± 10.4
137.3
± 8.9

Shoot
(g)
237.9
± 31.2
249.9
± 27.4
360.0
± 19.9
387.9
± 46.6
378.9
± 34.7
441.3
± 24.1
330.9
± 23.6
23.6 ±
23.4

Plant
(g)
613.0 ±
56.9
622.0 ±
55.9
706.1 ±
38.6
767.6 ±
77.3
772.0 ±
72.5
875.1 ±
41.1
729.1 ±
48.8
753.4 ±
40.0

Height
(cm)
71.9 ±
4.0
70.9 ±
4.8
83.4 ±
1.4
81.9 ±
3.2
79.3 ±
2.6
84.3 ±
1.7
80.6 ±
2.4
80.1 ±
2.5

Leaf
Number
12.3 ±
0.4
12.1 ±
0.3
13.9 ±
0.3
13.4 ±
0.4
13.6 ±
0.6
14.0 ±
0.2
13.6 ±
0.3
13.1 ±
0.3

Significance:
EMF
***
***
***
**
***
***
NS⊕
P
NS
NS
NS
NS
NS
NS
NS
EMF X P
NS
NS
NS
NS
NS
NS
NS
+
•
EMF: Endomycorrhizal Fungi, P= Phosphorus, ºGI= Glomus intraradices, ‡SE=
Consortium Selva, «GC= Glomus clarum, ⊕ NS= Non-significant, ***= Significant
(0.001)
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Table 2. Effects of selected endomycorrhizas and phosphorus levels on growth and
development (Dry Weight) of Mexican Fan Palm (Washingtonia robusta H. Wendland)
plants after 13 months of culture.
+

VAM
Treatment
Control
Control
GIº
GIº
SE‡
SE‡
GC«
GC«

P•Level Root
(g)
(mM)
22
93.3 ±
8.9
44
90.3 ±
8.4
22
99.4 ±
6.9
44
100.9
± 8.2
22
112.0
± 14.1
44
108.7
± 7.6
22
105.4
± 10.1
44
110.7
± 15.1

Stem
(g)
41.7 ±
4.3
45.7 ±
3.1
58.4 ±
4.3
66.6 ±
7.3
66.1 ±
5.9
71.4 ±
4.3
51.7 ±
4.8
60.3 ±
5.0

Leaf
(g)
37.4 ±
5.3
41.6 ±
5.0
59.0 ±
3.2
63.6 ±
7.0
64.1 ±
5.3
71.1 ±
5.1
55.6 ±
4.9
54.7 ±
3.3

Shoot
(g)
79.1 ±
9.5
87.3 ±
7.6
117.4
± 7.1
130.1
± 13.4
130.3
± 10.9
142.6
± 7.6
107.3
± 7.8
115.0
± 8.3

Plant
(g)
172.4
± 16.1
177.6
± 15.4
216.9
± 13.2
231.0
± 20.9
242.3
± 23.3
251.3
± 14.0
212.7
± 16.7
225.7
± 20.0

Root /
Shoot
ratio
(g g-1)
1.30 ±
0.1
1.00 ±
0.1
0.80 ±
0.01
0.80 ±
0.1
0.90 ±
0.1
0.80 ±
0.01
1.00 ±
0.1
1.00 ±
0.1

Shoot /
Root
ratio
(g g-1)
0.90 ±
0.1
1.00 ±
0.1
1.20 ±
0.01
1.30 ±
0.1
1.20 ±
0.1
1.30 ±
0.1
1.10 ±
0.1
1.10 ±
0.1

Significance:
EMF
***
***
***
***
***
***
NS⊕
P
NS
NS
NS
NS
NS
NS
NS
EMF X P
NS
NS
NS
NS
NS
NS
NS
+
•
EMF: Endomycorrhizal Fungi, P= Phosphorus, ºGI= Glomus intraradices, ‡SE=
Consortium Selva, «GC= Glomus clarum, ⊕ NS= Non-significant, ***= Significant
(0.001)
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Table 3. Effects of selected VAM and phosphorus levels on leaf mineral content
(macronutrients) of Mexican Fan Palm (Washingtonia robusta H. Wendland) plants after
13 months of culture.
EMF+
Treatment
Control
Control

P•Level
(ppm)
22
44

GIº

22

GIº

44

SE‡

22

SE‡

44

GC«

22

GC«

44

N
(%)
1.35 ±
0.04
1.30 ±
0.05
1.39 ±
0.03
1.40 ±
0.07
1.38 ±
0.04
1.39 ±
0.04
1.41 ±
0.02
1.38 ±
0.06

P
(%)
0.13 ±
0.01
0.12 ±
0.00
0.16 ±
0.01
0.17 ±
0.02
0.14 ±
0.01
0.17 ±
0.01
0.21 ±
0.02
0.18 ±
0.01

K
(%)
3.63 ±
0.27
3.68 ±
0.30
3.55 ±
0.26
3.29 ±
0.07
4.10 ±
0.54
3.90 ±
0.32
5.03 ±
0.73
3.11 ±
0.23

Ca
(%)
0.94 ±
0.01
0.93 ±
0.06
0.85 ±
0.04
0.83 ±
0.05
0.84 ±
0.11
0.76 ±
0.04
0.81 ±
0.07
0.93 ±
0.08

Mg
(%)
0.04 ±
0.01
0.04 ±
0.01
0.07 ±
0.01
0.05 ±
0.00
0.06 ±
0.01
0.04 ±
0.01
0.04 ±
0.01
0.04 ±
0.01

S
(ppm)
3060.53 ±
243.13
3390.13 ±
220.72
3086.28 ±
66.01
3325.53 ±
485.27
2900.00 ±
99.97
2926.86 ±
167.99
2549.50 ±
93.40
3011.55 ±
213.77

Significance:
EMF
***
*
NS
*
NS
NS⊕
P
NS
NS
NS
NS
NS
NS
EMF X P
NS
NS
NS
NS
NS
NS
+
•
EMF: Endomycorrhizal Fungi, P= Phosphorus, ºGI= Glomus intraradices,
‡SE= Consortium Selva, «GC= Glomus clarum, ⊕ NS= Non-significant, ***=
Significant (0.001)
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Table 4. Effects of selected VAM and different phosphorus levels on leaf mineral content
(micronutrients) of Mexican Fan Palm (Washingtonia robusta H. Wendland) plants after
13 months of culture.
EMF+
Treatment
Control
Control

P• Level
(ppm)
22
44

GIº

22

GIº

44

SE‡

22

SE‡

44

GC«

22

GC«

44

Fe
(ppm)
228.33 ±
30.80
247.50 ±
31.26
403.33 ±
86.80
357.50 ±
74.19
288.89 ±
51.41
233.50 ±
22.90
204.17 ±
67.64
242.78 ±
44.14

Cu
(ppm)
17.33 ±
1.62
15.33 ±
0.51
24.72 ±
2.67
23.17 ±
2.10
21.56 ±
1.39
22.06 ±
2.02
30.39 ±
3.32
27.72 ±
4.85

Zn
(ppm)
16.49 ±
0.74
17.23 ±
1.22
17.88 ±
0.17
19.41 ±
1.11
17.13 ±
1.70
17.00 ±
0.62
16.41 ±
0.32
15.72 ±
0.33

Mn
(ppm)
104.61 ±
2.96
95.72 ±
10.07
72.28 ±
2.78
73.06 ±
9.19
66.67 ±
3.49
71.36 ±
7.07
69.42 ±
5.56
80.75 ±
1.04

Significance:
VAM
*
**
*
*** ⊗
P
NS
NS
NS
NS⊕
VAM X P
NS
NS
NS
NS
+
EMF: Endomycorrhizal Fungi, • P= Phosphorus, ºGI= Glomus intraradices,
‡SE= Consortium Selva, «GC= Glomus clarum, ⊕ NS= Non-significant, ***=
Significant (0.001)
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Significance to the Industry: The nursery and greenhouse industry is under
increased scrutiny and regulation with regard to irrigation, fertilizer, chemical
applications and runoff. Researchers and extension agents have been making
substantial progress in researching these areas and providing recommendations to
growers. We have found however, there is minimal published information on what best
management practices ornamental growers have implemented in their operations. We
therefore developed a comprehensive water and nutrient management practice
database, with the voluntary assistance of 47 nursery and greenhouse growers in
Maryland. This information provides us with a baseline for determining cultural inputs in
the ornamental industry in Maryland, and could be used as a template for gathering
similar information in other states. As Maryland works towards reducing nutrient and
sediment loads to the Chesapeake Bay, general BMP implementation information could
be used to inform government leaders and educate them about the concerted efforts
this industry has made during the past ten years, and the BMP’s that the industry has in
place. It appears that much of this information has not been communicated to
regulators and legislators, at least in Maryland. As the industry further improves their
practices, we hope to use this baseline data to quantify improvements in nutrient and
water management by this industry and determine the economic and environmental
benefits of those changes.
Nature of Work: The Nursery and greenhouse industry is ranked in the top 5 market
values of agricultural products sold in 34 states [1]. Along with the financial benefits of
the industry, there are a number of environmental issues associated with the production
of ornamental plants. Ornamental production operations typically have high rates of
nutrient and irrigation inputs, especially in greenhouse and container-nursery operations
[2-6]. Frequent irrigation combined with high fertilizer and pesticide use can lead to
significant losses of agricultural chemicals in runoff water, which transports chemicals to
containment structures, groundwater or surface water [7-9]. Irrigation water
management is the key to nutrient management in ornamental crop production and
reducing the impact of runoff water on local water resources [10, 11].
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The nursery and greenhouse industry faces additional difficulties compared to traditional
agriculture, in that the nutrient requirement of many species being grown is not known,
crop production times can vary from weeks to years, a variety of production systems
exist which have differing impacts, and different nutrient and irrigation practices are
used [5]. Due to these variables, writing water and nutrient management plans requires
a risk assessment approach, which has the advantage of allowing the grower to design
and implement site-specific best management practices for the entire operation [10].
There is also a major concern across the country about reduced irrigation allocations for
the nursery and greenhouse industry, and increased regulation of nutrients, sediment,
and pesticides and other chemicals in runoff water [5]. This is particularly true in
Maryland, where federal regulation of the Chesapeake Bay is currently being
implemented for total maximum daily load (TMDL) limits on the Bay’s 94 watershed
segments [12]. Although the nursery and greenhouse industry makes up a relatively
small amount of the overall farmland in the state, many operations are intensively
managed, especially greenhouse and container operations. This leads to the potential
for high levels of nutrient and sediment runoff if proper nutrient application and
abatement practices are not followed.
To understand the complexities of irrigation and application practices in nursery and
greenhouse operations in Maryland, site visits were conducted around the state. A total
of 47 container, field and greenhouse operations voluntarily agreed to participate in this
project, out of approximately 350 operations in the state. Growers were interviewed for
2-3 hours, and provided detailed information about irrigation and nutrient application
rates and timings, as well as various best management practices that were used. Data
was collected on a management unit level, for each operation. A management unit can
be defined as the same or similar species of plants that have similar container sizes and
cultural conditions. There may be any number of management units at an operation,
depending on its size and complexity, and how the various plants that are grown are
managed.
These data were separated into three databases for greenhouse, container nursery and
field nursery. Some data, such as pounds per acre per year of nutrient were derived
from the information provided by growers (i.e. using fertigation ppm, frequency, volume
applied etc). If the grower applied a range of rates to a particular management unit (for
example fertigation was applied 3-5 times a week), the information presented in this
paper is the maximum application rate. This was done to maintain uniformity in the
data, and represents the maximum amount of nutrients that would be applied during a
typical crop cycle. If different rates were applied during a typical crop cycle (for example
lower rates for the first ⅓ of the cycle, and a higher rate thereafter), that information is
reflected in the data presented here. In this paper, we focus specifically on our major
findings for container- and field nursery operations.
Results and Discussion:
Container-nursery operations: Irrigation application rates for container nurseries in
this study are reported in Table 1. Many operations were irrigated for different lengths
of time during spring and summer; with irrigation rates in the fall often being similar to
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spring; spring and summer irrigation rates are therefore reported separately. Irrigation
rates for container-nursery operations were much higher than for greenhouse,
especially at the upper quartile rates of 34,810 and 38,075 gal/application for spring
and summer respectively (Table 1) compared to greenhouse operations which had an
upper quartile rate of 9,253 gal/application ([13] data not shown). Irrigation rates are
likely higher in container-nursery operations, since plants are typically more widely
spaced, container sizes are often larger, and overhead irrigation is widely used, which
decreases interception efficiency compared to greenhouse operations.
The majority (86%) of container operations surveyed used slow-release fertilizer (SRF)
as the main or only source of fertilizer ([13]; data not shown). The high percentage of
SRF use represents a major reduction in risk, compared to using overhead soluble
fertilizer [14]. Nevertheless, upper quartile rates that are being applied (Table 2) are
likely in excess of plant needs, which increases the potential for nutrient runoff from
container-nursery operations. Plants that were grown using the average and lower
quartile rates had similar production times compared to the upper quartile rates, and
were likely meeting plant nutrient requirements (data not shown). It should be noted
that rates reported for Tables 2 and 3 were not adjusted for plant densities, although
similar spacings were used for the same container size or type of tree grown. The
upper rates in Table 2 are likely in excess of plant needs, and could be reduced to
realize financial savings, and reduce nutrient runoff. It is likely that container-nursery
growers could reduce application rates to many plant species to at least average rates
(Table 2) without any reduced growth or increase in production time. This would save
money, and would reduce nutrient runoff over higher application rates, as indicated by
water and nutrient models that have been developed, as part of this study [10; data not
shown].
We noted some interesting comparisons between greenhouse and container
operations. For example, container-grown 1-2 gallon mums (using mainly SRF) from
Table 2 had an upper quartile rate of 82 lb of N/ac/yr and 30 lb of P/ac/yr. Greenhouse
grown mums (using mainly soluble fertilizer) had an upper quartile rate of 431 lb of
N/ac/yr and 477 lb of P/ac/yr [10]. Plants are produced in similar container sizes in
approximately the same amount of time, and are of similar quality. This is an example
where switching to slow-release fertilizer over soluble or reducing soluble fertilizer rates
could substantially reduce nutrient inputs, and most likely reduce direct nutrient runoff
[14].
Field Operations: On a per acre per year basis, field operations, especially those
using drip irrigation, typically have the lowest irrigation use in the ornamental industry.
Drip or micoirrigation is a cost-effective method for irrigating field operations, with
decreased evaporation compared to overhead irrigation, which greatly increases water
and nutrient application and interception efficiency.
Field operations were found to apply relatively low rates of N, P2O5 and K2O, with typical
rates below 50 lb/acre (Table 3). These low rates reduce the potential for nutrient loss,
although sediment loss is a concern if best management practices (grass strips within
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and between blocks) are not used for managing erosion loss. A rate of 25-50 lb N, 6-15
lb P2O5, and 20- 40 lb K2O per acre per year is recommended for all in-ground field
stock, based on information from Bilderback [15] and Table 3.
The biggest concern in field operations is what happens when plants are harvested and
fields are renovated before replanting. If heavy rainfall events occur during the
establishment period, there is a chance of sediment and nutrient loss, compared to after
rows are established. However, given that field growth cycles are typically from 5-7
years, this represents a relatively low risk, especially if fields are reestablished in the
spring, with a full year for cover strips to establish. This is the best management
practice that is typically followed by growers. In row and end of row buffer strips are
recommended BMPs, and were present in 100% of the operations that were visited as
part of this study. Field growers interviewed as part of this study used a variety of N :
P2O5 : K2O ratios, with 1 or 2 different fertilizer ratios used at each operation ([13] data
not shown). There did not appear to be a particular reason why growers choose a
particular fertilizer ratio at their operation.
Summary: The greenhouse, container nursery and field nursery operations that were
visited as part of this project reported a variety of irrigation and nutrient application
rates. Overall irrigation rates were lowest in field operations, followed by greenhouse,
with container operations often applying the highest amounts of water per irrigation.
There were often a wide range of nutrient application rates within similar management
units, leading to the potential for decreased application rates, since similar plants are
being produced in similar amounts of time, with less nutrient inputs with management
units at the lower range. In general, greenhouse and container operations could reduce
nutrient inputs for a number of crops and management units. Greenhouse and
container-operations typically had implemented a number of site-specific BMP’s that
reduced the potential for nutrient and water runoff at their operations. Field operations
that were visited had very low nutrient and irrigation inputs, and again were using a
number of recommended BMP’s to reduce the potential for nutrient and sediment runoff.
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Table 1. Gallons of water per acre applied per irrigation event, based on information
from site visits to 27 container nursery operations representing 155 management units,
and 17 field operations representing 29 management units. Quartile values are the
average of: the lowest 25% of values (lower), middle 50% of values (middle), and
highest 25% of values (upper).
Gallons per acre per application
Container
spring
Minimum

Container
summer

Field

784

784

600

8,469

9,827

3,485

14,210

24,444

11,244

Average

32,477

38,681

4,574

Upper
quartile

34,810

38,075

13,721

Maximum

375,000

375,000

53,434

Lower
quartile
Middle
quartile
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Table 2 Fertilizer rates reported by similar management units (MU’s) based on
information from 27 container operations in Maryland. The lower quartile is the average
of the lowest 25% of the values reported, average is the average of all values, and
upper quartile is the average of the top 25% of values reported. Plant density (which
impacts lbs/acre) was not taken into account, although in general container sizes and
spacings were similar.
Container size and
plant type

MU’s
represented

1-2 gal mums

3

.25- 1 gal woody
perennials

22

2 gal woody
perennials

12

3 gal woody
perennials

22

5 gal woody
perennials

21

7 gal woody
perennials

12

10 gal woody
perennials

6

15 gal woody
perennials

6

Statistical
value
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile

lb N/
ac/yr
30
56
82
195
609
816
104
477
633
196
607
870
205
485
674
172
412
485
361
816
830
443
725
1122
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lb P2O5/
ac/yr
10
21
30
84
269
346
92
188
243
85
224
335
64
166
225
56
131
163
106
233
230
132
217
321

lb K2O/
ac/yr
19
30
42
116
363
529
60
301
341
130
359
444
120
277
347
100
221
246
167
430
507
213
400
657
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Table 3 Fertilizer application rates reported by 17 field growers during site visits,
representing 92 management units. The lower quartile is the average of the lowest 25%
of the values reported, average is the average of all values, and upper quartile is the
average of the top 25% of values reported. Note that plant density (which will impact
lbs/acre) was not taken into account, although similar spacings were reported by
growers.
Plant type

MU’s
represented

Deciduous 6

Evergreen

13

Mixed

73

Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile
Lower quartile
Average
Upper quartile

Lb N/
acre/ yr
18
37
31
0
25
25
34
69
95
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Lb P2O5/
acre/ yr
0
10
19
0
6
8
8
21
23

Lb K2O/
acre/ yr
0
23
19
0
11
16
8
24
23
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Trace Gas Flux from Container Production of Woody Landscape Plants
S. Christopher Marble1, Stephen A. Prior2, G. Brett Runion2, H. Allen Torbert2,
Charles H. Gilliam1, Glenn B. Fain1, Jeff L. Sibley1, and Patricia R. Knight3
1

Department of Horticulture, Auburn University, AL 36849
2
USDA-ARS National Soil Dynamics Laboratory
411 S. Donahue Dr., Auburn, AL 36832
3
Mississippi State University Coastal Research and Extension Center, Biloxi, MS 39532
marblsc@auburn.edu
Index Words: trace gas flux, greenhouse gas, container production, woody landscape
plants
Significance to Industry: The agriculture industry is a large source of greenhouse gas
(GHG) emissions which are widely believed to be causing increased global
temperatures. Reduction of these emissions has been heavily researched, with most of
the work focusing on row crop and animal production sectors. Little attention has been
given to the environmental impact of specialty crop industries such as horticulture.
There is speculation that future legislation limiting CO2 and other GHG emissions from
agricultural production could occur. There is a need for all sectors of agriculture to take
preemptive action to determine ways in which management practices could be altered
to comply with possible new legislation and reduce GHG emissions. To determine
methods of reducing GHG from nursery container production systems, baseline trace
gas emissions (CO2, N2O, and CH4) from common practices must be established. The
objective of this research is to determine efflux patterns of CO2, CH4, and N2O
associated with different nursery container sizes under common production practices.
Our data show a significant relationship between container size and CO2 efflux, with flux
increasing as container size increased. Nitrous oxide flux was also highest in the largest
containers. Determining gas flux from different container sizes establishes both a
baseline for common nursery container production practices and the relative importance
of container size on GHG fluxes. If estimates on the number and size of containergrown plants are developed for each state, the relationship between potting media
volume and gas emissions can be scaled to develop estimates of industry-wide
emission levels.
Nature of Work: Many scientists believe that anthropogenic climate change is
occurring and will have serious environmental consequences. While it is still debatable
that man-made emissions are causing increases in global temperatures, it is known that
atmospheric concentrations carbon dioxide (CO2), methane, (CH4), and nitrous oxide
(N2O) have increased dramatically since 1750 (5). Agricultural production is a large
source of these emissions, trailing only energy production, and accounts for about 20%
of the annual increase in GHG (7). The ability of agricultural production systems reduce
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or mitigate GHG by altering production practices has been heavily researched (2, 8);
however, most of this work focuses on agronomic and animal production systems.
Almost no research has focused on the impact (either positively or negatively) of
specialty crop industries such as horticulture. Although horticultural production
encompasses much less acreage than agronomic crops, in many cases it is much more
intensive.
GRACEnet (Greenhouse Gas Reduction through Agricultural Carbon Enhancement
network) is a program initiated by the Agricultural Research Service of the USDA to
identify and develop strategies that will enhance soil carbon sequestration, reduce GHG
emissions, and provide a scientific basis for possible carbon credit and trading
programs (6). One of the goals of GRACEnet is to establish net GHG emissions of
existing agricultural systems, which must be determined in order to begin exploring
ways to reduce these emissions. GRACEnet’s primary objectives focus on determining
emissions from row crop and animal production systems; however, for horticulture
producers to benefit from the same carbon trading or offset programs, net GHG
emissions from horticulture production practices must also be established. The objective
of this research is to determine efflux patterns of CO2, CH4, and N2O associated with
different nursery container sizes under common production practices.
Materials and Methods: This experiment was conducted at the Paterson Greenhouse
Complex in Auburn, AL. On April 1, 2010, Ilex vomitoria ‘Nana’ (dwarf yaupon holly)
liners [approximately 2.5 cm (1 in)] were transplanted into four different nursery
container sizes: 3 L (trade gal; TG), 3.8 L(#1; 1 gal), 7.6 L (#2; 2 gal), and 11.4 L (#3; 3
gal). Containers were filled with a pinebark:sand (6:1 v:v) media which had been
previously amended with 8.3 kg·m-3 (14 lbs yd-3) of 17-5-11 Polyon control-release
fertilizer (10-12 month), 3.0 kg·m-3(5 lb yd-3) of lime, and 0.9 kg·m-3 (1.5 lb yd-3) of
Micromax. The study used seven replicates for each container size; there were no
differences in plant size at study initiation. All containers were placed in full sun and
received daily overhead irrigation [1.3 cm (0.5 in)] via impact sprinklers.
Trace gases emitted from the containers were sampled in situ weekly for 1 year (April 1,
2010 to March 31, 2011) using the static closed chamber method (3, 4). Custom-made
gas flux chambers were designed and constructed based upon criteria described in the
GRACEnet protocol (1, 11) to accommodate nursery containers. A structural base
consisting of polyvinyl chloride (PVC) cylinders [25.4 cm (10 in) inside diameter by 38.4
cm (15.1 in) tall] was sealed at the bottom. During gas measurement, the entire plantpot system was placed inside the base cylinder and a vented flux chamber [25.4 cm (10
in) diameter x 11.4 cm (4.5 in) height] was placed on top of the base cylinder. The top
flux chambers were constructed of PVC, covered with reflective tape, and contained a
center sampling port. Gas samples for CO2, CH4, and N2O were taken at 0, 15, 30, and
45 min intervals following chamber closure. At each time interval, gas samples (10 mL)
were collected with polypropylene syringes and injected into evacuated glass vials (6
mL) fitted with butyl rubber stoppers as described by Parkin and Kaspar (11). Gas
samples were analyzed with a gas chromatograph (Shimadzu GC-2014, Columbia, MD)
equipped with three detectors: thermal conductivity detector for CO2, electrical
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conductivity detector for N2O, and flame ionization detector for CH4. Gas concentrations
were determined by comparing to a standard curve using standards obtained from Air
Liquide America Specialty Gases LLC (Plumsteadville, PA). Gas fluxes were calculated
from the rate of change of the concentration of trace gas (CO2, N2O, or CH4) in the
chamber headspace during the time intervals while chambers were closed (0, 15, 30,
and 45 minutes) as described by Parkin and Venterea (12). Calculations in this study
were used to express data as mg (CO2-C) and ug (CH4 and N2O) trace gas per pot (per
day). Daily gas efflux from each sampling date, as well as yearly estimates of total trace
gas efflux (made by extrapolating daily averages over the course of one year) from each
pot size were subjected to Fisher’s Least Significance Test (p = 0.05) using the Proc
Mixed procedure in SAS (SAS® Institute version 9.1, Cary, NC).
Results and Discussion: Regardless of container size, CH4 efflux was consistently
around 0 for the duration of the study (data not shown). It is likely that these values
were close to or below the detection limits of the gas chromatograph. Given the
pinebark media was well drained, it is likely the anaerobic conditions needed for CH4
production did not occur in this study. Based upon the results from this study, CH4 efflux
does not appear to significantly contribute to total trace gas emissions from containergrown nursery crops.
Average daily trace gas emissions indicate a significant relationship between container
size and CO2 efflux (mg d-1), as flux increased as container size increased (Table 1).
This trend continued when total CO2 efflux was estimated over the course of one year
(Table 2). Plants grew larger in #2 and #3 containers (data not shown) increasing
autotrophic respiration, while decomposition of larger quantities of growth media
resulted in a greater loss via heterotrophic respiration.
Average N2O efflux (ug d-1) was highest in #3 containers, followed by #2 containers,
with no difference among #1 or TG containers (Table 1). Estimates of annual N2O efflux
also show that the highest loss N2O-N occurred in #3 containers. Due to the fact that
the fertilizer was incorporated on a volume basis, larger containers had more fertilizer
than smaller containers, causing a higher N2O efflux. In addition, all plants were uniform
in size at the beginning of the study and less fertilizer could be utilized by plants in
larger containers also leading to higher losses via N2O efflux.
Our data show that loss of both CO2 and N2O were greatest in the largest containers,
and there is a significant relationship between container size and trace gas emissions.
Estimates are now available on the number of container-grown plants in various
container sizes produced in Alabama (9). If other states develop estimates on numbers
of container-grown plants in different pot sizes, this relationship between potting media
volume and gas emissions could be then be scaled to estimate industry-wide trace gas
emissions. However, further investigation is needed to determine the impact of different
production variables such as growing media, fertilization and irrigation practices, and
plant species on trace gas emissions. It should also be noted that container flux data
not reflect net emissions as they do not account for carbon sequestered in growing
biomass, or the carbon sequestered by placing large amounts of carbon rich media
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(pinebark, etc.) belowground when plants are planted into the landscape (10). There is
still uncertainty regarding the overall impact of the nursery industry on climate change,
however results from this study begin to provide baseline data of trace gas emissions
from container nursery production.
Literature Cited:
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and Venterea, R. 2003. GRACEnet chamber-based trace gas flux measurement
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Table 1. Average daily CO2 and N2O efflux from container-grown woody landscape plantsz .
Mean Daily Efflux
y

Volume (L)

-1

N2O-N (ug d-1)

Trade gal.

2.05

CO2-C (mg d )
142.10 dx

1 gal.

3.15

174.87 c

121.56 c

2 gal.

5.15

218.06 b

279.68 b

3 gal.

10.10

278.02 a

767.13 a

Container size

83.76 c

z

Containers measured contained dwarf yaupon hollies (Ilex vomitoria 'Nana') in each container size listed (n=7).

y

Container volumes (in liters) show the amount of substrate [pinebark: sand (6:1 v:v)] in each container size.

x

Means were separated using Fishers Least Significance Difference Test in the Proc Mixed Procedure (p =0.05).

Table 2. Estimation of yearly CO2 and N2O efflux from container-grown woody landscape plantsz .
Yearly Efflux
Volume (L)y

Trade gal.

2.05

CO2-C (g yr-1)
51.89 dx

1 gal.

3.15

63.82 c

Container size

2 gal.

5.15

3 gal.

10.10

79.59 b
101.48 a

N2O-N (mg yr-1)
30.66 c
44.41 bc
102.08 b
280.00 a

z

Containers measured contained dwarf yaupon hollies (Ilex vomitoria 'Nana') in each container size listed (n=7).

Estimates were made by extrapolating daily averages over the course of one year.
y
Container volumes (in liters) show the amount of substrate [pinebark: sand (6:1 v:v)] in each container size.
x

Means were separated using Fishers Least Significance Difference Test in the Proc Mixed Procedure (p =0.05).
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BMPToolbox.org - Interactive Simulation Tools for Managing Water and Nutrients
in Container Nurseries
Jeff Million and Tom Yeager
Dept. of Environmental Horticulture, Univ. of Florida, IFAS, Gainesville, FL
jmillion@ufl.edu
Index words irrigation, model, nitrogen, runoff, woody ornamental
Significance to the Industry Interactive, web-based simulation tools are available to
help growers and grower-advisors evaluate and quantify effects that management
practices might have on water and nutrient use efficiency when producing ornamental
plants in containers. Production simulations are based on historical weather data so
that outcomes can be evaluated over a number of years. In addition to tools which help
make strategic decisions regarding best management practices, a real-time tool offers
day-to-day irrigation recommendations based upon estimated plant demand.
Nature of Work A team of researchers developed a plant growth model for simulating
production of woody ornamental plants in small (trade #1-3) containers with sprinkler
irrigation (1). CCROP (Container Crop Resource Optimization Program) mathematically
describes critical biophysical processes (e.g. plant growth and development,
evapotranspiration, nutrient release from controlled-release fertilizers, plant nutrient
uptake, leaching, etc.) and how these processes interact with environmental conditions
imposed by weather and management practices. Web-based tools
(www.bmptoolbox.org) were developed to 1) provide a user-friendly means for selecting
input management practices, 2) run CCROP simulations, and 3) view outcomes both
graphically and in tabular form. Historical weather data is obtained from the Florida
Automated Weather Network (FAWN; http://fawn.ifas.ufl.edu). Use of the
BMPtoolbox.org website is free-of-charge but users must login to an account.
Simulations can be stored under the account, which we have found useful for extension
educational programs. In the following section we will briefly describe the four tools
currently available (Table 1) and provide examples of how they might be used in
management practice decision-making.
Grower Tool This tool is designed to evaluate a single set of management practices.
Unlike the other tools, graphical output includes daily time-plots which can be useful for
evaluating changes that occur during the season (e.g. spacing, irrigation, plant growth,
fertilizer release). For example, the Grower Tool could be used by a grower in Quincy,
FL who wants to make some general plans for scheduling labor associated with
pruning, spacing, irrigation demand, and fertility for a March 1 planting of a fast-growing
woody ornamental in trade #3 containers. Liner transplants are started container-tocontainer in a triangular arrangement and then spaced one container diameter apart
when recommended by model. With this option, containers are spaced when leaf area
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index (LAI=leaf area/ground area) reaches three at which time light becomes limiting.
We select model-recommended irrigation which is based upon resupplying water lost
through evapotranspiration (ET-based) and apply a 12-14 month CRF fertilizer (18% N;
15% controlled-release N) at 3 lb N/ yd3 (99 g/container). A finish plant height of 30
inches is selected.
After submitting these Grower Tool inputs, daily time-plots can be viewed to get some
insight into scheduling questions. The user can view the mean response to multiple
years of weather data or select individual years to see how responses might change
year-to-year (Fig 1). Selecting plant height from the plant response drop down menu
shows that plants would typically be pruned 9-10 weeks after planting. Selecting leaf
area index from same menu shows that plants might need spacing approximately 16
weeks after planting. Selecting mean irrigation from water-response menu shows how
irrigation requirement changes during production from 0.1-0.2 inches at the beginning of
the season to a maximum of 0.5-0.7 in the summer followed by a gradual decrease
during the fall. From the same menu you might be interested to see patterns of
drainage, N leaching, and runoff that were projected to occur during each year’s
simulation and how rain is closely linked to significant leaching events. For total
irrigation demand, select summary to see that an average of 57 inches of water was
required. To see if N or water was limiting, select N sufficiency or water sufficiency
from plant-response menu in daily time-plots. For this example, N and water sufficiency
(0 = severe deficiency; 1 = no deficiency, optimal growth) were 1 throughout the season
indicating that the 3 lb N/yd3 rate and ET-based irrigation met plant requirements.
Repeating the example but changing fertilizer rate to 1.5 lb N/yd3 and irrigation rate to
0.5 inch/day results in N and water deficiencies developing in the second half of the
growing period.
Comparison Tools These tools help conduct virtual experiments by comparing several
levels of a given factor (e.g. plant date, location, fertilizer rate, irrigation) keeping all
other selected management practices the same. As an example, a company wanting to
compare production at two of their nursery locations, one in Marianna (North Florida)
and one in Homestead (South Florida) could run the Location Comparison Tool. If you
select the two locations and submit the same input management practices as the
Grower Tool example above, expected outcomes can be viewed graphically (Fig. 2).
Simulated crop time was 1 month shorter for Homestead than for Marianna when
planted in March and 3 months shorter in October. Simulated differences in crop time
had implications relative to estimated irrigation pumping costs and N leaching.
Interestingly, high runoff N was projected for the March planting in Homestead. Rainfall
results reveal that this was likely due to summer rains in Homestead (40 inches for
March planting but only 15 inches for October planting). Based solely on this
information, the nursery might opt to plant a fall crop in Homestead location and a
spring crop in Marianna to improve crop production efficiency.
Real-time Irrigation Tool This tool provides a daily irrigation recommendation based
upon applying enough water to bring the simulated water deficit back to container
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capacity. Weather is updated from FAWN weather stations at 2 a.m. each morning so
that the tool can use the past day’s weather to estimate the substrate water deficit that
needs to be replenished with irrigation. The tool allows the user to adjust (calibrate)
simulated plant growth if different from actual as well as enter important events such
spacing and pruning. An example of a real-time irrigation output is given in Fig. 3 for a
trade #3 woody ornamental planted 60 days earlier. The irrigation recommendation is
based on 100% irrigation uniformity so growers will need to adjust irrigation rates
according to actual irrigation uniformity measured in the field.
Technical Tool Geared for a more technical user, this tool allows a wider range of inputs
to be changed. For example, a user wanting to evaluate the effect of a substrate’s
volumetric water-holding capacity (default value of 25% is used for other tools) may vary
this input parameter incrementally and observe simulated effects on irrigation and
runoff.
In summary, we described how CCROP provides growers and grower advisers with an
interactive means to quantify effects of management practices on many aspects of
container crop production. Comparative values may be just as important as absolute
values as was demonstrated in the Location Comparison Tool example. While
additional tools will be added and current tools likely modified, we hope the use of
simulation tools will provide a fresh perspective on how management practices and the
environment might interact in container nurseries.
Literature Cited
1. Million, J.B., J.T. Ritchie, T.H. Yeager, C.A. Larsen, C.D. Warner and J.P. Albano.
2011. CCROP - Simulation model for container-grown nursery plant production.
Scientia Horticulturae 130(4):874-886.
Acknowledgements This project was made possible through grant support from the
USDA-ARS Floral and Nursery Research Initiative.
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Table 1. Description of currently available tools for running CCROP simulations
(www.bmptoolbox.org) to evaluate effects of management practices on plant growth and
water and nutrient use during production of ornamental plants in trade #1 and #3
containers.
BMPToolbox

Purpose

Grower Tool

Detailed simulation of one set of
management practices

Daily time-plots and
season totals

Comparison Tools

Run virtual experiments by
comparing several levels of a
factor (e.g. fertilizer, irrigation,
location, planting date)

Season totals

Real-time Irrigation
Tool

Tracks day-to-day progress of a
crop in real-time providing a
daily irrigation recommendation

Daily irrigation
recommendation and
daily time-plots

For technical user, allows user
to change all input variables

Daily time-plots
including cumulative
curves (metric units)

Technical Tool
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Fig. 1. Example outcomes from using Grower Tool to simulate production of a woody,
ornamental plant planted in trade #3 containers and grown in Quincy, Florida. Results
from only one year (2003) out the nine years of simulated plantings (2003-2011) are
shown.
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Fig. 2. Outcomes from using the Location Comparison Tool to simulate production of a
fast-growing, woody ornamental plant in trade #3 containers at two locations, Marianna
(North Florida) and Homestead (South Florida) and for two planting dates (March and
October).
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Fig. 3. The Real-Time Irrigation Tool provides a daily irrigation recommendation based
on the amount of water required to replenish simulated water deficit in container
substrate from the past day’s evapotranspiration.
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Alternative Substrates in Production of Trees in 25-Gallon Containers
Anna-Marie Murphy, Charles H. Gilliam, Glenn B. Fain, H. Allen Torbert,
Thomas V. Gallagher, Jeff L. Sibley, and Stephen C. Marble
Department of Horticulture, 101 Funchess Hall
Auburn University, AL 36849
murphan@auburn.edu
Index Words: container-grown, WholeTree, clean chip residual, pine bark
Significance to Industry: With a recent threat of diminishing available pine bark (PB)
supplies, nursery growers need information about possible amendments or alternatives
for their standard substrate mixes. Clean chip residual (CCR) and WholeTree (WT)
substrates have been identified as two possible pine-based high wood content
alternatives to PB for the production of annuals, perennials and woody ornamentals.
This study shows the possibility of using 100% CCR or WT in the production of large
container-grown trees (in 25-gal containers). The data suggests that while there are
differences in the physical properties of these two alternatives compared to PB, the
growth of three tree species (Magnolia grandiflora ‘D.D. Blanchard’, Quercus shumardii,
and Acer rubrum ‘Summer Red’) was acceptable and generally similar to a PB
standard.
Nature of Work: Pine bark (PB) supplies have wavered in availability over the past
couple of years due to a downturn in the economy, a shift to in-field harvesting where
bark is no longer brought to mills, and an increase in using PB as a biofuel material.
Research in alternative potting substrates has continued across the country in an
attempt to identify inexpensive, and locally available, substrate options that could offset
any lapses in pine bark availability. Two high wood content, pine-based, substrates
have been identified as potential amendments or replacements to pine bark in soilless
media. WT consists of the entire pine tree harvested from pine plantations, generally at
the thinning stage. It contains about 80% wood particles, 15% bark, and 5% needles.
Several studies have shown WT to be a viable substrate alternative to peat (4,5,6,7) in
the production of greenhouse-grown crops. CCR (approx. 50% wood, 40% bark, and
10% needles) was also evaluated as an alternative to peat in greenhouse substrates
(2), as well as an alternative to PB in the production of perennial and woody nursery
crops (1,3). CCR and WT were also evaluated together as potential amendments or
alternatives to PB in the nursery production of six woody ornamental species in full
gallon containers including ‘New Gold’ lantana (Lantana camara ‘New Gold’ L.), ‘Gold
Mound’ spirea (Spiraea japonica ‘Gold Mound’ L.f.), ‘Amaghasa’ azalea (Rhododendron
x ‘Amaghasa’ L.), tea olive (Osmanthus fragrans Lour.), ‘Rotundifolia’ ligustrum
(Ligustrum japonicum ‘Rotundifolia’ Thunb.), and ‘Soft Touch’ holly (Ilex crenata ‘Soft
Touch’ Thunb.) (8). Treatments consisted of 100% PB, WT, and CCR, and then
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treatments with either 25, 50, or 75% CCR or WT mixed with PB. Data from the study
showed that after 365 days, five of the six species tested showed no difference in
growth indices of any treatment compared to the PB standard.
Most of the previous research has evaluated production in 1-gal containers, and for only
one growing season. In continuing the search for alternative substrates, this study was
developed to evaluate long-term production with two particle sizes each of CCR and WT
in 25-gal container production of three common tree species. Container-grown 3-gal
liners of ‘D.D. Blanchard’ magnolia (Magnolia grandiflora ‘D.D. Blanchard’ L.), shumard
oaks (Quercus shumardii Buckland), and ‘Summer Red’ maples (Acer rubrum ‘Summer
Red’ L.) were potted into 25-gallon containers on April 22 and 24, 2009. Five substrate
treatments were evaluated, including two 100% WT treatments [0.64 and 0.95 cm (1/4
in and 3/8 in)], two 100% CCR treatments [1.91 and 2.54 cm (0.75 in and 1 in)] and a
100% PB control. Dolomitic limestone was incorporated into each substrate at 3.0
kg/m3 (5 lb/yd3). Fertilizer [17N-2.1P-9.1K (17-5-11) Polyon CRF (11-12 month release)
with blended minors (Harrell’s Fertilizer, Inc., Lakeland, FL)], at 5.0 kg/m3 (10 lbs/yd3),
was applied using a modified dibble method, where 75% of the pot was filled with
substrate, the plant was placed inside, and 590 grams of fertilizer was poured around
the root ball. The rest of the substrate was then placed around the root ball until the pot
was filled completely. Trees were watered with spray stakes (Netafilm PC Spray
Stakes; Double Spray; 6.6GPH) for 12 minutes twice per day [3.17 cm (1.25 in) total per
day] On March 8, 2010 (320 DAP), the trees were fertilized again (dibble method with
two holes per pot) with 590 g 17N-2.1P-9.1K (17-5-11) Polyon CRF (11-12 month
release) (Harrell’s Fertilizer, Inc., Lakeland, FL); this time without any blended minors.
Trees were grown for a total of 500 days. Physical properties [air space (AS), container
capacity (CC), total porosity (TP), and bulk density (BD)] were determined prior to
planting on base substrates (without incorporated lime). Substrate pH and electrical
conductivity (EC) were measured throughout the study at 30, 180, 365 and 500 DAP
using the pour-through method. Height and caliper were both measured at 14 and 180
DAP, as well as at study termination (500 DAP). Height (cm) was measured from the
substrate surface to the apical bud on each plant, while caliper (cm) was measured 15.2
cm (6 in) above the substrate surface. The experiment was a randomized complete
block design with 8 replicates for each species tested. Data were analyzed using
Tukey’s Honestly Significant Difference Test (p ≤ 0.05) in SAS (SAS® Institute version
9.2, Cary, NC).
Results and Discussion: While all container substrate AS and CC percentages were
within the respective recommended ranges (10-30% for AS; 45-65% for CC), there were
differences among treatments (Table 1). The 100% PB treatment had significantly less
AS (11.6%) than all other treatments, while the 3/8” WT treatment had higher AS
(32.1%) than the ¼” WT and both CCR treatments. With only one exception at 86.3%
(3/4” CCR), all container substrate TP percentages were also within the recommended
range (50-85%).
Except for the 100% PB treatment at 500 DAP (4.4), all pH values were within the BMP
recommended range for nursery crops (4.5-6.5) (Table 2) (9). As expected, pH values
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generally decreased over time, and were similar at all but one testing date (270 DAP).
At 270 DAP, all treatments were similar to the 100% PB standard (5.7) except for the
3/8” WT treatment (6.2). Values for EC followed the same general trend as pH, except
that by 500 DAP, the EC of all treatments had increased from an average of 0.13
mS/cm at 270 DAP to an average of 1.3 mS/cm (Table 2). This can be attributed to the
addition of dibbled fertilizer that occurred at 320 DAP. There were no differences
among treatments at any testing date for EC.
For height and caliper of both ‘D.D. Blanchard’ magnolia and shumard oaks, there were
no differences across any treatment at any testing date (14, 180, and 500 DAP) (data
not presented). For ‘Summer Red’ maple, there were no differences for height or
caliper across all treatments at 14 DAP, indicating that the plants were adequately
blocked for height at the beginning of the study (Table 3). At 180 DAP, the only
treatment that was different in height from the 100% PB control (248.8 cm) was the ¼”
WT treatment (201.1 cm). However, by 500 DAP, there were no differences for height
across any treatment. Differences in caliper occurred at both 180 and 500 DAP. Both
WT treatments (2.8 cm for both ¼” and 3/8” WT) were different from the 100% PB
control (3.3 cm) at 180 DAP, but by 500 DAP, the only treatment different from the
100% PB control (3.8 cm) was the ¼” WT treatment (3.4 cm).
While there were differences in physical properties between substrates, there were few
differences in growth parameters (height and caliper). This data suggests that WT and
CCR may be viable alternatives to PB in the production of large container-grown trees.
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Substrate Heat Buildup And Evaporation Rate Differs Between Plastic and
Alternative One Gallon Nursery Containers
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Significance to the Industry: Supra optimal root zone temperature of container-grown
plants limits plant growth and quality. High substrate temperature can cause water
stress, reduce photosynthesis, and increase respiration resulting in impaired plant
growth and development. Reducing absorption of solar radiation and increasing heat
exchange in the production container can reduce supra optimal substrate temperature.
The current study discusses the impact of container type on substrate temperature and
drying rate. The results demonstrate that the fiber nursery containers showed reduced
substrate heat buildup and had a higher evaporation rate compared to black plastic
containers.
Nature of Work: The importance of keeping substrate temperature below 100°F
(37.8°C) to avoid root injury is well documented (1). However, during warmer months in
the south eastern states it is common for the substrate temperature in black walled
plastic containers to exceed 107.5°F (42°C) for several hours (1). Although container
color has a greater impact overall, porous containers (clay, paper, peat, etc.) showed a
slower rise in root zone temperature than non-porous (plastic, glass, paraffin protected,
etc.) containers due to high latent heat of vaporization of water (2,3). One way to deal
with heat stress is to use alternative containers such as those with porous container
walls to improve heat exchange between the substrate and environment. In addition,
increased substrate evaporative cooling can occur in containers made from alternative
materials compared to solid, polyethylene containers (4). The objective of this study was
to evaluate the heat buildup and dry down rate of substrate in different alternative and
plastic containers. The study was conducted at the University of Kentucky. Four types of
one gallon nursery containers were evaluated with five replicates per container type.
They included a conventional black plastic container (C400, Nursery Supplies® Inc.); a
white plastic container (Proven Winners, LLC); and two pulp-based biocontainers:
Kord® Fiber Grow (FNP 0707, ITML Horticultural Products) and 7X7RD (Western Pulp
Products Co.). The containers were filled with equal quantities of an 85% pine park:
15% peat (vol/vol) substrate. The substrate was wetted to saturation and allowed to
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drain prior to filling each container. The containers were permitted to equilibrate to room
temperature for 30 minutes prior to initiating the experiments.
Heat transfer from the side wall to the substrate
The experiment was conducted under standard laboratory conditions with an ambient
air temperature of 68°F (20°C). Two incandescent (100 watts each) bulbs, about one
inch (2.5 cm) apart from each other in a tandem fixture was placed 6 inches (15.2 cm)
away from the container sidewall to provide heating for 90 minutes. After 90 minutes,
radiation flux density reflecting off the container wall was measured using a
pyranometer (LI-200, LI-COR® Biosciences, Lincoln, NE) connected to a LICOR-1400
data logger. After turning the light off, the temperature of the container wall was
measured using an InfraRed thermometer (Extech Instruments, Nashua, NH) aimed
approximately 3 inches (7.4 cm) away from the wall. The wall temperature was
measured at 2, 6 and 8 inches (5, 15.2 and 20 cm respectively) below the container rim.
Temperature at one inch (2.54 cm) depth of the substrate was measured using a digital
thermometer (Fisher scientific) at one inch (2.54 cm) away from the container wall, half
the distance between the container wall and at the center of the container (about 3.5
inches away from the container wall).
Moisture evaporation from the container under a controlled environment
The experiment was conducted in a controlled environment chamber with temperature
and humidity control (Parameter Generation and Control, Black Mountain, N.C.). A
temperature of 89.6°F (32°C) and 45% relative humidity was maintained to provide a
vapor pressure deficit (VPDair) of 2.6 k Pa inside the chamber. Weight measurements
of the containers were taken hourly for eight hours until there was no significant weight
change. There were five replicates for each nursery type container.
Results and Discussion
Flux density (W m-2) reflected from container wall was 19.3, 171.0, 95.9 and 117.5 for
the black, white, wood pulp, and Kord containers, respectively. The temperature of the
side wall in the black plastic container heated to above 122°F (50°C) after 90 minutes.
The substrate temperature (20 C at the start of the experiment), showed a 10.8°F
(6°C) increase in black plastic containers compared to the white and fiber containers at
one inch away from container side wall and a 5.9°F (3.3oC) increase 2 inches (5.1 cm)
from the side wall (Figure 1).
The substrate drying rate under controlled environment showed an increased rate in the
fiber containers compared to plastic containers. The moisture loss after 8 hours was
8.6, 8.8, 13.4, and 10.8% for the black, white, wood pulp, and Kord containers,
respectively.
It was evident from the study that the heat buildup in a conventional black plastic
container is significantly greater than fiber containers and that this was partially related
to the ability to absorb or reflect short wave radiation. Therefore, fiber containers could
improve plant production and quality by reducing the substrate temperature (4). The
increased evaporation from fiber containers could result in increased water demand for

Container Grown Plant Production

61

SNA Research Conference Vol. 57 2012

plants grown in these containers compared to plastic containers. Future research will
study the impact of temperature on water use in the field-grown plants in the plastic
versus alternative containers.
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Figure 1. Mean temperature build up on different parts of one gallon containers and
their substrate after exposure to 200 W m-2 flux density for 90 minutes. Pairs of
means with the same letter are not significantly different from each other (HolmSidak method, P>0.05).
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Significance to Industry: Any alternative substrate that is locally and readily available
to a nursery grower is the answer to the alternative substrate dilemma. However,
production management evaluations still need to be conducted. In our study, azalea
shoot growth was larger with overhead irrigation and a black fabric ground cover (OH)
for all substrates compared to low volume irrigation and a gravel ground cover (LV).
With OH, azalea shoot growth was greatest in all of the pine bark (PB) based substrates
that were amended with cotton wastes and 100% PB and was lowest in all of the whole
pine tree (PT) based substrates. Shoot growth in azalea with LV was greatest in PB
amended with cotton stalks composted with a nitrogen source and cotton gin trash.
Juniper shoot growth with LV and OH was higher in PB alone and PB amended with
cotton gin trash. Juniper root growth was also highest in LV with PB alone and PB
amended with cotton gin trash; while, there were no differences between substrates
with root growth with OH.
Nature of Work: Recent concerns that pine bark (PB) substrates could become less
available and more expensive have fueled a stimulus for research on the use of
alternative substrates (1). Nursery growers need accurate and timely advice about what
alternative substrates should be used and the advantages and limitations of various
alternative substrates. The best advice seems to be any alternative substrate that is
locally, and readily available to them since the primary goal of the alternative substrate
“movement” is to prevent losses in profit due to a rise in PB costs.
Throughout the southeast there is substantial cotton production. Best management
practices for cotton production include the use of “no-till” methods after harvesting,
cutting cotton stalks down, and leaving the debris in the field which can lead to a buildup of debris after several crop rotations (due to the woody nature of the cotton stalks)
making it difficult for new crops to be planted, fertilized, etc. (1). However, cotton stalks
can also be removed from the field, composted and used as a substrate amendment
(2).
Cotton gin trash is another waste product of cotton production. Large supplies of these
cotton wastes are locally available to the nursery industry and have been shown to be
viable substrate components when looking at physical properties and growth (2,5).
However, nursery management practices for containerized plant production with cotton
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waste amended substrates need to be further defined. Therefore an experiment was
conducted to further evaluate the use of composted cotton stalks (CS) and cotton gin
trash (CGT) for its use as an amendment to PB and PT based substrates for the
production of two nursery crops [Rhododendron obtusum (Lindl.) Planch. ‘Sunglow’
(azalea) and Juniperus conferta Parl. ‘Blue Pacific’ (juniper)] in two commonly used
growing environments [overhead sprinkler irrigation with black weed fabric covering the
ground (OH) and low volume irrigation with gravel covering the ground (LV)].
Cotton stalks were composted for 5 months either without the addition of a nitrogen
source (CS) or with a nitrogen source (CSN) [5 parts CS : 1 part Daddy Pete’s Plant
Pleaser (0.5-0.5-0.5), Stony Point, NC]. The PT-based substrates were produced from
whole pine trees (Pinus taeda) which were harvested, delimbed, chipped, and hammermilled with a cotton amendment through a 3/8” (9.5 mm) screen. There were seven
different substrates evaluated in this experiment: 4:1 pine bark: cotton stalks (PB:CS),
4:1 pine bark: cotton stalks + nitrogen (PB:CSN), 9:1 pine bark: cotton gin trash
(PB:CGT), 1:1 whole pine tree: cotton stalks (PT:CS), 1:1 whole pine tree: cotton stalks
+ nitrogen (PT:CSN), 4:1 whole pine tree: cotton gin trash (PT:CGT), and 100% pine
bark (PB) was used as a control for comparisons. These substrates were blended at
these ratios to achieve similar water holding capacities (5).
PB-based substrates were amended with 1 lb/9 ft3 (1.4 kg/m3) of lime incorporated at
mixing. Based on previous work, no lime was added to PT-based substrates (4).
Azaleas and junipers were potted into all of the different substrates on May 7, 2010. On
May 17th, PB-based substrates and the 100% PB control were top-dressed with 2.6 g N
[15 g (0.52 oz) fertilizer] and PT-based substrates were top-dressed with 3.4 g N [20 g
(0.71 oz) fertilizer] supplied by a polymer-coated, slow release fertilizer, 17-5-10 (17N2.2P-0.83K) (Harrell’s, Sylacauga, AL). OH was supplied using rotary spray nozzles
(R13-18, Rainbird, Tucson, AZ) that delivered 1.6 gpm. LV was applied by a spray stake
(PC Spray Stake, Netafim, Ltd., Tel Aviv, Israel) that delivered 3.2 gph. Irrigation volume
was managed separately for LV and OH to maintain a 0.2 leaching fraction (volume of
water leached ÷ volume of water applied) for each of the seven substrates. On August
26, plants were separated into shoots and roots. Only roots of juniper were harvested
and washed to remove substrate. All plant parts were dried for five days at 62C (144F).
To evaluate the effects of irrigation and ground covering on substrate temperatures,
temperatures of the substrates at a depth of approximately 1” (2.5 cm) were measured
on the south side of the container using a Hobo (U12 Outdoor/Industrial, Onset Hobo
Data Loggers, Bourne, MA).
The study was conducted at the Horticulture Field Laboratories, Raleigh, NC (longitude:
35o47’29.57”N; latitude: 78o41’56.71”W; elevation:136 m). The factorial treatment
arrangement of substrates was arranged in a RCBD. All variables were tested for
differences using analysis of variance procedures and lsd means separation procedures
(p > 0.05) where appropriate (6).
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Results and Discussion: Azalea shoot growth was larger with OH irrigation for all
substrates compared to LV (p>0.0001). The increase in azalea shoot growth with OH
was most likely due to the cooling effect of the water applied to the canopies as
evidenced by the azalea substrate temperature data (data not shown). With OH, growth
was greatest in azalea shoots in all the PB based substrates and 100% PB and was
lowest in all the PT based substrates (Fig. 1). Shoot growth in azalea with LV irrigation
was greatest in PB:CSN and PB:CGT and was lowest in PB:CS, PT:CS, and PT:CGT.
The 100% PB control and PT:CSN resulted in growth that was not significantly different
than any of the other substrates. Similarly, Jackson et al. found that pine bark amended
with cotton gin compost resulted in growth of ‘Winter Gem’ boxwood, ‘Firepower’ dwarf
nandina and ‘Midnight Flare’ azalea that was similar to or larger than the pine bark:
sand control substrate (3).
Juniper shoot growth with LV and OH was higher in the PB:CGT and PB control (Fig. 2).
Root growth was also highest in LV with the PB:CGT which coincided with the shoot
growth. Juniper root growth was lowest in PB:CS and PB:CSN and all the PT based
substrates, while the PB control was intermediate. With OH there were no significant
differences in root growth. Previous work proved that PT based substrates have greater
total porosity than the PB based substrates (5); but the PT based substrates did not
improve juniper root growth. Additionally, PB:CGT had the lowest airspace over the
growing season, but produced roots as large or larger than other substrates (Fig. 2).
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Figure 1. Effect of substrate on azalea shoot growth with two different production
methods. Plants were grown with overhead, sprinkler irrigation and black weed
fabric covering the ground (OH) or low volume, spray-stake irrigation system and
gravel covering the ground (LV). Means between substrates with different letters
are significantly different from each other based on lsd means separation
procedures (p>0.05). The substrates consisted of 4:1 PB : CS (PB:CS), 4:1 PB :
CS+N (PB:CSN), 9:1PB : CGT (PB:CGT), 1:1 PT : CS (PT:CS), 1:1 PT : CS+N
(PT:CSN), and 4:1 PT : CGT (PT:CGT) where PB = pine bark, PT = whole pine
tree, CS = composted cotton stalks, CS+N = composted cotton stalks with a
nitrogen source added during composting, and CGT = aged cotton gin trash.
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Figure 2. Effect of substrate on juniper root and shoot growth with two different
production methods. Plants were grown with overhead, sprinkler irrigation with
black weed fabric covering the ground (OH) or low volume, spray-stake irrigation
system with gravel covering the ground (LV). Means between substrates with
different letters are significantly different from each other based on lsd means
separation procedures (p>0.05). The substrates consisted of: 4:1 PB : CS (PB:CS),
4:1 PB : CS+N (PB:CSN), 9:1PB : CGT (PB:CGT), 1:1 PT : CS (PT:CS), 1:1 PT :
CS+N (PT:CSN), and 4:1 PT : CGT (PT:CGT) where PB = pine bark, PT = whole
pine tree, CS = composted cotton stalks, CS+N = composted cotton stalks with a
nitrogen source added during composting, and CGT = aged cotton gin trash.
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Significance to Industry: ‘New Gold’ lantana, ‘Homestead Purple’ verbena, and
‘Nirvana Red’ vinca were grown in a greenhouse for five weeks in a substrate consisting
of pine bark (PB) and peat moss (PM), and were fertilized with different sources of
phosphorus and potassium. Results indicate that poultry litter ash can be utilized as a
phosphorus (P) and potassium (K) source in greenhouse ornamental crop production.
Nature of Work: Global and domestic phosphate reserves are finite mineral resources.
At current production rates, global phosphate reserves are expected to last
approximately 50-100 years (3), while domestic reserves are projected to last less than
20 years (7). Global phosphate resources, on the other hand, are expected to last for
an estimated 300 years. However, quality of phosphate rock is expected to decline
while price is expected to increase, necessitating a search for alternative, sustainable
sources of phosphorus for agricultural applications. Biomass ashes, from bioenergy
production operations, have the potential to serve as nutrient sources for crop
production (8). One biomass source that is abundant, high in plant essential nutrients,
and is being utilized for energy production via combustion, is poultry litter. Poultry litter
has been intensively and successfully applied as a nutrient source for crops in poultry
producing areas, but transportation difficulties have severely limited land area available
for such application, leading to an accumulation of P in soils (5). Combustion of poultry
litter is one strategy that is being employed to concentrate nutrients contained in the
litter, thereby lowering shipping costs, as well as, satisfying environmental concerns.
The resultant poultry litter ash (PLA) contains essential plant nutrients including, but not
limited to, phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S)
in relatively high concentrations and has been successfully used as a P source for
agronomic crops (1, 2, 4). Since water solubility of PLA-P is very low (2), PLA could
serve as a naturally slow-releasing P source. These factors, along with its high pH and
calcium carbonate equivalence, make PLA a potentially ideal fertilizer amendment for
greenhouse crop production.
Materials and Methods: Two plugs each, from 105-cell trays, of three species,
(Catharanthus roseus (L.) G. Don ‘Nirvana Red’, Lantana camara L. ‘New Gold’, and
Viburnum canadensis Britton ‘Homestead Purple’) were planted into 1.6 L containers
filled with a substrate composed of PB and PM (4:1; v:v), placed on a raised bench in a
greenhouse, and grown for five weeks. Eight fertilizer treatments, including a control,
were applied to each species. The substrate amendments common to all treatments
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were 1.5 lbs yd-3 (0.89 kg m-3) Micromax (Scotts Company, Marysville, OH) and 5 lbs
yd-3 (2.97 kg m-3) pulverized dolomitic limestone. Nitrogen (N) was supplied as NH4NO3
(aq.), with an initial concentration of 250 ppm N. P was supplied as superphosphate
(SP) or PLA and was pre-plant incorporated at a rate of 0.8 lbs yd-3 P (282 g m-3).
Potassium (K) was supplied as KCl (aq.), at a concentration of 200 ppm K, or as PLA.
The PLA (0-7-5) was a product of North American Fertilizers, LLC (Benson, MN) and
SP (0-18-0) was a commercially available product (Hi Yield). The control group
received no exogenous N, P, or K. Substrate pH and EC were monitored weekly using
the Virginia Tech Extraction Method (9). At termination, flowers were quantified by
counting flower buds showing color. Recently matured leaves were collected, ovendried at 60 ˚C for 48 hours, and analyzed for nutrient content via ICP-AES. Plant tops
were harvested at the substrate surface, oven-dried at 60 °C for 48 hours, and weighed
to determine shoot dry weights (SDW). Root systems were assigned quality ratings
based on root coverage and overall root health. The study was a completely
randomized design (CRD) with five individual pot replicates. Data were analyzed using
PROC MIXED in SAS. Means were separated using Tukey’s Studentized Range Test
(α = 0.05).
Results and Discussion: Substrate leachate pH values ranged between 6.2 and 7 for
all treatments and all species at study termination. The treatment containing PLA as the
sole fertilizer amendment had the highest substrate leachate pH throughout the
experiment while treatments containing SP as the sole fertilizer amendments had the
lowest substrate leachate pH values throughout the experiment. Substrate leachate
electrical conductivity values ranged between 0.5 and 2.5 mS cm-1 at study termination
for all treatments and all species (data not shown).
‘New Gold’ lantanas fertilized with NH4NO3 + SP + KCl had the highest SDW while
those grown in treatments receiving no exogenous P had the lowest (Table 1).
Lantanas fertilized with NH4NO3 + PLA and with NH4NO3 + SP + PLA were significantly
larger than those receiving no exogenous P. Bloom counts were highest for plants
fertilized with SP. Lantanas fertilized with NH4NO3 + PLA were not different from those
fertilized with NH4NO3 + SP + 0. Lantanas fertilized with SP had the highest root
ratings, while those fertilized with NH4NO3 + PLA were not different from those fertilized
with NH4NO3 + SP + 0.
‘Homestead Purple’ verbenas fertilized with SP had the highest SDW, while those
fertilized with NH4NO3 + PLA were not different from those fertilized with NH4NO3 + SP
+ PLA (Table 1). Verbenas fertilized with SP and those fertilized with NH4NO3 + PLA
had the highest number of blooms at study termination. Root system ratings were
highest for verbenas fertilized with SP and with NH4NO3 + PLA, while those fertilized
with NH4NO3 + PLA + KCl and NH4NO3 + 0 + 0 were not different from others fertilized
with PLA.
‘Nirvana Red’ vincas fertilized with SP had the highest SDW, while those fertilized with
NH4NO3 + PLA were not different from those fertilized with NH4NO3 + SP + KCl and
those fertilized with NH4NO3 + SP + 0 (Table 1). Vincas fertilized with NH4NO3 + SP +

Container Grown Plant Production

69

SNA Research Conference Vol. 57 2012

KCl, NH4NO3 + SP + PLA, or NH4NO3 + PLA had the highest number of blooms, while
those receiving no exogenous P fertilization had lower numbers of blooms. Root
system ratings were highest for vincas fertilized with SP or with NH4NO3 + PLA.
‘Homestead Purple’ verbenas fertilized with SP were the only plants that had foliar P
concentrations within a reported sufficiency range (6) (Table 2). Plants fertilized with
NH4NO3 + PLA + KCl were not significantly different from those fertilized with NH4NO3 +
SP + PLA. All plants fertilized with PLA had higher foliar P concentrations than plants
receiving no exogenous P. Verbenas receiving no exogenous K and those fertilized
with NH4NO3 + 0 + KCl had foliar K concentrations below the reported sufficiency range.
Plant growth, however, was not affected for plants fertilized with NH4NO3 + SP + 0,
since this group had the highest SDW, bloom counts, and root system ratings.
Plants fertilized with PLA performed as well as those fertilized with SP is some cases.
Foliar P concentrations were below the reported sufficiency range for plants fertilized
with PLA alone. However, plant growth characteristics were not affected, in most
cases. Plants fertilized with PLA had foliar K concentrations that were within the
reported sufficiency range. Foliar K concentration, however, did not appear to affect
plant growth and quality parameters. Reduced uptake of P by plants fertilized with PLA
as the sole P source is believed to be the result of low water solubility of PLA-P. PLA
has great potential as a naturally slow-releasing P fertilizer amendment for greenhouse
crop production.
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Table 1. Plant growth characteristics as affected by fertilizer amendments.
‘New Gold' lantana
‘Homestead' verbena
‘Nirvana Red' vinca
Shoot
Shoot
Shoot
TreatmentZ
Bloom
Root
Bloom
Bloom Root
Root
Dry
Dry
Dry
Count Rating
CountY RatingX
Count Rating
Weight
Weight
Weight
NH4NO3 + SP +
11.23aW 59.2a
4.0ab
13.07a
7.4a
4.8a
9.46ab 22.8ab
4.8a
KCl
NH4NO3 + PLA
3.34d
29.8c
1.0c
7.05c
4.0b
3.6b
5.39c
17.2c
2.2b
+ KCl
NH4NO3 + 0 +
2.25de
5.8d
1.6c
2.69d
0.4c
1.4d
2.92d
11.6d
2.6b
KCl
NH4NO3 + SP
9.35b
54.4a
4.4a
12.59ab 10.4a 4.4ab
9.63a
26.6a
4.4a
+ PLA
6.65c
40.8bc
3.4b
10.65b
9.0a
4.2ab
8.04b 22.4abc 4.4a
NH4NO3 + PLA
NH4NO3 + 0 +
1.97de
2.8d
1.6c
2.95d
0.8c
3.6b
2.88d
6.8de
2.6b
0
NH4NO3 + SP
9.16b
50.2ab 4.2ab
14.38a
8.4a
4.8a
9.12ab 20.6bc
4.4a
+0
0+0+0
0.84e
0.0d
1.0c
1.54d
0.0c
1.0d
1.04e
5.4e
1.0c
Z
Treatments were: SP = superphosphate (0-18-0); PLA = poultry litter ash (0-7-5).
Y
Flower buds showing color at study termination.
X
Rating scale was from 1 to 5 and was based on root system coverage, health, and overall quality.
W
Means in columns followed by different letters are significantly different according to Tukey's Studentized
Range Test (α = 0.05).
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Table 2. Foliar macronutrient content of Verbena canadensis 'Homestead Purple'.
Calcium Magnesium Nitrogen Phosphorus Potassium Sulfur
TreatmentZ
Percentage
Y
X
0.52bc
3.73bc
0.50a
2.87c
0.52aW
1.22abc
NH4NO3 + SP + KCl
X
0.42cdX
4.02bW
0.39bcX
4.40a
0.54aW
NH4NO3 + PLA + KCl 0.95cd
X
W
X
X
1.11abc
0.55b
4.89a
0.08d
1.38d
0.43b
NH4NO3 + 0 + KCl
X
X
0.44cd
3.81bc
0.47ab
3.65b
0.52aW
NH4NO3 + SP + PLA 1.06bcd
1.26ab
0.49bcX
3.60bc
0.36cX
3.06c
0.49ab
NH4NO3 + PLA
W
W
X
X
0.58ab
5.10a
0.07d
1.05de
0.46ab
1.37a
NH4NO3 + 0 + 0
W
X
0.66a
3.55c
0.51a
0.72e
0.49ab
1.39a
NH4NO3 + SP + 0
0.33dX
0.85dX
0.08dX
0.98deX
0.13cX
0+0+0
0.78dX
Z
Treatments were: SP = superphosphate; PLA = poultry litter ash.
Y
Values in column followed by different letters are significant according to Tukey's Studentized
Range Test (α = 0.05).
X
Indicates a value that is below the sufficient range reported by Mills and Jones (1996).
W
Indicates a value that is above the sufficient range reported by Mills and Jones (1996).

Container Grown Plant Production

72

SNA Research Conference Vol. 57 2012

Assessing Biocontainers and a Sustainable Irrigation Regime
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Significance to the Industry: Current container nursery crop production consumes a
substantial amount of plastic and water, raising environmental concerns. Decreasing
consumption of plastic and reducing water use are practices that will assist the nursery
industry in achieving greater sustainability and protecting natural resources. This
research examined the use of biocontainers and a sustainable irrigation system to
determine how nursery producers can most practically and profitably adopt sustainable
practices. Preliminary results suggest there is no effect of container type on growth,
however, in some locations container type may affect mortality.
Nature of Work: Above ground nursery production and pot-in-pot production rely
almost exclusively on plastic containers. In 1993, approximately 240 million pounds of
plastic (58.8% of total plastics consumed by the nursery and floriculture industries) were
generated by the nursery industry in the manufacture of high-density polyethylene and
polypropylene nursery containers (2). Just 1% of horticulture plastics are recycled in
spite of the fact that plastic pots and trays are recyclable. Non-plastic containers are
slowly being adopted by a select number of businesses, however concerns exist about
durability during plant production and shipping, biodegradability in the landscape, and
plant growth during and post production (4). Research shows that consumers may not
only desire biodegradable containers but may be willing to pay more for them (7).
Water is essential to container nursery crop production. Because the nursery industry
has shifted from primarily field-produced crops to container-produced crops, the need
for irrigation water is increasing. Over 75% of nursery crops in 17 of the major nurseryproducing states are currently grown in containers (5). A container nursery with 70% of
the land in production under overhead irrigation could use between 14,000 to 19,000
gallons of water per acre per day during the peak-growing season. Scientists and
industry leaders anticipate less water available for production in the future (1). U.S.
municipalities in all or part of California, Florida, North Carolina, Texas and Oregon
have already responded to competition for water and/or concerns regarding water
quality and runoff with container nursery irrigation restrictions.
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The objectives of this work were to 1) test pulp-based containers for water use, plant
performance, and container strength in above ground production plots and pot-in-pot
production and 2) examine a conservative irrigation regime based on water
consumption for above ground container production.
Above Ground Container Experiment
In mid-May 2011, rooted Euonymus fortunei 'Roemertwo' Gold Splash® cuttings were
potted with 85% pine park:15% peat (vol/vol) into one gallon conventional plastic pots
(C400, Nursery Supplies® Inc.) or one of two pulp-based biocontainers: Kord® Fiber
Grow (FNP 0707, ITML Horticultural Products) or 7X7RD (Western Pulp Products Co.).
The pot sizes were 3.8 L for plastic and 3.9 L for both biocontainers. Plants were
fertilized with 8 g of 19.0N–2.2P–7.5K per container (HFI Topdress Special, Harrell’s
Inc.) or comparable fertilization. Irrigation application volume replaced 100% of the
water used since the previous substrate moisture measurement (6). Dielectric probes
(Decagon Devices, Inc.) connected to a datalogger were used to measure volumetric
water content (two probes per irrigation zone replicate). The datalogger program
calculated evapotranspiration and then opened solenoid valves for the appropriate time
to apply what was lost in evapotranspiration. Plants were irrigated twice daily.
Irrigation was applied through four overlapping Shrub Spray Sprinklers (570, The Toro
Co.) per irrigation zone. Emitters were mounted on 1.3-cm diameter risers at a height of
66 cm. Irrigation zones were 10 square feet. A single Rain Bird 13DE04K solenoid
valve (Rain Bird Corporation) provided irrigation for each treatment replicate. The
experiment was a randomized complete block design. There were three replicate zones
per treatment and 15 plants per zone. Sixteen border plants were included in each
zone but not utilized for data collection.
Above ground production experiments were conducted in IL, KY, MI, MS, WV, and TX.
Mortality, height, and growth index were recorded monthly from June through October.
Mortality was reported as the cumulative mortality for the season.
Pot-in-Pot Production Experiment
Betula nigra bare root liners were potted with 85 pine bark:15 peat (vol/vol) into seven
gallon containers in mid-June 2011. The containers were a conventional black plastic
pot (GL2800, Nursery Supplies® Inc.), Kord® Fiber Grow (FNP1514, ITML Horticultural
Products), and 15x13 RD (Western Pulp Products Co.). A GL6900 (15 gallon) container
served as the socket pot. A gap existed between the production and socket pot for
some container types. This gap was filled with bubble wrap and sealed. Copper
treated fabric was placed between each production and socket pot to prevent roots from
escaping the production pot and rooting into the soil. Container moisture content was
determined with a theta probe (ML2, Dynamax Inc.). Irrigation was applied to replace
100% of daily water use. Irrigation was delivered with one Tornado RayJet emitter
(Plastro Irrigation Systems Ltd.) per container. The study was conducted from July thru
October 2011. The experiment was a completely randomized design with eight
replications. Pot-in-pot experiments were conducted in KY, MI, MS, and TX.
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Results and Discussion:
Above Ground Container Experiment
Preliminary results are presented from El Paso, Texas and East Lansing, Michigan.
In Texas, there were no differences in plant height or growth index. Plants gained
approximately seven cm in height over the course of the experiment and the growth
index increased from approximately 11 at the beginning of the experiment to 18 at the
termination of the experiment. Plant mortality was significantly greater for the plastic
pots than either biocontainer, 60% mortality versus 20% in each of the biocontainers
(Figure 1). Plastic pots may have had substantially higher temperatures than
biocontainers. Plastic container temperatures can exceed 135 °F in the Southern US
during the growing season (3). Because fiber containers are porous, plants in them
may have benefitted from evaporative cooling.
In Michigan, there also was no significant difference in plant height or growth index
between pulp-based container and plastic container (control). The average height of
plants had increased from 12 cm (June 30, 2011) to 20 cm (Oct 18, 2011). The growth
index ((height + width1 +width2) / 3) had increased by five units during the experimental
growing season. The plant mortality was 13% in plastic containers, which was higher
than 2% in pulp-based containers. Plastic containers generally had greater temperature
than pulp-based containers. The biomass (dry weight) of each treatment was measured
on September 24, 2011. There was no significant difference in biomass between
treatments (Figure 2).
Pot-in-Pot Experiment
Preliminary results are reported for Crystal Springs, Mississippi and East Lansing, MI.
In Mississippi, there was no effect of container type on plant biomass. Plants gained
approximately 20 cm in height regardless of container type. Growth indices increased
from 40, based on measurements taken near the beginning of the experiment (July 21,
2011) to 58 in October 3, 2011. Minimal plant mortality occurred in the pot-in-pot
experiment and was independent of container type.
In Michigan, there was also no effect of container type on plant height and growth index.
The plant growth index had increased from an average of 23 cm (June 30, 2011) to 67
cm (October 3, 2011). The plant height generally increased by 40 cm regardless of
treatment. There was no plant mortality during the growing season.
In conclusion, these preliminary data suggest that pulp-based containers do not have
negative consequences on plant growth in above ground or pot-in-pot production. In
fact, plant stress may be reduced and survival may be greater in biocontainers
compared to conventional black plastic containers when used in above ground
container production. Future research will investigate water consumption and
temperature differences between biocontainers and conventional black plastic
containers, strength of biocontainers during and after production, and landscape plant
performance.
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Figure 1. Euonymus fortunei Gold Splash® mortality grown above ground in three
container types (El Paso, Texas).

Figure 2. Dry weight of Euonymus fortunei Gold Splash® grown above ground in three
container types (East Lansing, MI).
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Significance to Industry: The specialty crop and environmental horticulture market is
being bolstered by positive media press, from the “buy local” movement. Annual and
perennial plants retailers see a win-win for their green goods departments from
participating in the buy local phenomenon – increased revenues and profits from loyal
customers seeking and buying plants from markets that support the local growers, and
lower costs of sourcing the produce due to reduced transportation and inventory storage
costs as well as lower prices paid (price rations the increased local supply of plants) to
growers, as experienced and observed in demand or price elasticities and supply or
price flexibilities, respectively. Are these marketing tools and measurements
quantifiable at the local level and what are the implications of the calculations for
growers, marketers and consumers? Price and quantity data at the retail and grower
levels were collected for the 2010 and 2011 marketing seasons for seven annual or
perennial specialty crops produced and marketed in Georgia. Demand elasticities at
retail-level and supply flexibilities at farm-level were calculated for each of the crops,
with the results evaluated as to pricing implications for grower, marketer, and consumer.
Nature of Work: Demand or price elasticity is a measurement of the consumers’
purchase behavior (quantity purchased) when a perceived price change occurs. For a
normal good and a rational consumer, when a price increase is observed, the purchase
is of a lesser quantity, and vice-versa. Depending on the magnitude of the price
change, the purchase quantity will also vary; however, each plant price change elicits a
quantifiable change in quantity purchased. In formula, demand elasticity is calculated
as the percentage change in quantity purchased or demanded divided by the
percentage change in price, ΣD = %ΔQ ÷ %ΔP. Demand elasticity is measured at the
retail level.
Supply or price flexibility is a measurement of the price change observed at the grower
level when supply or production quantities change. Price rations supply with price
decreasing when an abundant supply exists; after all, if you don’t sell it, you smell it or it
goes on the mulch pile, so price must clear the inventory. With a supply shortage, price
is raised to ration the limited supply. The formula for supply elasticity is the percentage
change in price divided by the percentage change in supply, ΣS = %ΔP ÷ %ΔS. Supply
elasticity is measured at the grower level. In theory, the price elasticities and the price
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flexibilities should be approximate reciprocals of each other, and both carry negative
signs reflecting the inverse relationship between price and quantity.
The marketer is the intermediary between the grower and the consumer. Consequently,
as growers are enticed into producing more and more specialty plants or crops, supply
increases; as supply increases, prices paid by the marketer to the grower decline in
order to clear the harvested and marketable supply. At the other end of the marketing
channel, the marketer monitors consumers’ reactions to price changes via the quantities
the consumers purchase. At retail, the goal of price changes is to increase the green
goods department’s revenues (price multiplied by quantity), so knowing the typical
purchase response to an observed price change gives guidance to the retailer as to the
magnitude of a price change to implement and the expected sales response in sales
dollars (revenue). Hence, the double-edged sword of buying local is observed – the
demand elasticity at retail and the supply flexibility at the nursery or greenhouse.
The interaction of the supply and demand response to price changes can be validated
with the “cobweb theory” for the expansion and contraction of the production of
environmental horticulture. In response to an increase in demand for local plants (the
buy local concept), the supply at the nursery gate increases, and the price paid by the
buyer falls at the production site. Growers react to the falling prices and limit future
production (decreasing the farm level supply at harvest) with no apparent change in
demand at retail. With the decrease in supply at the farm level, the prices at both the
farm gate and the retail outlet increase; with the increase in price, the incentive to
increase production (and hence supply) occurs. Over time, the cobweb is woven.
Among marketers, this is often called the “price trap,” because of the movement toward
a stable, unchanging price. If a shock occurs, such as a hurricane or hail storm or
immigration legislation or diseased plant recall, either of the demand curves or the
supply curve may alter slope or elasticity resulting in a “new” cobweb to be developed –
perhaps expanding rather than contracting.
Price and quantity activity was tracked within the Georgia marketing season at both the
container nursery and greenhouse level (prices paid for specified quantities, paying
particular attention to sequential changes in supply and the resulting prices paid) and
the retail level (quantities purchased by consumers resulting from observed or
perceived price changes) for locally available specialty crops. The retail venues
monitored for calculating demand elasticities included two state-sponsored farmers’
markets and three community- or county-sponsored farmers’ markets, and four familyowned garden centers, whereby price and per customer purchase data were acquired.
Growing operations that each produced the environmental horticulture crops cooperated
in providing production (supply) data and prices received data for supply flexibility
computations. The primary data was supplemented with secondary data provided by
the individual retailer vendors and buyers.
The following table summarizes the observations taken from primary data and
combined with any appropriate secondary data to arrive at the price or demand
elasticity at the retail level and the price or supply flexibility at the producer level, if
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determinable. To gather appropriately accurate information, aggregation of data had to
occur. Interpreting the third entry in the table for hanging baskets, if the price of locally
grown hanging baskets were to decrease 10-percent (from $10.00/lb to $9.00/basket,
as an example), the quantity purchased would likely increase a mere 3.2-percent.
Evaluating the companion entry, if the supply of locally grown hanging baskets were to
increase 10-percent, the price paid would generally decrease 31.0-percent [price and
quantity are in opposite directions, hence the minus signs].
Item
Cut flowers
Annuals (bedding plants)
Hanging baskets

Measurement
stems purchased
flats purchased
production

Demand Elasticity
- 1.12
- 0.95
- 0.32

Supply Flexibility
- 0.90
1.05
- 3.10

Results and Discussion: Application of the quantified measurements of price flexibility
can be used to a marketer’s advantage if a desired contribution margin is to be
maintained. Contribution is selling price minus variable costs, with contribution divided
by selling price to arrive at the contribution margin percentage. In essence, the selling
price per unit is equated to100-percent and the desired contribution margin might be 30percent, leaving the variable costs to be 70-percent of the selling price. Knowing what
the purchase price of a particular produce is to be (this becomes the variable cost in the
contribution margin format) and the desired margin to be maintained, a new selling price
can be determined. For instance, if a produce buyer for a retail market buys cut flower
stems for 35¢ each and sells them for 50¢ each, the contribution of 15¢ is a contribution
margin of 30-percent. If, due to a reduction in farm level supply, the price to be paid by
the marketer rises to 40-cents each (the new variable cost from the price flexibility
computation) and the marketer desires to maintain the 30-percent contribution margin,
the new selling price should become 57¢ each. Demand elasticity and supply flexibility
combined with the cost-volume-profit or contribution margin analysis tool provide
mechanisms for answering a lot of “what-if…?” questions by the retail marketer.
Considering the table of values (above), marketers understand that if the demand
elasticity is elastic (elasticity > - 1.0), to increase revenue the marketer must lower price.
If the plants marketer has been selling cut flowers at $0.65/stem and decides to lower
the price 10% to increase revenues, with a cut flower price elasticity of –1.12, lowering
the price from $0.65 to $0.585 (a 10% decrease) will generate 11.2% more stems sold.
If the marketer has been buying cut flowers from a local grower for $0.30/stem and
selling them for $0.65, this results in $0.35 contribution (a 54% contribution margin).
Concerned that the marketer will have enough cut flowers to meet the increased
demand resulting from lowering the retail price, the marketer encourages local cut
flower growers to raise the total production by 20%. The supply elasticity of – 0.90
suggests that an increase in cut flower output by 20% will result in plants buyers paying
18% less in price to meet the expected rise in demand. Instead of the earlier
$0.30/stem price the marketer was paying the grower, a lower price to be paid of $0.25
is anticipated (price rations supply). With the new retail price of $58.5/stem and the
new price paid to the grower of $0.25/stem, the marketer realizes a new contribution of
$0.335, which is a 57% contribution margin. The marketer has been able to lower the
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retail price to the consumer while paying less for the cut flowers from the grower and
still increase the marketing margins and the revenues. The arithmetic of pricing favors
the intermediary (the marketer).
For the grower, realizing that unless his/her products are highly differentiable from other
growers raising the same specialty crop, as the aggregate supply increases due to the
demand encouragement of the buy local movement, the price received from the plant
buyer (the retail marketer) will decline by the calculated supply flexibility. What
appeared to be a “good thing” initially for the grower in terms of sales revenues from
producing, harvesting and marketing a specialty crop may be dampened by the reduced
price received from the environmental horticulture buyer if the total or aggregate
production supply increases.
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Significance to Industry: Farm safety net programs started in the throes of the Great
Depression, when farmers were facing historically low commodity prices, lost crops due
to the ravages of the Dust Bowl, and rural household incomes were one-third of the
national average. The Agricultural Adjustment Act of 1933 was enacted with the main
goal of reducing agricultural output by paying farmers to withhold some of their land
from cultivation, in order to raise crop prices. Today’s safety net agricultural policy is a
far cry from the purpose of this first farm bill, with price and income support programs,
agricultural disaster programs, decoupled income support, farm loan and related credit
programs, biofuels policy, conservation and environmental programs, and specialty crop
programs. With federal attention directed toward a balanced budget and cutting the
federal deficit, the timing possibly couldn’t be worse for the development of a 2012 farm
bill, except that within the farm bill are the mandatory programs of domestic food
assistance and nutrition. Will environmental horticulture and specialty crops be the last
programs to get into the farm bill, and consequently be the first ones removed?
Nature of Work: Each farm bill usually has a focus – conservation, community
development, commodity programs – with is borne out in the title of the enacted
legislation. A watershed moment occurred with the 1996 farm bill, known as the
Federal Agriculture Improvement and Reform (FAIR) Act, which eliminated set-aside
requirements for program eligibility, ended the deficiency payment/target price system,
established fixed, decoupled payments linked to past production, and retained a
marketing assistance loan program should commodity prices fall. Within a few years
after passage of the FAIR Act, Congress resumed its old habits of piling on top of the
existing policy framework. The Asian financial crisis in the late 1990s led to a decline in
demand for US ag exports, and a drop in commodity prices and farm income. Congress
responded by providing “market loss assistance payments,” which were replaced in the
2002 farm bill by price-based countercyclical payments which were supplemented by a
revenue-based “average crop revenue election” option. So what does this have to do
with specialty crops and environmental horticulture? And why is there concern about
the 2012 farm bill?
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In the 2008 (current) farm bill, groups representing specialty crop producers formed an
effective political coalition for the first time, demanding their “piece of the action.” The
coalition declined to seek direct subsidies or similar forms of support (such as row crop
producers – cotton, corn, soybeans, etc.) receive. Instead, these groups sought funds
to help increase demand for products or reduce production costs. The “title” or chapter
of the farm bill devoted to specialty crops maintained strong opposition to allowing
specialty crops to be planted on base acres from row crop programs; recognition of
being agricultural enterprises was more important than taking land from food and row
crop production. The specialty crop title was funded at about $1 billion for the 2008 –
2017 period, plus additional programs in other titles were directed toward specialty
crops – agricultural disaster assistance and crop insurance, conservation and
environmental programs, working lands programs, commodity programs (food and
nutrition), and biofuels. Funding for USDA/NASS surveys for floriculture and nursery
crops would continue, so that public information on the industry would be available for
all stakeholders.
Specialty crop block grants were provided to state governments based on the
respective share of overall specialty crop production in that state; the grants can be
used to “improve the competitiveness of US specialty crops.” Pest and disease
management research programs were also funded for early pest detection and
surveillance, provision of “clean” propagative material to growers, and specialty crop
research. The organic programs are also nestled in the specialty crop title, with organic
conversion cost sharing provisions, data collection and reporting, and organic research
and extension. Lastly, technical assistance for specialty crops grant were funded to
help resolve trade sanitary and phytosanitary issues.
Results and discussion: Late fall 2011 witnessed a scurry of activity by a supercommittee of 12 individuals representing both House of Representatives and Senate as
well as Republicans and Democrats with the responsibility of trimming $1.5 trillion or
more off the federal budget within a ten year timeframe, all the while juggling revenues
with expenditures. Thanksgiving 2011 brought news of the inevitable – the supercommittee couldn’t accomplish the task, ending in a super failure. With the stalemate,
full sequestration appears in order where automatic cuts to the budget deficit will occur
beginning in 2013, with no sacred cows. Included in the current plan are cuts to the
agriculture baseline over the next ten years primarily from elimination of direct payments
(of concern to row crop farmers), reduced subsidies for crop insurance (companies and
producers), and adjustments to target conservation programs – the latter two have
effects on specialty crops.
Mandatory programs are established on a long-term basis by committees of jurisdiction,
and payments are generally made to anyone who qualifies, without annual overall
limitations. The largest programs in this category make up the US social safety net:
social security, Medicare, Medicaid, and domestic nutrition assistance programs (food
stamps and school lunch and child nutrition). The category also includes agriculture
programs such as farm support and crop insurance programs, and these programs are
often referred to as ‘entitlement’ programs.
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The farm program and food stamp spending combined account for just over 2% of the
federal budget in 2010. Both policy topics are in the Farm Bill discussions, with food
stamp spending being a full 2% itself of the federal budget. If the mandatory
sequestration is imposed, 54% of current agriculture-related spending must be
protected. Exempted programs would include the Supplemental Nutrition Assistance
Program (SNAP; the food stamp and nutrition assistance program), child nutrition,
including school meals, and the conservation reserve program (CRP) under the
Agriculture Committee jurisdiction. Estimates of agriculture commodity program cuts
with sequestration are approximately $14-$15 billion over ten years, $6.5 billion from
conservation programs, and $4-$5 billion from nutrition programs. In fall 2011,
announcements were made about curtailing many of the production and marketing data
surveys for several crops, including nursery and floriculture crops, due to budgetary
constraints.
What turf is involved in the battle for the Farm Bill? The farm safety net programs
provided through the Farm Service Agency (FSA) and the federal crop insurance
program fun by USDA’s Risk Management Agency (RMA), the Natural Resources
Conservation Service programs, the Environmental Protection Agency’s pesticide
licensing and geographic programs, agricultural productivity research including invasive
species, trade promotion programs all include provisions for specialty crops. The
domestic nutrition programs of the Supplemental Nutrition Assistance Program, child
nutrition programs (school breakfasts, lunches, after-school snacks and suppers),
Women, Infants, and Children (WIC), and other programs and administration - all effect
production and revenues from specialty crops – are facing limited cuts. Related federal
agencies include the Food and Drug Administration’s Center for Food Safety and
Applied Nutrition, the National Institute for Health, the Center for Disease Control, and
the US Department of Agriculture’s Agriculture Research Service, National Agricultural
Statistics Service, Economic Research Service, and Agricultural Marketing Service.
So what will be bottom line on the 2012 Farm Bill and the role of specialty crops and
environmental horticulture? Are they on the ‘chopping block?’ Food horticulture as a
specialty crop will be involved, but it is questionable about the environmental
counterpart. As Mark Twain is reported to have said, “Those who like policy and
sausage should watch neither being made.” As of early December 2011, a 2012 Farm
Bill with titles, details, and implementation guidelines may be a long time in coming.
Selected References: Available upon request.
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Significance to Industry: We are focused on providing the nursery and greenhouse
industry with cost-effective tools and real-time information, to make more timely
decisions not only about irrigation and nutrient management, but wherever possible, for
other aspects of the operation. One key tool has been the information provided from a
simple weather station. Traditionally, the barrier for making weather-based decisions
has been the time it took a person to manually take data (typically once a day); also the
lack of specificity from that once-a-day measurement to conditions at other times of the
day. However in the past few years, the availability of cheap, but reliable sensors,
combined with the ability to log and transmit that data from radio nodes in the field to a
computer in the office (or directly over the internet) has transformed our ability not only
to precisely measure weather data, but also to translate and use that information for
better decision-making. Wireless sensor networks are now commercially available and
for an investment of a few thousand dollars, a grower now can measure microclimatic
data which is specific to their nursery operation. This paper provides an insight into how
that weather data can be used to make better management decisions.
Nature of Work: Our project’s [1] primary goal is to provide real-time information from
sensor networks to growers, for daily irrigation management decisions. We are focused
on (1) ensuring that we minimize the cost of investment, by understanding which
information gives the most benefit to growers, and which application provides a rapid
return on investment; (2) maximizing the quality of the data, by correct use of various
sensors (i.e. right sensor, right placement and right calibration) and (3) ensuring that
users can easily display, understand the information and make a correct decision based
on that information. Understanding the value of the decisions made by growers using
this information then better informs our development teams about the information that
provides the most benefit, and for us to calculate specific returns on investment.
Having this real-time monitoring capability can have major benefits not only on reducing
water and nutrient use, but also pest and disease management decisions. Figure 1
illustrates a typical weather node in a field nursery environment, consisting of an
anemometer (giving wind speed and direction), a light sensor (measuring
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photosynthetically active radiation, PAR), a rain gauge (rainfall); air temperature and
relative humidity sensors and leaf wetness sensor (measuring condensation, e.g. dew).
The wireless radio node logs the data from the sensors at a time interval specified by
the grower (typically 1-15 minutes), and transmits data at a specified time period
(typically every 5 minutes) [1; 2; 3]. A basic network consisting of this weather node,
the sensors, base radio station (for downloading the data to an office computer) and
display software currently retails for about $2,250. Additional nodes and sensors (e.g.
for soil / substrate monitoring) would add about $1,200 per node, but would require no
further base station or software investment. Networks are scaleable (i.e., problem
areas or specific indicator crops can be monitored, as and when), nimble (i.e., nodes
can be moved around and reconfigured at any time) and robust. We have had nodes
and sensors deployed in the field for more than three years in Maryland throughout the
year. Equipment does require routine maintenance (1-2 times per year), but has proven
to be very reliable, providing accurate information with only occasional interruptions,
mostly caused by power outages in the office with the base receiver. The ‘AA’ batteries
that provide power to the radio nodes typically last at least 9 months (i.e. a whole
growing season).
Results and Discussion: The primary information received from a weather node is
illustrated in Fig. 2, as displayed by the software (DataTrac v.3; Decagon Devices, Inc.
Pullman, WA). This environmental data can be downloaded and the graph is updated
with new information, whenever required. Temperature (T), relative humidity (RH), leaf
wetness (presence of dew on leaves) and wind speed data can be used to make timely
decisions for labor-intensive and sensitive activities such as spraying. Precipitation or
irrigation volume data, combined with soil moisture data can be used to precisely
schedule irrigation events, to minimize leaching from the root zone [3; 4; 5; 6].
However, it is the additional information (derived from this primary data) which allows
even greater insight into plant, insect and disease management. The Datatrac software
can be configured to automatically calculate this information for growers by configuring
“grower tools” (Fig. 3). For example, degree days and chilling units (calculated from air
temperature), vapor pressure deficit (Fig 3) and daily light integral (Fig 4), can be
automatically calculated and displayed. Since crop and insect development is strongly
tied to the daily air temperature above a certain threshold value in the absence of
stress, degree-day information is extremely valuable for integrated pest management
decisions or for the prediction of plant development events, such as flowering.
Providing an exact degree-day accumulation for a specific production area provides
very precise information for a grower to predict pest emergence or development, with
changing temperature conditions from year to year. Similarly, an early warning of
minimum temperatures in the field for frost protection is a primary reason that many fruit
growers invest in this kind of technology.
We are using vapor pressure deficit (VPD) and daily light integral (DLI) measurements
to provide predictive information about crop water use, as a tool to automatically
schedule irrigation events, in addition to substrate-based moisture set points [4; 7; 8].
We illustrate how we are doing this for snapdragon production in this proceedings [7].
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New software under development by our group [9] is allowing for the automatic
integration of this environmental data into crop-specific water-use models, so that the
grower will be able to pick specific indicator species and track daily water use in their
nursery [8]. This approach is also allowing us to develop other environmental modeling
tools, e.g. to assess stormwater retention by green roofs [10].
In summary, relatively low-cost commercial sensor networks are now available which
can provide environmental information which until recently was very expensive,
imprecise or difficult to obtain. Although we do not have exact return on investment
data at this point, we feel confident that an investment in this technology can reap
substantial benefits in timely decisions, to improve the efficiency of daily nursery
management decisions by growers.
Acknowledgement: We gratefully acknowledge the support of USDA-NIFA, under
Specialty Crops Research Initiative Award # 2009-51181-05768. We also gratefully
acknowledge equal financial support from the Growers, Universities and Companies
involved in this project. Without this support, none of this research and development
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Fig. 1. Weather station wireless node
in the field, with (from top), an
anemometer (wind speed and
direction); light sensor (measuring
photosynthetically active radiation,
PAR), rain gauge (rainfall); air
temperature and relative humidity; leaf
wetness sensor (dew) with a wireless
radio node (open white box) which logs
and transmits data at a specified time
period (typically every 5 minutes).
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Fig. 2. Computer software interface showing data plotted on an office computer from
the weather station. The data plotted show photosynthetic radiation (purple), relative
humidity (blue), air temperature (red), rainfall (blue bars) and wind speed (green) for a
single day. Data can be downloaded and the plot updated with new information,
whenever required.
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Fig. 3. DataTrac (v.3) software configuration of grower tools, in this case, calculation of
vapor pressure deficit (VPD) from temperature and relative humidity data. VPD is what
plant stomata react to in balancing leaf temperature and regulating water loss.
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Fig. 4. DataTrac (v.3) software configuration of daily light integral (DLI). DLI measures
the total amount of intercepted radiation (PAR), which is the primary driver for
photosynthesis and plant growth.
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Significance to the Industry: Collection of real-time inventory data based on manual
methods is expensive, time consuming, and often imprecise. A collaborative team from
industry and academia is utilizing an unmanned aerial vehicle, and, an off-the-shelf
camera to collect low-altitude, high spatial resolution aerial images with a goal of
automating the inventory process. Selected images acquired using the aerial vehicle are
processed using an object based image analysis software. Results using this approach
reveal the opportunities, as well as challenges, of high resolution aerial remote sensing
for nursery inventory management.
Nature of Work: The current approach to acquiring plant counts in a nursery utilizes
manual methods which can be expensive, time consuming, and often imprecise. As a
result, nurseries and Christmas tree growers frequently rely on estimates of a portion of
the crop to determine current inventory. Automating this process has the potential to
reduce labor inputs, increase process accuracy, reduce workforce strain and provide
monetary savings for plant producers. To evaluate the ability of aerial imagery to
provide inventory data, a collaborative team identified off-the-shelf hardware and objectbased image analysis (OBIA) software that could be integrated to create a remote
controlled multi-rotor remote sensing system (MRRSS) in May of 2010.
The MRRSS (Basicset Hexa XL with MD 2 Camera Mount) utilized in the current
research was assembled from commercially available components (MiKroKopter US,
Watsonville CA). The hexa-copter is capable of vertical takeoff and landing in a manner
similar to a helicopter, which allows it to be launched and landed with ease on varying
terrain. The MRRSS is capable of being flown using a commercially available multichannel remote control (R/C) transmitter and has the ability to lift a payload of
approximately 0.9 kg (2 lbs). It uses Lithium Ion Polymer (LIPO) batteries as its power
source and depending on the weather, payload, and battery capacity has a flight time of
8-24 minutes. The camera mount (MD 2 Camera Mount, MiKroKopter US, Watsonville
CA) installed on the MRRSS platform is controlled by gyros which maintain the camera
or other sensing device perpendicular to the nursery production surface. This camera
mount position can be controlled using the R/C transmitter. The MRRSS control system
consists of an on-board and a ground station subsystem. The on-board navigation
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system, using low cost inertial sensors, pressure sensor, global positioning system
(GPS) and a computer, is capable of providing continuous estimates of the MRRSS in
flight position (latitude, longitude, and altitude). The on-board computer records flight
details in a keyhole markup file (KML) format that can be visualized using Google Earth.
The ground station subsystem serves as an interface between a human operator and
the MRRSS to implement mission planning, flight command activation, and real-time
flight monitoring. The navigation system also accepts GPS waypoints (a reference point
used for purposes of navigation) preloaded before flight or in-flight acting as autonavigation while in flight. This navigation system also allows the user to easily retrieve
the MRRSS while in flight and has the capability to go back to its specified starting
position. The MRRSS has a built-in software tether that limits the flight distance to 250
m (850 ft).
The mounted camera/sensor can be activated at pre-determined interval or by the user
using a R/C transmitter. The ability to save and upload waypoints is especially important
as it allows ease of repeated flights for temporal comparison of previously collected
data. This platform could potentially be used on an ‘as needed’ basis by growers. Other
advantages of this platform are its low turnaround time for providing acquired imagery
(available after landing the unit); high spatial resolution, and the ability to obtain the
image at any desired point in time.
Aerial images were taken at Bailey Nurseries, Yamhill, OR on August 11, 2011 using a
Sony NEX-5 camera with a Sony SEL 16mm f/2.8 wide-angle lens (Tokyo, Japan). The
MRRSS was flown at three altitudes (35, 60, 85m) above a production block of sheared,
#1 (2.5 L) container-grown, ‘Rose Glow’ barberry [Berberis thunbergii f. atropurpurea
(CHENAULT) REHD. ‘Rose Glow’] which were grown on a bed of crushed gravel.
Orange cones that were visible in the images were placed on the ground to mark the
area of interest. The number of plants within this marked area was counted once by an
individual prior to flight. Three or more photographs were taken at each elevation above
the area of interest. The images from each altitude were viewed manually and an image
with optimal image focus and field of view was selected to be analyzed using OBIA
approach.
The OBIA approach was adopted to extract barberry plants in a two-step process
involving image segmentation and classification based on spectral and contextual
information (1). A segmentation resulted in vector boundaries of individual plants, when
combined with spectral values for each barberry plant and contextual information
between plants, thematic classification was generated by applying Feature Analyst v.5.0
for ArcGIS software (Overwatch Textron Systems, Austin, TX) to the selected image.
For classifying plants, the genetic ensemble feature selection (GEFS) neural network
algorithm (2), implemented in Feature Analyst, was used. The algorithm created a
boundary file around objects of interest (barberry) using the contextual and spectral
information provided in the form of training sets. The initial segmentation generated
vector boundaries for image objects that included barberry plants, overlapping barberry
plants and shadows. The total number of barberry plants, in the initial run, was greater
than the actual numbers counted in the test area. An iterative process available within
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the software was used to improve on the initial run. The end point for the iteration
process was signaled beyond which the number of plants obtained through
classification process again started to increase. At that stage, the resultant polygonal
shape-files were converted to point shape-files and the numbers of points designating
barberry plant positions were manually counted (Figure 1). It may be noted that these
results are preliminary in nature and likely to change by optimizing various shape/size
and spectral related options available in Feature Analysis software.
Results and Discussion: The overall accuracy of the ‘Rose Glow’ barberry count by
the non-optimized software was 95%, 88%, and 94% for elevations of 35, 60, and 85m,
respectively (Table 1). These results show that count accuracy does not necessarily
correlate to the altitude at which the image was taken. It should be noted that flying at
the higher altitude does result in covering a larger ground area in a single image frame.
In practical sense, if count accuracy is not affected by the altitude, then flying at the
higher altitude is preferable as it would mean reduce the number of images to cover a
nursery/Christmas tree farm.
Summary: The results provide a foundation for future work using MRRSS and object
based analysis software to count plants in an open-field nursery or Christmas tree farm.
Acknowledgements: This research was partially supported by funding from the J.
Frank Schmidt Family Charitable Foundation, the Oregon Association of Nurseries and
the Oregon Department of Agriculture. We would also like to thank the J. Frank Schmidt
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Figure 1. Example of ‘counted’ barberry image taken at 35 m. A blue dot represents a
single count by the algorithm.
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Table 1. Effect of flight altitude on count accuracy for #1 container-grown ‘Rose Glow’
barberry on a gravel pad.

Elevation
above
ground,
(m)

Total
Plants
(ground
truth)

Computer
generated
count

35
60
85

850
850
850

864
821
824

Missed
Plants

Double
Counts
(same
plant)

Triple
Counts
(same
plant)

23
52
27

35
23
1

1
0
0

Overall
Net Count
Count
AccuracyZ AccuracyY

97
94
97

95
88
94

Z

Net count accuracy: measure of all the plants correctly identified
through OBIA approach compared to manual count
Y
Overall count accuracy: measure of overall accuracy of OBIA
approach by including missing as well as unidentified points on the
analyzed image.
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Significance to Industry: Pines (Pinus L.) are important to the lumber, conservation, and
nursery/landscape industries. Although not native to Kansas, pines are fast growing and
adaptable to various growing conditions making pines highly valuable tree species for
Kansas. These qualities have led to an increase in the use of Scots (Pinus sylvestris) and
Austrian (P. nigra) pines in Christmas tree and windbreak plantings as well as widespread
use in Kansas landscapes. In the last 30 years, Kansas has experienced an increase in
the death of trees and due to the spread of pine wilt, a fatal disease caused by the
interaction between pinewood nematode (Bursaphelenchus xylophilus) and pine sawyer
beetle (Monochamus spp.) (1). Choice feeding preferences of the southern pine sawyer
beetle (SPSB), Monochamus titillator, were evaluated using four species of pine as a
preliminary investigation to determine the potential of pine wilt tolerant/resistant pine
species. The pine species selected for this study consisted of one exotic species; Pinus
sylvestris (Scots pine) and three native species; P. ponderosa (ponderosa pine), P.
strobiformis (southwestern white pine), and P. taeda (loblolly pine). Species were
selected based on foresters’ perceived disease susceptibility. Scots pine is widely
recognized as the most susceptible across the region whereas, native pines are generally
considered resistant unless otherwise stressed. The objective of this study was to
determine if SPSB feeding preference partially explains tree species susceptibility to pine
wilt.
Nature of Work: In April, 2011, trunk sections and main lateral branches from three
Scots pines previously confirmed to have died from pine wilt were placed into 162 L (42.8
gal) translucent, polyethylene containers or a screened enclosure prior to adult SPSB
emergence. No lateral shoots or needles were placed in emergence containers to prevent
beetle feeding upon emergence. SPSB emergence was observed approximately four
weeks later in May, 2011. Each morning, newly emerged beetles (less than 24 hrs. old)
were placed into 90 L (23.8 gal) translucent polyethylene containers, which served as
feeding arenas for the choice experiments. Each feeding arena contained one shoot of
current season growth for four pine species (Pinus sylvestris, P. ponderosa, P.
strobiformis, and P. taeda). Pine shoots were placed into 250 ml (8.5 oz.) flasks filled with
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tap water and sealed with parafilm to prevent the beetle from entering the water. There
was 7 in (17.8 cm) of shoot length exposed above the parafilm for beetle feeding. One
sample, each of the four species, was placed randomly in a quadrant of the feeding
arena. Beetles were placed into the center of the feeding arena, sealed with a lid. Feeding
arenas were arranged in a randomized complete block design with beetle emergence
date as the blocking factor. The choice feeding trial consisted of 11 feeding arena
replications. Beetles remained in the arena for 48 hours and were then collected for
species identification and sex determination. Shoot samples were assessed for feeding
site area and feeding area percent [(feeding site area ÷ total shoot surface area) × 100]
using a leaf area scanner system (WinFolia, Regent Instruments Inc., Ottawa, Ontario).
Data associated with feeding area and percent feeding data were transformed using a
square-root transformation method and analyzed using the least square means approach
with the PROC Mixed procedure in SAS (2).
Results and Discussion: Southern pine sawyer beetle, Monochamus titillator, was the
only species recovered from the emergence containers with roughly 50% male and 50%
female specimens. Feeding area and percent feeding data revealed that P. sylvestris, P.
ponderosa, and P. taeda were preferred feeding hosts for SPSB while P. strobiformis was
not preferred (Table 1). SPSB preferred two of the three native species (P. ponderosa
and P. taeda) and the one exotic species (P. sylvestris). Based on the results, SPSB
feeds on native pine species as well as exotic pine species. The analysis confirmed visual
observations for beetle preference, which were used to design a no-choice feeding assay
for SPSB with P. strobiformis in June 2011 (data not presented). Preliminary results from
both the choice and no-choice studies will be used for further evaluations determining
pinewood nematode susceptibility of evaluated pines to pine wilt. Further investigations to
assess pine sawyer beetle feeding preferences and pinewood nematode pathogenicity
may result in identifying pine wilt tolerant/resistant pines or other conifer selections for use
as windbreaks, in Christmas tree production, and in landscapes.
Literature Cited:
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Significance to Industry: Growers can compare their current IPM practices with those
used by the industry in the Southeast U.S. Improvements in scouting techniques,
monitoring devices, and other pest emergence alerts are needed across all segments of
nursery growers indicated by this survey. Researchers and Cooperative Extension
agents can use the results to direct future research and teaching projects to obtain these
goals.
Nature of work: The Southern Nursery IPM working group (SNIPM) formed in 2009 to
stimulate regional progress in improving IPM in nursery crop production (1). SNIPM
developed and distributed a survey in 2009, based on Sellmer et al. (2) to commercial
growers of woody ornamental plants in Georgia, Kentucky, North Carolina, South
Carolina, and Tennessee. The principal objectives of the survey were to:
1. Assess the pest management practices currently used by ornamental nursery
growers in the Southeastern U.S.
2. Identify critical areas of instructional and outreach needs for education and
research related to ornamental nursery IPM.
3. Gain grower input relative to ornamental nursery growers’ perceived best methods
of receiving information about nursery IPM practices.
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Respondents answered questions about monitoring practices for insects, diseases, and
weeds; prevention techniques; intervention decisions; concerns about IPM; and
educational opportunities. A total of 178 surveys were completed and 124 surveys were
analyzed. Survey respondents were categorized into three groups, similarly to Sellmer et
al. (2), based on IPM knowledge and pest management practices adopted.
Results and Discussion: Respondents that our analysis clustered into Group 1 used
IPM practices more frequently than other groups at various levels of the IPM continuum.
For example, they were more likely to employ preventative practices such as sanitizing
clippers, and pots, quarantining incoming plants, and scheduled applications of
preemergence herbicides over the nursery to reduce pest problems in the future.
Likewise, they were more likely to scout pests using a standardized sampling plan and
monitor pests using sticky cards and permanent records rather than wait for plant damage
to appear before scouting. Moreover, this group submitted more samples to a diagnostic
clinic to determine pest identification and used the recommendations of the diagnostic
clinic in their decision making process to intervene. When control was necessary,
respondents in G1 were more likely than the other groups to select reduced risk
pesticides and employ them in a more judicious manner such as spot treating small
areas. These practices reflect a greater understanding and appreciation of the potential
benefits of IPM for the health of their business, workers, and the environment.
Unfortunately G1 respondents represented just 8 percent of all participants and most
growers surveyed fell into Group 2 (32%) or Group 3 (60%). Despite differences in stated
action and philosophy, many practices employed by G2 growers overlapped with those
classified as G1. Respondents in G2 utilized important components of IPM, for example,
phenology of host plants, growing degree days, identifying natural enemies, and keeping
records of monitoring, but did so less consistently. Businesses employing respondents in
G2 had similar gross sales as those in G1, but employed fewer workers. Even though
fewer employees may mean less emphasis on IPM, G2 did believe that IPM practices
allowed labor to be used more efficiently at their nursery. This is good news, because G2
was also most receptive to extension training, which, combined with their relatively high
appreciation for IPM, makes them the group for which extension agents could affect the
most change.
G3 respondents generally used IPM tactics much less often and had a worse impression
about anticipated benefits from adopting IPM than those in G1. This contrast was most
apparent in prevention, scouting and monitoring techniques and sources to retrieve
information. Additionally, businesses employing respondents of G3 had been operating for
less time, with fewer employees, and had lower gross revenues compared to G1 and G2.
Those in G3, however, shared a similar affinity for information and opportunity for learning
as those in G2. The current snapshot suggests that by 2009, growers at many nurseries in
the Southeastern U.S. have not adopted several principles of IPM, and that G3
respondents were more likely to be found at businesses that have not been in business as
long as nurseries employing G1 and G2 respondents. Therefore, an emphasis by
cooperative extension over time may improve knowledge about and adoption of more IPM
principles by G3.
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Nursery-based IPM involves decision-making processes that coordinate knowledge of
pest biology, environmental information, and available technology in combination with
biological, cultural, physical, and chemical tools in optimized approaches to reduce
economic, health, and environmental risks.5 Our survey validates our observation that
virtually all growers use some nursery IPM components within their growing operation.
Many growers, particularly those classified as G3, were unaware that many of the
techniques they reported using, did in fact, constitute IPM practices. This highlights the
necessity and ease of educating growers about IPM principles. Targeting G3 and G2
respondents with educational programming may provide a high impact yield for IPM
education programming.
Acknowledgments: SNIPM working group is grateful for the guidance and financial
support provided to complete this work by the Southern Region IPM Center.
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Significance to Industry: We investigated the efficacy of insecticide applications for
control of Cottony Cushion Scale, Icerya purchasi Maskell, in nursery crops. This is
significant to the industry because scale in general have been identified as one of the
most important and hard to control pests of nursery crops (1, 4). We found that all the
insecticides tested provided good control of cottony cushion scale adults and nymphs.
Demonstrating good efficacy of several products with different modes of action provides
growers with options for insecticide rotation programs or to select products that could
target multiple pests at once.
Nature of Work: Cottony cushion scale is an important pest of Nandina spp., Euonymus
spp. and other nursery crops. Cottony cushion scale damage plants by feeding on phloem
which reduces plant growth and survival. In addition, cottony cushion scale produce
copious honeydew and leave cottony white debris on plant leaves and stems. These
products further reduce the aesthetic and monetary value of nursery plants. A number of
insecticides have been used in citrus production to manage cottony cushion scale
including organophosphates, insect growth regulators, and neonicotinoids (2, 3). Very
little research has investigated management of cottony cushion scale on ornamentals and
no research in ornamentals has tested an assortment of EPA-classified reduced risk
insecticides that could be used instead of organophosphates or pyrethroids.
This work was conducted at North Carolina State University using harbor dwarf Nandina
in 1.5 gallon containers. The experiment had 12 treatments (Table 1) with 6 replicates
each. Plants were arranged in a randomized complete block design on weed cloth. On 1
July 2011 cottony cushion scale ovisacs were collected from nearby infestations on Fatsia
spp. and Euonymus spp. plants growing in the campus landscape. Two ovisacs were
pinned to the stem of each plant. This procedure was repeated every week for three
weeks. On 2 August 2011 we conducted a pre-count by collecting 2 randomly selected,
fully expanded leaves from each plant and inspecting them under a dissecting scope to
count live adult and nymphal scale. Based on this pre-count, plants were blocked by scale
density and randomly assigned to insecticide treatments.
Insecticide applications were made on 4 August 2011. Foliar treatments were applied
using a CO2 powered backpack sprayer fitted with a single spraying Systems D2-33 fullcone nozzle at 60 psi delivering 12.5 gpa. Drenches were applied using 6 oz of
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formulated solution. Granular products were applied by sprinkling the material evenly
over the media surface. TriStar 30SG was reapplied 14 DAT (18 August) and Distance
was reapplied 21 DAT (25 August). Post counts were made 7, 14, 28, and 75 DAT using
the same procedure as pre-counts. Data were analyzed using ANOVA in ARM v. 8.
Results and Discussion: All products reduced the abundance of cottony cushion scale
nymphs on Nandina plants in this trial (Table 1). This information provides growers with
insecticides from several IRAQ mode of action categories in order to develop insecticides
rotations. In addition, the neonicotinoids, insect growth regulators, and other products
that are generally less toxic to natural enemies than organophosphates and pyrethroids.
In is important to note that although direct toxicity to natural enemies is than that of
organophosphates and pyrethroids, insect growth regulators and neonicotinoids can
reduce natural enemy abundance and efficacy by reducing host abundance and via sublethal or slow acting effects (2, 3, 5).
Acknowledgements: This work was funded by the USDA-IR4 program. Assistance was
provided by Alan Stephenson and Adam Dale.
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Table 1. The average number of cottony cushion scale nymphs per leaf on plants treated with
different insecticides. Treatments with different letters within a column are significantly (P<0.05)
different.
N
o.
1
2
3
4
5
6
7
8
9
10
11
12

Name

Rate

A16901B
Distance
Flagship 25 WG
Flagship G
Kontos
NNI-0101
Safari 20 SG
Safari 2 G
Talus 70 DF
TriStar 30 SG
Horticultural Oil
Untreated

5 oz/100 gal
12 oz/100 gal
0.5 g/plant
30 g/plant
3.4 oz/100 gal
18 oz/100 gal
24 oz/100 gal
2.6 g/plant
14 oz/100 gal
8 oz/100 gal
0.5 oz/gal
-F=
P=

Precount
8.8 a
11.0 a
10.7 a
8.3 a
8.7 a
9.8 a
11.0 a
11.0 a
8.5 a
9.5 a
9.0 a
9.7 a
0.8
0.643

7DAT

14DAT

1.5 b 1.0 b
0.7 b 0.3 b
1.2 b 0.5 b
0.0 b 0.0 b
1.5 b 1.7 b
2.8 b 2.2 b
0.3 b 0.2 b
0.3 b 0.0 b
1.7 b 0.7 b
0.0 b 0.0 b
3.7 b 3.0 b
14.5 a 16.7 a
12.9
16.2
0.001
0.001
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28DAT
1.2 b
0.7 b
0.8 b
0.2 b
1.2 b
2.5 b
0.0 b
0.0 b
0.3 b
0.0 b
2.5 b
12.5 a
7.9
0.001

75DAT
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
0.0 b
1.3 a
4.7
0.001
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Significance to the Industry: Systemic insecticides offer nursery crop producers an
alternative to broad spectrum, contact insecticides. Systemic insecticides are particularly
useful for insects like scales that can be difficult to cover thoroughly with pesticides,
especially on densely-branched plants. Identification of insecticides that help conserve
beneficial predators and parasites can help growers achieve greater pest control with less
insecticide use, thereby reducing production and management costs.
Nature of Work: Insect pests cause significant economic losses to nursery crops. North
Carolina’s green industry reported $91 million in annual losses due to insect pests and
plant diseases (9). Because consumers are expected to have low acceptance of plant
damage (6, 7) insecticides are perceived as necessary to control pests throughout
nursery crop production cycles (3). Contact insecticides can be broad spectrum, and
because they are applied to thoroughly cover the plant and pests, can cause non-target
losses of natural enemies that would otherwise provide additional insect control. In
addition, some contact insecticides can exacerbate arthropod pests of ornamental plants
by causing an outbreak of secondary pests (5, 10).
Systemic insecticides offer selective pest control largely by limiting insecticide exposure
to pest insects (i.e., pests feeding on host plants). In a nursery system however,
beneficial insects can be exposed to systemic spray and drench residues, as well as
poisoning by feeding on pesticide-exposed prey. For example, imidacloprid increased
spider mite outbreaks on elm trees by poisoning natural enemies and increasing spider
mite fecundity (11). Experiments in various production systems have shown a range of
effects of systemic insecticides on beneficial insects. Efforts to control brown
planthoppers, Nilapabata lugens, using systemic pymetrozine did not effect Agelena
difficilis spiders, but was moderately toxic to another natural enemy plant bug, Cyrtorhina
lividipennis (4). Acephate was the least toxic aphicide to predators and parasites in a
study of 10 contact and systemic insecticides (1). Bruck et al. (2) found that
spirotetramat, a xylem- and phloem-mobile insecticide, had low antagonistic effects with
natural enemies. However, imidacloprid was highly toxic to adult and larval 12-spotted
ladybird beetle, Coleomegilla maculata lengi, a natural enemy of Colorado potato beetle
Leptinotarsa decemlineata (8). The authors are unaware of research on the effect of
systemic insecticide use during nursery production on natural enemies.
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The objective of this research was to investigate the comparative effects of systemic and
contact insecticides on natural enemies in a nursery production system in order to
determine if systemic insecticides offer a more sustainable insecticide option.
Field Experiment: Systemic and contact insecticides were applied to field-grown trees in a
nursery planting [systemic: imidacloprid (Marathon® II) and dinotefuran (Safari® 20 SG);
contact: bifenthrin (Talstar® Select) and carbaryl (Sevin®SL)] and a water control on April
28, 2011. Insecticides were selected as either commonly used and/or recommended
against scale pests of nursery crops. Imidacloprid was applied at 6 ml per dbh, and
dinotefuran was applied at 0.126g per dbh (plants were 1/3” dbh), the drench rate for both
products. Bifenthrin was applied at 40 fl. oz./per acre and carbaryl was applied at 1 qt.
per 100 gallons. Rates for systemics were based on dbh guides on systemic pesticide
labels and plants were estimated to be 4 ft2 for bifenthrin. A test run with water prior to
the experiment determined that 500 ml would cover upper and lower surfaces. For all
pesticides, 500 ml per plant was sprayed on the upper and lower leaf surfaces using a
CO2 backbpack sprayer. For the systemics, 500ml was also drenched onto the base of
the plant and within a 2-ft2 area around the trunk using a plastic liter bottle with holes
drilled in the lid. A total of 1L of product was applied to each systemic treatment plant.
Leaves of plants receiving the systemics were sprayed with the backpack sprayer so that
they were completely covered with pesticide to ensure that insects would be caged to a
leaf with a comparable amount of pesticide residue and to achieve a worst-case scenario
of treatment overspray. Prior to pesticide applications, one pitfall trap was installed 18-in.
from the base of each plant.
Following pesticide application, cages containing beneficial insects were individually
placed around a branch or leaf so that each treated tree had three cages. Each cage
contained either 10 adult Orius (minute pirate bug), 10 Aphidius parasitic wasps, or 10
Coleomegilla lady beetles. Each cage had a 10 ml vial with wick of honey-water and
glycerol solution (5% v/v) as a food source. Survival of caged beneficial insects was
assessed every 48 hr following insecticide application through May 6, 2011.
Simultaneously, pitfall trap collections measured presence and type of ground-dwelling
arthropods every 48 hr through May 6, 2011, and thereafter on May 13, 2011 and May
24, 2011 (15 and 22 DAT). The experiment was a completely randomized design splitplot with sampling, insecticide is the whole plot (tree), and beneficial insect is the subplot.
The experiment was conducted on two-year-old planting Liriodendron tulipifera seedlings.
Plants selected for the study at the UT Forest in Morgan Co., Tenn. had approx. 1-in
caliper diam. and were between 4.0 and 5.5 ft tall. Aphidius results are reported for 144
hr after application only.
Results and Discussion: There was a significant interaction of treatment and insect
species for the first two data collection periods, p-value <0.0001. On April 30, 48 hr after
pesticide application, carbaryl killed more lady beetles than bifenthrin and imidacloprid,
which killed more beetles than either dinotefuran or water controls (Table 1). Significantly
fewer Orius survived when imidacloprid or bifenthrin were applied (Table 2).
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On May 2, 2011, after 96 hr post-pesticide applications, carbaryl, bifenthrin and
imidacloprid-treated foliage yielded lower numbers of surviving lady beetles than either
dinotefuran or water controls (Table 3). Fewer Orius were alive on bifenthrin-treated
leaves than all other treatments and dinotefuran had a greater number of surviving
insects than any other treatment, including water controls (Table 4). Because there were
no apparent interactions 144 hr after application, May 4 data were pooled among insects.
Fewer insects survived following exposure to imidacloprid, bifenthrin and carbaryl
treatments than dinotefuran, which in turn had lower survival than insects exposed to
water alone (Table 5).
For pitfall trap data when all beneficial insects were pooled, counts did not differ based on
insecticide treatment, with the exception of 4 DAT when dinotefuran treatments yielded
more beneficial insects than all other treatments, including controls (Figure 1). The total
number of arthropods per pitfall trap varied by treatments except on 15 and 22 DAT
(Figure 2). At 2 DAT dinotefuran treatments yielded more arthropods than either
imidacloprid, bifenthrin or the controls. At 4 and 6 DAT, bifenthrin yielded fewer insects
than all other treatments (except imidacloprid on 6 DAT). By 8 DAT, bifenthrin treatments
had fewer arthropods than dinotefuran. There was no difference in number of all spiders
in pitfall traps regardless of date (Figure 3). The total number of ants did not differ among
treatments except on 4 DAT when dinotefuran treatments yielded more ants than any
other treatment (Figure 4).
Acknowledgements: The authors are grateful for the financial support of the Center for
Applied Nursery Research, Phil Flanagan, Casey Sullivan, Whitney McNutt, and Ann
Reed
Literature cited:
1. Bayoun, I.M., F.W. Plapp, Jr., F.E. Gilstrap, and G.J. Michels, Jr. 1995. Toxicity of
selected insecticides to Diuraphis noxia (Homoptera: Aphididae) and its natural
enemies. J. Econ. Entomol. 88: 1177-1185.
2. Bruck, E., A. Elbert, R. Fischer, S. Krueger, J. Kuehnhold, A. Klueken, A. Michael, R.
Nauen, J. Niebes, U. Reckmann, H-J Schnorbach, R. Steffens, X. van Waetermeulen.
Movento®, an innovative ambimobile insecticide for sucking insect pest control in
agriculture: Biological profile and field performance. Crop Protection. 28:828-844.
3. Cloyd, R. 2009. Pesticide use in ornamental plants: what are the benefits? Pest
Management Science. 65:345-350.
4. DeJin, Xu, Gu ZhongYan, Xu GuangChun, Xu XiaoLong, Fan Peng. 2010.
Pymetrozine application techniques against Nilapahata lugens (Stal) and safety
evaluation to its natural enemies. Chinese Journal of Eco-Agriculture.18:1054-1059.
5. Frank, S. and C. Sadof. 2011. Reducing pesticide volume and nontarget effects of
ambrosia beetle management in nurseries. J. Econ. Entomol. 104(6): 1960-1968; DOI:
http://dx.doi.org/10.1603/EC11124.
6. Glasgow, T. 1999. Consumer perceptions of plant quality. Ph.D. Dissertation, NCSU,
Raleigh.

Entomology

111

SNA Research Conference Vol. 57 2012

7. Klingeman, W., S. Braman, and G. Buntin. 2000. Evaluating grower, landscape
manager, and consumer perceptions of azalea lace bug (Heteroptera: Tingidae)
feeding injury. J. Econ. Entomol. 93(1):141-148.
8. Lucas, E., S. Giroux, S. Demougeot, R.-M. Duchesne and D. Coderre. 2004.
Compatibility of a natural enemy, Coleomegilla maculata lengi (Col., Coccinellidae)
and four insecticides used against the Colorado potato beetle (Col., Chrysomelidae).
J. Appl. Entomol. 128:233–239.
9. NCDA. 2005. North Carolina green industry economic impact survey, 6 February
2009. http://ncgreenindustrycouncil.com/files/NCGI_EcoImpact2005.pdf.
Raupp, M. J., J. J. Holmes, C. Sadof, P. Shrewsbury, and A. Davidson. 2001. Effects
of cover sprays and residual pesticides on scale insects and natural enemies in urban
forests. J. Arboric. 27: 203-214.
10. Szczepaniec, A., S. F. Creary, K. L. Laskowski, J. P. Nyrop, and M. J. Raupp. 2011.
Neonicotinoid insecticide imidacloprid causes outbreaks of spider mites on elm trees
in urban landscapes. PLoS ONE 6(5): e20018. doi:10.1371/journal.pone.0020018.

Table 1. Number of surviving lady beetles on April 30, 2011 after 48 hr caged to trees
sprayed with contact and systemic insecticides.
Insecticide
Imidacloprid
Dinotefuran
Bifenthrin
Carbaryl
Control

Lady beetle
(ranked)
57.7 b
98.4 a
59.2 b
18.5 c
107.9 a

Table 2. Number of surviving Orius on April 30, 2011 after 48 hr caged to trees sprayed
with contact and systemic insecticides.
Insecticide
Imidacloprid
Safari
Talstar
Sevin
control

Orius
(ranked)
29.2 b
79.4 a
38.8 b
70.4 a
83.4 a
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Table 3. Number of surviving lady beetles alive on May 2, 2011 after 96 hr caged to trees
sprayed with contact and systemic insecticides.

Insecticide

Lady beetle
(ranked)
55.6 b
67.9 a
49.1 b
20.1 c
66.1 a

Imidacloprid
Dinotefuran
Bifenthrin
Carbaryl
Control

Table 4. Number of surviving Orius on May 2, 2011 after 96 hr caged to trees sprayed
with contact and systemic insecticides.
Insecticide

Orius
(ranked)
24.6 b
35.4 a
4.9 c
25.4 b
21.1 b

Imidacloprid
Dinotefuran
Bifenthrin
Carbaryl
Control

Table 5. Number of insects surviving on May 4, 2011, after 144 hr caged to trees
sprayed with contact and systemic insecticides, lady beetle, Orius and Aphidius pooled.
Insecticide
Imidacloprid
Dinotefuran
Bifenthrin
Carbaryl
Control
p-value 0.0008

All insects
(means)
4.3 c
6.1 b
3.1 c
2.3 c
7.7 a
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Figure 1. Mean total number of beneficial insects per pitfall trap by date after systemic
and contact insecticide application.

Figure 2. Mean total number of arthropods per pitfall trap by date after systemic or
contact insecticide application
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Figure 3. Mean total number of spiders per pitfall trap by date after systemic or contact
insecticide application

Figure 4. Mean total number of ants per pitfall trap by date after systemic or contact
insecticide application
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Significance to Industry: The strawberry rootworm (SRW), Paria fragariae Wilcox
(Coleoptera: Chrysomelidae: Eumolpinae), is a primary threat to profitable production of
azaleas and other containerized ornamental crops at nurseries throughout the Southeast
(6). Due to its cryptic nature, detection of P. fragariae populations often occurs after plant
foliage has been damaged. Properly timed early-season insecticide applications, when
aided by a monitoring program utilizing sweep nets or trapping stations (12), can be
critical to reducing potentially devastating late-season outbreaks (3).
Host plant volatiles have been widely reported to be attractive to chrysomelids, including
the Chrysomeline Colorado potato beetle (11), Alticine flea beetles (4), and most notably
the Galerucine cucumber beetles and corn rootworms (7, 10). While the use of plant
volatiles in an IPM program can be particularly helpful with population monitoring efforts
(8), it can also be part of a direct control measure. These control measures can be in the
form of insect traps, commonly available for Japanese beetles (BICONET, Brentwood,
TN); as part of a trap-crop strategy (11); or with biocontrol, whereby natural enemies cue
in on plant volatiles that are naturally produced in response to herbivory (9).
The aim of this research is to identify volatile chemicals from a range of host plants
utilized by P. fragariae. Our hypothesis is that these plants may have in common the
compounds that assist P. fragariae with host recognition. If one or more of these volatile
chemicals prove to have a strong-enough attraction, they could potentially be used to
augment pest monitoring and control efforts at nurseries. Here we discuss our findings
for plant volatiles identified from four host plants and two non-host plants of P. fragariae.
Nature of Work: Volatiles associated with four host plants: azalea [Rhododendron
indicum (L.)], Fragaria (Fragaria x ananassa Duchesne), Virginia sweetspire (Itea
virginica L.) and Chinese fringe flower (Loropetalum chinense Oliv.); and two non-host
plants: Cleyera (C. japonica Thunb.) and Indian hawthorn [(Rhaphiolepis indica) L.] were
identified using micro extraction. Stems from each plant roughly 12 cm in length were
placed in 1-dram glass vials (Fisher Scientific, Pittsburgh, Pennsylvania, USA) filled with
distilled water, the tops then sealed with Parafilm (Pechiney Plastic Packaging, Chicago,
IL, USA). Falcon Petri dishes (Becton Dickinson Labware, Franklin Lakes, NJ, USA), 150
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x 15 mm, were modified by melting a 0.6 mm hole through the side of both top and
bottom dish, enabling the insertion of a rubber septa through the closed Petri dish. One
vial with plant stem was placed into the modified Petri dish on one piece of 12.5 cm filter
paper (Fisher Scientific, Pittsburgh, Pennsylvania, USA) and sealed with Parafilm,
allowing plant volatiles to accumulate within.
Plant volatiles were extracted from each dish using solid-phase micro extraction (SPME)
and identified by comparison of GC retention times and mass spectra to those of the
standard chemicals. A SPME fiber (Supelco, St. Louis, MO) was inserted through the
rubber septa into the sealed Petri dish and left for 30 minutes, and analyzed by GC-MS
using an Hewlett-Packard 6890 Series GC System with a 5973 Mass Selective detector.
Each plant species was tested using five treatments: a plant stem on its own; a plant stem
with varying numbers of P. fragariae adults for analysis of the effects of natural herbivory;
a plant stem with a simulated-herbivory test, where 10 holes were punched from the
leaves using a 0.635 cm hole punch (McGill, Inc., Marengo, IL); P. fragariae with no plant
stem; and no plant stem or P. fragariae, just a dish with a sealed vial of water and a filter
paper.
Results and Discussion: There were no notable peaks identified from either control
dish: beetles with no plant stems, and no beetles or plant stems. From the beetle control
dish, we did however identify heptenone and geranyl acetone, both of which have been
reported as beetle pheromone components (2, 5). These findings could prove useful in
development of a lure for P. fragariae, especially when combined in formulation with a
plant volatile (5).
From the plant stem tests (Fig. 1), we identified several leading volatiles, including
caryophyllene, ocimene, allo-ocimene and amorphene. We also found that limonene was
a volatile component of azalea, Itea and Fragaria (Table 1). Cleyera was a notable
exception, producing alpha-pinene and kaurene-15 and -16.
After combining P. fragariae with the plant stems, we observed interesting changes in
some of the plant volatile profiles (Table 2). In addition to caryophyllene, we also
identified farnesene, ocimene and allo-ocimene from azalea. While the Itea profile did not
change much, the addition of beetles onto Fragaria produced a whole range of new
volatiles grouped closely together around the retention time of 4.6 to 5.0. Loropetalum
also changed with the addition of beetles, as both ocimene and allo-ocimene were then
identified.
The addition of beetles to the Petri dishes did not bring about as dramatic an effect as we
had anticipated, so we attempted to simulate herbivory on the plants by punching 10
holes from the leaves of each cutting. From this series of tests we observed initially large
peaks for hexanyl acetate and hexanol in each plant species, compounds that had not
been present in any of our previous tests (Table 3). Over time, however, these peaks
decreased in volume and the volatile profiles returned to the state we observed without
holes punched. With azalea, for example, as levels of hexenol and hexanyl acetate
decreased in tests run every 30 minutes, levels of caryophyllene and ocimene showed
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corresponding increases. This observation is validated by the findings of Agelopoulos et
al. (1), whereby large amounts of hexenal and hexenol were produced within five minutes
of damaging bean leaves. After ten minutes these compounds reached very low levels,
and other volatiles like caryophyllene, farnesene and germacrene became predominent.
Known host plants for P. fragariae had similar volatiles identified from our tests. Ocimene
was present in the beetle and hole-punch tests for azalea, Itea, Fragaria and
Loropetalum. Despite the fact that we did not find hexanol or hexanyl acetate in the plantwith-beetle tests, it is possible that these compounds are produced by plants in response
to herbivory, judging from their presence in all of our hole-punch plants. P. fragariae may
not feed aggressively enough in our artificial laboratory setting to elicit this type of plant
response. In any case, hexanol and hexanyl acetate were present in all of our damaged
plant species, host and non-host alike. It was also interesting to observe that aside from
these two compounds, Cleyera and Rhaphiolepis shared none of the plant volatiles in
common with the other species. In fact, we identified four unique volatiles from Cleyera,
suggesting very different plant chemistries.
We plan to determine any attraction for these plant volatiles by P. fragariae, using
olfactometry and electro-antennagram bioassays. With this knowledge we can then
develop a kairomone lure for SRW, making monitoring and control of this destructive pest
easier and more cost effective at Southern nurseries.
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Table 1. Plant volatiles identified from six plants, using SPME and GCMS.
Volatiles of
Plants
Caryophyllene
Ocimene
Allo-Ocimene
Limonene
Amorphene
Alpha-Pinene
Kaurene-15
Kaurene-16

Azalea

Itea

Fragaria

Cleyera

X
X
-

X
X
X
X
-

X
-

X
X
X

Table 2. Plant volatiles identified from six plants with P. fragariae, using SPME and GCMS.
Volatiles of
Plants with
Beetles
Caryophyllene
Farnesene
Ocimene
Allo-Ocimene
Amorphene
Copaene
Cubebene
Germacrene
Muurolene
Cadinene
Palmitic Acid
Alpha-Pinene
Kaurene-15
Kaurene-16

Azalea

Itea

Fragaria

Loropetalum

Cleyera

X
X
X
X
-

X
X
-

X
X
X
X
X
X
X
X
X
-

X
X
-

X
X
X
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Table 3. Plant volatiles identified from six plants with holes punched, using SPME and GCMS.
Volatiles of
Plants with
Holes
Caryophyllene
Ocimene
Allo-Ocimene
Hexanol
Hexanyl
Acetate
Copaene
Cubebene
Germacrene
Muurolene
Cadinene
Palmitic Acid
Alpha-Pinene
Kaurene-15
Kaurene-16
Nonatriene

Azalea

Itea

Fragaria

Loropetalum

Cleyera

Rhaphiolepis

X
X
X
X
X

X
X
X
X

X
X
X

X
X
X

X
X

X
X

-

-

X
X
X
X
X
X
-

-

X
X
X
X

-

Figure 1. Modified Petri dish for headspace extraction of volatile chemicals using SPME.
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Significance to Industry: The purpose of this study was to evaluate the yield of 6 high
value crops for high tunnel production. Tomato, zinnia, delphinium, gomphrena,
sunflower, and gerbera daisy were grown in a high tunnel during the spring of 2011 in
northern Mississippi. Tomato pruning or suckering severity was also trialed. Suckering
may reduce vine growth and promote earlier and larger fruit (1). It has also been
reported that determinate tomatoes need no pruning other than removing all suckers
below the first flower cluster (2).
High tunnels can increase marketing opportunities, improve early cash flow, and yields
are often higher than field-grown crops. The primary crops for high tunnel production,
worldwide, in order of economic importance are tomato, sweet pepper, cucumber,
muskmelon, lettuce, summer squash, and eggplant. The other major horticultural crops
produced in high tunnels include small fruits, tree fruits, and cut flowers (3).
Nature of Work: During the spring of 2011 cut flowers and tomatoes were grown in
northern Mississippi in a high tunnel 96 ft long x 30 ft across. The experimental design
was a randomized complete block with three replications. The treatment for the cut
flowers was a cultivar evaluation with number of stems, stem length, and bloom
diameter measured. The treatments for the tomatoes compared yield with no pruning of
suckers, pruning the suckers up to the second true leaf axils, and pruning the suckers
up to the leaf axils below the first bloom.
In February of 2011 raised beds were formed in the high tunnel 6 in high and
30 in across the top with a press-pan-type bed shaper. Black plastic mulch and low flow
drip irrigation tubing was applied following the bed shaper. Beds were spaced 7 ft apart,
center-to-center. A soil test was done prior to bed formation, which recommended 80
lbs/ac of P and K (0-20-20) and 120 lbs/ac of N to amend the soil. Amendments for the
P and K and 60 lbs/ac of N (NH4NO2) were applied pre-plant. The remaining N was
applied when ~1 in sized fruit first appeared, by injecting greenhouse grade calcium
nitrate (CaNO3) through the drip tape to apply 5 lbs of N/ac/week.
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The tomato cultivar ‘Applause’, a hybrid determinate plant, was seeded in the
greenhouse 3 February 2011 and transplanted to the high tunnel beds 14 March 2011.
Plants were planted in the beds by hand through holes made in the plastic. The 14
March 2011 planting date is a full month earlier than the recommended planting date for
our location in northern Mississippi. Tomato plants were spaced 2 ft apart in the row and
each replication consisted of 8 plants. A tomato stake was driven into the row between
every two plants and the Florida weave trellising technique was used. The cut flowers
were spaced 1 ft apart in the row and staggered on each side of the row with each
replication consisting of 20 plants. The cut flowers trialed were Diamond Blue
Delphiniums (Delphinium chinensis), Flashing Light Gomphrena (Gomphrena
haageana), Futuristic Mix Gerber Daisies (Gerbera jamesoni)i, Pro-Cut Mix Sunflowers
(Helianthus annus), and 3 cultivars of Zinnias: ‘Benary Giant Scarlet’, ‘Zowie Yellow
Flame’ and ‘State Fair Mix’ (Zinnia elegans). The flowers were seeded in the
greenhouse 14 March 2011 and transplanted by hand to the high tunnel beds 28 April
2011. Plants in the greenhouse were watered with a soluble fertilizer (Peters 20-20-20)
injected at the concentration of 200 ppm twice weekly and once immediately prior to
planting. Pentachloronitrobenzene (Terraclor, Uniroyal Chemical Company) was applied
to the tomato transplants as a drench at transplanting for systemic fungal control.
Spinosad (Spintor, Dow AgroSciences) was mixed with chlorothalonil (Bravo Weather
Stik, Syngenta) or azoxystrobin (Quadris, Syngenta) and sprayed, with a backpack
sprayer, as needed for insect and disease control. An advantage to early tomatoes was
realized as no insect problems occurred. Two applications of copper hydroxide (Kocide,
Dupont) were sprayed for bacterial spot symptoms.
Tomatoes were first harvested 20 May 2011 and every three to four days thereof until
the final harvest of 20 June for a total of 10 harvests. Yield was calculated on a per plot
basis. Cut flowers were harvested bi-weekly or as bloom maturity required starting 11
May and ending 5 July.
Results and Discussion: There were no significant differences among all tomato
treatments except for the extra large fruit weight (Table 1), which was significantly
reduced by treatment 3 (pruning the suckers up to the node below the first bloom).
Under the conditions we experienced, in the spring of 2011 in north Mississippi, pruning
determinate tomatoes in a high tunnel may not be necessary.
Field grown cut flowers are a high value crop when compared to field crops on a per
acre profit basis. Growers have the potential to make $25,000-$30,000 per acre (4).
The value of field grown cut flowers in the United States was $375 million in 2010 (5).
Zinnia and gomphrena produced several stems, but are of lower value than delphinium,
gerbera daisy, and sunflowers. Gomphrena is considered a filler cut flower and is sold
in bundles of 10 to 15 stems for $1.30-1.50 a bundle. Zinnias are sold in bundles of 1520 stems for $5.00-8.00 a bundle or $0.25-0.50 a stem. Sunflowers, gerberas, and
delphiniums command a market price of $0.85-1.50 a stem (5,6).
This study shows that multiple crops can be grown in high tunnel production: vegetables
as well as cut flowers. To maximize plastic use, cut flower varieties were planted in the
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high tunnel into the same holes in the plastic as an earlier spring crop of broccoli,
cauliflower, and four leaf lettuce varieties (data not shown) at 1 ft. spacing, which was
also the spacing for the cut flowers. High tunnel production can create earlier marketing
potential by being able to produce marketable stems earlier than growers who produce
in open field conditions. However there is a risk, as early spring storms may damage or
destroy your high tunnel and/or your crop.
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Table 1. Marketable yield and cull number of ‘Applause’ tomato grown in a north
Mississippi high tunnel in the spring of 2011.
Pruning
Treatment
No Pruning
Up to 2nd Node
Up to 1st Bloom

USDA Size
Grade
Jumbo
““
““

Fruit Number z
55 a
55 a
48 a

Fruit Weight z
(kg)
19.9 a
18.5 a
15.8 a

No Pruning
Up to 2nd Node
Up to 1st Bloom

Extra large
““
““

93 a
84 a
62 a

21.0 a
18.4 ab
13.7 b

No Pruning
Up to 2nd Node
Up to 1st Bloom

Large
““
““

37 a
33 a
27 a

5.6 a
4.9 a
4.0 a

No Pruning
Up to 2nd Node
Up to 1st Bloom

Medium
““
““

27 a
19 a
13 a

2.9 a
2.0 a
1.4 a

No Pruning
Up to 2nd Node
Up to 1st Bloom

Small
““
““

23 a
19 a
12 a

1.6 a
1.3 a
0.8 a

No Pruning
Up to 2nd Node
Up to 1st Bloom

Culls
““
““

23 a
28 a
19 a

-

z

Each replication consisted of 8 plants. Values represent numbers and weight of
tomatoes per 8 plant plots. Least significant difference (LSD) at P=0.05. Entries
sharing the same letter were not significantly different. Culls were not weighed.
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Table 2. Average number of stems, stem length, stem diameter, and bloom diameter of 7
cultivars of flowers in a north Mississippi high tunnel in the spring of 2011.
Stem
Bloom
Harvest
Species
Cultivar
Number of
Stem
Diameterz Diameterz
Date
Stems
Length
5-4-11
Delphinium
Diamond Blue
9
33
0.3
13
5-11-11
Delphinium
Diamond Blue
41
21
0.2
8
5-25-11
Delphinium
Diamond Blue
16
28
0.7
16
6-10-11
Delphinium
Diamond Blue
41
21
0.2
8
6-20-11
Delphinium
Diamond Blue
34
19
0.2
8
6-23-11
Delphinium
Diamond Blue
25
18
0.2
7
5-4-11
6-3-11
6-20-11
6-23-11

Gerbera Daisy
Gerbera Daisy
Gerbera Daisy
Gerbera Daisy

Futuristic Mix
Futuristic Mix
Futuristic Mix
Futuristic Mix

17
17
37
18

33
20
19
33

0.3
0.7
0.2
0.3

12
7
8
13

6-3-11
6-10-11
6-17-11

Gomphrena
Gomphrena
Gomphrena

Flashing Light
Flashing Light
Flashing Light

159
318
135

29
25
29

0.5
0.3
0.5

n/a
n/a
n/a

6-10-11
6-17-11
6-20-11
6-28-11

Sunflower
Sunflower
Sunflower
Sunflower

Procut Mix
Procut Mix
Procut Mix
Procut Mix

7
61
21
12

49
61
18
35

0.9
1.2
0.9
0.7

10
11
8
9

6-3-11
6-10-11
6-17-11
6-20-11
7-5-11

Zinnia
Zinnia
Zinnia
Zinnia
Zinnia

BG Scarlet
BG Scarlet
BG Scarlet
BG Scarlet
BG Scarlet

1
36
55
22
75

19
27
28
30
24

0.6
0.5
0.4
0.5
0.5

9
6
9
5
7

6-3-11
6-10-11
6-17-11
6-20-11
7-1-11
7-5-11

Zinnia
Zinnia
Zinnia
Zinnia
Zinnia
Zinnia

State Fair
State Fair
State Fair
State Fair
State Fair
State Fair

6
38
13
24
52
74

21
25
21
26
23
25

0.6
0.5
0.6
0.5
0.4
0.5

8
7
5
6
7
10

6-3-11
6-10-11
6-17-11
6-20-11
7-1-11

Zinnia
Zinnia
Zinnia
Zinnia
Zinnia

Zowie
Zowie
Zowie
Zowie
Zowie

88
40
13
27
61

19
24
21
26
26

0.7
0.5
0.6
0.5
0.4

6
7
5
5
5

z

All measurements made in centimeters. Each harvest date was averaged. There were 3
replications consisting of 8 plants.
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Tree Response to Fertilizer Formulations in the Field
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Index words: Production, caliper, formulation
Significance to Industry. Fertilizers are commonly applied to field grown liners (often
called whips) to decrease production time. The amount that growers actually use varies
from nursery to nursery; however, many nurseries in Ohio use excessive amounts of
fertilizer. Recommendations are for around 250 lbs actual nitrogen (N)/acre/year in
Ohio, based on studies conducted by Elton Smith in the 1970’s and early 80’s (Smith
and Treaster, 1981). However, soils are highly variable in Ohio; soils in Lake County
(where there are a large number of nurseries) can vary from a very sandy soil close to
Lake Erie to a soil with much more clay a few miles further south. Controlled release
fertilizers (CRF’s) are widely used and preferred for containerized material since soilless
substrates have little nutrient holding capacity. They are easy to apply and manage in a
containerized system. Also, fertilization of containerized material with CRF’s is better
understood than field fertilization. CRF’s distribute nutrients over a specified range of
time, based mostly on temperature of the substrate, which is required for soilless mixes.
Field grade water-soluble fertilizers are better suited for soils, but nutrient availability is
highly dependent on the aforementioned variables. It is unknown whether CRF’s can
be equally suited as field grade water-soluble fertilizers for fertilization of field grown
stock. The objective of this study was to compare water-soluble fertilizers with CRF’s
for field grown tree production at two locations in Ohio. Included in the study are two
experimental CRF’s from the Anderson’s Co. (Maumee, OH) use Advanced Granule
Technology® (AGT).
Nature of Work. Three species, Acer rubrum ‘Red Sunset’, Quercus rubra, and Pyrus
callerana ‘Chanticleer’, were planted in late April, 2009 at two sites; one site was at
Sunleaf Nurseries in Madison, OH, and the other site was at the Waterman Farm of The
Ohio State University in Columbus, OH. All plants came as tree liners from J. Frank
Schmidt, Boring, OR. Treatments were initially applied within two days of planting.
Treatments in 2009 included Scotts (Marysville, OH) Osmocote 33-3-6 (5-6 mo) (2.5
TB/tree), Osmocote 22-3-8 Plus Minors with Poly S (5-6 mo) (3.0 TB/tree), Anderson
(AND ) (Maumee, OH) AGT formulations of AND 9135, 22-3-8 (3.8 TB/tree) and AND
9136, 33-0-2 (2.7 TB/tree), and the field dry-soluble (standard practice) fertilizer at
100lbs/acre granular 19-19-19 (4.2 TB/tree) supplied by The Anderson Co. All
treatments were reapplied in May 2010 and 2011, with the exception of the AND 9136,
which was replaced by AND 10182. The rates of application were based on delivery of

Field Production

128

SNA Research Conference Vol. 57 2012

the same amount of nitrogen for all treatments of 100 lbs N/acre/ 9 sq ft around each
tree. There was also an untreated control at OSU, and at Sunleaf, there was also a
liquid feed treatment in which plants were fertilized with 100 lbs liquid urea ammonium
nitrate (UAN) 28% and 100 lbs potash granular dissolved together in water. Irrigation
tape dispersed the liquid feed fertilizer. Twenty-five fertigation events occurred over ten
weeks of the growing season to equal 4 lbs of N and K per application, every other
irrigation event, M-Fri. Irrigation was applied as needed at OSU.
Experimental design was a completely randomized design at each location with three
subsamples/treatment/species at Sunleaf and five subsamples/treatment/species at
OSU. Caliper measurements were taken in May and September at each location in
2009. In 2010 and 2011, calipers (taken at 6” above the ground) were taken in May,
July, and September at OSU, and in May and September at Sunleaf.
Results and Discussion. Height and caliper are often discussed as growth
parameters; however, total stem growth is the result of the two parameters combined
together and sometimes the two are inversely related, as they are in some instances
with this trial (Table 1). Stem volume here is expressed as 1/3 (final height x π x (final
caliper/2)2). For many tree species, height is not really a factor in determining when a
plant is ready for sale, but for some upright species, like Pyrus callerya ‘Chanticleer’, a
taller tree may be more saleable. Results indicate that there are differences between
formulations for each of the species, and that the mere presence of fertilizer has the
largest impact on growth (Table 1). At OSU, all species that received no fertilizer were
significantly different from the best treatment in one or more measurements. If only
fertilizer treatments are considered, in most instances there is not much significance
between fertilizers, but there are a few instances that are significant and should be
discussed. Pyrus showed the least amount of caliper growth and height from the
AND9135 at OSU, and at Sunleaf, AND10182 was similar to AND9135, both providing
poor caliper growth, significantly different from the liquid feed. The best treatment for
Pyrus at OSU was the 19-19-19 and the liquid feed at Sunleaf, with 19-19-19 the
second best treatment. Acer showed the best caliper growth from the AND 10182 at
both locations; however, height was compromised by this treatment at each location
(Table 1). Osmocote 22-3-8 was the worst treatment at Sunleaf in terms of caliper
growth and it was the second worst at OSU for Acer. Quercus rubra had opposite
results from to the other two species. At Sunleaf, the best treatment for Pyrus and Acer
was liquid feed, but with Quercus, the liquid feed was the worst treatment. Liquid feed
provided the smallest height and caliper growth as well as stem volume for Quercus in
comparison to all other treatments at Sunleaf. The best treatment at Sunleaf for
Quercus was the Osmocote 22-3-8, which is possibly the worst treatment for the other
two species. There were many Quercus plants that died at OSU (data not shown), and
growth of the remaining Quercus at OSU was minimal. However, the data represents
that the best treatment at OSU was the 19-19-19 with all growth parameters. Struve (2)
found that liquid feeding provided more growth than slow release fertilizer to Nyssa
sylvatica, and although not significant, slow release fertilizer provided 31% more growth
to Quercus rubra than constant liquid feeding. Struve (2) also reported that nutrient use
efficiency was much higher for Quercus rubra with slow release formulations, as
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opposed to the Nyssa sylvatica, which preferred the liquid feeding. The differences in
growth between the two sites could be from the different types of soil at the two
locations. At OSU, soil is mostly a Kokomo silty clay with cation exchange capacities
(CEC) of around 12-20 and a ph between 6 and 7. At Sunleaf, the soil is mostly a Tyner
or Otisville loamy sand with CEC between 2-6 and pH between 4.7 to 6. Nutrients are
more readily available (although are more easily leached) in sandy soils right after
application of fertilizers, which could explain the higher growth rate the first year at
Sunleaf with Acer and Pyrus. It should also be discussed that the higher growth from
the liquid feed can be explained by the higher amount of fertilizer/tree being delivered
by this treatment. As explained above, there was a goal of 100 lbs N/ac/treatment;
however, if the amount is discussed as lbs/tree, then the liquid feed provided much
more N and K. At 100 lbs of N and K/season/ac, and 830 trees/ac (average), this
equates to about 54.7 g of N and K/tree possible from the liquid feed treatment. With
other fertilizers, the amount was based on a square foot basis (9 ft2/tree), with each tree
receiving only about 9.4 g/tree of N and K ranging from 0.6 g/tree (Osmocote 33-0-2) to
9.4 g/tree (19-19-19).
From this trial it is evident that fertilizer is required for proper tree liner growth in Ohio. It
is also evident that some tree species, such as Quercus can have better growth from a
slow release formulation, in this case Osmocote 22-3-8 in comparison to the standard
treatment, which at this nursery, is the liquid feed. Probably the best overall treatment
over all species is the 19-19-19, which provides good growth for all species in this trial
while is also the least expensive. It is also evident that 100 lbs N/ac/tree/year is
sufficient for good growth.
Literature Cited.
1. Smith, E.M. and S. Treaster. 1981. Fertilizing trees in the landscape: A 9 year
evaluation. Research Circular – Ohio Agricultural Research and Development
Center. 263:11-13.
2. Struve, D. K. 1995. Nitrogen, potassium, and phosphorus recovery of container
grown red oak and blackgum seedlings under different fertilizer application methods.
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Table 1. The effect of fertilizer formulation on growth of three tree species grown at two locations in Ohio.
Waterman Farm, Columbus,
OH
Pyrus calleryana 'Chanticleer'
Acer rubrum 'Red Sunset'
Stem
Stem
Δcaly
Final height
Δcal
volume
Treatment
Final heightz
volumex
341.9 bcw
33.0 ab 156.8 b
367.4 bc 21.0 a
146.4 a
And10182 22-3-8
336.2 bc
30.5 b
149.5 b
364.8 c
19.6 ab 135.3 a
And9135 22-3-8

Quercus rubra
Final height
322.3 no diff
313.6 no diff

Δcal
14.5 a
12.6 ab

Stem
volume
97.4 ab
100.4 ab

Osmocote 33-3-6
Osmocote 22-3-8
19-19-19

344.9

ab

32.3

ab

156.8

b

374.4

ab

18.5

b

141.2

a

315.3

no diff

12.3

ab

91.2

ab

340.2
355.1

bc
a

32.8
35.1

ab
a

162.0
177.1

ab
a

377.8
381.5

a
a

18.9
19.0

b
ab

141.8
139.8

a
a

325.0
331.7

no diff
no diff

13.1
16.3

a
a

96.8
111.4

ab
a

No fertilizer

330.1

c

31.8

b

147.7

b

366.9

bc

15.5

c

119.7

b

302.1

no diff

6.6

b

69.3

b

Sunleaf Nursery, Madison,
OH

And10182 22-3-8
And9135 22-3-8
Osmocote 33-3-6
Osmocote 22-3-8
19-19-19

Pyrus calleryana 'Chanticleer'
Stem
volume
Final height
Δcal
319.7 no diff 20.4 b
121.9 c
325.3 no diff 20.6 b
128.3 bc
321.3 no diff 21.1 ab 122.5 bc
310.3 no diff 25.3 ab 126.0 bc
323.1 no diff 24.0 ab 144.7 ab

Liquid Feed

328.8

Treatment

no diff

26.7

a

162.5

a

Acer rubrum 'Red Sunset'
Stem
volume
Final height
Δcal
397.1 de 37.5 A
248.2 b
422.0 a
30.8 Ab 266.0 ab
415.8 ab 32.0 Ab 265.8 ab
410.9 bc 29.5 B
237.9 b
402.5 cd 32.8 Ab 260.0 ab
391.2

e

35.5

Ab

279.7

a

Quercus rubra
Final height
374.3 bc
388.7 ab
376.4 bc
398.2 a
379.6 bc

Δcal
34.5 a
33.5 ab
31.0 b
36.6 a
35.2 a

Stem
volume
247.8 ab
256.4 a
248.2 ab
281.4 a
257.4 a

370.3

30.6

220.4

c

b

z = Final height as expressed in cm
y = Δcal is difference in mm between first and last caliper measurements
x = stem volume expressed in in3 is determined by 1/3 (final height x π x (final caliper/2)2)
w = data followed by the same letter in the same column are not significantly different, based on lsmeans (α = 0.05)
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Pre and Post-distilled Cedar as Alternative Substrate Components in the
Production of Greenhouse-grown Annuals
Taylor A. Vandiver, Glenn B. Fain, Charles H. Gilliam, and Jeff L. Sibley
Auburn University, Department of Horticulture, Auburn, AL 36849
gfain@auburn.edu
Index Words: Peat moss, perlite, soilless substrate, Petunia ×hybrida, Catharanthus
roseus, Juniperus virginiana
Significance to the Industry: Peat moss is the main component in soilless greenhouse
substrates today and is thus in high demand commercially. The demand for peat moss
has caused both economic and environmental concerns. In previous studies postdistilled cedar was found to be a promising alternative substrate component in the
production of greenhouse-grown annuals (7). The experiment indicated that a standard
peatlite mix (80:20 peat:perlite) could be amended with up to 40% cedar and be equal
to, if not better than, the standard mix when growing annuals. The objective of this study
was to compare the post-distilled cedar to cedar that has not undergone the distillation
process. Petunia ×hybrida and Catharanthus roseus were grown in peatlite substrates
that were amended with varying rates of pre and post-distilled cedar. The results of this
study indicated that the quality of plants grown in post-distilled cedar were equal to, if
not greater than, those grown in cedar.
Nature of Work: The two most common components in greenhouse media are peat
moss and perlite. Due to an increasing demand for peat moss, the issue of peat bog
preservation has been receiving attention. Another concern associated with peat moss
production is the cost of shipping from Canada and Europe and the economic strain it
puts on growers. As of September 23, 2011 a press release was issued by the
Canadian Sphagnum Peat Moss Association (CSPMA) stating that the harvesting
season for peat in Canada had effectively come to an end. Due to unfavorable weather
conditions only 15% to 30% of the targeted peat bogs in Eastern Canada were
harvested. The hardest hit areas were Quebec and New Brunswick, which account for
60-70% of all Canada’s peat production. Therefore, it can be concluded that the industry
is facing one of its poorest peat harvest seasons to date. Perlite is also experiencing
increased demand. Perlite is not only expensive to produce, but there are also high
amounts of energy required for both the production and shipping processes. Perlite is
considered a health nuisance, causing lung and eye irritation in cases involving overexposure (2).
Due to these concerns, growers have been concerned with finding replacement
substrate options for both peat moss and perlite. In recent years research regarding
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alternative substrates has steadily increased with an emphasis on local and regional
sources of materials which are considered to be more sustainable. Numerous types of
alternative substrates have been tested in greenhouse crops. Recent examples include
research efforts on Clean Chip Residual, WholeTree, and Pine tree substrate (1, 3, 9).
An interest in using Juniperus virginiana (L.) (Eastern red cedar) as an alternative
substrate component for peat moss has recently risen. Research has shown that plants
grown in substrates amended with Juniperus virginiana tended to have equivalent
growth quality to those grown in a traditional peatlite mix. Murphy et al. (5) indicated
greenhouse producers could amend standard greenhouse substrates with up to 50%
cedar with little to no difference in plant growth. Starr et al. (6) indicated that Juniperus
virginiana chips could be used as a substrate for container-grown Rudbeckia fulgida var.
fulgida (L.), with chips milled to pass a 0.5 cm screen size performing the best when
compared to a pine bark substrate. In addition to the replacement of peat moss, the
physical nature of cedar tends to add substrate porosity normally achieved with the
addition of perlite. Therefore, we believe a reduction or elimination in the need for perlite
might also be realized with the use of cedar as a substrate component.
One potential source of cedar is CedarSafe, a company located in Huntsville, AL. It is
unlike cedar found in other substrate research projects, due to the fact that this cedar is
a by-product of cedar oil production at the CedarSafe facilities. The process begins with
debarked cedar logs (Juniperus virginiana), which are shaved and then sent through a
hammer mill. It is then conveyed to a set of boilers, where the material undergoes a
steam distillation process, which extracts a percentage of the cedar oil. CedarSafe
currently has no market for the post-distilled cedar biomass. In previous studies it was
found that this post-distilled cedar biomass could be a successful alternative substrate
component in growing greenhouse annuals (7). Therefore, this study will compare postdistilled cedar to cedar that has not undergone the distillation process.
The study was implemented on June 15, 2011 at the Paterson Greenhouse Complex at
Auburn University. Pre (C) and post-distilled cedar (DC) were used in volumetric
combination with an industry standard peatlite (PL) base mix (80% Peat: 20% Perlite).
There were six treatments compared in this study: Trt. 1-60:40 C:PL, Trt. 2-40:60 C:PL,
Trt. 3-20:80 C:PL, Trt. 4-60:40 DC:PL, Trt.5-40:60 DC:PL, and Trt. 6-20:80 DC:PL.
Substrate treatments had the following amendments added per cubic yard at mixing: 5
lbs. lime (added only to PL base); 2 lbs. starter nutrient charge (7-3-10, Greencare
Fertilizers Inc. Kankakee, IL), 1 lb. Micromax (The Scott’s Company LLC. Marysville,
OH), and 6 lbs. slow release fertilizer (13-6-16, Harrell’s LLC. Lakeland, FL). Aqua-Gro
L was added at 4 oz. per cubic yard. 1.8 L containers (Dillen Products Middlefield, OH)
were filled with the substrates and either 2 plugs (200 cell flat) of Petunia ×hybrida or 3
plugs (200 cell flat) of Catharanthus roseus were planted into each container.
Containers were placed in a twin wall polycarbonate greenhouse on elevated benches
and hand watered as needed. Containers were arranged in a randomized complete
block with 12 blocks per treatment. Species were arranged as separate experiments.
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Data collected included pH and EC ratings at initial planting and then at weekly intervals
throughout the experiment using the pour-through method (8). At termination each
plant’s blooms were counted. Roots were visually inspected and rated on a scale of 0 to
5, with 0 having no visible roots and 5 having roots visible over the entire substrate
surface. At termination shoots were removed at substrate surface, oven dried, and
weighed to determine shoot dry weight. Initial substrate airspace, container capacity,
total porosity, and bulk density were determined using the NCSU Porometer method, as
well as particle size distribution (4). Data was analyzed using Tukey’s Studentized
Range Test (P ≤ 0.05) (SAS Institute version 9.1, Cary, NC).
Results and Discussions: Results from porometer readings indicated that all substrate
treatments had a similar total porosity (Table 1). Substrates containing higher amounts
of cedar had higher air space and thus lower container capacity. These rates are due to
the larger particle size that cedar has compared to peat moss.
Results for pH of both petunias and vinca at 0, 14, 28, and 35 DAP (days after planting)
indicated that as the percentage of cedar decreased in a substrate the pH for that
substrate also decreased (Table 2, 3). It was observed that EC values for vinca at 0 and
14 DAP decreased with an increasing rate of cedar (Table 3). The same results were
seen in petunias at 0 DAP (Table 2). EC values at 28 and 35 DAP for both petunias and
vinca were similar among all substrate treatments.
Data taken at termination indicated that plants grown in treatments containing a smaller
percentage of cedar had better growth data than those grown in higher percentages of
cedar for both pre and post-distilled substrates (Table 4). In previous studies similar
results were seen and were contributed mainly to the larger particle size of the cedar
biomass and its leaching effects (7). Bloom counts for petunias were similar amongst
pre and post-distilled cedar treatments when compared to substrates with the same
percent. Bloom counts for vinca at 20% and 40% were comparable between pre and
post-distilled cedar. However, in vinca, a bloom count increase of about 46% was
observed in 60% post-distilled cedar when compared to 60% pre-distilled cedar. Root
ratings for both petunias and vinca were comparable at 20% in both pre and postdistilled substrates. However, plants grown in substrates containing 40% and 60% postdistilled cedar had higher root ratings than that of those grown in pre-distilled cedar.
Shoot dry weights for petunias were similar between 20% and 60% cedar amended
substrates. A weight increase of about 30% was seen in 40% post-distilled cedar when
compared to 40% pre-distilled cedar. In vinca grown substrates, a similarity was seen
between 20% and 40% cedar amended substrates. However, a weight increase of
about 28% was seen when comparing 60% post-distilled cedar to 60% pre-distilled
cedar.
It can be concluded that distilled cedar substrates performed equal to, if not better than,
cedar substrates. This could be due, in part, to the distillation process that our cedar
biomass undergoes. The act of removing a percentage of the cedar’s oil may positively
affect plant growth, as was seen with previous studies (7). This cedar could potentially

Floriculture

135

SNA Research Conference Vol. 57 2012

be a viable alternative for the horticulture industry and replace portions of peatmoss and
perlite in the production of greenhouse-grown annuals.
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Table 1. Physical properties of cedar amended substrates.
Air
Container
Total
space
Substrates
u

20% C
20% DC
40% C
40% DC
60% C
60% DC
z

y

capacity

x

porosity

w

----------------- (% vol) ---------------t

8.20 cd
5.77 bcd
2.87 d
7.30 abc
10.63 a
9.20 ab

84.23 a
83.10 ab
82.30 ab
79.50 bc
75.20 d
78.43 cd

Bulk
v

density
3
(g/cm )

89.43 a
88.80 ab
85.17 b
86.77 ab
85.87 ab
87.60 ab

0.11 b
0.10 b
0.13 ab
0.12 ab
0.14 a
0.13 ab

Analysis performed using the NCSU porometer method.

y

Air space is volume of water drained from the sample ÷ volume
of the sample.

x

Container capacity is (wet weight - oven dry weight) ÷ volume
of the sample.

w

Total porosity is container capacity ÷ air space.

v

Bulk density after forced-air drying at 105 °C (221 °F) for 48 h
(g/cm3 = 62.4274 lb/ft3).

u

C= pre-distilled cedar DC= post-distilled cedar; used in volumetric
combination with a PL mix (80% Peat: 20% Perlite).
t

Means separation within columns using Tukeys Studentized Range
Test (P ≤ 0.05, n = 3).
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Table 2. Effects of substrate on pH and electrical conductivity of greenhouse grown Petunia ×hybrida.
0 DAP
Substrates
x

14 DAP
EC

pH

20% C
20% DC
40% C
40% DC

4.49 de
4.47 e
4.61 d
4.77 c

60% C
60% DC

5.01 b
5.17 a

z

z

w

y

pH

28 DAP
EC

pH

35 DAP
EC

pH

EC

3.66 ab
3.54 bc
2.88 d
4.21 a

5.26 bc
5.08 c
5.46 ab
5.39 abc

3.71
4.58
3.54
4.22

a
a
a
a

5.12 c
4.65 d
5.38 c
5.41 bc

2.00
2.16
1.69
1.43

a
a
a
a

5.28 ab
4.81 b
5.29 ab
5.37 ab

1.34
1.20
1.27
1.12

a
a
a
a

2.63 d
2.92 cd

5.69 a
5.56 ab

3.95 a
4.31 a

6.21 a
5.84 ab

1.19 a
1.42 a

5.95 a
5.90 a

0.82 a
0.88 a

Days After Planting.

y

Electrical Conductivity (dS/cm) of substrate solution using the pour through method.

x

C= pre-distilled cedar DC= post-distilled cedar; used in volumetric combination with a PL mix (80% Peat: 20% Perlite).

w

Means separation within columns using Tukeys Studentized Range Test (P ≤ 0.05, n = 4).

Table 3. Effects of substrate on pH and electrical conductivity of greenhouse grown Catharanthus roseus.
0 DAP
Substrates
x

4.49 de
4.47 e
4.61 d
4.77 c

60% C
60% DC

5.01 b
5.17 a

z

14 DAP
EC

pH

20% C
20% DC
40% C
40% DC

z

w

y

28 DAP

pH

EC

pH

3.66 ab
3.54 bc
2.88 d
4.21 a

5.40 b
5.11 c
5.36 bc
5.40 b

3.08 bc
4.65 a
2.51 c
4.05 ab

4.91
4.79
5.35
5.50

2.63 d
2.92 cd

5.93 a
5.60 b

3.00 c
3.30 bc

6.47 a
6.10 b

35 DAP
EC

d
d
c
c

1.41
1.61
1.57
1.31

pH
a
a
a
a

1.32 a
1.24 a

4.66
4.80
4.78
5.27

EC
d
d
d
c

6.35 a
5.74 b

1.67
1.08
1.22
1.19

a
a
a
a

0.67 a
1.01 a

Days After Planting.

y

Electrical Conductivity (dS/cm) of substrate solution using the pour through method.

x

C= pre-distilled cedar DC= post-distilled cedar; used in volumetric combination with a PL mix (80% Peat: 20% Perlite).

w

Means separation within columns using Tukeys Studentized Range Test (P ≤ 0.05, n = 4).
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Table 4. Use of cedar as an alternative substrate component.
Bloom
Root
Shoot dry
counts
Substrates
v
20% C
20% DC
40% C
40% DC
60% C
60% DC
20% C
20% DC
40% C
40% DC
60% C
60% DC

y

x

rating
Petunia ×hybrida

u

22.33 a
23.08 a
19.42 ab
23.67 a

2.75 bc
3.63 ab
2.50 c
3.75 a

w

weight
9.36
9.11
7.00
9.21

a
a
b
a

16.08 b
2.38 c
6.01 b
20.25 ab
3.00 abc
6.55 b
Catharanthus roseus
24.17 ab
2.75 bc
10.73 a
27.00 a
3.50 ab
10.53 ab
18.42 cd
2.00 c
9.39 bc
21.25 bc
4.25 a
10.30 ab
11.33 e
1.88 c
6.88 d
16.50 d
3.75 ab
8.80 c

z

Experiment installed at the Paterson Greenhouse Complex on
June 15, 2011.
y

Bloom count = number of blooms or buds showing color at
35 days (P ≤ 0.05, n = 12).

x

Root ratings 0-5 scale (0 = no visible roots and 5 = roots
visable on the entire container substrate interface)
(P ≤ 0.05, n = 8).

w

Shoot dry weight measured in grams (P ≤ 0.05, n = 8).

v

C= pre-distilled cedar DC= post-distilled cedar; used in volumetric
combination with a PL mix (80% Peat: 20% Perlite).

u

Means separation within columns using Tukeys Studentized
Range Test (P ≤ 0.05, n = 12).
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Effects of Fertilizer Rate on Production of Petunia ×hybrida in
Corncob Amended Substrates
Tyler L. Weldon, Glenn B. Fain, Jeff L. Sibley, and Charles H. Gilliam
Auburn University, Department of Horticulture, Auburn, AL 36849
GBF0002@auburn.edu
Index Words: Greenhouse annuals, perlite, alternative substrate
Significance to the Industry: Perlite (PL) is a component in most soilless greenhouse
substrates. Perlite takes significant energy to produce and transport and is known to be
an eye and lung irritant (3). Corncob, a possible new alternative to perlite, may require
nitrogen management during greenhouse crop production. This study evaluated the
effect of nitrogen fertilizer rates on corncob-amended substrates in the production of
Petunia ×hybrida.
Peatmoss was combined with soaked corncob, unsoaked corncob, or perlite, and mixed
with 2, 4, 6, or 8 lbs/yd3 of slow-release fertilizer (13-6-16 Harrell’s Lakeland, FL).
Results indicated an increase in the growth of petunias with the increase of fertilizer
rate. This study continues to show that corncob might be a viable alternative to perlite.
Although additional studies need to be conducted to determine the best nutrient
management practices. Additional advantages of corncob are its potential to be
regionally available and more carbon neutral compared to perlite.
Nature of Work: In the production of greenhouse crops, soilless substrates are often
used as the growing media and the major components of those substrates often include
peat moss and perlite (1, 2). These components are often mixed at different rates to
reach the desired physical properties of the selected crops. Perlite remains popular
because of its ability to add air space to peat-based substrates without increasing bulk
density. Perlite, an inorganic rock, is mined and heated to 1,600 oC to remove all water
and expand the rock (7). This process can produce a fine particle dust that has been
shown to cause eye and lung irritation (3).
Alternatives to perlite have been looked at to provide the same function and to provide a
more worker-friendly environment. Alternatives include: ricehulls, Hydrocks, and
expanded polystyrene (4, 5,10). Another potential alternative to the use of perlite is
processed corncob, a readily available domestic product (11). One concern with the use
of corncobs is the possibility of N-Immobilization (9). Due to the possible nitrogen
concerns, the objective of this study was to look at the effect of fertilizer rate on
corncob-amended substrates in the growth of Petunia ×hybrida.
Materials and Methods: Experiments were installed on June 6, 2011 at the Paterson
Greenhouse Complex at Auburn University. Two types of corncob were used for this
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study: corncobs that were unsoaked (US), and corncobs that were soaked (S) (Corncob
was placed in plastic containers and soaked for 24 hours and air-dried on a greenhouse
bench). Based on previous studies, we chose to pre-wet the corncob to rinse possible
residual nutrients and allow the corncob to imbibe water (our corncob source had been
heat-dried during processing). Each type of corncob was blended with peat moss at a
ratio of 80:20 peat:corncob(US) and 80:20 peat:corncob(S) (v:v); compared to an 80:20
peat:perlite standard. Each substrates was amended with 3 lb/yd3 of Dolomitic
Limestone, 1.5 lbs/yd3 of micromax (The Scotts Company, Marysville, OH), Controlled
release fertilizer (13- 6 -16 control release fertilizer Harrell’s, Lakeland, FL) was added
to each substrate at 2, 4, 6, 8 lbs/yd3. Containers (shuttle pot SP 525 East Jordan
Plastics, INC, East Jordan, MI) were filled with substrates and planted with 2 plugs (200
cell flat) of Petunia ×hybrida ‘Rambling Sugar Plum’. Containers were placed on a
raised bench in a twin wall polycarbonate greenhouse and watered as needed.
Data collected included initial substrate pH and EC, and weekly there after days using
the pour-through method (12). Final growth measurements collected at 35 days after
planting (DAP) included: growth index (GI) [(height + width + Perpendicular width ÷ 3
(cm)], bloom count (BC) (number of blooms showing color), and shoot-dry weights
(SDW) (oven dried at 70oF for 72 h). Substrate total porosity (TP), container capacity
(CC), air space (AS), and bulk density (BD) were determined using the NCSU
porometer method (6). Containers were randomized complete block design (RCB) with
12 single pot replicates. Data were subjected to analysis of variance using the general
linear models procedure and a multiple comparison of means was conducted using
Tukey’s Honest Significant Difference Test (version 9.1: SAS Institute, Cary, NC).
Results and Discussion: Physical properties analysis (Table 1) indicated TP and CC
in corncob-amended substrates compared to the peat-lite mix, with corncob-amended
substrates being higher in TP and CC. Air space was higher for unsoaked corncob
compared to peat-lite mixes, while soaked corncob was found to have no difference
when compared to peat-lite. One reason for soaked corncob to have a slight lower AS
than unsoaked could be the expanding of the corncob after it was soaked in water.
Results from pH at 0 and 7 DAP revealed a pH lower than the recommended range for
petunias of 5.5 – 6.2 with no difference found between substrates (Table 2). Readings
at 14 DAP showed pH for unsoaked corncob to be higher than those of soaked and
perlite among all fertilizer rates. Electrical conductivity results showed a decrease in
readings over time with 7, 14, 21, and 35 DAP showing no significant difference among
the different substrates.
Results from SDW (Table 3) of Petunias increased with increasing fertilizer rate for all
substrates with GI following a similar trend. Bloom counts were highest at the 8 lbs of
fertilizer rate of peat:perlite. Soaked and unsoaked corncobs were found to have similar
counts at the 2 and 4 lb rates. Differences were found in 6 and 8 lbs with soaked cob
being 40% greater in 6 lbs and 50% greater in 8 lbs. Root ratings for soaked corncob at
rates 6 and 8 lbs and unsoaked corncob at 8 lbs were found to be similar to the PL mix
at fertilizer rates of 2, 4, and 6 lbs. Soaked and unsoaked corncob also showed a linear
increase in RR with an increasing fertilizer rate.
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Results of this study indicated that the increase in fertilizer rate had a positive effect in
the growth of petunias in the corncob-amended substrates. Petunias grown in the peatlite mix had greater growth than petunias grown in unsoaked and soaked corncob.
Petunias grown in substrates with soaked cob at 8lbs fertilizer rate was found to have
similar results to the peat-lite mix at 6lbs with respect to GI and BC, suggesting that presoaking the corncob before mixing could also have an effect on the growth of petunias.
Literature Cited:
1. Baker, K.F. 1957. The U.C. system: a general summary. The U.C. system for
producing healthy container grown plants. Calif. Agric. Exp. Stn. Man. 23.
2. Boodley, J.W and J.R Sheldrake. 1977. Cornell peat-lite mixes for commercial plant
growing. Cornell Informational Bulletin Number 43.
3. Du, C.L., J.D. Wand, P.C. Chu, and Y.L Guo. 2010. Acute expanded perlite
exposure with persistent reactive airway dysfunction syndrome. Industrial Health
48:119-122.
4. Cole, J.C and D.E. Dunn. 2002. Expanded polystyrene as a substitute for perlite in
rooting substrate. J. Environ. Hort. 20:7-10.
5. Evans, M.R. and M. Gachukia. 2004. Fresh parboiled rice hulls serve as an
alternative to perlite in greenhouse crop substrates. HortScience 39:232-235.
6. Fonteno, W.C and C.T. Hardin. 1995. Procedures for determining physical
properties of horticultural substrates using the NCSU Porometer. Horticultural
Substrates Laboratory, North Carolina State University
7. Moore, G. 1987. Perlite Start to Finish. Proc. Intl. Plant Prop. Soc. 37:48-57
8. Peipins, L.A., M. Lewin, S. Campolucci, J.A. Lybarger, A. Miller, D. Middleton, C.
Weis, M. Spence, B. Black, and V. Kapil. 2003. Radiographic abnormalities and
exposure to asbestos-contaminated vermiculite in the community of Libby, Montana,
USA. Environmental Health Perspective 111:1753-1759.
9. Peterson, B.J. and B. Fry. 1987. Stable isotopes in ecosystem studies. Ann Rev.
Ecol 18:293-320
10. Pickens, J.M., J.L. Sibley, G.B. Fain, C.H. Gilliam, and J.W. Olive. 2009. The
lightweight aggregate hydrocks as perlite substitute. Proc. Southern Nursery Assn.
Res. Conf. 54:401-403.
11. Weldon, T.L., G.B. Fain, J.L. Sibley, and C.H. Gilliam. 2010. Processed Corncob as
an alternative to perlite in the production of greenhouse grown annuals. IPPS 60:2023
12. Wright, R.D, 1986. The Pour-through Nutrient Extraction Procedure. Hortscience 21:
227-229
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Table 1. Physical Properties of Corncob Amended Substrates.
Airy Containerx Totalw
Bulkv
Space capacity porosity density
3
----------------- (% vol) --------------- (g/cm )

Substrates

Peat:Corncob(us)u 13.5ar
t

Peat:Corncob(s)
Peat-lites
z
y

76.6a

90.1a

0.13a

12.4ab

77.6a

90.0a

0.11b

11.2b

75.1b

86.3b

0.09c

Analysis performed using the NCSU porometer.
Air space is volume of water drained from the sample ÷ volume of sample x 100.

x

Container Capacity is (wet weight - oven dry weight) ÷ volume of the sample x 100.

w

Total porsity is container capacity + air space.

v

Bulk density after forced air drying at 1050 C (221.0oF) for 48 h.

u

Peat:Corncob(us)= 80:20 peat:corncob (v:v) us = unsoaked.

t

Peat:Corncob(s)= 80:20 peat:corncob (v:v) s = soaked.
Peat-lite = 80:20 peat:perlite (v:v).
r
Tukeys Studentized Range Test (P ≤ 0.05, n = 3).
Means with same leter in column=no significant difference
s
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Table 2: Fertlizer Rate effect on pH and electrical conductivty of petuanis in corncob amended substrates.
0 DAPz
7 DAP
14 DAP
21 DAP
28 DAP
pH
Substrate
Rate (lbs)
Peat:Corncob(us)u
2
4.14
Peat:Corncob(us)
4
3.85
Peat:Corncob(us)
6
3.84
Peat:Corncob(us)
8
3.93
Peat:Corncob(s)t
2
3.89
Peat:Corncob(s)
4
3.81
Peat:Corncob(s)
6
3.97
Peat:Corncob(s)
8
3.89
Peat-lites
2
3.82
Peat-lite
4
3.90
Peat-lite
6
3.83
Peat-lite
8
3.78
u
HSD
0.18
un-washed
washed
Peat-Lite

L**tQ***
NS
NS

Ecx
3.52
3.01
2.48
4.39
3.09
2.83
4.51
3.54
3.72
4.31
3.93
4.38
1.36

pH
EC
pH
EC
4.68 4.12
5.58
2.29
5.06 4.66
5.41
2.64
5.34 3.99
5.18
2.65
5.06 5.09
5.16
2.76
4.49 3.77
4.37
2.61
3.28 3.97
4.53
2.72
4.24 5.72
4.30
3.02
4.25 7.90
4.03
4.48
4.23 4.39
3.88
2.50
4.06 6.01
3.98
2.67
4.21 6.11
4.10
3.28
4.12 4.12
4.11
5.38
1.69 2.81
0.53
2.47
Fertlizer Rate Response
L*Q*** NS
NS
L**
L**
NS
NS
L***
L**Q* NS
NS
NS
Q**
NS
L**

pH
5.41
5.12
5.53
5.08
4.64
4.51
4.36
4.29
3.89
3.86
3.80
2.80
1.47

EC
2.21
2.94
2.42
2.77
2.49
2.57
2.43
1.86
2.41
2.48
2.87
2.30
2.50

pH
5.44
5.18
5.40
5.30
4.54
4.69
4.77
4.45
4.43
4.14
3.88
3.85
0.61

EC
1.96
1.99
2.56
1.62
1.59
1.11
0.86
1.14
0.46
0.67
1.13
1.42
1.05

NS
NS
L*

NS
NS
NS

NS
NS
L**

Q**
NS
L**

35 DAP
pH
5.15
5.28
5.31
5.12
4.81
4.82
4.75
4.31
4.52
4.24
4.11
4.33
0.44
NS
L**Q*
Q**

EC
2.05
1.88
2.51
2.14
1.02
0.79
0.80
1.76
1.67
0.69
1.10
0.82
2.00
NS
NS
NS

z

Days after planting.
lbs/yd3 of 13-6-16 slow release fertlizer.
x
Electrical conductivity (dS/cm) of substrate solution using the pourthrough method.
w
Peat:Corncob(us)= 80:20 peat:corncob (v:v) us = unsoaked.
v
Peat:Corncob(s)= 80:20 peat:corncob (v:v) s = soaked.
u
Peat-lite = 80:20 peat:perlite (v:v) .
u
Tukeys Honest Significant Difference Test (P ≤ 0.05, n=4) .
t
Non Significant (NS), Linear (L) or Quadratic (Q) response at P ≤ 0.05 (*), 0.01 (**) or 0.001 (***).
y
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Table 3: Fertilizer rate effect on the growth of Petunias in corncob amended susbstrates.
Growth Parameters
Substrate
Fertilizer Rate
Peat:Corncob(us)u
Peat:Corncob(us)
Peat:Corncob(us)
Peat:Corncob(us)

(lbsz)
2
4
6
8

GI y
7.7
13.0
25.4
28.8

BCx
2.3
8.1
21.5
35.3

Peat:Corncob(s)t
Peat:Corncob(s)
Peat:Corncob(s)
Peat:Corncob(s)
Peat-lites
Peat-lite
Peat-lite
Peat-lite

2
13.6
5.6
4
21.3 16.9
6
32.4 49.7
8
36.4 66.1
2
29.9 43.7
4
37.8 53.4
6
41.1 76.7
8
44.3 90.4
r
HSD
5.8
12.3
Fertilizer Rate Response
Peat:Corncob(us)
L***q L***
Peat:Corncob(s)t
L***
L***
Peat-lite
L***
L***

RRw SDW v
1.9
1.0
2.6
3.8
3.1
3.0
3.4
5.4
2.4
3.1
3.4
3.6
4.0
4.0
4.3
4.6
1.0

1.4
2.8
6.4
9.6
7.0
10.4
14.5
16.9
3.8

L***
L***
L**

L**
L***
L***

z

lbs/yd3 of 13-6-16 slow release fertlizer
y
Growth index = [(height + width1 + width2)/3].(P ≤ 0.05, n = 12).
x
Bloom count = number of blooms showing color at 35 DAP.(P ≤ 0.05, n = 12).
w
Root ratings 0-5 scale(P ≤ 0.05, n = 8).
v
Shoot dry weight measured in grams.(P ≤ 0.05, n = 8).
u
Peat:Corncob(us)= 80:20 peat:corncob (v:v) us = unsoaked.
t
Peat:Corncob(s)= 80:20 peat:corncob (v:v) s = soaked.
s
Peat-lite = 80:20 peat:perlite (v:v).
r
Tukeys Honest Significant Difference Test (P ≤ 0.05, n = 8).
q
Linear (L) response at P ≤ 0.05 (*), 0.01 (**) or 0.001 (***).
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Heat Tolerance of Heucheras Using Laboratory-Based Methods
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Index Words: cell membrane thermostability, triphenyl tetrazolium chloride test
Significance to Industry: High temperature is often a major problem for cool-climate
ornamentals during summer months, especially in the south, resulting in less plant vigor
and reduced landscape aesthetic value. Current cultivar screenings for heat tolerance
rely on whole-plant techniques including multi-location multi-growing season field trials,
which could involve tremendous amount of cost if the companies have a large number
of plant materials to evaluate. Laboratory-based methods, including cell membrane
thermostability (CMT) test and triphenyl tetrazolium chloride (TTC) test, offer a rapid
and cost-effective alternative/assistance to field evaluation. Field evaluation might be
irreplaceable for its comprehensive evaluation results. However, field trials based on
results from laboratory-based screening procedures could focus on a smaller number of
plants, potentially shorten the period of time needed, and lower cost of field evaluation
of heat tolerance of ornamental plants for the industry.
Nature of Work: Twenty Heuchera cultivars (Table 1) were selected for evaluation of
heat tolerance using CMT and TTC tests. Six plants of each cultivar was grown in
commercial potting mix under greenhouse conditions and fertilized as needed before
measurements are taken as described below. Plants were placed in a 38 ºC/28 ºC
greenhouse for 24 hours before CMT and TTC tests were conducted following
procedures adjusted from Fokar et al. (1)
CMT test: Each plant assay consists of two sets of five leaf discs from a fully expanded
leaves. Leaf discs were washed and two paired sets of leaf discs were placed into two
separate test tubes with 20 mL of deionized water. One set of test tubes was incubated
for 20 min at 55 ºC water bath. The other set was left at room temperature. Test tubes
were then immediately incubated at 10 ºC for 12 h. After incubation, the initial
conductance was measured using an electrical conductivity meter. Test tubes were then
sealed with aluminum foil and autoclaved at 120 ºC and 0.15 MPa for 20 min. The
autoclaved tubes were cooled to 25 ºC and contents were mixed thoroughly before final
conductance was recorded.
Relative injury (RI) to cell membranes resulting from the temperature treatments is
calculated using the equation: RI (%)={1-[1-(Ti/Tf)]/ [1-(Ci/Cf)]}*100. T and C refer to the
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conductance of the treatment (55 ºC) and control (25 ºC), respectively, and the
subscripts, i and f, indicate initial and final conductance, respectively.
TTC test: A 2.5-cm segment about 0.5 cm from the leaf tip was excised from the same
leaf where discs were obtained for CMT test, which was then quartered along the
length. Every two quarter segments were placed in a capped 10-mL test tube containing
100 µl distilled water. Treatment tubes were heated in a water bath for 1 h at 50 ºC
while control tubes remained at 10 ºC. Two ml of 0.8% TTC (w/v) dissolved in a 0.05 M
phosphate buffer (pH 7.4) were added to all tubes, and then the tubes were placed in
vacuum chamber for infiltration of TTC into leaf tissues. Tubes were placed in total
darkness for 12 h at 25 ºC. After that, the TTC solution was drained and leaf segments
rinsed in distilled H2O. Formazan dye was extracted by addition of 2.5 mL of 95%
ethanol. Tubes were capped and allowed to remain in darkness for 24 h at 25 ºC. The
amount of formazan dye produced by TTC reduction was determined
spectrophotometrically at 530 nm. Cell viability as a measurement of thermotolerance
was determined as the percent of absorbency for treated segments relative to the
control.
Statistical analysis: The experiment was a completely randomized block design with
three replications in each of five blocks. RI and cell viability were subjected to arcsine
transformation before the analysis of variance using SAS PROC GLM procedures.
Means are separated using Duncan’s test at 95% confident level. The original RI and
cell viability data were presented in the table.
Results and Discussion: There was a wide range of relative injury from CMT test and
cell viability from TTC test (Table 1). The relative injury of the twenty cultivars ranged
from 6% in ‘Sunspot’ to 56% in ‘Gypsy Dance’, where higher relative injury indicated
less heat tolerance and lower relative injury indicated better heat tolerance. According
to CMT test, ‘Sunspot’, ‘Stoplight’, ‘Ginger’, ‘Can Can’, ‘Lime Rickey’, ‘Obsidian’ and
‘Paris’ were more heat tolerant compared to ‘Gypsy Dance’, ‘Cherries Jubilee’, ‘Ebony
and Ivory’, ‘Café Ole’ and ‘Peach Flamebe’. The cell viability of the twenty cultivars
ranged from 3% in ‘Sunspot’ to 59% in ‘Sparkling Burgundy’, where higher value
indicated better heat tolerance. According to TTC test, ‘Sparkling Burgundy’, ‘Ginger’,
‘Can Can’, ‘Café Ole’, ‘Hollywood’, ‘Obsidian’, ‘Paris’ and ‘Stoplight’ were more heat
tolerant than ‘Gypsy Dance’, ‘Ebony and Ivory’, ‘Strawberry Candy’, ‘Blood Red’ and
‘Cherries Jubilee’.
Generally speaking, Heuchera cultivars listed at the lower part of the table indicated
better heat tolerance than the cultivars at the upper part of the table. Although
discrepancy occurred in the exact order of 20 cultivars from two tests, the table offered
a good reference for future field evaluation, which could focus on the plants listed at the
lower part of the table for heat tolerance.
Literature Cited:
1. Fokar, M., H.T. Nguyen, and A. Blum. 1998. Heat tolerance in spring wheat. I.
Estimating cellular thermotolerance and its heritability. Euphytica 104:1-8.
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Table 1. Relative injury (%) from cell membrance thermostability test and cell viability
from triphenyl tetrazolium chloride test of 20 Heuchera cultivars.
Cell membrane thermostability test
Cultivar
Relative injury (%)
Gypsy Dance
56 az
Cherries Jubilee
43 ab
Ebony and Ivory
30 bc
Café Ole
28 bcd
Peach Flamebe
27 b-e
Black Beauty
25 c-f
Marmalade
23 c-g
Strawberry Candy
21 c-h
Hollywood
17 c-i
Fantasia
14 d-i
Green Spice
14 e-i
Sparkling Burgundy
13 e-i
Blood Red
14 e-i
Paris
13 f-i
Obsidian
11 f-i
Lime Rickey
11 f-i
Can Can
9 ghi
Ginger
9 hi
Stoplight
8 hi
Sunspot
6i

Triphenyl tetrazolium chloride test
Cultivar
Cell viability (%)
Gypsy Dance
3j
Ebony and Ivory
10 i
Strawberry Candy
16 hi
Blood Red
16 hi
Cherries Jubilee
25 gh
Black Beauty
28 fg
Lime Rickey
28 fg
Peach Flamebe
28 fg
Marmalade
30 efg
Fantasia
34 e-g
Sunspot
36 def
Green Spice
36 def
Stoplight
41 cde
Paris
42 cd
Obsidian
43 cd
Hollywood
44 bcd
Café Ole
45 bcd
Can Can
49 abc
Ginger
55 ab
Sparkling Burgundy
59 a
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Significance to Industry: High tunnels are unheated greenhouse-like structures that
provide a relatively low-cost modified environment for crop production. Growers use the
tunnels to extend growing seasons, reduce environmental variability, increase yields,
improve crop quality, and increase income (1). Cover crops are critical management
tools in many sustainable soil-based systems. Cover crops have the potential to cut
fertilizer costs, reduce the need for herbicides and pesticides, prevent soil erosion,
conserve soil moisture, improve yields, and protect water quality (2, 4, 5). While there
has been extensive research on the use of cover crops in open field production
systems, few studies have been conducted on how the use of cover crops in high
tunnels will impact soil properties and crop production. This study evaluated the effects
of different cover crops on soil fertility and sunflower cut flower production in high
tunnels. Cover crops were grown over the winter and incorporated into the soil in the
following spring and subsequently sunflower plants were grown in the high tunnels.
Composted broiler litter at a rate of 5 tons/acre was incorporated into the soil before
transplanting sunflower plants into high tunnels. Preliminary data from the first year
study indicated that in general, sunflower plants grown in the no cover crop plot were
taller than plants grown in the cover crop plots, especially earlier in the season.
However, the total number of stems was similar among all treatments, with plants grown
in mustard plot produced slightly less stems. The soil analysis data showed that prior to
tilling the cover crops, soil nitrate concentrations in the top 20 cm were more than 50%
higher in the no cover crop plot than in the cover crop plots. Further studies will be
conducted to look at the long-term effects of cover crops on soil properties and crop
production in high tunnels.
Nature of Work: In recent years, high tunnels are rapidly emerging as a desirable
system for many specialty crop producers due to the relatively modest inputs required
and the potential high profitability. The use of cover crops in high tunnel systems may
lead to improved soil properties and crop productivity. Here, we report on a study that
tests the effects of cover crops on soil characteristics and subsequent production of
sunflowers for fresh cut flower production.
The study was conducted in two high tunnels located at the Truck Crops Branch
Experiment Station in Crystal Springs, MS. The high tunnels were placed in full sun and
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oriented north to south. Each tunnel is 96 ft. long by 30 ft. wide. The soil was Loring silt
loam. The study was a randomized complete block design. Each high tunnel serves as
a block. Winter cover crops were sown on Nov. 10, 2010 with four treatments: Annual
ryegrass (Lolium multiflorum Lam.) (75 lbs/acre), Annual ryegrass (50 lbs/acre) + hairy
vetch (Vicia villosa) (31 lbs/acre), Caliente 199 mustard blend (Brassica juncea +
Sinapis alba) (10 lbs/acre), and no cover crop (control). Each treatment consisted of
one fourth of one high tunnel divided from the middle of the high tunnel. After growing
about three months in high tunnels, cover crops were cut and tilled into the soil on Feb.
16, 2011. Composted broiler litter (Currie Farms, Raleigh, MS) at a rate of 5 tons/acre
was incorporated into the soil on March 1, 2011. Sunflower ‘Infrared Mix F1’ was
selected for sunflower cut flower. Sunflower seedlings were transplanted to raise beds
in high tunnels on March 3, 2011. Each cover crop treatment included 80 sunflower
plants which were planted one ft. apart with two parallel rows on one bed. The beds
were 2 ft across the top. Two drip tapes were placed one ft. apart in the center of the
bed, and buried one inch below the top of the bed. Irrigation was supplied as needed
through the drip tape. The beds were covered with black plastic mulch.
On March 22 and April 26, 2011, leaf greenness (chlorophyll content) was quantified
using a SPAD-502 Chlorophyll Meter (Minolta Camera Co., Ramsey, NJ). For each
plant, three recently fully expanded leaves were randomly chosen for SPAD
measurement and the average of the three readings was recorded. On the same dates,
plant heights were also measured. Sunflower stems were harvested as soon as the
blooms were completely opened, starting from April 27 through May 19, 2011. The
number of stems longer than 12 inches was recorded.
Results and Discussion: Since we have only two high tunnels (replications) in this
study, we only present the mean value of the data. Sunflower ‘Infrared Mix F1’ grew
very tall in spring in high tunnels, reaching over 200 cm when we started to harvest the
stems on 55 days after transplanting (DAP) (Table 1). In general, sunflower plants
grown in the no cover crop plot were taller than plants grown in the cover crop plots.
This was possibly due to cover crops utilizing some of the nutrients in the soil, leaving
less nutrients for subsequent cash crops (3). The soil analysis data showed that prior to
tilling the cover crops, soil nitrate concentrations in the top 20 cm were 50% higher in
the no cover crop plots than in the cover crop plots. There was no difference among all
plots in extractable P, K, Ca, Mg, Na, and soil organic matter prior to tilling the cover
crops. The plant leaf SPAD readings were similar among all treatments. The total
number of stems was also similar among treatments, with plants grown in biofumigant
mustard plots produced slightly less stems. Further studies will be conducted to look at
the long-term effects of cover crops on soil fertility and plant growth and production in
high tunnels.
Literature Cited:
1. Blomgren, T. and T. Frisch. 2008. High tunnels: using low-cost technology to
increase yields, improve quality and extend the season.
http://www.uvm.edu/sustainableagriculture/hightunnels.html
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2. Clark, A. 2007. Managing cover crops profitably. 3rd ed. Sustainable Agriculture
Network, Beltsville, MD.
3. Leavitt, M.J., C.C. Sheaffer, D.L. Wyse, and D.L. Allan. 2011. Rolled winter rye and
hairy vetch cover crops lower weed density but reduce vegetable yields in no-tillage
organic production. HoreScience 46(3):387–395.
4. Varco, J.J., S.R. Spurlock, and O.R. Sanabria-Garro. 1999. Profitability and nitrogen
rate optimization associated with winter cover management in no-tillage cotton. J.
Prod. Agric. 12:91-95.
5. Wang, G., M. Ngouajio, M.E. McGiffen, Jr., and C.M. Hutchinson. 2008. Summer
cover crop and management system affect lettuce and cantaloupe production
system. Agron. J. 100:1587-1593.

Table 1. Effects of cover crops on plant height (cm), leaf SPAD value, and total number
of stems per plant (> 12 in.) of sunflower ‘Infrared Mix F1’ in high tunnels.
Cover Crop Treatments
Annual ryegrass
Annual ryegrass + hairy vetch
Mustard blend
No cover crop (control)

Plant height (cm)
20 DAP
55 DAP
31.1
233.5
30.8
256.5
29.5
229.0
34.9
259.8

Floriculture

SPAD value
20 DAP 55 DAP
44.1
46.8
44.0
45.5
43.7
46.1
44.9
46.8

Stems/plant
8.9
10.1
8.0
9.5
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Managing Knock Out Rose and Loropetalum Growth in the Landscape
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ornamental
Significance to Industry: Many shrubs and groundcovers used in the landscape
require routine pruning or shearing to keep their shape neat and compact. Pruning is a
significant expenditure of time and a major labor cost for the landscape service industry.
In addition, over half of the states in the U.S. have passed laws against disposing of
yard wastes in landfills, which has increased the interest in using PGRs to reduce
pruning or the amount of clippings. Application rates and frequency of Cutless .33G
were studied in this study for managing growth of Knock Out rose and Zhu Zhou
loropetalum in the landscape.
Nature of Work: Knock Out roses and loropetalums are popular shrubs commonly used
in the landscapes. However, they can easily grow up to five feet tall and require regular
trimming. Hand pruning is labor intensive and may increase disease problems
associated with wounding the plant. Cutless .33G (SePRO Corporation, Carmel, IN) is a
granular formulation of flurprimidol which is a gibberellic acid biosynthesis inhibitor. It is
absorbed mainly by roots. Being granular, it is easier to broadcast around plants than
soil drench a liquid product. Other than growth control, previous observations indicate
that flurprimidol may enhance overall quality of established landscape plants with
improved foliage color and flowering. The granular formulation for landscape use was
effective on azalea and loropetalum in container production (1). However, few research
studies have been conducted on its effectiveness in landscape (2).
The objective of this study was to determine effective rate and application frequency of
Cutless to regulate the growth of Knock Out rose and Zhu Zhou loropetalum after being
established in the landscapes. Two experiments were conducted in landscape research
plots at LSU AgCenter Hammond Research Station, Hammond LA from 2009 to 2011.
In both experiments, raised beds were made by adding soil mix (Nature’s Best, Baton
Rouge, LA) and pine bark to existing soil. Individual plots (experimental unit) were 10
feet long x 6 feet wide. A total of 28 and 25 plots were used in Expt. 1 and 2,
respectively. Two plants of the same species were planted in each plot and treated as
sub-samples. Plants were planted in the fall to allow establishment of roots during
winter, and then treated with Cutless in the subsequent spring when new growth is
observed. In both experiments, plants were lightly pruned (15%) at the time of the first

Plant Growth Regulators

153

SNA Research Conference Vol. 57 2012

(spring) application but not the second (fall) application. Overhead irrigation was
provided which facilitated the dissolution and uptake of the active ingredient.
Treatments in Expt. 1 (Knock Out rose) included Cutless applied at 0, 5, 10, or 20
lbs/1000 ft2 on Apr. 13, 2010, and two applications of 5, 10, and 20 lbs/1000 ft2 with the
first application in April and the second application on Aug. 2, 2010. After April
application, plant height (including inflorescences) and width (average of the two
perpendicular widths) were measured once per month throughout the study. Plant visual
quality was rated monthly by a scale ranged from 1 to 5, where 5 represents the best
quality. Flower number per plant was recorded weekly from June to August. Leaf
greenness was measured using a chlorophyll (SPAD) meter on the youngest fully
expanded (YFE) leaves on June 7 and July 12. Data were analyzed as CRBD with four
replications each having two sub-samples.
Treatments in experiment 2 (Zhu Zhou loropetalum) included single application of 0, 7,
or 14 lbs/1000 ft2 Cutless on March 3, 2011, and two applications of 7 or 14 lbs/1000 ft2
on March 3 and August 23. Plant height and width were measured once per month
throughout the study. Plant visual quality was recorded using the same rating scale as
for Knock Out rose in Expt. 1. Data were analyzed as CRBD with four replications each
having two subsamples.
Results and Discussions: For Knock Out rose, height reduction of 35% was observed
at four weeks after the second application at 10 lbs/1000 ft2. Two applications of 20
lbs/1000 ft2 resulted in similar height reduction and visual quality as 2x10 lbs/1000 ft2.
Single application of either 10 or 20 lbs rate provided 10% to 15% height reduction,
which was not satisfactory because Knock Out rose is a vigorous plant (Fig.1). Overall
improvement in plant quality was also observed, including increased lateral branching
and darker leaf color in treated plants. The control effect lasted for at least five months
and more data are being collected for estimating control duration on this popular
landscape rose.
For Zhu Zhou loropetalum, results indicated that Cutless at 14 lbs/1000 ft2 applied once
in the spring is effective on controlling shoot growth from spring to summer. Additional
application in August did not provide further growth control compared to single
application in April (Fig. 2). Darker purple leaves were noted and confirmed by a
chlorophyll content meter. These results were similar to what was found with another
variety, Merlot Lace (2).
1. Banko, T.J. and M.A. Stefani. 1995. Cutless and Atrimmec for controlling growth of
woody landscape plants in containers. Journal of Environmental Horticulture. 13(1): 2226.
2. Chen, Y., R. Bracy, and A. Owings. 2009. Growth regulation of loropetalum and
azalea in landscape beds. SNA Res. Conf. 54:255-260.
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Figure 1. Plant height (A) and overall visual quality (B) of Knock Out roses at 4 weeks after
the 2nd treatment of Cutless .33G in August 2011. First application was applied in March
2011.
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Figure 2. Loropetalum Zhuzhou plant height at 4 weeks after the 2nd application of
Cutless .33 G in August. First application was applied in April 2011.
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Plant Growth Regulator Impact on Calibrachoa and Verbena Branching
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Significance to Industry: Calibrachoa sp. and verbena sp. are two popular ornamental
plants and many commercial cultivars are available. Some cultivars have more
branches than others. Consumers prefer well branched, compact plants with abundant
flowering shoots. Plant growth regulators (PGR) are often used to enhance branching
and hence increase the number of flowering shoots. However, the effectiveness of a
PGR on branching depends on the type of PGR, application rate, and the genotype of
the plant (1, 2). In this study, four cultivars of calibrachoa and four cultivars of verbena
were treated with three PGRs, Augeo, Configure, and Florel, at two rates as a foliar
spray. Effects of PGRs on plant performance varied with type of PGR and cultivars.
Nature of Work: On May 17, rooted cuttings of calibrachoa ‘Balcanapt’ Can-Can™
Apricot, ‘Balcanoa’ Can-Can™ Mocha, ‘Balcanoran’ Can-Can™ Orange, ‘Balcanerry’
Can-Can™ Strawberry, and verbena ‘Balazvelu’ Aztec™ Blue Velvet, ‘Balazreve’
Aztec™ Red Velvet, ‘Balazwilro Aztec™ Wild Rose, ‘Balwildared’ Wildfire Dark Red
were received in El Paso, TX from Ball Horticulture (Chicago, IL). Uniform un-pinched
rooted cuttings were selected and subsequently transplanted to 4-in diameter round
plastic pots filled with No. 1 Sunshine Mix (SunGro Hort., Bellevue, WA). Plants were
then grown in the greenhouse and irrigated with a nutrient solution made from 15N-5P15K Cal-Mag Special (Scotts, Marysville, OH) with total N at 125 ppm.
On May 25, plants were sprayed with PGRs after plants were well watered (Table 1).
Before spraying, plants were arranged in four completely randomized blocks with 16 or
10 plants per block, depending on cultivar. Can-Can Apricot and Can-Can Mocha
calibrachoa and Aztec Blue Velvet and Aztec Wild Rose verbena had 16 plants per
block. The remaining cultivars had 10 plants per block. Eight pots were placed in each
flat (9.5 inch wide by 20 inch long). To compare the efficacy of PGRs, a group of
untreated and un-pinched plants served as control, and another group of untreated but
pinched plants served as pinched control. The greenhouse temperature was controlled
by a pad-and-fan cooling system. The average daily maximum temperature in the
greenhouse during the experimental period were 30.3 ± 1.2 °C, average daily minimum
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temperature were 23.7 ± 1.6 °C, relative humidity ranged from 20 to 45%, and daily light
integral ranged from 15 to 21 mol·m-2·d-1.
At the end of the experiment (6 weeks after PGR treatments), plant width (two
perpendicular widths) was measured for all plants, and plant height was measured for
verbena. Total number of shoots and number of blooming shoots were counted. Visual
quality was evaluated at 9, 21, and 33 days after PGR treatments. Phytotoxicity was
also rated 21 days after PGR treatments. Criteria of evaluation are noted in the footnote
of the result tables.
Results and Discussions: For calibrachoa, Augeo treated plants improved branching
slightly compared to untreated control and pinched control plants and had the best
visual quality among all treatments. Augeo 400 and 800 ppm treated plants had more or
similar number of shoots compared to untreated and pinched control plants (Table 2).
Configure and Florel did not improve branching, regardless of cultivars. Similar to total
shoot number, Augeo 400 and 800 ppm treated plants had a similar number of
blooming shoots compared to untreated control and pinched control plants for all
cultivars (Table 3). Florel 500 and 1000 ppm also resulted in similar numbers of
blooming shoots in Can-Can Orange and Can-Can Strawberry compared to untreated
and pinched control plants. Plants treated with Configure at both rates resulted in the
lowest numbers of blooming shoots. Right after the Configure foliar spray, plants
appeared stressed and growth was stunted for a while. By the time the experiment was
terminated, the majority of plants reached peak flowering. Configure treated plants had
many small shoots that were in vegetative growth without flower buds. This may
indicate that Configure rates, 150 and 300 ppm may be too high for calibrachoa. The
effects of PGRs on final plant size were similar to their effects on branching. Augeo 400
and 800 ppm treated plants had similar widths or were bigger compared to untreated
and pinched control plants. Other PGR treatments led to smaller plants (Table 4).
Similarly, plants treated with Augeo 400 ppm had the best visual quality scores,
followed by those treated with Augeo 800 ppm in all calibrachoa cultivars (Table 5).
Configure 300 ppm and Florel 1000 ppm treated plants tended to have lower qualities.
Minor phytotoxicity was observed in calibrachoa cultivars.
For verbena, none of the PGR treatments improved branching, regardless of cultivar.
For Aztec Blue Velvet, plants treated with Configure 300 ppm and Florel 500 ppm had
similar total shoot numbers as the untreated and pinched control plants, while all other
PGR treatments reduced shoot number (Table 6). For Aztec Wild Rose, plants treated
with Configure 150 ppm and 300 ppm and Florel 500 ppm had similar shoot numbers as
the untreated and pinched control plants and all other PGR treated plants had fewer
shoots. For Aztec Red Velvet and Wildfire Dark Red, all PGR treated plants had fewer
shoots than the untreated and pinched plants except for Augeo 400 ppm on Wildfire
Dark Red. Therefore, PGR treatments reduced shoot number in these two cultivars
(Table 6). PGRs did not affect plant height in Aztec Blue Velvet. All PGR treatments led
to shorter and more compact plants compared to untreated and pinched control plants
except for Configure 150 and 300 ppm and Florel 500 ppm in Aztec Wild Rose (Table
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7). Pinched plants had the best visual quality compared to PGR treated plants,
regardless of cultivar (Table 8). The effect of PGR treatments on visual quality varied
with cultivar. For example, Configure 150 and Florel 500 ppm resulted in better quality
in Aztec Blue Velvet and Aztec Wild Rose than other PGR treatments. However, for
Wildfire Dark Red, Augeo 400 ppm had better visual score (3.7) than any other PGR
treatment. All verbena cultivars exhibited phytotoxicity (Table 9), although the degree of
damage varied with cultivar and PGR. For example, in Aztec Blue Velvet, the most
severe phytotoxicity (2.2) was observed with Configure 300 ppm treatment, while in
Aztec Red Velvet the most severe phytotoxicity (4.2) was observed with Augeo 800
ppm treatment.
In summary, for calibrachoa cultivars, Augeo treated plants improved branching slightly
compared to untreated control and pinched control plants and had the best visual
quality. For verbena, none of the PGR enhanced branching and improved quality. Little
phytotoxicity was observed in calibrachoa cultivars, while all verbena cultivars exhibited
phytotoxicity with varying degrees of damage depending on cultivar, PGR, and
application rate.
Acknowledgements. We appreciate the donation of plants from Ball Horticulture and
the chemicals from OHP, Inc. Fine Americas, and Monterey Ag Resources.
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2. Thomas, P.A., J.G. Latimer, D. Zhang, and S. Hartzler. 1992. Effects of plant growth
regulators on lateral branching and shoot growth of hypericum. SNA 37:261-265.
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Table 1. List of plant growth regulators, application rate and time.
Application
Date of
Crop Growth
Product
Rate(s)
Type
Application
Stage

Application
Volume

Augeo
(dikegulac)

400 ppm
800 ppm

Foliar
spray

May 25,
2011

8 days after One gallon
transplanting per treatment

Configure
(benzyladenine)

150 ppm *
300 ppm

Foliar
spray

May 25,
2011

8 days after One gallon
transplanting per treatment

Florel
(ethephon)

500 ppm
1000 ppm

Foliar
spray

May 25,
2011

8 days after One gallon
transplanting per treatment

Untreated, not
pinched

-

-

-

-

-

Untreated,
pinched

-

-

-

-

-

*Two applications at 1 week interval.
Table 2. Final number of shoots of Calibrachoa cultivars counted on Day 33.
Can-Can
Can-Can
Can-Can
Can-Can
Treatment
Apricot
Mocha
Orange
Strawberry
Control
58.5 bc
64.4 ab
74.7 ab
90.2 ab
Pinched
68.7 ab
52.3 bc
76.3ab
99.6 a
Augeo 400
76.3 a
72.3 a
86.8 a
101.8 a
Augeo 800
77.8 a
58.1 abc
76.4 ab
98.0 a
Configure 150
45.6 cd
56.3 abc
48.0 cd
74.2 abc
Configure 300
29.3 e
69.0 ab
36.0 d
62.9 c
Florel 500
57.3 bc
58.6 abc
57.5 bc
63.9 bc
Florel 1000
39.2 de
45.4 c
47.9 cd
58.3 c
Means in the same column with same letters are not significantly different.

Table 3. Final number of blooming shoots for Calibrachoa cultivars counted on Day 33.
Can-Can
Can-Can
Can-Can
Can-Can
Treatment
Apricot
Mocha
Orange
Strawberry
Control
70.3 ab
68.8 ab
75.0 ab
80.0 a
Pinched
79.2 ab
68.3 ab
75.0 ab
67.5 a
Augeo400
87.5 a
67.2 ab
77.5 a
85.0 a
Augeo800
75.0 ab
84.4 a
87.5 a
87.5 a
Configure150
7.8 c
32.8 c
55.0 b
62.5 a
Configure300
5.0 c
25.0 c
7.5 c
8.3 b
Florel500
79.7 ab
59.4 b
87.5 a
62.5 a
Florel1000
60.7b
38.3 c
87.5 a
67.5 a
Means in the same column with same letters are not significantly different.
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Table 4. Final width [(width 1 + width 2)/2] of Calibrachoa cultivars measured on Day 33.
Can-Can
Can-Can
Can-Can
Can-Can
Treatment
Apricot
Mocha
Orange
Strawberry
Control
36.7 b
29.8 a
35.6 a
30.8 a
Pinched
37.9 b
28.7 ab
33.0 abc
31.1 a
Augeo400
44.2 a
27.8 abc
33.9 ab
33.6 a
Augeo800
37.0 a
25.3 bcd
28.6 cd
29.2 a
Configure150
20.9 d
24.8 cd
24.6 d
24.5 b
Configure300
15.4 e
22.4 de
19.3 e
21.3 b
Florel500
31.2 c
22.7 de
29.6 bcd
24.5 b
Florel1000
18.1 de
20.9 e
26.5 d
21.7 b
Means in the same column with same letters are not significantly different.

Table 5. Visual quality of Calibrachoa recorded 9, 21, and 33 days after treatment.
Can-Can
Can-Can
Can-Can
Can-Can
Treatment
Apricot
Mocha
Orange
Strawberry
D9 D21 D33
D9 D21 D33
D9 D21 D33
D9
D21
D33
Control
Pinched
1.8 3.8 4.9
1.6 2.8 4.5
1.6 3.6
4.3
1.4 4.0
4.7
Augeo 400
3.2 4.4 5.2
3.4 3.7 4.6
4.5 4.5
4.9
4.0 3.9
4.4
Augeo 800
3.5 3.7 4.6
2.6 2.2 4.2
2.5 2.1
4.1
2.0 2.1
4.1
Configure150 3.2 1.8 2.5
3.6 2.6 3.5
2.0 1.6
1.9
2.8 2.0
3.6
Configure300 2.8 1.2 1.4
3.1 2.1 3.2
2.0 1.6
1.9
1.7 1.2
2.2
Florel 500
1.8 2.8 3.6
1.9 2.4 3.6
1.8 1.7
3.5
1.8 2.0
3.0
Florel 1000
1.3 1.1 1.8
1.7 1.8 2.7
1.3 1.3
2.9
1.6 1.8
2.8
Evaluation criterion: 1 = significantly worse than untreated; 2 = moderately worse than untreated;
3 = slightly worse than untreated; 4 = no difference from untreated; 5 = slightly better than
untreated; 6 = moderately better than untreated; 7 = significantly better than untreated.

Table 6. Final number of total and blooming shoots of verbena cultivars counted on Day 33.
Treatment
Aztec Blue Velvet
Aztec Red Velvet
Aztec Wild Rose
Wildfire Dark Red
Total Blooming Total Blooming Total Blooming Total Blooming
Control
11.7 a
8.8 a
16.2 a 12.4 a
9.6 a
7.2 ab
13.7 a 11.9 a
Pinched
9.5 ab 7.8 abc
14.5 a 11.0 a
9.3 a
7.6 ab
11.8 ab
8.6 b
Augeo 400
6.6 c
4.9 de
7.5 b
4.4 c
2.9 b
2.3 c
12.1 ab
8.5 b
Augeo 800
4.0 d
3.5 e
2.3 c
0.9 d
2.3 b
1.4 c
1.7 c
1.1 d
Configure 150
8.2 bc 6.3 bcd
8.4 b
4.8 c
10.6 a
8.9 a
4.2 c
1.6 d
Configure 300
9.7 ab 6.8 abcd
6.7 b
3.8 c
9.4 a
6.6 b
1.6 c
0.9 d
Florel 500
11.1 a
8.3 ab
9.3 b
7.1 b
11.0 a
6.6 b
10.2 b
5.7 c
Florel 1000
7.8 bc 5.9 cd
2.6 c
0.6 d
2.5 b
0.7 c
4.7 c
2.3 d
Mean in the same column with same letters are not significantly different.
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Table 7. Final height and width [(width1 + width2)/2] of verbena cultivars measured on Day 33.
Treatment
Aztec Blue Velvet Aztec Red Velvet Aztec Wild Rose
Wildfire Dark Red
Height Width
Height Width
Height
Width
Height
Width
Control
19.8 a 20.5 a
15.4 a 31.5 a
12.0 a
23.7 a
15.2 a
33.9 a
Pinched
13.2 a 20.3 a
15.1 a 28.2 a
10.5abc 27.1 a
11.4 bc
36.6 a
Augeo 400
13.2 a 13.7 cd
8.0 c 14.0 cd
9.0 c
14.9 cd 14.3 ab
21.2 b
Augeo 800
11.2 a 12.4 d
5.8 c
9.8 d
9.5 bc 10.7 e
8.0 d
9.0 d
Configure 150 11.2 a 15.7 bcd 11.9 b 16.0 bc
12.1 a
19.0 b
9.8 cd
15.6 bc
Configure 300 11.7 a 16.8 bc
10.8 b
9.8 d
12.1 a
18.4 bc
7.7 d
10.5 cd
Florel 500
13.8 a 18.6 ab
11.9 b 19.4 b
11.3 ab 24.1 a
12.3 abc 20.8 b
Florel 1000
13.7 a 15.9 bc
6.9 c 11.1 d
8.5 c
13.7 de 10.7 cd
14.5 cd
Means in the same column with same letters are not significantly different.

Table 8. Visual quality of verbena cultivars recorded on 9, 21, and 33 days after treatment.
Treatment
Aztec Blue Velvet
Aztec Red Velvet
Aztec Wild Rose
Wildfire Dark Red
D9 D21 D33
D9 D21 D33
D9 D21 D33
D9 D21
D33
Control
Pinched
1.1 2.7
4.0
1.6 3.9
4.8
1.6 4.1
4.9
1.5 4.7
4.8
Augeo 400
3.7 2.4
2.0
2.7 2.2
2.4
2.7 2.4
2.0
3.9 3.1
3.7
Augeo 800
4.2 2.1
1.7
2.1 1.2
1.0
2.6 2.2
1.4
2.3 1.8
1.2
Conf. 150
2.9 2.3
3.4
2.0 1.7
2.5
2.9 2.4
3.5
1.6 1.3
1.4
Conf. 300
1.9 1.4
3.0
1.5 1.5
2.5
3.0 2.0
2.8
1.8 1.1
1.4
Florel 500
2.0 2.7
3.6
1.6 1.7
2.7
3.9 3.6
3.6
1.8 1.9
2.4
Florel 1000
2.0 1.9
3.1
1.5 1.0
1.3
2.6 1.9
1.3
1.7 1.4
1.8
Evaluation criteria: 1 = significantly worse than untreated; 2 = moderately worse than untreated;
3 = slightly worse than untreated; 4 = no difference from untreated; 5 = slightly better than
untreated; 6 = moderately better than untreated; 7 = significantly better than untreated.

Table 9. Phytotoxicity of verbena cultivars assessed 21 days after PGR treatment.
Treatment
Aztec Blue Velvet Aztec Red Velvet Aztec Wild Rose Wildfire Dark Red
Control
0
0
0
0
Pinched
0
0
0
0
Augeo 400
1.5
1.0
1.1
0.3
Augeo 800
1.5
4.2
2.3
0.8
Conf. 150
0.4
1.2
0.9
0.7
Conf. 300
2.2
2.4
2.0
0.8
Florel 500
0.4
0.8
0.8
0.6
Florel 1000
0.7
3.4
3.4
1.8
Phytotoxicity rating: on a scale of 0 to 10 (0 = No phytotoxicity; 10 = Complete kill) taken
on Day 21.
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Growth Regulation in Container Produciton with TopflorG
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Index Words: flurprimidol, granular formulation, herbaceous perennial, greenhouse
production
Significance to Industry: Many herbaceous perennials need to be pruned several
times during production for a fuller growth and a compact shape. Pruning is a significant
expenditure of time and labor in their production costs. Plant growth regulator may help
reduce pruning needs and improve plant quality. A granular formulation of flurprimidol
(TopflorG) was tested in a production greenhouse on three herbaceous perennials.
Results indicate that TopflorG provided effect and long-lasting growth control on all
three varieties. However, there were issues with crop quality possibly because of
application timing. Further research is needed for making appropriate application
recommendations.
Nature of Work: TopflorG (SePRO Corp., Carmel, IN) is a granular formulation of
flurprimidol (0.17%) which is a gibberellic acid biosynthesis inhibitor. It is absorbed
mainly through roots and stems. Being granular, it is easier to be broadcast around
plants than “spray-drench” or soil drench of a liquid product. The slow-release feature
may provide longer growth control compared to some other PGRs currently available for
greenhouse production. Other than growth control, previous observations indicate that
flurprimidol may enhance the overall quality of plants with darker green foliage (1), more
flowers (2), improved drought tolerance in foliage plant (3), and reduced cold injury in
Fraser fir (4). Several application aspects of this PGR have not been fully tested with
herbaceous perennials in container production. For example, application timing,
effective rates, and residual effect after being transplanted into the landscape, are still
unknown for many commonly used varieties. The objective of this preliminary study was
to determine effects of TopflorG at various rates on the growth and quality of lantana,
Mexican Heather, and verbena.
The study was conducted in a greenhouse at the Bracy’s Nursery (Amite, LA) in 2011.
Rooted cuttings of New Gold lantana, Mexican heather, and Homestead Purple verbena
were transplanted into trade gallon pots (1.4L) on March 22. Potting mix was a custom
pine bark mix. A single cutting was planted per pot for Mexican Heather and verbena,
while two cuttings were planted in each pot for lantana as a grower’s practice to obtain
fuller plants. A total of 24 pots of each variety were treated with Topflor at 0, 1/8, or 1/6
teaspoons with eight plants treated for each rate. A soft pinch was conducted on
verbena and lantana before treatments. After application, plants were maintained by
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nursery staff with the same practices across treatments and varieties. Plant height
(including inflorescences) and width (average of the two perpendicular widths) were
measured at 3, 5, and 7 weeks after treatment (WAT). Number of inflorescences in
lantana and verbena were recorded at 5 WAT. Overall crop quality was assessed for
each plant as ‘salable’ or ‘unsalable’ at 8 WAT based on criteria provided by the grower.
A salable plant needs to be full (canopy cover the pot surface, no medium can be seen
from a top view), balanced, and with good number of flowers presented on top of
canopy. Plants that were not able to cover the pot (medium can be seen), skewed to
one side of the pot, or without flowers are considered ‘unsalable’. All data, except
salability assessment, were analyzed as Completely Randomized Design with eight
replications.
Results and Discussion: All three varieties responded to TopflorG from 3 WAT.
Compared with untreated control, lantana treated with 1/8 or 1/6 teaspoons had 50% to
60% less increase in height by 3 WAT, and 70% to 75% less increase in height by 5
WAT (Fig. 1A). Mexican Heather plants treated at both rates had 40% to 60% less
increase in height, and verbena had 50% to 65% less increase in height (data not
shown). Effects were also significant with plant width in lantana (Fig. 1B) and the other
two varieties (data not shown). The difference in numbers of flowers was not statistically
significant among treatments (lantana data in Fig. 1C); however, there was a trend that
plants treated with higher rates may have fewer flowers in both lantana and verbena. In
addition, the treatments plants had better flower presentation possibly because the
canopy of treated plants was more compact and flowers were presented on shorter
stems (Fig. 2). Lantana was the only variety planted with two cuttings in each pot. About
25% pots treated with TopflorG exhibited some degree of difference in terms of
receiving and responding to the treatment between the two cuttings (Fig. 3). Among
treated plants at both rates, about 50% to 56% lantana, 31% Mexican Heather, and
31% to 44% verbena plants (either rate) were unsalable either because plant canopy
was not full enough or plant skewed to side of pot (Fig. 4).
In summary, TopflorG is effective in controlling growth of the three perennials tested,
but issues such as uneven growth between multiple cuttings and unable to produce full
canopy were found and possibly related to application timing. Apparently, applying early
at the time of transplant (as recommended by manufacture) or very early stage of
production, plant may not have enough time to grow and “cover the pot”, or, root
development of multiple cuttings are limited to a small soil amount that may miss the
material applied nearby. Further study is needed for better timing.
Literature Cited:
1. Chen, Y., R. Bracy, and A. Owings. 2009. Growth regulation of loropetalum and
azalea in landscape beds. SNA Res. Conf. 54:255-260.
2. Banko, T.J. and M.A. Stefani. 1995. Cutless and Atrimmec for controlling growth
of woody landscape plants in containers. J. of Environ. Hort. 13: 22-26. Burton,
A.L., S.V. Pennisi, and M.W. van Iersel. 2007. Morphology and postharvest
performance of Geogenanthus undutus C. Koch & Linden ‘Inca’ after application
of ancymidol or flurprimidol. HortSci. 42:544-549.
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4. Nzokou, P and P. Nikiema. 2008. The influence of three plant growth regulators
on susceptibility to cold injury following warm winter spells in Fraser fir [Abies
fraseri (Pursh) Poir] and Colorado blue spruce (Picea pungens). HortSci. 43:742746.
A. Increase in height

B. Increase in width

35

25
20

a

a

15
10
5

b

b

a

60
Increase (cm)

Increase (cm)

30

70
Untreated
1/8 tsp
1/6 tsp

50
b

40
a

30

b

20

c

b

b

b

10

0

0
3 WAT

5 WAT

3 WAT

5 WAT

C. Number of flowers
35
30

5 WAT

a
a

25

a

20
15
10
5
0
Untreated

1/8 tsp

1/6 tsp

Figure 1. Increase in plant height (A) and width (B) at 3 and 5 weeks after treatments
(WAT), and number of inflorescences at 5 WAT in lantana treated with Topflor 3 days
after transplant.
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Figure 2. Untreated lantana plants, and those treated with TopflorG at 1/8 or 1/6
teaspoon, showing better flower presentation on treated plants.

Figure 3. One of the issues found with lantana is that the granular material may not
distribute evenly between the two cuttings planted in the same pot, or these cuttings
may not respond equally. In this photo, the cutting on the right (circled) received and
responded to the treatment but the cutting on the left did not.
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Figure 4. Untreated Mexican Heather (above) or Homestead Purple verbena (below),
and plants treated with 1/8 or 1/6 teaspoon of TopFlorG. Both photos indicate that if
treatment was applied too early (3 days after transplant in this study); growth was
suppressed before the canopy can cover the pot.
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In Bed with Rain Gardens
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Index words: Stormwater runoff, bio-retention cells, best management practice (BMP),
substrates, pollution remediation
Significance to the Industry: Best management practices (BMP) such as rain gardens
(also known as bio-retention cells) are effective in remediating urban stormwater runoff
(7). Rain gardens are a depression in the landscape which catch runoff, retain it, and
remove the pollutants (nutrients) by plant uptake and substrate binding. They also look
beautiful and provide a wonderful environment for wildlife (9), which has made them the
recommended BMP for sustainable commercial and residential landscapes in
remediating the impermeable surface area square footage (7). Infiltration rate, saturated
hydraulic conductivity, moisture content after drainage and bulk density are all affected
by substrate particle size and composition and may impact pollution remediation and
plant growth.
Nature of Work: Water is one of the planet’s most precious resources, yet it has
become one of the most polluted and neglected (3).The Environmental Protection
Agency (EPA) enacted the Clean Water Act (CWA) in 1972 which regulates the
pollutant discharge from point sources in the United States of America (11). This act
was the first step to regulating the discharge of pollutants and allows EPA to control
where and how these pollutants are being discharged. However, water pollution
originates from non-point sources more than point sources. Shockingly, a little less than
half of the streams in the United States are still not suitable for recreation 37 years after
the CWA was initiated, due to the high pollutant levels (3). Arnold and Gibbons feel this
is in a great part due to the large increase of impermeable surfaces which correlates
with the increases in population (1).
In the past ten years rain gardens have become a very popular BMP for remediating
stormwater pollution generated by impervious surfaces and remain effective for about
ten years (5). They allow infiltration and retention of the water to occur so that microbial
activity, filtration and plant uptake can remove pollutants (nutrients) from the water (6).
Aesthetically, they are beautiful in the landscape, do not serve as a breeding habitat for
mosquitoes, attract wildlife and can consist of evergreen and deciduous plants so the
system will function and be attractive all year long (8). Rain gardens also can aid in
obtaining LEED certification. About 40% of the possible LEED credits can be gained by
having overall property enhancements in the landscape which protect ecological
diversity and sustainability. Installing a rain garden in an existing landscape can provide
7-8 LEED points alone (9).
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The current recommendations for the filter bed media of a rain gardens are a sand
based substrate which is a blend (v/v) of 80% washed sand, 15% clay and silt fines and
5% pine bark (7). Plant recommendations for rain gardens are native plants which are
thought to be more tolerant of the harsh climates, but have also shown some problems
in invasiveness within the rain gardens. This experiment was designed to expand the
knowledge of best filter bed substrates and plant selection for rain gardens with three
objectives: 1) to assess three different filter bed substrates for their effectiveness in
pollution removal and support of plant growth; 2) to evaluate a wide variety of perennial
plants (woody, herbaceous, evergreen and grasses) for their effectiveness differences
in pollution sequestration and overall garden performance and 3) to compare native and
cultivated varieties of these species with regard to pollutant removal and garden
performance and expand the nursery industries supply of plants for rain garden
installation by the landscape industry.
Three different filter bed substrates were used in this study, each with a different base
component. The sand based substrate (sand) was a blend (v/v) of 80% washed sand,
15% clay and silt fines and 5% pine bark, donated by Wade Moore Equipment
Company, in Louisburg, NC. The soil based substrate (OM) was a blend (v/v) of 50%
sandy loam soil with a P index (Phosphorus index) of <30 and 50% pine bark, donated
by Old Castle, in Louisburg, NC. The third substrate (slate) was a blend (v/v) of 80% Dtank expanded slate and 20% pine bark fines donated by PermaTill, Carolina Stalite
Company, Salisbury, NC. Each rain garden is 6 ft. (1.8 m) wide x 32 ft. (9.75 m) long x 4
ft. (1.22 m) deep with a 3 ft. (0.9 m) wide berm covered with weed fabric between each
rain garden. Each bed was built on a slight slope. A 4 in. (10.2 cm) perforated drainage
pipe was laid in the bottom of each rain garden and was connected to a non-perforated
drainage pipe that extended out of each rain garden so leachate samples could be
collected and analyzed. A 6 in. (15.24 cm) layer of gravel was placed over the drainage
pipe in the OM and sand rain gardens, while the drainage pipe in the slate rain gardens
was covered with CA-9 permaTill. Each rain garden was then filled with 20 yd3 (15.3 m3)
of filter bed substrate [total of 336 ft2 (9.5 m2) per substrate].
Infiltration, bulk density (g/cm3) and moisture content (g) were measured in situ.
Infiltration was determined by a double ring infiltrometer. Initial infiltration was measured
prior to planting, 7 weeks after filling. End of season one infiltration was measured when
plants had been growing in the rain gardens for 28 weeks after filling (one double ring
infiltrometer was placed by the same tree, Betula nigra L. and same perennial
Helianthus angustifolius L. in each bed to ensure similar root densities). An Uhland
sampler was used to determine bulk density (g/cm3) from each rain garden 22 weeks
after filling. The wet weight of the substrate in the cores was recorded, and then the
filled core was placed in an oven to dry at 105°C (221oF) for 48 hours. Moisture content
was determined by subtracting the dry weight from the wet weight and dividing by the
volume of the core. Hydraulic conductivity (HC), the rate at which water flows through
the saturated substrate, was determined in the NCSU Substrate Lab, Raleigh, NC using
substrates packed into aluminum cores each [7.6 cm (3 in) tall by 7.6 cm (3 in) i.d.] (2,
4).
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To determine particle size distribution, approximately 350 g (12.35 oz.) of each
substrate was dried at 105°C(221oF) for 48 hours and placed in a Ro-tap Shaker (Model
B, W.S. Tyler, Mentor, Ohio) fitted with thirteen sieve plates, 6.3 mm (.25”), 4.0mm
(0.16”), 2.8mm (0.11”), 2.0 mm (.08”), 1.4mm (0.06”), 1.0mm (0.04”), 0.71 mm (.03”),
0.5 mm (.02”), 0.36mm (0.01”), 0.25 mm (.009”), 0.18mm (0.007”) and 0.106 mm (.004”)
for 5 min. The sample from each sieve plate was weighed, and particle size was
expressed as a percentage of the total weight of the sample.
The study was conducted at the Horticulture Field Laboratories, Raleigh, NC (longitude:
35o47’29.57”N; latitude: 78o41’56.71”W; elevation: 136 m). This experiment is a
completely randomized design of three filter bed substrates with four replications for a
total of twelve rain gardens. All variables were tested for differences using analysis of
variance procedures and lsd means separation procedures (p > 0.05) where appropriate
(10).
Results and Discussion: OM had greater percentages of large particles (6.3 mm)
than sand or slate (Table 1). Slate had the greatest percentage of particles in the 2.0 –
1.4 mm range followed by sand and then OM. The small particles (1.0 – 0.11 mm) were
greatest in sand followed by slate and OM. The infiltration at 7 weeks after filling (initial)
was fastest with the OM due to the greater percentage of larger particles and was
slowest with sand (Table 2). Infiltration at the end of season one showed different
results. Sand continued to have the slowest infiltration; however, slate had the quickest
infiltration. The increase in slate’s infiltration from initial to the end of season one may
be due to the growth of roots in the slate substrate. Under saturated conditions (HC),
water moved through the sand the slowest and the quickest through OM (Table 2) most
likely due to sand’s greater percentage, and OM smallest percentage, of small particles
(1.0 – 0.18 mm). Moisture content, after drainage, was also greatest in OM (Table 2)
due to its large faction of small particles. Interestingly, moisture contents after drainage
of sand and slate were not different from each other even though the percentages of
small particles and saturated HC between these substrates were significantly different.
Bulk density was greatest in sand, followed by slate and OM.
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Table 1. Particle size of rain garden substrates.
Particle Size Range
OMz
Sand
Slate
(mm)
(% wt)
(% wt)
(% wt)
6.30y
19.6a x
4.8b
1.0b
4.00
14.2a
16.2a
2.9b
2.80
12.9b
17.1a
11.1b
2.00
15.1c
21.5b
24.6a
1.40
20.6c
31.6b
37.2a
1.00
19.0c
38.8a
33.4b
0.71
13.0c
46.9a
30.4b
0.50
12.6c
47.2a
24.6b
0.36
8.4c
40.3a
17.4b
0.25
6.2c
32.3a
13.9b
0.18
4.7c
18.8a
10.1b
0.11
4.6b
10.0a
12.3a
pan
11.2b
12.2b
27.5a
z
Substrate filter bed blends (by volume). OM = 1:1 pine bark: soil, sand = 17:2:1 sand :
soil : pine bark, slate = 8:1 expanded slate fines : pine bark.
y
Sieve sizes
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x

Means within a column with different letters are significantly different from each other
based on lsd mean separation procedures (p>0.05). Mean of 5 samples

Table 2. Physical properties of rain garden substrates.
Infiltration
Substratez
Bulk
Moisture
Hydraulic
(end season
Infiltration
density
content
conductivity
one)
(initial)
(g/cm3)
(g)
(K cm/ min)
(sec/in)
(sec/in)
OM
10.4ay
47.3b
15.6a
0.2a
0.8c
Sand
70.7c
90.5c
1.0c
0.1b
1.3a
Slate
27.8 b
15.6a
12.4b
0.1b
0.9b
z
Substrate filter bed blends (by volume). OM=1:1 pine bark: soil, sand=17:2:1 sand: soil
: pine bark, slate=8:1 expanded slate fines : pine bark.
y
Means within a column with different letters are significantly different from each other
based on lsd mean separation procedures (p>0.05). Mean of eight samples.
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Growth Comparison of Two Conifer Species in the Great Plains
Joshua Pool, Jason Griffin, Cheryl Boyer, and Stuart Warren
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2021 Throckmorton Plant Science Building, Manhattan, KS 66506
jrp0292@k-state.edu
Index words: Cupressus arizonica, field production, landscape establishment, Picea
engelmannii, root growth
Significance to the industry: Two species of conifers, Cupressus arizonica Greene
(Arizona cypress), Picea engelmannii Perry ex Engelm (engelmann spruce) were
planted in a sandy loam soil to observe root and shoot growth during establishment.
Results indicate that C. arizonica exhibited extraordinary root and shoot growth
capabilities throughout the growing season. In contrast, P. engelmannii exhibited a
modest increase in root dry weight throughout the growing season; however, shoot
growth was essentially non-existent. The data herein suggests that C. arizonica easily
transplants because it rapidly establishes new root and shoot growth following planting
in difficult environments.
Nature of Work: Pine (Pinus L.) trees throughout the Midwest and Great Plains are in
rapid decline from pests, diseases, and environmental stresses. While they are
aesthetic, pine trees are also necessary for wind abatement, control of soil erosion, and
wildlife habitat. New conifers that can withstand the environmental pressure of the
lower Midwest and withstand attacks by pests and diseases are of utmost importance.
Root regeneration and elongation is one of the integral processes that must preclude
shoot initiation to insure survivability of transplanted trees (1, 2, 5). Initiation of shoot
growth prior to root growth can lead to water and nutrient stress jeopardizing the
success of the new plant (3, 4). Therefore, a better understanding of the root and shoot
growth periodicity of a species prior to planting, may aid transplant success in difficult
environments. Our objective was to investigate the root and shoot growth
characteristics of selected conifer species for potential pine replacements.
On April 7, 2010, seedlings of C. arizonica and P. engelmannii were planted into a
Canadian-Waldeck fine sandy loam soil at the Kansas State University John C. Pair
Horticulture Center (Haysville, KS). Prior to planting, nitrogen (urea, 46-0-0) was
incorporated into the soil at a rate of 39 kg• ha-1 (36 lb•ac-1). The C. arizonica seedlings
were in 164 ml (10 in3) cone-tainers which were removed at planting and the roots
manually teased out of the root ball. The P. engelmannii seedlings were bare root liners
whose root systems were trimmed to a consistent length of 17.78 cm (7 in.) prior to
planting. Weed control was accomplished using oryzalin (United Phosphorous Inc.,
Trenton, NJ) applied after planting at a rate of 9.35 L•ha-1 (13.69 oz•ac-1) and spot
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treatments of glyphosate (2%) as needed. Drip irrigation was utilized to maintain
adequate soil moisture [Robert’s RO-Drip 300 LPH•100 m-1 (240 GPH• 1000 ft-1)].
Watering occurred weekly for 6 hours when precipitation was insufficient.
Two whole plants per species (roots and shoots) were harvested every 28 days utilizing
a skid-steer mounted U-blade. Following harvest, roots were washed and plant height
(from soil line), width, and stem caliper at the soil line were measured (data not
presented for brevity). Roots were then separated from the tops and dry weights of
both were obtained following 7 days of drying at 65°C (149°F) in a forced air drying
oven.
The experiment was a randomized complete block design with a split-plot arrangement
of treatments. Whole plots consisted of time (harvest) and species were the sub-plot.
There were two sub-samples per species per harvest and the experiment was
replicated four times (blocks) resulting in eight plants per species per harvest. The
seedlings were planted in six rows with1.0 m (3.3 ft) in-row spacing and 3.0 m (10 ft)
between-row spacing. Data were analyzed using PROC GLM and regression lines
were fit where appropriate.
Results and Discussion: There was a significant interaction between species and
harvest date for all measured data. C. arizonica exhibited significant growth across all
measured parameters with a 6,500% increase in shoot dry weight (SDW) and 5,400%
increase in root dry weight (RDW) (Fig. 1). The ability of C. arizonica to exploit
favorable conditions to rapidly increase root mass may explain some of its known
drought tolerance. SDW:RDW increased rapidly after planting due to rapid shoot
expansion relative to root growth in early spring but decreased sharply as root growth
increased throughout the summer and into fall. Root growth of P. engelmannii did
increase following planting. However by 20 weeks after planting there was little to no
new root growth. There was a general decline in SDW:RDW over the duration of the
study, which can be expected for a species with a determinate growth pattern such as
P. engelmannii.
The data suggest that C. arizonica may be a suitable species for the Midwest due to the
rapid growth and establishment of a substantial root system in a short period.
Conversely, P. engelmannii may be disadvantaged due to reduced root growth after
transplant and throughout the growing season. Therefore, the plant may be more
vulnerable to environmental stress, even when irrigation was applied.
Literature Cited
1. Harris, J.R., P. Knight, and J. Fanelli. 1996. Fall Transplanting Improves
Establishment of Balled and Burlapped Fringe Tree (Chionanthus virginicus L.).
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2. Mattson, A. 1991. Root Growth Capacity and Field Performance of Pinus
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Fig.1. Shoot to root ratio (SDW:RDW), root dry weight (RDW), and shoot dry weight
(SDW) of Arizona cypress (AC) and Engelmann spruce (ES). Arizona cypress RDW
and SDW were significant at P< .0001 and SDW:RDW was significant at P<.05.
Engelmann spruce RDW was significant at P< .005 and SDW:RDW was significant at
P< .0001. Symbols represent the mean of 8 plants.
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Significance to Industry: Reusing greywater for irrigation in the landscape can reduce
the demand for potable water. Sodium chloride is one of the primary contaminants in
greywater, therefore plants must be able to tolerate salinity if greywater is used for
irrigation. Three landscape species were evaluated for tolerance to saline irrigation
water. While all species exhibited a decrease in growth with increasing salt
concentration in irrigation water, Illicium parviflorum, and Muhlenbergia capillaris had
100% survival and were most tolerant of saline irrigation. Itea virginica exhibited
mortality at the highest salt concentrations and was the least salt tolerant of the three
species evaluated. All three species were, however, tolerant of salt concentrations that
could be expected in most greywater.
Nature of Work: In the United States water consumption increases by 40-60% in
summer months due to landscape irrigation (5). The reuse of greywater, defined as nontoilet water, for irrigation provides an opportunity to reduce the demand for potable
water. Greywater is less polluted than municipal wastewater because of the absence of
feces, urine, and toilet paper (3). Use of greywater for irrigation is limited by the
potential for salt injury to plants, since sodium chloride is often a frequent contaminant
of greywater. If greywater is to be used for landscape irrigation, it will be necessary to
identify landscape plants that can tolerate the salinity of greywater. Therefore, the
objective of this research was to evaluate the tolerance of three native landscape plants
to saline irrigation water.
Liners [2 in (5.1 cm)] of Illicium parviflorum Michx. ex Vent. (small anise tree), Itea
virginica L. ‘Henry’s Garnet’ (Virginia sweetspire), and Muhlenbergia capillaris (Lam.)
Trin. (pink muhly grass) were planted in 2.5 L (trade gallon) containers in a 5:3:1
pinebark:peat:perlite substrate. Substrate was pre-plant amended with 9.1 lb·yd-3 (4.52
kg·m-3) control released fertilizer [Polyon with micros 17N-5P2O5-11K2O (Harrel’s LLC,
Lakeland, FL)], and dolomitic limestone [4 lb·yd-3 (1.8 kg·m-3)]. Plants were irrigated by
hand daily with 10.1 oz (300mL) of tap water containing one of the following
concentrations (treatments) of sodium chloride (NaCl): 0 (tap water), 2000, 4000, 6000,
8000, or 10000 ppm (mg·L-3). While these rates are much higher than normally found in
greywater [Na 7.4-480 ppm (mg·L-3), Cl 9 – 88 ppm (mg·L-3)] they are intended to test
higher levels of salt tolerance so that this research could be applicable to other saline
irrigation sources (1,3). Generally, plants that can tolerate saline irrigation levels of
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2000-3000 ppm (mg·L-3) are considered to be salt tolerant (9). Plants received tap water
only (no NaCl) irrigation on weekends. Treatments were initiated on 20 June 2011, and
experiment was terminated on 30 September 2011. Plants were grown under natural
photoperiod on raised benches in a greenhouse at Paterson Greenhouse Complex at
Auburn University in Auburn, AL.
There were ten single container replications per treatment per species. Experimental
design was a completely randomized design with each species representing a separate
experiment. Three plants of each species in each treatment were harvested five and ten
weeks after treatment initiation, and the remaining plants (n=4) were harvested fifteen
weeks after treatment initiation (experiment termination). Root dry weight (RDW) and
shoot dry weight (SDW) were determined at each harvest. Recently matured leaf tissue
samples were collected from three plants per treatment per species at experiment
termination and analyzed for tissue macronutrient (N, P, K, Ca, and Mg), Na, and Cl
concentrations. Data were subjected to analysis of variance and regression analysis
using PROC GLM in SAS (SAS Institute, Cary, NC).
Results and Discussion: Root dry weight (Fig. 1) and SDW (Fig. 2) of Illicium
parviflorum and Itea virginica decreased linearly with increasing NaCl concentration at
each harvest date. Although RDW and SDW of Muhlenbergia capillaris decreased with
increasing NaCl over the first 5 weeks of treatment, there was no effect of NaCl
concentration on SDW of Muhlenbergia capillaris 10 and 15 weeks after treatment
initiation. Despite decreasing with increasing NaCl concentration, RDW and SDW of
Illicium parviflorum and Muhlenbergia capillaris did increase between harvest dates
indicating both species continued to grow while receiving saline irrigation (Figs. 1-2).
For Itea virginica, only RDW increased over time, yet this was only at lower NaCl
concentrations (Figs. 1-2), and foliar damage was observed at lowest treatment level
[(2000 ppm (mg·L-3)](personal observation). Leaf macronutrient, Na and Cl
concentrations increased linearly with increasing NaCl concentration in Illicium
parviflorum and Itea virginica (Table 1). NaCl concentration greater than 4000 ppm of
Itea virginica lacked sufficient leaf tissue for analysis. In Muhlenbergia capillaris leaf N,
P, Na, and Cl concentrations increased linearly with increasing NaCl concentration,
while there was no effect on K, Ca, and Mg leaf concentrations (Table 1). Increases in
leaf macronutrient concentrations were likely due to decreased SDW. Plant mortality
occurred only for Itea virginica which had 0% survival in 8000 and 10000 ppm (mg·L-3)
NaCl treatments at 15 weeks (Figs. 1-2). Muhlenbergia capillaris and Illicium parviflorum
had 100% survival even at NaCl irrigation rates of up to 20 times higher than generally
found in greywater (1, 3). This is likely due to their native habitats’ proximity to saline
environments (2, 8). Muhlenbergia capillaris’ ability to tolerate saline irrigation may also
be credited related to leaf Ca, Mg, and K not being affected by increasing
concentrations of NaCl. Muhlenbergia capillaris leaf Na and Cl concentrations were up
to ten times higher in plants irrigated with the highest NaCl concentrations than in plants
irrigated with tap water (Table 1). Although Muhlenbergia rigens has the ability to
exclude NaCl (10), this did not appear to be the mechanism of salt tolerance in this
experiment. Likewise, Illicium parviflorum irrigated with 10000 ppm (mg·L-3) had leaf Na
and Cl concentrations 200 and 50 times higher, respectively, than plants irrigated with
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tap water (Table 1). Itea virginica leaf concentrations on Na and Cl were four and fifteen
times higher in plants irrigated with 4000 ppm (mg·L-3) NaCl than plants irrigated with
tap water (Table 1). The tolerance of these three species saline irrigation may be
related, at least in part, to their ability to accumulate Na and Cl in leaf tissue.
Previous research demonstrates that root zone salinity reduces the ability of plants to
take up water, and this causes reductions in growth rate along with a suite of metabolic
changes identical to those caused by water stress (6, 7, 10). Limited information is
available on salt tolerance of woody landscape species native to the southeastern
United States (4, 10). Additional research to identify landscape species that are salt
tolerant will have application for utilizing greywater for landscape irrigation as well as
utilizing saline irrigation water in general.
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8. Schroeder, P.M., R. Dolan and B.P. Hayden. 1976 Vegetation changes associated
with barrier-dune construction on the outer banks of North Carolina. Environmental
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Table 1. Effect of NaCl concentration in irrigation water on concentration of
macronutrients, sodium, and chlorine in leaves of Illicium parviflorum, Itea
virginica, and Muhlenbergia capillaris grown containers in a greenhouse in
Auburn, AL.
Leaf tissue element concentration (%)

I. parviflorum
NaCl (mg•L-1)

N

P

K

Ca

Mg

Na

Cl

0

1.11

0.10

0.74

0.17

0.12

0.01

0.07

2000

1.23

0.12

0.82

0.15

0.11

0.11

0.32

4000

1.85

0.19

0.96

0.24

0.12

0.50

0.88

6000

2.19

0.20

0.87

0.18

0.09

0.60

0.96

8000

1.96

0.19

0.95

0.16

0.11

0.96

1.63

10000

2.27

0.19

1.10

0.18

0.12

2.26

4.07

L***z

L***

L**

Q*

Q*

L***

L***

NaCl (mg•L-1)

N

P

K

Ca

Mg

Na

Cl

0y

1.13

0.09

0.51

0.53

0.22

0.04

0.21

2000

1.28

0.15

1.06

0.79

0.32

0.17

1.99

4000

1.66

0.23

1.07

0.94

0.35

0.68

3.26

L**

L***

L***

L***

L***

L***

L***

NaCl (mg•L-1)

N

P

K

Ca

Mg

Na

Cl

0

0.64

0.16

0.77

0.18

0.12

0.24

0.54

2000

0.79

0.16

0.68

0.18

0.11

0.96

1.56

4000

0.65

0.15

0.54

0.11

0.08

1.17

1.74

6000

0.89

0.23

0.76

0.17

0.11

2.66

4.76

8000

0.91

0.22

0.82

0.18

0.11

3.39

6.07

10000

0.87

0.20

0.70

0.16

0.10

3.14

5.93

I. virginica

M. capillaris

L**
L**
NS
NS
NS
L***
L***
Significance (SAS Institute, Cary, NC) of linear (L) or quadratic (Q) trend associated
with effect of NaCl concentration in irrigation water on leaf tissue element concentration
(n=3); trends are significant at P < 0.05 (*), 0.01 (**), 0.001(***), or not significant (NS).
y
NaCl concentration greater than 4000 ppm (mg·L-3) lacked sufficient leaf
tissue for analysis.
z
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Figure 1. Effect of NaCl concentration in irrigation water on root dry weight (RDW) of A)
Illicium parviflorum, B) Itea virginica, and C) Muhlenbergia capillaris grown in a
greenhouse in Auburn, AL and harvested at 5, 10 and 15 weeks after treatment
initiation. Data were subjected to regression analysis using PROC GLM in SAS (SAS
Institute, Cary, NC).
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Figure 2. Effect of NaCl concentration in irrigation water on shoot dry weight (SDW) of
A) Illicium parviflorum, B) Itea virginica, and C) Muhlenbergia capillaris grown in a
greenhouse in Auburn, AL and harvested at 5, 10 and 15 weeks after treatment
initiation. Data were subjected to regression analysis using PROC GLM in SAS (SAS
Institute, Cary, NC).
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Response of Redbud (Cercis canadensis) Trees to Post-establishment Applied
Organic Mulch
Thayne Montague, Cynthia McKenney, Kaylee Decker
Department of Plant and Soil Science, Texas Tech University
Lubbock, Texas 79409-2122
thayne.montague@ttu.edu
Index words: landscape maintenance, photosynthesis, stomatal conductance, soil
moisture, soil temperature
Significance to Industry: Organic mulch (pine bark, pruning chips, pine needles, etc.)
is thought to provide many benefits to urban landscapes (reduced weed competition,
increased soil moisture levels, soil temperature moderation). In fact, many in the
landscape industry advise the public to place organic mulches on soils surrounding new
landscapes and trees in existing landscapes. However, limited research has been
conducted to determine if organic mulch provides benefits to established landscape
trees. Our research confirms soil abiotic features are influenced by organic mulch
placed over soil. Our research also determined that depending on a tree species
genetic composition, organic mulch placed around root zones of established trees may
limit or enhance tree gas exchange and growth. Our data confirm tree species may be
sensitive to the influence organic mulch has on soil abiotic factors. Cultural practices
around established trees (such as the use of organic mulch) should be considered prior
to making recommendations.
Nature of Work: Organic mulch (pine bark, pruning chips, pine needles, etc.) is thought
to provide many benefits to urban landscapes (2). In fact, many in the landscape
industry advise the public to place organic mulches on soils surrounding new and
existing landscape trees. However, limited research has been conducted to determine if
organic mulch provides benefits to established landscape trees. Our research objectives
were to compare gas exchange (stomatal conductance and photosynthetic rates) and
growth (budbreak, leaf area, and shoot growth) of established trees which had, and
which did not have organic mulch placed on the soil surface surrounding each tree.
Research was conducted on trees at the Texas Tech University Research Farm in
Lubbock, Texas. Trees were planted in 2002 in a randomized complete block design.
Redbud species studied were Cercis canadensis mexicana (Mexican redbud), C.
canadensis texensis (Texas redbud), C. canadensis texensis ‘Oklahoma’ (Oklahoma
redbud), and C. canadensis texensis ‘Alba’ (white Texas redbud). There were three
blocks with two plants of each species within each block. Each plant of each species
within each block was randomly assigned a mulch treatment: no mulch (8.0 feet (2.4 m)
diameter area around tree kept weed free), or mulch (8.0 feet (2.4 m) diameter area
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around each tree covered with 4.0 inches (10 cm) of cypress bark mulch). To contain
mulch near the tree, plastic edging was placed around mulched trees. Three trees of
each species were randomly assigned mulch or non-mulch treatments. Mulch was
applied Fall 2008 and reapplied Fall 2009. During growing seasons (May – October)
each tree received weekly irrigation (based upon total weekly reference
evapotranspiration and soil surface area within the 8 foot (2.4 m) diameter below each
tree) from three 1 gallon (3.8 L) hour-1 emitters placed within 3 feet (0.9 m) of the trunk.
Climatic data required to calculate reference evapotranspiration (shortwave radiation,
wind speed, humidity, and air temperature) was collected with a weather station
installed on site. In addition to climatic data, soil temperature and soil moisture content
sensors were installed 1 inch (2.5 cm) below the soil surface of one mulched and one
non-mulched tree. Sensors were installed 3 feet (0.9 m) from the trunk of each tree.
One set of sensors were also installed between tree rows to measure the non-irrigated
portion of the experiment. Budbreak data from each tree was collected Spring 2009 and
2010. Throughout the 2009, 2010, and 2011 growing season, mid-day gas exchange
data (stomatal conductance and photosynthetic rates) were collected. At the end of
each growing season, shoot growth was measured on selected shoots from each tree.
In addition, leaf area on 100 leaves from each tree was measured with a leaf area
meter. Gas exchange (2011 growing season), and budbreak / growth data (pooled from
each year) were exposed to ANOVA appropriate for a randomized block design. When
significant treatment differences were observed, means were separated by Fisher’s
least significance procedure (SAS).
Results and Discussion: Throughout the growing season, soil temperature data
indicate soil under mulch was cooler, had greater soil moisture, and fewer temperature
and moisture fluctuation extremes when compared to soil under non-mulched trees and
non-irrigated soil (Figures 1, 2). Organic mulch placed on the soil surface is known to
act as insulation for soil below (3) In addition, previous research indicates soils covered
with organic mulch generally have fewer extremes in temperature, moisture, and energy
fluctuations (1). Data from this research indicate budbreak was influenced by mulch
treatment on a single species (Texas redbud). Budbreak was later for non-mulched
Texas redbud trees when compared to mulched Texas redbud trees (Figure 3).
Because of late season frosts, early budbreak can be a serious concern for many
regions of the United States. Trees which break bud prior to late season frosts may
avoid excessive leaf and flower damage.
Aside from Mexican redbud, gas exchange data does not indicate specific trends for
mulch versus non-mulched trees. Mexican redbud trees without mulch had greater midday stomatal conductance and photosynthetic rates when compared to mulched trees
(Figure 4, 5). In addition, Texas redbud trees without mulch had greater stomatal
conductance when compared to non-mulch trees (Figure 4), and Oklahoma redbud
trees without mulch had greater photosynthetic rates when compared to non-mulch
trees (Figure 5). All other trees and treatments had similar gas exchange rates (Figure
4, 5). Shoot growth was similar for all trees and mulch treatments (Figure 6). However,
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leaves of Mexican and Texas redbud trees grown with mulch had greater leaf area
when compared to trees grown without mulch (Figure 7).
Previous research indicates response of established trees to organic mulch placed
around a tree’s root zone will be species and structure specific (1). Our research
confirms these findings with established Mexican, Texas, Oklahoma, and white redbud
trees. Depending on a tree species genetic composition, organic mulch (which will
influence soil temperature and soil moisture, and may also influence soil aeration and
soil nutrient levels) placed around root zones of established trees may limit or enhance
tree gas exchange and growth. Our data confirm tree species may be sensitive to the
influence organic mulch has on soil abiotic factors. Cultural practices around
established trees (such as the use of organic mulch) should be carefully considered
prior to making recommendations.
Literature Cited
1. Montague, T. and L. Fox. 2008. Gas exchange and growth of transplanted and
nontransplanted field-grown Shumard red oak trees grown with and without
organic mulch. HortScience 43:770-775.
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gas exchange and growth of two irrigated landscape tree species in an arid
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Figure 1. Mid-day soil temperature for mulched, non-mulched, and control (within row)
surfaces.
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Figure 2. Mid-day soil moisture for mulched, non-mulched, and control (within row)
surfaces.
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Figure 3. Mean budbreak date for established mulched and non-mulched Cercis
canadensis trees.

210

-2

-1

Stomatal conductance (mmol m s )

240

180
150

Mexican redbud (mulch)
Mexican redbud (non-mulch)
Texas redbud (mulch)
Texas redbud (non-mulch)
Oklahoma redbud (mulch)
Oklahoma redbud (non-mulch)
white redbud (mulch)
white redbud (non-mulch)

240

a
a

210

b

180
b

150

120

120

90

90

60

60

30

30

Summer 2011

Figure 4. Mean, mid-day stomatal conductance for established mulched and nonmulched Cercis canadensis trees.
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Figure 5. Mean, mid-day photosynthetic rates for established mulched and non-mulched
Cercis canadensis trees.
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Figure 6. Mean shoot elongation of established mulched and non-mulched Cercis
canadensis trees.
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Figure 7. Mean leaf size of established mulched and non-mulched Cercis canadensis
trees.

Landscape

189

SNA Research Conference Vol. 57 2012

Performance of Yellow Flowering Magnolias in Tennessee
Donna C. Fare
USDA-ARS, US National Arboretum
McMinnville, TN 37110
Donna.Fare@ars.usda.gov
Index Words: Magnolia spp., flowering trees, plant evaluation
Significance to Industry: A comprehensive replicated evaluation of yellow-flowering
magnolias in one location will benefit magnolia connoisseurs, the nursery industry, and
prospective plant breeders. In time, more valuable information will be collected as the
plants mature in this evaluation. The palette of yellow color is well represented with the
Magnolia selections from border-line creamy yellow to distinctly yellow in color (1).
However, as yellow flowering magnolias become more widely known, many selections
may be less popular for the common landscape and will serve only as a breeding line
for developing improved selections. Time of flowering is critical for plants in US
Hardiness Zones 6 and 7. Early spring frost (and freezes) can be detrimental on spring
flowering as well as the leaf-out period. In this evaluation, many selections leafed out
during the flowering period which caused the flowering to have less impact as it was
masked by the early green foliage. This timing will be critical to the popular success of
many yellow-flowered selections as well as flower color (7).
Nature of Work: Deciduous magnolias (M. x soulangiana Soul-Bod., saucer magnolia)
are adapted to many landscape situations and most of their popularity is due to the
pinkish flowers that are showy during early spring. In recent years, a group of the
yellow flowering deciduous magnolias have gained notoriety because they offer an
unusual color palette (3) and there are very few yellow flowering small trees that bloom
in the spring. The selections of yellow flowering magnolias are hybrids of M. acuminata
L., cucumbertree magnolia, native to the Eastern US, and M. denudata, Desr., yulan
magnolia, native to China, but introduced in the US in 1789. The yellow flowering
selections exhibit many of the characteristics of the saucer magnolias, such as growth
rate, deciduous in nature, and the sensitivity of flower damage from a spring freeze. The
showy part of these magnolia flowers are leaf-like structures called tepals, which takes
the place of petals and sepals.
This research project was conducted at the TSU Nursery Research Center located in
the heart of the nursery industry in Tennessee on the border of USDA Hardiness Zones
6 & 7. The area is known as a climatic and geographic transition zone. Plants raised in
this area can be used in landscapes as far north as Zone 5 and as far south as Zone 8.
Plant evaluations conducted in this transition zone are ideal because results can be
utilized over a wide geographic and climatic area.
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The primary objectives of this research project were to evaluate yellow flowering
magnolias for flower color intensity and duration as well as growth rate and canopy
form.
Many selections of yellow flowering magnolias are only available in low numbers and
small sizes. For this project, plants were purchased, grown in a #3 or #5 container for a
year, and planted in the evaluation plot the following spring. Magnolias were first
planted in March 2006 in a field plot with 15 feet (4.6 m) in-row spacing and 12 feet (3.7
m) between rows in a well drained silt loam soil (Waynesboro). Selections have been
added as they become available in the trade. Each magnolia selection was planted in a
randomized block design with three single plant replications. Plants were maintained
with traditional management including fertilization, mulching and weed control. Pruning
was limited to removing branches from the trunk about 24 inches (61 cm) above the soil
line. Irrigation was applied during the growing season in periods of drought. Currently,
38 selections of yellow flowering magnolias are under evaluation (4). Due to the
different planting dates, growth data presented in Table 1 was calculated by subtracting
height measurements in the spring from fall measurements to determine growth during
each year. Flowering duration was determined by recording the date of first flower to
the date of last flower when tepal color no longer had a visual impact. On the first day
that selected flowers opened, three were selected to determine tepal color using the
Royal Horticultural Society color chart and a portable spectrophotometer (Minolta
2600d) (only data from April 6 and April 9, 2010 shown). All data were statistically
analyzed using the general linear model in SAS 9.1. Mean separation was performed
with Fisher’s protected LSD with alpha =0.05.
Results and Discussion: Flowering. Flowering duration and color was recorded each
spring. Flowering duration is shown in Figure 1 for 2009 and 2010. Each yellow bar
represents the flowering duration from first flower to last flower that had a visual impact.
‘Butterflies’ was the earliest to bloom in 2009 and 2010 followed by ‘Elizabeth’.
‘Elizabeth’ had one of the longest flowering periods during 2009 and 2010. During
2010, spring temperatures were unseasonably warm during the flowering period and
flowers matured very quickly; thus the flowering period was shorter for most selections
than in 2009.
Each green bar represents leaf-out from the time the foliage was at least 50% unfurled
to full leaf out. Some selections, i.e. ‘Sun Spire’, ‘Sunburst’ and ‘Yellow Bird’, leafed out
during the flowering period which masked the impact of the yellow flowers. The foliage
unfurls and fully expands in a short time frame, about 7 to 10 days. The early green
foliage masks the yellow tepals regardless of the color intensity.
A portable spectrophotometer (Minolta 2600d) was used to measure color intensity.
Three parameters in the following model represent the lightness of the color: L* at 0 =
black and L* at 100 = white; a* with negative values indicate green while positive values
indicate magenta and its position between yellow and blue; and b* with negative values
indicate blue and positive values indicate yellow (Table 2). The Royal Horticulture color
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chart was used to define tepal color. A subset of cultivars was sampled on 6 April 2009
and 9 April 2010 near solar noon.
Tepal color varied markedly from the inner side to the outer side and from the basal end
to the tip. Some magnolias had flowers with an intrusion of pink and in some cases the
prominence of pink overwhelmed the yellow, i.e. ‘Coral Lake’, ‘Daybreak’ and
‘Evamaria’. All reported measurements in this test were made near the center of the
tepal on the outer side. There are differences in the tepal color in this test compared to
colors reported in the Magnolia Cultivar Checklist and other notable sources (5). This is
to be expected due to the maturity of the flower, location of the plant and expected
differences from year to year (2). Since all colors are detected with the
spectrophotometer, more precise color intensity can be measured and provide results
similar to the human eye. Based on the parameter b*, the higher the number the more
yellow the color; therefore ‘Judy Zuk’ and ‘Yellow Bird’ have the highest yellow reading.
‘Sun Spire’, ‘Sundance’, ‘Gold Star’, ‘Golden Gala’ and ‘Stellar Acclaim’ had the lightest
yellow intensity with b* values of 21.4, 22.2, 22.4, 22.6 and 22.8, respectively.
Growth. During 2008 to 2010, ‘Goldfinch’, ‘Gold Star’ and ‘Banana Split’ had the
greatest average height growth 114, 99 and 97 cm, respectively (Table 1). The slowest
growing selection was ‘Golden Sun’ with an average of 22 cm during 2009 to 2010.
Slow growth appears to be typical for many of the yellow flowering magnolia selections
during the first year or two after transplanting. Yearly height growth increased after the
third year with many selections.
Canopy growth was calculated from an average of 2 canopy widths measured from one
drip line perpendicular to another (Table 1). By 2011, distinct canopy shapes were
prominent with several cultivars. ‘Elizabeth’, ‘Gold Star’, ‘Lois’, ‘Sun Ray’, and
‘Sundance’ had the widest canopies among the selections, though statistically similar to
other cultivars, and could be labeled as broadly ovate. ‘Judy Zuk’ and ‘Sun Spire’ had
the most upright growth habit.
Literature Cited
1. Cover, S. 2009. The performance of yellow magnolia hybrids in a modified
continental climate. Magnolia 44(86):5-17.
2. Knox, G.W. 2001. New and improved deciduous magnolia cultivars. Comb. Proc.
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48:312-314.
Landscape

192

SNA Research Conference Vol. 57 2012

Table 1. Date planted, height growth per year and canopy width of selected yellow-flowering
Magnolia selections in McMinnville, Tenn from 2009 - 2011.
Z

Selection
Y
Anilou
Banana Split
Y
Blue Opal
Y
Brenda
Butterflies
Carlos
Y
Coral Lake
Y
Daphne
Daybreak
Elizabeth
Evamaria
Y
Gold Cup
Gold Star
Golden Gala
Golden Gift
Y
Golden Pond
Y
Golden Rain
Golden Sun
Goldfinch
Y
Green Bee
Y
Honey Liz
Y
Illini Gold
Y
Illini Moonlight
Judy Zuk
Y
Koban Dori
Lois
Miss Honeybee
Y
Petit Chicon
Y
Skyland’s Best
Solar Flair
Stellar Acclaim
Sun Ray
Sun Spire
Sunburst
Sundance
Sunsation
Yellow Bird
Yellow Lantern
LSD

Height growth, cm
Date
2010
Planted 2009
2011
53 e-i
2010
45 c-e
2009 110 a
85 c-e
48 c-e
2010
2010
2006
58 a-e
78 c-g
2009
69 a-e 115 a-c
86 a-c
2009
61 d-i
2010
60 c-e
2007
85 a-d
73 c-h
46 c-e
2006
7f
53 e-i
74 b-d
2009
76 a-e
83 c-g
65 c-e
36 f-i
2010
88 a-c
2006
31 d-f
80 c-g 115 ab
2009
70 a-e
90 b-e
76 b-d
2007
31 d-f
24 hi
90 a-c
72 c-i
2010
30 de
21 i
2010
24 e
2009
47 c-f
58 d-i
45 c-e
2008 109 a
148 a
46 c-e
36 f-i
2010
61 c-e
33 g-i
2010
29 de
2008
2008
2008
78 a-e
95 b-e
89 a-c
40 f-i
2010
63 c-e
2007
56 a-e
74 c-h
42 c-e
2008
91 a-c
69 c-i
140 ab
2010
32 de
97 a-d
2010
32 de
2006
74 a-e
70 c-i
61 c-e
2007
65 a-e 103 a-d
44 c-e
2006
2007
2006
2006
2006
2008
2009

52
71
27
63
82
61
104
54

b-e
a-e
ef
a-e
a-e
a-e
ab

74
72
66
78
51
68
75
52

c-h
c-i
c-i
c-g
e-i
c-i
c-h

45
60
64
42
44
60
128
49

c-e
c-e
c-e
c-e
c-e
c-e
a

Z

Canopy width, cm
2009
2010
2011
47 j-l
45 hi
34 g-i
72 f-l
80 f-i
155 ab 225 a
54 e-i 128 c-f 150 b-f
35 l
90 f- i
25 i
62 g-l
77 g-i
119 a-c 149 c-j 198 a-c
48 f-i
88 d-l 107 d-h
41 kl
62 hi
163 a
231 a
254 a
70 c-i 160 bc 183 a-c
83 c-h
99 c-k 150 b-f
70 f-l
73 hi
49 i-l
60 hi
27 hi
65 g-l
93 e-i
58 d-i
80 e-l
63 hi
37 kl
74 hi
57 h-l
60 hi
28 g-i
68 f-l
90 f-i
40 kl
30 i
113 a-d 147 b-d 208 a-c
64 c-i 110 c-i
39 kl
45 hi
58 g-l
96 e-i
106 a-e 155 bc 186 a-c
78 c-i 143 c-f 178 b-d
161
34
103
162
54
85
52
57

a
g-i
b-e
a
e-i
c-g
e-i

207
75
142
209
88
120
119
62

abc
f-l
c-e
abc
d-l
c-g
c-h

216
83
163
220
105
148
148
71

a-c
f-i
b-e
ab
e-h
b-g
b-g

Z

Height and canopy growth in 2009 = measurements made in N ovember 2009 - December
2008; 2010 = measurements made in N ovember 2010 - N ovember 2009; 2011=
measurements made in N ovember 2011 - N ovember 2010.
Y

Selections have been planted in the evaluation, but have not been planted long enough to
report results.
X

Treatments followed by the same letter are not significantly different. M eans separated using
Fisher's protected LSD, α ? 0.05.
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Table 2. Color parameters of selected yellow-flowering Magnolias
determined by a portable spectrophotometer, Minolta 2600d.
Color parameters,
Z

April 2009
Selection
L*
a*
b*
Banana Split
73.9 -2.8 28.1
Butterflies
73.1 -2.7 32.7
Elizabeth
71.2 -0.6 33.6
Gold Star
73.5 -2.1 22.4
Golden Gala
74.2 -2.5 22.6
Golden Gift
70.2 -1.2 32.3
Golden Sun
73.1 -2.4 25.0
Judy Zuk
66.7 1.8 38.9
Lois
72.9 -1.8 28.2
Solar Flair
68.8 -3.2 30.6
Stellar Acclaim 67.4 0.6 22.8
Sun Ray
72.7 -1.0 31.2
Sun Spire
70.2 -0.8 21.4
Sunburst
71.1 -1.3 25.9
Sundance
75.2 -3.2 22.2
Sunsation
69.2 -2.3 26.9
Yellow Bird
68.3 -2.1 34.0

Y

RHC
6 April 2009 9 April 2010
4c
2d
4d
4d
6d
6d
5d
8c
4c
4c
5d
2d
4d
5d
6d
2d
8c
6d
5d
-

Z

L* at 0 = black and L* at 100 = white; a* with negative values
indicate green while positive values indicate magenta and its position
between yellow and blue; and b* with negative values indicate blue
and positive values indicate yellow. Spectrophotometer
measurements are taken excluding the specular reflection to provide
measurement results similar to those observed by the human eye.

Y

Royal Horticultural Colour Chart
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Figure 1. Bloom and leaf-out duration of selected yellow-flowering Magnolias in spring
2009. Yellow bars represent the flowering duration and green bars represent the leafout period.
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Figure 2. Bloom and leaf-out duration of selected yellow-flowering Magnolias in spring
2010. Yellow bars represent the flowering duration and green bars represent the leafout period.
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Landscape Performance of Mowed Rhizoma Perennial Peanut
James H. Aldrich, Gary W. Knox, Ann R. Blount, Cheryl L. Mackowiak
North Florida Research and Education Center, 155 Research Rd., Quincy, FL 32351
gwknox@ufl.edu
Index Words: Arachis glabrata, Brooksville 67, Brooksville 68, ‘Apalachee’
Significance to Industry: Rhizoma perennial peanut (RPP; Arachis glabrata Benth.) is
an attractive landscape plant and potential turf replacement. Periodic mowing affected
visual quality, flowering, coverage and height of RPP, although responses varied with
mowing height (non-mowed, 2" (5 cm) and 3 ½” (9 cm)) and cultivar (‘Apalachee’,
Brooksville 67 and Brooksville 68). Mowing at 3 ½” (9 cm) was less detrimental to plot
coverage than mowing at 2" (5 cm) 1 and 14 days after mowing. Mowing suppressed
damage from pepper spot (Leptosphaerulina crassiasca). ‘Apalachee’ was slowest to
attain optimal visual quality but longer to retain it, had moderate flowering, and was
naturally the shortest and most resistant to pepper spot of the three RPP evaluated.
Brooksville 68 had more flowers, although moderate in plant extension, and adapted
well to mowing as reflected in lower percent bare ground after mowing. However, nonmowed plots of this selection were more susceptible to pepper spot. Brooksville 67 was
quick to grow and cover plots with high quality waxy dark green foliage. Generally taller
than the other two RPP studied, it usually had fewer flowers.
Nature of Work: Rhizoma perennial peanut (RPP; Arachis glabrata) is a promising
plant for the urban landscape as an ornamental planting or a turf replacement in USDA
cold hardiness zones 8b - 10(3). Its ornamental value is reflected in being chosen in
2002 as a “Plant of the Year” by the Florida Nurserymen and Growers Association.
Initially introduced in the 1930’s from South America as a forage crop (4), several
cultivars with ornamental characteristics have been released including ‘Ecoturf’,
‘Arblick’, Brooksville 67, Brooksville 68, and ‘Florigraze’ (1, 2, 3). Positive aspects
provided by vegetatively propagated RPP include minimal to moderate insect, disease
and nematode problems, drought tolerance once established, salt tolerance, no nitrogen
fertilizer applications needed as it fixes atmospheric nitrogen, soils high in phosphorus
may not require supplemental P, and suitability to various well-drained soils in the
Coastal Plains and peninsular Florida. Basically evergreen in frost-free zones, RPP will
reemerge from the rhizomes in the spring following winter dieback.
Improved flowering has been reported after RPP is disturbed by grazing, harvesting or
mowing (2, 3, 5) resulting in a more attractive ornamental planting. Previous studies
indicated a shift towards more flowering with mowing at 1 ½” (4 cm) every 2-3 weeks on
‘Ecoturf’ and ‘Arblick’ (2) and 3” (8 cm) every 4 to 8 weeks on ‘Florigraze’ (5) but effects
of mowing on overall visual quality or coverage are not clear.
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The overall goal of this project is to determine if RPP can perform functionally and
aesthetically as a mowed lawn as well as an ornamental groundcover. The objectives
of this study were to evaluate mowed and non-mowed plots of three RPP selections for
visual quality, flowering, percent bare ground and mean plant height.
Eight plugs each of three rhizoma perennial peanut selections from containers were
transplanted to a Norfolk loamy fine sand site at the North Florida Research and
Education Center in Quincy in early August 2009. This site, previously a Bahia grass
field, was fumigated with methyl bromide at 400 lb/A (182 kg/A) June 2009. Eight plugs
were equally spaced within a 5’ (1.5 m) x 10’ (3 m) plot with three replications of each
selection in each of four rows. The selections were: Brooksville 67 Germplasm
(Arachis glabrata var. hagenbeckii; PI 262801) and Brooksville 68 Germplasm (Arachis
glabrata; NRCS 9056068) released by the USDA/Natural Resources Conservation
Service and ‘Apalachee’ (Arachis glabrata) collected by Dr. A. R. Blount,
UF/IFAS/NFREC. Each transplanted plug received one ounce (30 ml) of two inoculants
suspended in 4 gallons (15.1 L) water. The two inoculants, Nitragin EL Rhizobium sp.
(Cowpea type) 6.6 oz (188 g) and Peanut Special Inoculant Bradyrhizobium (peanut
type) 6.6 oz (188 g), expiration of 31 December 2009, were provided by EMD Crop
BioScience, Milwaukee, WI.
Plot maintenance included periodic irrigation during establishment, over-the-top
applications of Clethodim (Select Max®; 1.5 pts/A (1.8 L/ha) and imazapic (Impose®; 4
oz/A (0.3 L/ha). Glyphosate 2 pts/A (2.3 L/ha) maintained the aisles between plots and
hand weeding was performed as needed. On 1 June 2010, each 50 ft2 (4.7 m2) plot
received 1.5 oz (44 g) of 13-0-13 fertilizer (13N-0P-10.8K; Rite Green Lawn and Garden
Fertilizer, Sunniland Corp., Sanford, FL).
The study was arranged as a split plot on a randomized complete block design with
each of four rows having one set of each RPP selection not mowed, mowed at 2” (5 cm)
or 3 ½” (9 cm). Plots were initially mowed on 5 May 2011 with a John Deere 42” (1.65
m) rotary mower with vacuum system and mowed every 28 days thereafter. Plots were
evaluated 0, 1, 14 and 28 days after mowing for one or more of the following: visual
quality (1-5; 1=very poor, 2=poor, 3=fair, 4=good and 5=excellent), number of
flowers/39.4 in2 (1 m2), percent bare ground and three plant heights (tallest, shortest,
and typical). The data were analyzed using the general linear mixed model procedure
in SAS version 9.2 and means separation was accomplished using the Tukey’s HSD
test at P ≤ 0.05.
Results and Discussion: May. Visual quality was not affected by mowing height but
flowering, percent bare ground, and mean height were (Table 1). RPP ‘Apalachee’ had
lower visual quality at day 14 then the other RPP selections. Brooksville 68 flowering
was initially two to three times greater than other selections. Mowing at 2” (5 cm) but
not 3 ½” (9 cm) reduced flowering at 14 and 28 days after mowing for all selections.
Brooksville 67 was initially the tallest and had less bare ground than the other two
selections. Mowing removed proportionally more vegetation from taller RPP plots,
resulting in greater percent bare ground 1 and 14 days after mowing. However,
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although mean height was lower for mowed plots, there was no effect on percent bare
ground 28 days after mowing.
July. The third mowing on 30 June resulted in no effect on visual quality, no effect from
mowing height on number of flowers, a temporary effect on percent bare ground, and a
significant effect on mean plant height (Table 2). Visual quality was excellent for all
RPP selections on all evaluation dates. Flowering for Brooksville 68 was greater than
‘Apalachee’ or Brooksville 67 evaluated 0, 14 and 28 days after mowing. Mowing height
did not affect flowering although there was RPP selection x mowing height interaction.
Prior to the third mowing, Brooksville 67 had the least bare ground. ‘Apalachee’ had
more bare ground than either Brooksville selections 1 and 14 days after mowing but all
three had less than 1% bare ground by 28 days. Brooksville 68 had less bare ground
than ‘Apalachee’, 1 day after mowing at 2” (5 cm), even though both had similar heights
prior to mowing. Averaged over the mowing treatments, Brooksville 67 was the tallest
0, 1 and 28 days after the third mowing.
September. Mowing height had a more significant effect on visual quality and mean
height and a temporary effect on flowering and percent bare ground following the sixth
mowing on 22 September Table 3). Both mowing heights had a positive effect on visual
quality 14 and 28 days after mowing. Flowering, averaged over all mowed treatments,
was highest for Brooksville 68 prior to and following this mowing. Flowering, averaged
by mowing treatment, showed the 2” (5 cm) height had more flowering at 0 and 14 days
after mowing. Brooksville 68 had more bare ground 0 and 28 days after mowing than
‘Apalachee’ or Brooksville 67. The 2” (5 cm) mowing height resulted in more bare
ground than the non-mowed or 3 ½” (9 cm) mowing height but only 1 and 14 days after
mowing. Pepper spot (Leptosphaerulina crassiasca) reduced the visual quality and
increased the bare ground of the non-mowed Brooksville 68 plots (data not shown).
Pepper spot on the non-mowed Brooksville 67 reduced the quality but did not defoliate
the plants, while the non-mowed ‘Apalachee’ had basically no pepper spot. Mean
heights for all selections were similar but the non-mowed > 3 ½” (9 cm) > 2” (5 cm)
mowed plots through this evaluation period.
Visual quality of mowed Brooksville 68 and 67 were not as adversely affected by pepper
spot as the non-mowed plants later in the year. ‘Apalachee’ was the most resistant to
pepper spot. Number of flowers was highest for Brooksville 68 for most of the season.
Mowing at 3 ½’ (9 cm) did not affect the number of flowers within a RPP selection while
the 2” (5 cm) height reduced flowers temporarily. French et al. (2) reported that peak
bloom for ‘Arblick’ and ‘Ecoturf’ in 1994 was towards the end of June which was also
true for these three RPP selections. Bare ground was 55 to 94%, 1 day after the initial
mowing but recovered to about half that by 14 days after mowing. Subsequent
mowings did not result in as severe a response. Generally, Brooksville 67 was the
tallest, then Brooksville 68 and finally ‘Apalachee’ for the first two rating periods. By the
end of September and into October all three selections reflected the mowing height
irrespective of the RPP selection.
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Table 1. Effects of mowing heights on rhizoma perennial peanut (RPP) selections mowed initially on May 5, 2011.

RPP/
Mowing height
Apalachee
Non‐mowed
5 cm (2”)
9 cm (3.5”)

Visual qualityz
Days after mowing
0
14
28

0

Number of flowers
Days after mowing
14
28

Percent bare ground
Days after mowing
1
14

0

28

0

Mean heighty (cm)
Days after mowing
1
14

.

28

4.0ax
4.5a
4.5a

3.8 b
4.0ab
4.3ab

4.5a
4.8a
4.8a

52 b
40 b
31 b

39 bc
11 d
39 bc

108a
19 c
80ab

15a
18a
15a

15 d
63 b
30 bcd

10 cde
34abcd
16 bcde

6a
13a
5a

7.5 d
7.6 cd
8.6 cd

7.5 bc
4.6 c
6.8 bc

8.4 bc
5.1 c
7.3 bc

10.3 b
6.8 b
8.5 b

4.3a
4.5a
4.3a

4.5ab
4.3ab
4.5ab

5.0a
5.0a
5.0a

119a
168a
154a

70a
21 cd
65ab

120a
34 bc
95a

18a
13a
8a

18 cd
60 b
16 d

10 cde
39ab
10 cde

5a
9a
3a

9.5abcd
8.8 bcd
9.9abcd

9.5 b
4.7 bc
7.3 bc

9.3 b
5.0 c
7.4 bc

11.7 b
6.2 b
9.0 b

4.8a
4.5a
4.8a

4.5ab
4.8a
4.8a

5.0a
5.0a
5.0a

44 b
50 b
50 b

29 c
5 c
16 c

5a
2a
3a

5 d
94a
55 bc

4
e
44a
33abc

1a
2a
6a

14.2abc
16.1a
14.7ab

14.2a
4.9 bc
8.3 bc

16.3a
5.8 bc
9.2 b

17.8a
7.7 b
9.6 b

***
**
***

**
**
*

Brooksville 68
Non‐mowed
5 cm (2”)
9 cm (3.5”)
Brooksville 67
Non‐mowed
5 cm (2”)
9 cm (3.5”)

10
2
5

d
d
d

Significancew
RPP
NS
**
NS
***
***
***
**
**
NS
NS
***
**
Mowing Ht
NS
NS
NS
NS
**
***
NS
***
**
NS
NS
**
RPPxMowing Ht
NS
NS
NS
NS
**
*
NS
**
*
NS
NS
**
z
Visual quality was rated from 1 (poor quality) to 5 (excellent).
y
Mean plant height: (tallest + shortest + typical height)/3.
x
Means within a column followed by the same letter are not significantly different from each other using Tukey’s HSD test at P ≤ 0.05.
w
NS, *, **, ***; non‐significant or significant at P = 0.05, 0.01, 0.001, respectively.
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Table 2. Effects of mowing heights on rhizoma perennial peanut (RPP) selections mowed for the third time on June 30, 2011.

RPP/
Mowing height
Apalachee
Non‐mowed
5 cm (2”)
9 cm (3.5”)

Visual qualityz
Days after third mowing
0
14
28

Number of flowers
Days after third mowing
0
14
28

4.8ax
5.0a
5.0a

5.0a
5.0a
5.0a

5.0a
5.0a
5.0a

97 bcd
52 d
100 bcd

5.0a
5.0a
5.0a

5.0a
5.0a
5.0a

5.0a
5.0a
5.0a

173abc
226a
161ab

5.0a
5.0a
5.0a

5.0a
5.0a
5.0a

5.0a
5.0a
5.0a

72 bcd
27 d
72 bcd

0

Percent bare ground
Days after third mowing
1
14
28

0

Mean heighty (cm)
Days after third mowing
1
14
28

.

20 bc
7 c
24 bc

0.3a
0.9a
0.6a

0.3 c
37.5a
2.5 c

0.1 b
3.4a
0.1 b

0.0a
0.4a
0.0a

11.3 b
8.0 b
10.1 b

11.3 bc
4.7 c
7.9 bc

18.2 bc
7.5 d
12.3 cd

20.1 bc
8.6 d
13.2 cd

28abc
61a
47ab

0.5a
0.8a
0.8a

0.5 c
21.3 b
4.3 c

0.4 b
1.9ab
0.4 b

0.4a
0.4a
0.1a

14.1 b
7.1 b
11.0 b

14.1 b
4.6 c
8.1 bc

22.1 b
7.3 d
12.4 cd

23.1ab
9.0 d
13.0 d

7 c
12 c
15 c

0.3a
0.0a
0.0a

0.3 c
30.0ab
7.5 c

0.1 b
1.1 b
0.1 b

0.3a
0.0a
0.0a

21.5a
9.6 b
11.8 b

21.5a
4.8 c
8.7 bc

26.8a
7.7 d
12.0 cd

26.0a
9.3 d
15.0 cd

Brooksville 68
Non‐mowed
5 cm (2”)
9 cm (3.5”)

134ab
130abc
221a

Brooksville 67
Non‐mowed
5 cm (2”)
9 cm (3.5”)

42
d
87 bcd
76 cd

33 d
14 d
39 cd

Significancex
RPP
NS
NS
NS
***
***
***
*
NS
NS
NS
***
**
Mowing Ht
NS
NS
NS
NS
NS
NS
NS
***
*
NS
**
***
RPPxMowing Ht
NS
NS
NS
*
NS
**
NS
*
*
NS
*
**
z
Visual quality was rated from 1 (poor quality) to 5 (excellent).
y
Mean plant height: (tallest + shortest + typical height)/3.
x
Means within a column followed by the same letter are not significantly different from each other using Tukey’s HSD test at P ≤ 0.05.
w
NS, *, **, ***; non‐significant or significant at P = 0.05, 0.01, 0.001, respectively.
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Table 3. Effects of mowing heights on rhizoma perennial peanut (RPP) selections mowed for the sixth time on September 22, 2011.

RPP/
Mowing height

Visual qualityz
Days after sixth mowing
0
14
28

Number of flowers
Days after sixth mowing
0
14
28

Percent bare ground
Days after sixth mowing
0
1
14

28

Mean heighty (cm)
Days after sixth mowing___ _
0
1
14
28

Apalachee
Non‐mowed
5 cm (2”)
9 cm (3.5”)

4.8ax
5.0a
5.0a

4.8ab
5.0a
5.0a

4.8a
4.8a
5.0a

3 bc
8 bc
11 bc

0 b
2ab
0 b

0 b
2ab
1 b

0.0 b
0.3 b
0.0 b

0.0
d
27.5a
1.7 cd

0.0 c
9.5a
0.5 bc

0.0 c
5.5 b
0.3 bc

22.1a
6.5 bc
10.6 bc

22.1a
4.0 b
8.5 b

20.3a
5.1 b
8.6 b

21.0a
5.9 bc
9.4 b

4.8a
5.0a
5.0a

4.0 c
5.0a
5.0a

3.8 b
5.0a
5.0a

4 bc
47a
25ab

1 b
8a
4ab

1 b
9a
6ab

2.0a
0.8 b
0.5 b

2.0 cd
16.3 bc
3.5 cd

4.3abc
8.0ab
1.3 bc

12.5a
3.0 bc
4.8 bc

17.5a
6.3 c
9.8 bc

17.5a
3.8 b
8.1 b

16.9a
4.5 b
8.0 b

17.7a
5.4 c
8.9 b

4.5a
5.0a
5.0a

4.3 bc
5.0a
5.0a

4.3ab
5.0a
5.0a

1 c
7 bc
10 bc

0 b
1 b
1 b

0 b
0 b
0 b

0.0 b
0.0 b
0.0 b

0.0 d
21.3ab
3.7 cd

0.0 c
5.8abc
1.0 bc

0.0 c
2.5 bc
1.0 bc

20.2a
6.8 bc
11.3 b

20.2a
4.0 b
8.4 b

18.5a
4.8 b
8.8 b

20.5a
5.5 c
9.1 bc

Brooksville 68
Non‐mowed
5 cm (2”)
9 cm (3.5”)
Brooksville 67
Non‐mowed
5 cm (2”)
9 cm (3.5”)

Significancew
RPP
NS
NS
NS
***
**
*
***
NS
NS
***
NS
NS
Mowing Ht
NS
**
**
*
**
NS
NS
**
**
NS
***
***
RPPxMowing Ht
NS
*
*
*
NS
NS
**
*
NS
***
NS
NS
z
Visual quality was rated from 1 (poor quality) to 5 (excellent).
y
Mean plant height: (tallest + shortest + typical height)/3.
x
Means within a column followed by the same letter are not significantly different from each other using Tukey’s HSD test at P ≤ 0.05.
w
NS, *, **, ***; non‐significant or significant at P = 0.05, 0.01, 0.001, respectively.
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Creating Community Oases: Gardening in Food Deserts
Christine Coker, Gary Bachman, Susan DeBlanc, and Corey Wheeler
Mississippi State University, Coastal Research and Extension Center, Biloxi, MS 39532
ccoker@ra.msstate.edu
Index Words: community gardens, urban agriculture, food insecurity
Significance to Industry: Food insecurity is indicated by a person’s lack of sustainable
physical or economic access to enough safe, nutritious, and socially acceptable food for
a healthy and productive life. Food insecurity may be chronic, seasonal, or temporary,
and it may occur at the household, regional, or national level (3). Food insecurity levels
above the U.S. average have been documented in 9 states. Seven of these states are
within the Southeast: TX, AR, MS, AL, FL, GA, and NC (4). Several strategies are
being utilized across the country to help alleviate hunger and provide food security to atrisk communities. Gardening and gardening education programs are effective in
supporting local food security and can effectively be addressed by horticulture
professionals.
Nature of Work: Areas especially affected by high levels of food insecurity are
considered food deserts. These communities are located within low-income census
tracts where a substantial number or share of residents has low access to a
supermarket or large grocery store (5). Economic uncertainty remains in the forefront of
family and community concerns, unemployment continues to rise, and family budgets
are stretched thin. The Green Industry has a unique opportunity to reach out to
households that may be outside of the usual customer base for ornamental plants and
landscape services. Recent efforts have been made through the Coastal Research and
Extension Center to provide agricultural research, outreach, and education to home
gardeners, schools, and community organizations.
Results and Discussion: Home gardening - The recent uncertainty of the economy
has increased homeowner interest in stretching budget dollars through home vegetable
gardening. Many requests for information are received from homeowners having little
or no previous gardening experience. To meet the increased demand for gardening
information, a home vegetable gardening workshop series consisting of three
workshops was offered in the spring of 2009 in Biloxi, MS. Participants completed a
questionnaire to help determine the level of gardening skills. The results revealed that a
large percentage, including more than half of those over the age of 55 had little to no
home gardening skills and were personally concerned over food insecurity.
The workshop series focused on the process of the home garden from the beginning
planning stages to how to preserve the harvest by freezing or canning. Presentations
and hands-on demonstrations were given by Mississippi State University Extension
specialists, Mississippi Agricultural & Forestry Experiment Station researchers and
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Master Gardeners from Harrison County. Workshop participants drove distances up to
40 miles to attend. Total participants numbered almost 400 (1). Subsequent one day
gardening workshops were conducted in 2010 and 2011 as follow-up events.
School gardens – Teachers, parents, and students are increasingly interested in school
gardening programs of all types, including fruits, vegetables, and herbs (2). In order to
engage schools in gardening programs, current curricula and testing standards must be
addressed. School gardens can easily be adapted into science, health, and other
subject lessons. School garden projects are increasing in number throughout Coastal
Mississippi as we continue our outreach efforts and provide technical assistance to
teachers and students.
Community organizations – Current community gardening programs involve a large
variety of environments and clientele. CREC research and extension personnel
regularly engage with children (Baptist Childrens’ Home, Deanash Orphanage),
veterans (VA Hospital, Biloxi and Armed Forces Retirement Home, Gulfport), lowincome support organizations (Mercy Housing and Habitat for Humanity), as well as
social service providers (Harrison County Mental Health Association). We are building
new community gardens as well as engaging community partners in other horticulturerelated programs, such as gardening education, container gardening, accessible
gardens, and horticulture therapy.
Used too often as a buzzword, community gardening is taking on more meaning as our
clientele look for ways to increase their financial, physical, and mental well-being.
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Understanding Food Deserts and Their Consequences. Administrative
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Landscape Performance of ‘Drift’ Series Roses
Allen Owings, Roger Rosendale and Regina Bracy
LSU AgCenter – Hammond Research Station, Hammond, LA 70403
aowings@agcenter.lsu.edu
Index Words: Drift Roses, Landscape Trials, Blackspot, Landscape Performance,
Cultivar Trials
Nature of Work: The new Drift series roses were created in response to increased
consumer demand for smaller, everblooming plants. Drift roses fit a special niche in the
shrub-rose market. These roses are from Conard-Pyle/Star Roses, the same folks that
gave us the Knock Out series of low maintenance, landscape roses.
Drift roses are a cross between full-size groundcover roses and miniatures. From the
former they kept toughness, disease resistance and winter hardiness. From the
miniatures, they inherited their well-managed size and repeat-blooming nature. The low,
spreading habit of Drift roses makes them perfect for small gardens and combination
planters.
The first colors available in the Drift series were Coral, Pink, Red and Peach, all of
which have been evaluated in LSU AgCenter plantings at the Hammond Research
Station and Burden Center since 2009. The newest colors are Apricot (double apricot
blooms), Sweet (clear pink, double blooms) and Icy (pure white, double blooms). Apricot
and Sweet were added to the evaluation trials in 2010.
The LSU AgCenter is evaluating many different roses for landscape performance in
Louisiana. We are concerned also with susceptibility to foliar diseases such as
Cercospora (scientific name) leaf spot and blackspot.
In landscape studies at the LSU AgCenter, #1 grade bareroot plants of Peach, Coral,
Red and Pink Drift series roses were obtained from Conard-Pyle/Star Roses in
February 2009. Plants were established in a full-sun landscape trial at Burden Center in
Baton Rouge and at the Hammond Research Station in Hammond. Both locations are
U.S. Department of Agriculture hardiness zone 8B and American Horticultural Society
heat zone 8.
At both locations, plants were placed in raised rows of silt loam soil approximately 5 feet
apart in a randomized complete block design with each variety having 5 plants
replicated in two blocks. Supplemental irrigation was provided as needed via a drip
system. Plants were fertilized annually in early March with 12-6-6 and again in
midsummer at the rate of 1.5 pounds of nitrogen per 1,000 square feet.
Pine straw mulch was maintained at a depth of 2 inches. Hand weeding along with spot
applications of glyphosate herbicide were used for post-emergent weed control. PreLandscape
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emergent weed control was done with Amaze granular herbicide. Plants were not
pruned or pinched nor were dead flowers removed during the first year after planting.
Subsequently, plants were pruned by removing 15-20 percent of terminal and sidegrowth branches in mid-February and early September. In addition, fungicides and
insecticides have not been applied.
Results and Discussion: The Pink and Red varieties of Drift roses seem to be the best
landscape performers in Louisiana when only visual quality ratings are considered.
Blackspot is a less significant problem than Cercospora leaf spot fungus on these roses.
The amount of disease is low and should not be a major limitation in variety selection.
Plants maintain uniform growth habits from one to another.
All six of the cultivars evaluated bloom from spring to early frost. Ranging from scarlet
red to bright soft peach, they provide the gardener with a complete span of color
solutions for use in landscapes or containers. Drift roses have five flower cycles yearly
in south Louisiana. The spring bloom in April and the fall bloom in October, as with most
other roses, are the peak times for best performance. The late spring to early summer
second bloom is also impressive.
Drift roses should be planted in a well-prepared landscape bed. Fall is a great time to
plant. Space individual plants a minimum of 3 feet apart, but 4-5 feet apart is better long
term. The soil pH for roses needs to be between 6.0-6.5.
As with other roses, Drift roses should be planted in a location receiving full sun. Eight
hours of sunlight daily is recommended. These ground-hugging, ever-blooming shrubs
are perfect as a border or bedding plant. They grow 2-3 feet wide and 2-3 feet tall and
make a stunning low hedge or edge on a border.
Drift roses should be fertilized in the spring with a slow-release or timed fertilizer, which
releases nutrients to the plant when the plant needs it most. Another application in late
summer would help plants bloom better into the fall, especially in new landscape beds
where nutrients may be lacking.
Mulch is important for roses. Mulching helps to buffer the cycle from wet to dry soil,
keeps the feeder roots from drying out and helps to establish roots more quickly. And
less irrigation is required.
Appealing to today's busy gardener, these low-maintenance roses are highly disease
resistant. They require no spraying. Blackspot disease has been minimal on plants
grown in Louisiana. Bed preparation, irrigation and proper fertilization management are
the keys to success.
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Table 1. Landscape performance of the ‘Drift’ series roses at the LSU AgCenter’s
Burden Center and Hammond Research Station as determined by visual quality ratings
and blackspot and Cercospora leaf spot susceptibility ratings (2009-2011).
Variety
Peach
Coral
Red
Pink
Sweet
Apricot

Visual Quality
3.7
3.8
4.2
4.4
3.6
3.6

Blackspot
1.2
1.4
1.4
1.2
1.6
1.8

Cercospora
3.1
2.3
1.8
1.0
1.5
1.5

Visual quality ratings are based on a scale from 1 to 5 (1=dead, 2=below average
landscape performance, 3=average landscape performance, 4=above average
landscape performance, 5=superior landscape performance) and are taken June 15 and
September 1 each year. Included in this rating are plant foliage color, flower appeal,
uniformity and overall growth habit. Cercospora leaf spot and blackspot ratings are
taken annually in early September and are based on a scale from 1 to 6 where 1=no
leaf spot, 2=1-10% foliage with leaf spot, 3=11-25% foliage with leaf spot, 4=26-50%
foliage with leaf spot, 5=51-75% foliage with leaf spot, and 6=76-100% foliage with leaf
spot. Data for the locations in Hammond and Baton Rouge have not been significantly
different from 2009 to present so information presented in the table is pooled for all
years and both locations.
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LSU AgCenter People’s Choice Landscape Award Winners – 2011
Allen Owings, Yan Chen, Roger Rosendale, Regina Bracy, and Joey Quebedeaux
LSU AgCenter – Hammond Research Station, Hammond, LA 70403
aowings@agcenter.lsu.edu
Index Words: Landscape trials, bedding plants, landscape performance, cultivar trials
Significance to Industry: The LSU AgCenter conducts landscape evaluation trials on
annual bedding plants and herbaceous perennials each year. Included are cool season
trials and warm season trials. Results of these trials provides wholesale nursery
growers, greenhouse growers, landscapers, and retail garden centers with valuable,
useful information on performance of new cultivars.
Nature of Work: Green industry professionals, home gardeners and Louisiana Master
Gardeners participated in the People’s Choice plant award selections at the LSU
AgCenter’s Hammond Research Station in 2011. Attendees at the Landscape
Horticulture Field Day in October (green industry professionals), Master Gardener Open
House in May (Master Gardeners) and Sun Garden Stroll in April (home gardeners)
were given the opportunity to “pick their winning plants” from the sun garden evaluation
trial gardens at the station. Over 700 cultivars were planted this year. The planting
mostly consists of cool- and warm-season annual bedding plants and herbaceous
perennials, but new roses and some “companion” woody ornamental shrubs (such as
Southern Living plants) are also included. The majority are “new” plants to the industry,
but a few are industry standards planted for “comparison” and “side-by-side” evaluation
purposes.
Results and Discussion: In the home gardening category, the gold winner was
‘Guardian Blue’ Delphinium. Silver winners were ‘PowWow Wild Berry’ Echinacea and
‘Guardian Lavender’ Delphinium. Bronze winners were ‘Suncatcher Pink Lemonade’
Petunia, ‘Tidal Wave Silver’ Petunia, and ‘Peppermint Schnapps’ Hardy Hibiscus.
Additional plants were named honorable mention winners:
•
•
•
•
•
•
•

Intensia Series Phlox (primarily ‘Lavender Glow’ and ‘Blueberry’)
Sanguna Series Petunias (primarily ‘Blue’, ‘Light Blue’, ‘Rose Vein’ and ‘White’)
Lani Series Verbena (primarily ‘Bright Pink’, ‘Purple Rain Mix’, ‘Twister Pink’ and
‘Lavender Star’)
Sorbet Series Viola (primarily ‘Blue Heaven’, ‘Yellow Delight’ and ‘Black Delight’)
‘Compact Blush Pink’ Sunpatiens
‘Tidal Wave Cherry’ Petunia
‘Tidal Wave Hot Pink’ Petunia
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•
•
•
•
•
•
•
•
•
•
•
•

‘Guardian White’ Delphinium
‘Fireworks’ Gomphrena
‘Camelot Rose’ Foxglove
‘Starbor’ Kale
‘Redbor’ Kale
‘Saratoga Red’ Nicotiana
‘New Blue Wonder’ Scaevola
‘Blue Chip’ Buddleia
‘Opelousas Red’ Copper Plant
‘White’ Cat Whiskers
‘Early Bird Gold’ Rudbeckia
‘Sun Spun Blue’ Petunia

In the master gardener category, the gold medal winner was ‘Guardian Blue’
Delphinium with ‘Redbor’ Kale being the silver winner and the bronze winner going to
‘PowWow Wild Berry’ Echinacea. Additional plants were named honorable mention
winners:
• ‘Camelot Rose’ Foxglove
• ‘Blue Chip’ Buddleia
• ‘Shoal Creek’ Vitex
• ‘Suncatcher Pink Lemonade’ Petunia
• ‘Spreading Salmon Variegated’ SunPatiens
• Cassia corymbosa
• ‘Fireworks’ Gomphrena
• ‘Curled Green’ Kale
• ‘Early Bird Gold’ Rudbeckia
• ‘Starbor’ Kale
• ‘Tidal Wave Hot Pink’ Petunia
• ‘Tricolor’ Hibiscus [Hibiscus tiliaceus]
• ‘Cherry Brandy’ Hardy Hibiscus
• ‘Tidal Wave Silver’ Petunia
• ‘All the Rage’ Easy Elegance Rose
• ‘Frostproof’ Gardenia
• ‘Guardian White’ Delphinium
• ‘Guardian Lavender’ Delphinium
• ‘Curly Q’ Copper Plant
• ‘Little Leaf Variegated’ Tibouchina
• ‘Sorbet Lemon Royale’ Viola
• ‘Sorbet Lemon Chiffon’ Viola
• ‘President’ Canna
• ‘Saratoga Red’ Nicotiana
• ‘Perfume Antique Shade’ Nicotiana
• ‘Julia Child’ Rose
• ‘PowWow White’ Echinacea
• ‘Wasabi’ Coleus
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•
•
•

‘Compact Blush Pink’ SunPatiens
‘Compact Orange’ SunPatiens
‘Picnic Light Pink’ Petunia

Master Gardener Appreciation Day participants were also provided a survey to indicate
areas of interest in ornamental/landscape plant evaluation research. There was an 18
percent response rate. Participates were asked to vote for three plant categories from
the list provided. Percentages of Louisiana Master Gardeners desiring research in the
following topic areas were:
• Future Louisiana Super Plants – 70.2 %
• New Herbaceous Perennials – 66.0 %
• New Herbaceous Annuals – 42.6 %
• New Coneflowers – 34.1 %
• Buddleia Cultivars – 25.5 %
• Easy Elegance Shrub Roses – 23.4 %
• Foliage (Coleus, Alternanthera, Copper Plants) – 23.4 %
• Southern Living Trees / Shrubs – 10.6 %
• Heirloom Hybrid Tea Roses – 6.4 %
Interest in Louisiana Super Plants is considerable among master gardeners, especially
what is coming in the future. In addition, it was interesting to note the desire for
information on new herbaceous perennials (66 percent) – as compared with annuals
(42.6 percent). There also seems to be some desire for alternative rose cultivars. It was
also noted that specifically focused areas, such as Buddleia and Echinacea, received
high marks.
In the green industry professional category, ‘Carefree Celebration’ Rose and Pink Muhly
Grass were the gold winners. The silver medal went to ‘Sombraro Salsa Red’
Echinacea with ‘Double Scoop Bubble Gum’ Echinacea, ‘Mesa Bright Bicolor’ Gaillardia,
‘Henry Duelberg’ Salvia, and ’Belinda’s Dream’ Rose being named bronze winners. An
additional 10 plants were named honorable mention winners. The Medal Winners:
• ‘Babywing Pink’ begonia
• ‘Carita Purple’ angelonia
• ‘Little Leaf / Dwarf’ tibouchina
• ‘Bandana Lemon Zest’ lantana
• ‘Bandana Rose Improved’ lantana
• ‘Carefree Marvel’ rose
• ‘Black Pearl’ ornamental pepper
• ‘Golden Edge’ duranta
• ‘Henna’ coleus
• ‘Marginata Bronze’ copper plant
• ‘Dreamland Scarlet Elegance’ zinnia
• ‘Florida City Bonnifay’ coleus
• ‘Babywing White’ begonia
• ‘Profusion Double Fire’ zinnia
• ‘Profusion Orange’ zinnia
Landscape

211

SNA Research Conference Vol. 57 2012

Thermal Performance of Green Roofs in Texas
Derald A. Harp and Chris Dunlap
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, TX 75482
Derald_Harp@TAMU-Commerce.edu
Index Words: Drought stress, heat stress, urban landscape
Significance to Industry: Green roofs are environmentally friendly and aesthetically
pleasing forms of landscaping in an urban environment that can also reduce building
surface temperatures, reducing, by some extent, demands on HVAC systems (1, 5, 6).
It could be reasonably assumed that the cooling benefits would be greatest in areas
with the highest summer temperatures, where high air temperatures prevent substantial
cooling from winds. This study was conducted to determine 1) the overall effect of
green roofs on summer roof temperatures, and 2) the pattern of temperature
differentiation in and around an extensive green roof in Texas.
Nature of Work: Green roofs are a relatively recent addition to U.S. landscapes that
provide numerous benefits (1, 5). The most commonly cited benefit of a green roof is
the decrease in surface temperatures, as plant tissues absorb and utilize solar radiation
for photosynthesis rather than hard surfaces, such as brick, concrete, and asphalt,
which convert excess absorbed energy into sensible heat.
Our study was conducted at the Texas A&M University – Commerce green roof, which
consists of 80 2 x 2 ft2 planting trays (Green Grid, Weston Solutions, Chicago, IL) filled
with 4 inches of green roof growing media (Soil Building Systems, Dallas, TX). The
growing media consisted of compost, sand, and either expanded shale or calcined clay.
Planting trays were planted with one of three species: Delosperma cooperi, Sedum
kamtschaticum, or Sedum mexicanum. These species were selected based on
previous studies indicating their successful use in green roofs (2, 3, 4). All trays were
fertilized with a 15-9-12 slow-release fertilizer (Osmocote, Scotts Fertilizer, Columbus,
OH).
Temperatures were taken using an infrared thermometer and a Flir Thermacam B400
with a 45° wide angle lens. The infrared camera was calibrated with the wide angle lens
prior to the initiation of the study. Emissivity was set to 0.95, a value that corresponds
most closely to plant leaf tissue and common roofing materials. Images were taken
once monthly during June, July, and August of 2009 and 2010 at a minimum of 10
different locations within the green roof. This paper presents averages across the entire
study period.
Temperature data from images by randomly selecting pixels from within one of three
locations in the green roof: 1) bare roof surface, 2) bare media, and 3) vegetation
covered areas. Local weather data was collected using a Davis Instruments Vantage
Landscape

212

SNA Research Conference Vol. 57 2012

Pro weather station. Data were analyzed using Proc ANOVA for each recording
interval. Average temperatures are reported.
Results and Discussion: Air temperatures during 2009 were near normal for summer
in North Texas, with average daily maximum temperature of 92.3°F, 94.4°F, and 92.3°F
in June, July, and August, respectively. However, we did exceed 100°F on 14 different
occasions, with an extreme high temperature of 102.9°F recorded on July 13. Also
notable were the high winds during 2009, with average wind speeds of 27, 23, and 23
mph recorded during the study period. Rainfall was also above average, with 1.35
inches in June, 3.97 inches in July, and 2.08 inches in August.
Weather data in 2010 were similar, but drier and slightly less windy. Average maximum
temperature in 2010 was 93.0°F in June, 94.0°F in July, and 98.7°F in August, with 17
instances of temperatures exceeding 100°F, 13 of which occurred in August. The
highest temperature recorded was 104.7°F on August 23. Wind speeds remained
relatively high with velocities of 25.8, 23.8, and 18.2 mph recorded in June, July, and
August. Rainfall was slightly below normal as the site received 1.0, 3.1, and 0.9 inches
of rainfall in the respective months of the study.
Surface temperatures varied considerably. Areas covered with vegetation had an
average surface temperature of 108°F, or ambient +8°F, significantly lower than media
or roof surface temperatures. Media surface temperatures (136.7°F, or ambient +36°F)
were not significantly lower than roof surface temperatures (153.3°F, or ambient +53°F).
These temperatures were consistent across the summer and did not differ significantly
across months. A typical image can be found in figures 1 and 2.
From this study, it becomes obvious that green roof surface temperature reductions can
be directly attributed to plant tissue absorption of incoming radiation rather than cooling
from water in the growing media. This is likely related to the common use of expanded
shale and calcined clay in green roof media. These materials are important for water
holding and porosity composition of the growing media but prevent the growing media
from contributing to the cooling potential of the roof. Most importantly, this
demonstrates the importance of solid plant cover to maximize the cooling potential of
green roofs. Though the data were not reported, species selection did not have a
significant effect on vegetative leaf temperatures.
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Figure 1. A visible image of a green roof module planted with Delosperma cooperi.
This image was taken on August 4, 2010.

Figure 2. An infrared image of a green roof module planted with Delosperma cooperi.
This image was taken on August 4, 2010. Temperatures are reported in degrees
Fahrenheit.
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Evaluation of New Liriope Cultivars for Use in Texas Landscapes
Under Full Sun Conditions
Anthony Camerino
Texas AgriLife Extension Service, Harris County Office
3033 Bear Creek Drive
Houston Texas 77084
anthony.camerino@agnet.tamu.edu
Index Words: Liriope muscari ‘Amethyst’, Liriope muscari ‘Isabella’, Liriope muscari
‘Just Right’
Significance to Industry: Various species of Liriope are common groundcovers in
landscapes throughout the Southeastern United States. These evergreen, clumping,
grass-like plants are noted for having good drought tolerance, minimal fertilization
requirements, strong shade tolerance, and few pest insect problems (1). Common
names of the different Liriope spp. include ‘Aztec grass’, ‘lilyturf’, and ‘monkey grass’
(2). Over the past few decades the number of species and cultivars in the trade has
greatly increased. Franz (3) reports there are six species available in the trade, but only
L. spicata and L. muscari are commonly designated in the industry. There are likely
dozens of named liriope “cultivars” sold by the industry (1, 4, 5, 6). Confusion over the
nomenclature and unreliable species and cultivar designations of L. muscari can result
in inappropriate assignment of plant material to varying site environmental conditions.
Chief among the concerns is growth habit and sun tolerance. L. muscari planted in
Texas cannot be placed in full sun and consistently have acceptable visual quality
during the months of July and August.
Ozbreed Ltd., an Australian-based plant breeding and introduction company, markets
their “Foliage FirstTM” plant line as attractive low maintenance perennials. This study
evaluated the “Foliage FirstTM” line of L. muscari cultivars in a landscape setting under
full sun conditions. The L. muscari cultivars evaluated were ‘Amethyst’, ‘Isabella’, and
‘Just Right’. All three cultivars are reported by Ozbreed Ltd. to perform well in full sun
conditions.
Nature of Work: Six plants of each L. muscari cultivar (shipped as liners) were rooted
out in 3-inch clay pots during winter 2009/2010 at the Texas AgriLife Extension Service
Harris County Office, Houston, TX. On February 16, 2010 the plants were installed at
grade at the Harris County Extension Office Demonstration Garden in a location that
provides full sun the entire day. The bed utilized was a 6-inch raised bed of a native
heavy clay soil amended with compost. The plants were spaced 12 inches apart and
two inches of mulch was installed around each plant. A watering ring was then shaped
around each plant. Plants were watered by hand twice a week until July 1, 2010 and
then once per week after that. Installation location was a completely randomized
design.
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The entire planting area was fertilized on 3/19/2010, 6/21/2010, and 9/21/2010 at the
rate of 1.042 lb N per 1,000 ft2 with a 20-20-20 soluble fertilizer with 0.1% chelated iron,
0.05% chelated zinc.
Plants were rated every two weeks on a 10 point quality scale (0= dead; 6=acceptable
quality; 9=perfect, no blemishes) by two Master Gardener Volunteers.
Results and Discussion: Figure 1 presents the quality data collected during the trial.
Low humidity, low rainfall, and temperatures exceeding the upper 90’s are common for
Houston summers. The extreme weather provides rigorous environmental conditions
for testing these three cultivars. ‘Just Right’ consistently ranked higher of the three
varieties tested, except on 8/31/2010 due to sun damage. The plant recovered quickly
from the limited late August sun damage. ‘Isabella’ developed little to no sun damage
symptoms was uniform in color, but had a slight chlorosis. However, ‘Isabella’ ranked
slightly lower in quality scores than ‘Just Right’. The plant did not fill in and grow
aggressively enough to be considered “acceptable”. ‘Amethyst’ was the first variety to
show symptoms of sun damage. The symptoms included strongly faded flowers,
significant burn on leaves, and a general chlorotic appearance. This plant continued to
show symptoms of sun damage and had minimal new growth as late as 11/9/2010.
Based on this trial, ‘Amethyst’ is not a good candidate for planting in full sun in Houston,
TX weather conditions.
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Figure 1. Quality score ratings for Liriope muscari plants from 02/16/2010 – 1/09/2010.
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'Jon Jon' Magnolia: A Late-flowering Deciduous Magnolia Recommended for
Zones 6b to 8b in the Southeastern U.S.
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and Richard Beeson7
¹University of Florida, North Florida Research and Education Center, 155 Research Rd.,
Quincy, FL 32351
²University of Arkansas, Fayetteville, AR 72701
³North Carolina State University, Mountain Horticultural Crops Research and Education
Center, Mills River, NC 28759
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Louisiana State University, AgCenter, Baton Rouge, LA 70803
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70403
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Index Words: landscape plants, plant evaluation, woody plants
Significance to Industry: Independent testing of new plant material at a large number
of locations is important for successful introductions. The Southern Extension and
Research Activities/Information Exchange Group 27 (SERA-IEG-27) for Nursery and
Landscape Systems was initiated in 1994 to evaluate landscape plant material across
many different areas of the southern United States (1, 2). Composed of faculty from
fourteen regional universities and two USDA facilities, this group has distributed and
evaluated more than 40 taxa since 1994.
Nature of Work: 'Jon Jon' magnolia (Magnolia 'Jon Jon') was distributed for evaluation
in 2001 by Gary Knox, University of Florida. One to three plants of 'Jon Jon' magnolia in
#1 containers were sent to each of fifteen locations in the southeastern U.S.
'Jon Jon' is a large-flowered deciduous magnolia that flowers profusely in late spring,
about 1 to 3 weeks after most saucer magnolias (Magnolia ×soulangeana selections),
but before foliage emerges. The later blooming period usually allows 'Jon Jon' to miss
spring freezes that often damage saucer and other spring flowering magnolias. Large
flower buds develop into goblet-shaped flowers the first day, gradually opening wider on
subsequent days. Flowers are white with a purple basal blush and diameter may be as
large as 12 in. Individual tepals (petal-like structures) are creamy white with a deep
reddish purple blush at the base with a length of 5.5 to 6.0 in. Leaves are 6 to 8 in long
and medium green, sometimes turning yellow before falling in autumn.
'Jon Jon' magnolia grows as a vigorous, deciduous tree in a rounded form with a mature
height expected to be 30 ft. It grows best in full sun or partial shade and is adapted to all
but wet soils. Although drought tolerant once established, it grows best in moist, well-
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drained soils. Hardiness is unknown, but 'Jon Jon' probably is cold hardy in USDA
Zones (6) 7 - 9.
'Jon Jon' magnolia was bred by the late Todd Gresham and was selected and named
by the late John Allen Smith (Magnolia Nursery, Chunchula, AL) from Todd Gresham
hybrids planted at Gloster Arboretum (Gloster, MS). Although Todd Gresham did not
leave records of parentage, recent research indicates 'Jon Jon' is a hybrid of M.
×soulangeana and Magnolia ×veitchii with a genome size of approximately 15.2 pg,
corresponding to a ploidy of approximately 6.9x (4). 'Jon Jon' was named and
introduced in the mid-1980's but was not widely grown until recent years.
'Jon Jon' magnolia may be rooted from softwood cuttings taken as soon as new spring
growth reaches a length of about 6 in (3). Although timing of cutting collection was more
important than rooting hormone concentration, a 5 s quick dip in rooting hormone of 3:1
K-IBA:K-NAA has been used successfully at rates ranging from 5,000:1,500 to
15,000:4,500 ppm. IBA in talc at concentrations of 3,000 to 16,000 ppm also
successfully rooted 80% of cuttings.
Results: Of fifteen original cooperators, nine were successfully contacted in 2010. Of
these, two reported plants died (of unknown cause) prior to planting, and one
cooperator relocated and did not know her plants' fate. Six cooperators evaluated field
plantings of 'Jon Jon' magnolia in USDA hardiness zones ranging from 6b to 9a.
'Jon Jon' magnolia proved cold hardy in USDA hardiness zones 6b to 9a, validating
prior speculation. All plants survived in Kentucky (USDA hardiness zone 6b), North
Carolina (6b/7a), Louisiana (8b) and north and central Florida (8b and 9a, respectively)
and two out of three plants survived in Arkansas (6b). Though top growth was killed to
the ground one year in Kentucky, cooperators reported good winter hardiness. If winter
damage occurred, plants recovered quickly due to rapid regrowth.
Plants flowered as early as three years after planting. Flowering usually occurred about
two weeks later than saucer magnolia. Peak bloom ranged from late February and early
March in zone 8b to late March and early April in zones 6b and 7a. Flowering lasts
about two weeks (6b, Arkansas) to five weeks (8b, north Florida) depending on weather.
'Jon Jon' usually flowers late enough to avoid freeze damage, though late freezes often
damage flowers in North Carolina (6b/7a). All site cooperators praised 'Jon Jon' for its
exceptional flower size, larger than other deciduous magnolias.
'Jon Jon' height in 2010 was reported as 10 - 15 ft in zones 6b and 7a (Arkansas,
Kentucky and North Carolina), 12 - 18 ft in zone 8b (Louisiana and north Florida) but
only 8 ft in zone 9a (central Florida). Poor plant growth and flowering in zone 9a (central
Florida) may indicate poor adaptability of 'Jon Jon' to that hardiness zone. However,
plants in central Florida were planted in full sun and were infrequently irrigated, and the
cooperator speculated plant performance may have improved if planted in partial shade
and regularly irrigated.
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'Jon Jon' magnolia is highly recommended by all cooperators in zones 6b to 8b. Poor
growth and flowering resulted in 'Jon Jon' not being recommended in zone 9a (central
Florida).
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Figure 1. 'Jon Jon' magnolia flowers in Florida (photo by G.W. Knox).
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Figure 2. A fully open 'Jon Jon' magnolia flower in Kentucky (photo by W.
Dunwell).
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Figure 3. 'Jon Jon' magnolia tree in full bloom in North Carolina (photo by T. Ranney).
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A New Online Multiple Entry Key for Identifying Plant Families
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Significance to Industry: Plant Families are the highest taxonomic rank used in
horticulture, consisting of one or more related genera. In most plant identification
courses, students are expected to learn 150+ plant species by family, genus, specific
epithet and sometimes cultivar. With the onset of distance education technologies, new
approaches can be used to help identify plants by family. FloraGator is an interactive
online teaching tool developed to supplement live plant classification. By utilizing highly
detailed full-color botanical illustrations and a multiple entry key to identify the habit,
leaves, flowers, perianth, androecium, gynoecium and fruit of an unknown species,
users can test their botanical knowledge virtually anywhere and at any time.
Nature of Work: Today, most campus universities are moving toward distance
education as a method for teaching more students with fewer resources. Over one-third
of faculty responding to a recent nationwide survey have taught an online course. Over
4.6 million students were enrolled in at least one online course during the Fall 2008
term, a 17% increase over the previous year (1). This by far exceeds the 1.2 % overall
growth rate of higher education, showing the trend toward distance education. As a
new advancement in the online learning environment, a multiple entry key (named
FloraGator) was developed to facilitate plant identification.
The FloraGator key (Table 1, Figure 1) was inspired by an existing flowering plant family
identification site that used an alogorithm for the botanical characters of a given plant
(3). The code was rewritten specific to the 196 families of monocotyledonous and
dicotyledonous plants of Florida, many of which are found in other parts of the world.
The taxonomic classifications follow the APGIII system proposed by the Angiosperm
Phylogeny Group (2). The database uses a ternary system to record the diversity within
each plant family. For each of the 220 features listed in the key, the database records
either a 0 for "absent," a 1 for "rare," or a 2 for "common." As a user fills out the form,
the key eliminates any family in which the feature never appears. The remaining
families are ranked according to total score, so that families in which the features are
common will appear first. The site was programmed using JavaScript (Netscape
Communications, Dulles, VA) and the ‘gator’ icon was designed by Cory Thoman
(mystockvectors.com).
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As an alternative to keying out an unknown plant sample online, users can also select
from a menu of highly detailed, full-color botanical illustrations obtained from Kurt
Stüber's online library of historic books (http://www.biolib.de) by (4). Each illustration
shows the parts of a plant in remarkable detail and many include both longitudinal- and
cross-sections through the flower's ovary to illustrate the locules, ovules, and
placentation (Figure 1). For greater detail, a tool was added that allows users to zoom
in on a given plant section. The plates were touched-up in Photoshop to remove each
plant's scientific name and family name, but they are otherwise the same as the
originals. The captions were translated from the original German and have, in a few
minor cases, been edited for clarity.
Results and Discussion: Through the use of the Thomé illustrations and the multipleentry process, FloraGator can be a powerful learning tool for anyone studying botany,
plant identification, and plant systematics in any part of the English-speaking world. To
broaden its use, an application is currently being developed for smaller sized notepads
or smart phones.
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Table 1. Existing data contained within FloraGator, an interactive application for webbased learning.
Website
Classification system
Total families
Characters per family
Total ID data
JavaScript
Plant illustrations
Original code
FloraGator icon design
Invention disclosure

Content
Details
http://hort.ifas.ufl.edu/floragator 352 files, 44.6 MB
APGIII
Angiosperm Phylogeny
Group, 2009
41 (monocot) and 155 (dicot)
All flowering plants found
in Florida
220
43,120
jQuery, jQueryUI, ScrollTo,
and jqZoom Evolution
Otto Wilhelm Thomé,
Flora von Deutschland,
1885
Österreich und der Schweiz
Flowering plant family
Ray Phillips, Colby
identification
College (with permission)
Cory Thoman Illustrations
Granted permission from
UF to use the Gator
symbol
Office of Technology
UF#-13831 (8-10-2011)
Licensing, UF
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Figure 1. Screen capture of the FloraGator multiple-entry key
(http://hort.ifas.ufl.edu/floragator/index.html) showing (1) option buttons on the left, (2) a
botanical illustration in the middle, (3) a close-up view at upper right, (4) the caption for
the illustration at middle right, and (4) the results from the key at lower right.
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Landscape Performance of Mowed Rhizoma Rerennial Peanut
James H. Aldrich, Gary W. Knox, Ann R. Blount, Cheryl L. Mackowiak
North Florida Research and Education Center, 155 Research Rd., Quincy, FL 32351
gwknox@ufl.edu
Index Words: Arachis glabrata, Brooksville 67, Brooksville 68, ‘Apalachee’
Significance to Industry: Rhizoma perennial peanut (RPP; Arachis glabrata Benth.) is
an attractive landscape plant and potential turf replacement. Periodic mowing affected
visual quality, flowering, coverage and height of RPP, although responses varied with
mowing height (non-mowed, 2" (5 cm) and 3 ½” (9 cm)) and cultivar (‘Apalachee’,
Brooksville 67 and Brooksville 68). Mowing at 3 ½” (9 cm) was less detrimental to plot
coverage than mowing at 2" (5 cm) 1 and 14 days after mowing. Mowing suppressed
damage from pepper spot (Leptosphaerulina crassiasca). ‘Apalachee’ was slowest to
attain optimal visual quality but longer to retain it, had moderate flowering, and was
naturally the shortest and most resistant to pepper spot of the three RPP evaluated.
Brooksville 68 had more flowers, although moderate in plant extension, and adapted
well to mowing as reflected in lower percent bare ground after mowing. However, nonmowed plots of this selection were more susceptible to pepper spot. Brooksville 67 was
quick to grow and cover plots with high quality waxy dark green foliage. Generally taller
than the other two RPP studied, it usually had fewer flowers.
Nature of Work: Rhizoma perennial peanut (RPP; Arachis glabrata) is a promising
plant for the urban landscape as an ornamental planting or a turf replacement in USDA
cold hardiness zones 8b - 10(3). Its ornamental value is reflected in being chosen in
2002 as a “Plant of the Year” by the Florida Nurserymen and Growers Association.
Initially introduced in the 1930’s from South America as a forage crop (4), several
cultivars with ornamental characteristics have been released including ‘Ecoturf’,
‘Arblick’, Brooksville 67, Brooksville 68, and ‘Florigraze’ (1, 2, 3). Positive aspects
provided by vegetatively propagated RPP include minimal to moderate insect, disease
and nematode problems, drought tolerance once established, salt tolerance, no nitrogen
fertilizer applications needed as it fixes atmospheric nitrogen, soils high in phosphorus
may not require supplemental P, and suitability to various well-drained soils in the
Coastal Plains and peninsular Florida. Basically evergreen in frost-free zones, RPP will
reemerge from the rhizomes in the spring following winter dieback.
Improved flowering has been reported after RPP is disturbed by grazing, harvesting or
mowing (2, 3, 5) resulting in a more attractive ornamental planting. Previous studies
indicated a shift towards more flowering with mowing at 1 ½” (4 cm) every 2-3 weeks on
‘Ecoturf’ and ‘Arblick’ (2) and 3” (8 cm) every 4 to 8 weeks on ‘Florigraze’ (5) but effects
of mowing on overall visual quality or coverage are not clear.
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The overall goal of this project is to determine if RPP can perform functionally and
aesthetically as a mowed lawn as well as an ornamental groundcover. The objectives
of this study were to evaluate mowed and non-mowed plots of three RPP selections for
visual quality, flowering, percent bare ground and mean plant height.
Eight plugs each of three rhizoma perennial peanut selections from containers were
transplanted to a Norfolk loamy fine sand site at the North Florida Research and
Education Center in Quincy in early August 2009. This site, previously a Bahia grass
field, was fumigated with methyl bromide at 400 lb/A (182 kg/A) June 2009. Eight plugs
were equally spaced within a 5’ (1.5 m) x 10’ (3 m) plot with three replications of each
selection in each of four rows. The selections were: Brooksville 67 Germplasm
(Arachis glabrata var. hagenbeckii; PI 262801) and Brooksville 68 Germplasm (Arachis
glabrata; NRCS 9056068) released by the USDA/Natural Resources Conservation
Service and ‘Apalachee’ (Arachis glabrata) collected by Dr. A. R. Blount,
UF/IFAS/NFREC. Each transplanted plug received one ounce (30 ml) of two inoculants
suspended in 4 gallons (15.1 L) water. The two inoculants, Nitragin EL Rhizobium sp.
(Cowpea type) 6.6 oz (188 g) and Peanut Special Inoculant Bradyrhizobium (peanut
type) 6.6 oz (188 g), expiration of 31 December 2009, were provided by EMD Crop
BioScience, Milwaukee, WI.
Plot maintenance included periodic irrigation during establishment, over-the-top
applications of Clethodim (Select Max®; 1.5 pts/A (1.8 L/ha) and imazapic (Impose®; 4
oz/A (0.3 L/ha). Glyphosate 2 pts/A (2.3 L/ha) maintained the aisles between plots and
hand weeding was performed as needed. On 1 June 2010, each 50 ft2 (4.7 m2) plot
received 1.5 oz (44 g) of 13-0-13 fertilizer (13N-0P-10.8K; Rite Green Lawn and Garden
Fertilizer, Sunniland Corp., Sanford, FL).
The study was arranged as a split plot on a randomized complete block design with
each of four rows having one set of each RPP selection not mowed, mowed at 2” (5 cm)
or 3 ½” (9 cm). Plots were initially mowed on 5 May 2011 with a John Deere 42” (1.65
m) rotary mower with vacuum system and mowed every 28 days thereafter. Plots were
evaluated 0, 1, 14 and 28 days after mowing for one or more of the following: visual
quality (1-5; 1=very poor, 2=poor, 3=fair, 4=good and 5=excellent), number of
flowers/39.4 in2 (1 m2), percent bare ground and three plant heights (tallest, shortest,
and typical). The data were analyzed using the general linear mixed model procedure
in SAS version 9.2 and means separation was accomplished using the Tukey’s HSD
test at P ≤ 0.05.
Results and Discussion: May. Visual quality was not affected by mowing height but
flowering, percent bare ground, and mean height were (Table 1). RPP ‘Apalachee’ had
lower visual quality at day 14 then the other RPP selections. Brooksville 68 flowering
was initially two to three times greater than other selections. Mowing at 2” (5 cm) but
not 3 ½” (9 cm) reduced flowering at 14 and 28 days after mowing for all selections.
Brooksville 67 was initially the tallest and had less bare ground than the other two
selections. Mowing removed proportionally more vegetation from taller RPP plots,
resulting in greater percent bare ground 1 and 14 days after mowing. However,
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although mean height was lower for mowed plots, there was no effect on percent bare
ground 28 days after mowing.
July. The third mowing on 30 June resulted in no effect on visual quality, no effect from
mowing height on number of flowers, a temporary effect on percent bare ground, and a
significant effect on mean plant height (Table 2). Visual quality was excellent for all
RPP selections on all evaluation dates. Flowering for Brooksville 68 was greater than
‘Apalachee’ or Brooksville 67 evaluated 0, 14 and 28 days after mowing. Mowing height
did not affect flowering although there was RPP selection x mowing height interaction.
Prior to the third mowing, Brooksville 67 had the least bare ground. ‘Apalachee’ had
more bare ground than either Brooksville selections 1 and 14 days after mowing but all
three had less than 1% bare ground by 28 days. Brooksville 68 had less bare ground
than ‘Apalachee’, 1 day after mowing at 2” (5 cm), even though both had similar heights
prior to mowing. Averaged over the mowing treatments, Brooksville 67 was the tallest
0, 1 and 28 days after the third mowing.
September. Mowing height had a more significant effect on visual quality and mean
height and a temporary effect on flowering and percent bare ground following the sixth
mowing on 22 September Table 3). Both mowing heights had a positive effect on visual
quality 14 and 28 days after mowing. Flowering, averaged over all mowed treatments,
was highest for Brooksville 68 prior to and following this mowing. Flowering, averaged
by mowing treatment, showed the 2” (5 cm) height had more flowering at 0 and 14 days
after mowing. Brooksville 68 had more bare ground 0 and 28 days after mowing than
‘Apalachee’ or Brooksville 67. The 2” (5 cm) mowing height resulted in more bare
ground than the non-mowed or 3 ½” (9 cm) mowing height but only 1 and 14 days after
mowing. Pepper spot (Leptosphaerulina crassiasca) reduced the visual quality and
increased the bare ground of the non-mowed Brooksville 68 plots (data not shown).
Pepper spot on the non-mowed Brooksville 67 reduced the quality but did not defoliate
the plants, while the non-mowed ‘Apalachee’ had basically no pepper spot. Mean
heights for all selections were similar but the non-mowed > 3 ½” (9 cm) > 2” (5 cm)
mowed plots through this evaluation period.
Visual quality of mowed Brooksville 68 and 67 were not as adversely affected by pepper
spot as the non-mowed plants later in the year. ‘Apalachee’ was the most resistant to
pepper spot. Number of flowers was highest for Brooksville 68 for most of the season.
Mowing at 3 ½’ (9 cm) did not affect the number of flowers within a RPP selection while
the 2” (5 cm) height reduced flowers temporarily. French et al. (2) reported that peak
bloom for ‘Arblick’ and ‘Ecoturf’ in 1994 was towards the end of June which was also
true for these three RPP selections. Bare ground was 55 to 94%, 1 day after the initial
mowing but recovered to about half that by 14 days after mowing. Subsequent
mowings did not result in as severe a response. Generally, Brooksville 67 was the
tallest, then Brooksville 68 and finally ‘Apalachee’ for the first two rating periods. By the
end of September and into October all three selections reflected the mowing height
irrespective of the RPP selection.
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Significance to the Industry: Studies conducted in East Central Alabama found
mondo grass (Ophiopogon japonicus L. f.) resistant to deer browse damage while indian
hawthorn (Rhaphiolepis indica L.) and indica azalea (Rhododendron indicum L. ‘Judge
Solomon’) exhibited high pressure for browse. Protection of these plants located in the
vicinity of a white-tailed deer herd is required. Five commercially available deer
repellents were evaluated for effectiveness on the two species and were found to be
beneficial in their intent, and management programs could potentially profit from use.
Browse pressure to treated and untreated plants was reduced with repellent application,
implicating more research towards identifying driving factors for this result.
Nature of Work: White-tailed deer (Odocoileus virginianus Raf.) browse damage to
landscapes is problematic, especially in suburban areas. White-tailed deer population
in the United States is believed to be in excess of 26 million animals (8, 7), with an
estimated 1.8 million in Alabama alone (1). More than 60 million people are calling
home exurbia (4), and an estimated 10 million people were added to exurban areas in
the United States in the 1990’s (5). Development of areas located outside of city
centers (exurbia) continues as job availability increases, Americans yearn for rural
lifestyles, technology advances, and policy makers support outer-city growth as an
alternative to continued inner-city compaction (4). As the expansion of both exurbia
and deer populations continue, human-wildlife (specifically human-deer) interactions
continue to rise. Recent times have brought a wider spectrum of problems with deer,
one of the forerunners being browse damage to agricultural/horticultural crops. Wildlife
damage to agricultural crops is estimated at around $500 million annually (10). Of that
$500 million, a low estimate would be around $100 million for deer damage (2). Whitetailed deer damage to nurseries, orchards, and private landscapes is a leading problem
within the green industry (3). Efforts to protect these facets of the industry have
included exclusion, using deer resistant plants, culling, scare tactics, and repellents.
The emerging method of choice, to reduce the inherent risk to the industry in that
property owners will reduce their purchases of valuable landscape trees and shrubs
because of the fear of deer damage, is repellents (1, 3). Most of these products are
more effective when applied as a topical (directly onto the plant) than when applied as
Landscape

233

SNA Research Conference Vol. 57 2012

an area repellent (as a perimeter treatment of treating just one plant among many) (9).
Studies have also shown that repellents emitting sulfurous odors generally have the
greatest success in repelling deer (6, 9). The purpose of these studies was to evaluate
browse preference among several landscape plant species by white-tailed deer and
how repellent type impacts deer browse.
Preference Test. Extension articles among states in the U.S. vary in which plant
species are susceptible versus not palatable by deer, so preference of the herd was
examined. Six each of one gallon Rhaphiolepis indica (L.), Rhododendron indicum (L.)
‘Judge Solomon’, Ophiopogon japonicus (L. f.), and Ilex cornuta (Lindl.) ‘Burfordii Nana’
were randomly placed and staked with galvanized nursery hooks in each of 4 blocks on
a 5,000 square foot simulated landscape plot located at the Auburn University Deer Lab
(Piedmont Research Substation), Camp Hill, AL 36850 on February 1, 2011. These
species have been previously identified in work as susceptible landscape plants for deer
browse damage. Approximately 100 free-ranging White-tailed deer are located within
the 430 acre high fence. The plot is irrigated via an overhead system, covered with
landscape fabric, and mulched with pine bark to a depth of 1.5 inches. Feeding
damage was taken every other day between February 1 and February 14, starting
February 3. Each plant was assigned a rating based on a numbered scale from 0-3
where 0=no browse damage, 1=⅓ of the plant canopy browsed, 2=½ of the plant
canopy is browsed, and 3=plant canopy completely removed.
Repellent Test. Another test initiated on February 22, 2011 at the deer lab tested the
performance of five commercially available deer repellents applied to two landscape
species: Rhaphiolepis indica, and Rhododendron indicum ‘Judge Solomon’. The
included repellent treatments were PredaScent™ (PredaScent Eight Seconds, LLC,
111 Freeport Road, Pittsburgh, PA 15215), Deer Out™ (Deer Out LLC, P.O. Box 290,
South Plainfield, NJ 07080), Deer Stopper® (Messina Wildlife Management, P.O. Box
122, Chester, NJ 07930), Plantskydd™ (Tree World® Plant Care Products Inc., 1421
South 11th Street, St. Joseph, MO 64503), and Buck Off! (Cleary Chemical Corporation,
178 Ridge Rd., Suite A, Dayton, NJ 08810). The control treatment was water. Each
treatment was applied to 3 one gallon plants of each species within each of 4 blocks.
The repellents were applied at label rates and per the manufacturer’s directions. Plants
were evaluated for damage 7 days after treatment (DAT), 14DAT, 21DAT, and 31DAT.
Plants were given a rating based on a 0 to 3 scale (0=no browse damage, 1=⅓ of the
plant canopy is browsed, 2=½ of the plant canopy is browsed, and 3=plant canopy
completely removed). Growth indices [(height + width 1 + width 2) 3] were taken prior
to and at the conclusion of the experiment. Data from both the preference test and the
repellent test was subjected to Tukey’s Studentized Range test for analysis.
Results and Discussion: All species placed on the plot experienced browse damage
except for Ophiopogon japonicus (Table 1). At 6 days after placement (DAP),
differences in browse damage to Rhaphiolepis indica were observed. By 8 DAP, all
canopies of Rhaphiolepis indica plants were removed. Rhododendron indicum ‘Judge
Solomon’ damage increased over time and at 12 DAP the mean rating was 1.540. Ilex
cornuta ‘Burfordii Nana’ damage also increased slightly over time and at 10 DAP the
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mean rating was 0.375. Rhaphiolepis indica and Rhododendron indicum ‘Judge
Solomon’ plants received the most browse damage respectively.
The repellent test indicated no differences among the treatments for damage at 7, 14,
21, and 31 DAT for Rhododendron indicum ‘Judge Solomon’ (Table 2). The
PredaScent™ treatment to Rhaphiolepis indica was different from all others at 21 DAT.
Control treatments for both species were not different than repellent treatments,
contrary to what was expected. Means for rating damage were below 1 for all
treatments to both Rhaphiolepis indica and Rhododendron indicum ‘Judge Solomon’ for
the duration of the test. Growth indices for both species showed no differences among
the treatments at 31 DAT.
Literature Cited:
1. Baker, A.L., D.J. Eakes, G.B. Fain, S.S. Ditchkoff, and C.C. Coker. 2010. An
Overview and Cost Analysis of Deer Repellents for Homeowners and
Landowners. Circular ANR-1370. Alabama Cooperative Extension Service.
Auburn University, AL.
2. Conover, M.R. 1997. Monetary and intangible valuation of deer in the United
States. Wildlife Soc. Bul. 25(2):298-305.
3. Lemieux, N.C., B.K. Maynard, and W.A. Johnson. 2000. Evaluation of
commercial deer repellents on ornamentals in nurseries. J. Eviron. Hort.
18(1):5-8.
4. Nelson, A.C. 1992. Characterizing exurbia. J. of Planning Lit. 6(4):350-368.
5. Nelson, A.C., and T.W. Sanchez. 2005. The effectiveness of urban containment
regimes in reducing exurban sprawl. DISP 160:42-47.
6. Santilli, F., L. Mori, and L. Galardi. 2004. Evaluation of three repellents for the
prevention of damage to olive seedlings by deer. J. Wildlife Res. 50:85-89.
7. Seamans, T.W., B.F. Blackwell, and J.D. Cepek. 2002. Coyote hair as an area
repellent for white-tailed deer. Intl. J. of Pest Mgt. 48(4):301-306.
8. Stephens, O., M. Mengak, G. Gallagher, D. Osborn, and K. Miller. 2005.
Effectiveness of milorganite as a repellent to protect ornamental and agronomic
plants from deer over-browsing. Proc. Wildlife Damage Mgt. Conf. Internet Ctr.
for Wildlife Damage Mgt. 163-170.
9. Wagner, K.K. and D.L. Nolte. 2001. Comparison of active ingredients and
delivery systems in deer repellents. Wildlife Soc. Bul. 29(1):322-330.
10. Wywialowski, A.P. 1994. Agricultural producers’ perceptions of wildlife-caused
losses. Wildlife Soc.Bul. 22:370-382.

Landscape

235

SNA Research Conference Vol. 57 2012

Table 1. White-tailed deer browse preferenceR on four landscape plant species during February, 2011.
DAPY

Species
2
0.167XS

4
0.333S

6
0.542b

8
1.000b

10
1.250b

12
1.540b

Rhaphiolepis indica

0.167

0.167

1.708a

3.000a

3.000a

3.000a

Ophiopogon japonicus

0.000

0.000

0.000b

0.000c

0.000c

0.000c

Ilex cornuta 'Burfordii Nana'

0.042

0.125

0.167b

0.292c

0.375c

0.375c

Rhododendron indicum 'Judge Solomon'

R

Ratings based on a numbered scale from 0-3 where 0=no browse damage, 1=⅓ of the plant canopy is browsed, 2=½ of the
plant canopy is browsed, and 3=plant canopy removed.
Y
DAP=days after placement.
X
Means within same column followed by the same letter are not different based on Tukey's Studentized Range Test
at α=0.05 (n=24).
S
Means not significantly different.
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Table 2. Effect of five commercial deer repellents on damage ratingR of two landscape plant species during
February, 2011.
Repellent

Buck Off!

Species
Rhododenron indicum 'Judge Solomon'
7 DATX
14 DAT
21 DAT
31 DAT
7 DAT
WS
S
S
S
0.000
0.000
0.000
0.000
0.000S

Rhaphiolepis indica
14 DAT
21 DAT
S
0.000
0.000b

31 DAT
0.000S

Deer Out™

0.000

0.000

0.000

0.000

0.000

0.000

0.000b

0.083

Deer Stopper®

0.000

0.000

0.000

0.000

0.000

0.000

0.000b

0.000

Plantskydd™

0.000

0.000

0.000

0.000

0.000

0.000

0.000b

0.000

PredaScent™

0.000

0.000

0.000

0.000

0.083

0.167

0.250a

0.250

ControlY

0.000

0.083

0.083

0.083

0.000

0.000

0.000b

0.000

R

Damage ratings based on a 0 to 3 scale (0=no browse damage, 1=⅓ of the plant canopy is browsed, 2=½ of the
plant canopy is browsed, and 3=plant canopy completely removed).
Y
Treated with water
X
DAT=Days after treatment
W
Means within same column followed by the same letter are not different based on Tukey's Studentized
Range Test
S
Means not significantly different based on Tukey's Studentized Range test at α=0.05 (n=12).
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Disease resistance and adaptability of Stellar and flowering dogwoods compared
in North Alabama
A. K. Hagan1 and J. Ducar2
1

Department of Entomology and Plant Pathology, Auburn University, Auburn, 36849
2
Sand Mountain Research and Extension Center, Crossville, AL 35962

Key Words: Cornus florida, Cornus florida x kousa, hybrid dogwood, Elsinoe corni,
Erysiphe pulchra, Pseudocercospora cornicola, Synanthedon scitula
Significance to Nursery Industry: Over a five year period, longevity of Stellar®
dogwood and flowering selections in a simulated full sun landscape setting was equal at
a northeast Alabama site (USDA Hardiness Zone 7a). When compared with selected
flowering dogwoods, Stellar dogwood cultivars Aurora®, Constellation®, Celestial™,
Ruth Ellen®, and Stellar Pink® displayed superior resistance to spot anthracnose,
powdery mildew, and Cercospora leaf spot. Cherokee Brave® was nearly as resistant
to powdery mildew as the above Stellar® dogwood cultivars but was as susceptible to
spot anthracnose and Cercospora leaf spot as the flowering dogwood cultivars
‘Cherokee Princess’, ‘Cloud 9’, and ‘Rubra’. Little damage attributed to the dogwood
borer was noted on any of the Stellar® dogwoods or flowering dogwood cultivars.
Stellar® cultivars displayed superior aesthetics compared with the flowering dogwood
cultivars due to the greatly reduced occurrence of the diseases spot anthracnose
powdery mildew, and Cercospora leaf spot. Based on this and previous Alabama
studies, Stellar® dogwoods are not well adapted below USDA Hardiness Zone 7a.
Nature of Work: Flowering dogwood (Cornus florida) is among the most popular small
flowering trees in southern landscapes. The diseases, spot anthracnose, powdery
mildew, and Cercospora leaf spot often negatively impact on the aesthetics, growth, and
occasionally the health of flowering dogwood (3,4). In residential and commercial
landscapes, establishment of resistant cultivars is the preferred method for avoiding
damaging disease outbreaks. On flowering dogwoods, previous studies have focused
primarily on spot anthracnose, more recently powdery mildew, and to a lesser extent on
Cercospora leaf spot (1,3,4,8,12,13). The interspecific hybrid Stellar dogwood (Cornus
florida x C. kousa) selections, which were recognized for their resistance to dogwood
anthracnose (9), often proved to have superior powdery mildew resistance (4,8,12)
when compared with flowering dogwoods. Previously, minimal bract and leaf spotting
attributed to spot anthracnose was noted on all Stellar® dogwood selections except for
Constellation® and to a lesser extent Ruth Ellen® (4). Conner and Bowen (1) noted
that Stellar Pink® was highly susceptible to Cercospora leaf spot but sensitivity of other
Stellar® dogwood cultivars to this disease was not reported. While Stellar® hybrid
dogwood selections have a good disease resistance package, their survival rate was
poorer at two other Alabama sites in comparison with flowering dogwood cultivars (2,4).
The objective of this study was to compare the reaction of Stellar® dogwood cultivars
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with that of selected flowering dogwood cultivars to spot anthracnose, powdery mildew,
and Cercospora leaf spot as well as assess their long term adaptability in North
Alabama. Preliminary data from 2005 and 2006 were previously reported (2).
On March 5, 2004, flowering and Stellar® dogwood (C. kousa x florida) cultivars were
transplanted from #5 containers into a Hartsell/Wynville soil on a site in full sun at the
Sand Mountain Research and Extension Center in Crossville, AL (USDA Plant
Hardiness Zone 7a), respectively, on 10 foot centers with 12 feet between rows. Prior
to planting, soil fertility and pH were adjusted according to the recommendations of the
Auburn University Soil Fertility Laboratory. A drip irrigation system was installed after
planting and the trees watered over the study period as needed. Newly established
trees were mulched with 0.5 to 1.0 inches of aged pine bark. In each study year,
ammonium nitrate (33N-0P-0K) was broadcast at a rate of 300 lb/A of actual nitrogen.
In May, a pre-emergent broadcast application of 2 qt/A of Surflan alone or when tank
mixed with 1.0 lb/A of Gallery was made. Directed applications of Poast at 8 fl oz/A or
MSMA at 3 pt/A were applied as needed to control escaped weeds.
The experimental design was a randomized complete block with five single tree
replicates. Trees were not inoculated with any of the target fungal pathogens but
depended on background populations for infection and subsequent disease
development. At both sites, incidence of spot anthracnose on the bracts and leaves
and powdery mildew, as well as Cercospora leaf spot-associated defoliation was
visually rated on each tree using the Horsfall-Barratt rating scale (6) where 0 = no
disease, 1 = 0 to 3%, 2 = 3 to 6%, 3 = 6 to 12%, 4 = 12 to 25%, 5 = 25 to 50%, 6 = 50 to
75%, 7 = 75 to 87%, 8 = 87 to 94%, 9 = 94 to 97%, 10 = 97 to 100 %, and 11 = 100% of
the leaves with signs or symptoms of each disease. Spot anthracnose ratings on the
bracts on dogwood blooms were taken on April 20, 2006; April 17, 2008; and April 14,
2009. Due to low bloom counts, spot anthracnose on the bracts was not rated in 2007.
Leaf spot phase of spot anthracnose was rated on April 14, May 17, and July 8, 2005;
April 20 and May 5, 2006; April 19 and May 16, 2007; May 12, 2008; and April 29, 2009.
Powdery mildew incidence was assessed on May 17 and July 8, 2005; May 5, June 7,
and July 7, 2006; May 16, June 1, and August 14, 2007 and April 29, May 26, and July
6, 2009. Defoliation due to Cercospora leaf spot were evaluated on July 8, August 29,
September 14, October 20, 2005 and August 13 and September 25, 2009. Due to an
extended drought in the summer of 2006, 2007, and 2008 at both study sites, ratings for
Cercospora leaf spot were not recorded.
Horsfall and Barratt numerical values for the bract and leaf spot phases of spot
anthracnose, powdery mildew, and Cercospora leaf spot at each rating date were
transformed to percentage values for analysis and presentation (7). Spot anthracnose
and powdery mildew ratings were compared among years using PROC MIXED
procedure in SAS 9.1.3. Analysis of variance indicated that year effect on all diseases
was significant, so subsequent analyses were segregated by year for each variable.
Means were separated using Fisher’s least significant difference (LSD) test (P<0.05).

Plant Pathology and Nematology

240

SNA Research Conference Vol. 57 2012

Results and Discussion: In contrast to a previous Alabama study (4), incidence of the
bract spot phase of spot anthracnose was not always lower for the Stellar® than
flowering dogwood cultivars. While similar bract spot ratings were reported for both
dogwood taxa in 2005 (Table 1), significantly fewer spot anthracnose damaged blooms
were noted on the Stellar® than flowering dogwood cultivars in 2009. In 2008, the
flowering dogwood cultivars ‘Cherokee Princess’ and ‘Cloud 9’ but not Cherokee
Brave® and ‘Rubra’ had higher bract spot ratings than all Stellar® dogwood cultivars.
Few differences in the incidence of the bract spot phase of spot anthracnose were
found between the Stellar® dogwood cultivars. Among the flowering dogwood cultivars,
fewer spot anthracnose-damaged blooms were noted in 2005 on ‘Cloud 9’ and ‘Rubra’
compared with Cherokee Brave® and ‘Cherokee Princess’. While all flowering
dogwoods had similar bract ratings in 2008, damage levels were higher in 2009 for
‘Rubra’ than Cherokee Brave®, while ratings for ‘Cherokee Princess’ and ‘Cloud 9’ were
intermediate. Overall, bract spot phase of spot anthracnose ratings for the Stellar®
dogwood cultivars were lower in two of three years than ‘Cloud 9’ and ‘Cherokee
Princess’ and only one of three years for ‘Rubra’ and Cherokee Brave®.
Lower ratings for the leaf spot phase of spot anthracnose for the Stellar® than flowering
dogwood cultivars mirrored results of a previous Alabama study (4). Over the study
period, Stellar® dogwood cultivars had similarly low ratings for the leaf spot phase of
spot anthracnose (Table 1). While leaf spot incidence on the flowering dogwood
cultivars and Stellar Pink® did not differ in 2005, disease ratings for the other Stellar®
dogwood cultivars were lower. Among flowering dogwoods in 2006, fewer spot
anthracnose-damaged leaves were noted on ‘Cherokee Princess’ compared with
Cherokee Brave® and ‘Rubra’ but not ‘Cloud 9’. In contrast, ’Cherokee Princess’,
‘Cloud 9’ and ‘Rubra’ had higher percentage of spot anthracnose-damaged leaves than
Cherokee Brave® in 2007, which had similar disease ratings as the Stellar® dogwood
cultivars. Under low disease pressure in 2008, a higher percentage of spot anthracnose
damaged leaves was recorded for the ‘Rubra’ than Stellar Pink®. Otherwise, ratings for
cultivars in both dogwood taxa were similar. For 2009, incidence of the leaf spot phase
of spot anthracnose was equally high for the flowering dogwood selections as compared
with the Stellar® dogwood cultivars. While differences in the incidence of the leaf spot
phase of spot anthracnose among the flowering dogwood selections were seen during
the study period, all proved largely as susceptible to spot anthracnose as previously
noted (4).
As has been previously reported (4,8), all Stellar® dogwoods were equally resistant to
powdery mildew and with few exceptions had lower powdery mildew ratings than nearly
all flowering dogwoods except for Cherokee Brave® in 2006 and 2007 (Table 2). When
powdery mildew was observed on Stellar® dogwood cultivars, colony formation
occurred from late spring through mid-summer along the mid- and lateral veins on a
small percentage of juvenile leaves but not on the mature leaves in the inner canopy.
Elevated powdery mildew susceptibility of Ruth Ellen® and Constellation® reported by
Ranney et al. (12) was not observed (4, 8). In contrast to the Stellar® dogwoods,
leaves of the flowering dogwood cultivars with the exception of Cherokee Brave®
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suffered from heavy powdery mildew by late-June. Powdery mildew incidence was
higher on ‘Cherokee Princess’ and ‘Rubra’ compared with Cherokee Brave® in three
and four of five years, respectively, and ‘Cloud 9’ in four of five years (Table 1).
Powdery mildew incidence on Cherokee Brave® was generally higher here as
compared with a previous Alabama (4) and Tennessee (8) study. In contrast,
‘Cherokee Princess’, ‘Rubra’, and to a lesser extent ‘Cloud 9’ proved equally susceptible
to powdery mildew as was previously noted (4,8).
Cercospora leaf spot-incited premature defoliation was seen only in 2005 and 2009
(Table 2). Unusually dry summer weather in 2006, 2007, and 2008 not only suppressed
disease development but also caused a noticeable interveinal leaf scorch. Cercospora
leaf spot-incited defoliation was generally higher for the flowering than Stellar®
dogwood cultivars, which had similarly low disease ratings in 2005 and 2009 (Table 2).
Among the flowering dogwoods in 2005, defoliation levels on Cherokee Brave® and
‘Cherokee Princess’ were higher than on ‘Cloud 9’ and ‘Rubra’ as well as on all Stellar®
dogwood cultivars. While light to heavy defoliation was noted on all of the flowering
dogwood cultivars in 2009, no Cercospora leaf spot-induced defoliation was observed
on any Stellar® dogwoods. Among the flowering dogwood cultivars, Cherokee Brave®
and ‘Rubra’ suffered heavier defoliation than ‘Cherokee Princess’ and ‘Cloud 9’, which
had similar defoliation ratings. With the exception of ‘Cloud 9’, the flowering dogwood
cultivars proved susceptible to Cercospora leaf spot, while the Stellar® dogwood
cultivars displayed good disease resistance. Conner and Bowen (1) reported higher
Cercospora leaf spot ratings for Stellar Pink® than on the flowering dogwood cultivars
‘Little Princess’, ‘Red Pygmy’, ‘Pumpkin Patch,’ Cherokee Brave®, ‘Cherokee Chief’,
‘Cherokee Princess’, and ‘Cloud 9’.
When compared with 28 flowering dogwood cultivars, survival of all Stellar® dogwood
cultivars in a previous Central Alabama study was poor (4) and the cause of their rapid
decline and death was not determined. At this northeastern Alabama site, equally high
survival rate for Stellar® and flowering dogwood cultivars, despite a severe summer
drought, was observed. Damage from the dogwood borer (Synanthedon scitula) was
noted on one Stellar Pink® tree, while two ‘Rubra’ and one ‘Cherokee Princess’
flowering dogwoods may have succumbed to this pest. In a concurrent study in
southwest Alabama, the Stellar® dogwoods succumbed within 3 years to a combination
of dogwood borer and an ambrosia beetle (2).
Study results demonstrate that all Stellar dogwood cultivars (Celestial™, and Stellar
Pink®, Aurora®, Constellation®, and Ruth Ellen®) have superior resistance to
Cercospora leaf spot and confirmed previous observations of limited development of
both phases of spot anthracnose and powdery mildew when compared with the
flowering dogwood cultivars (4,8). Increased leaf retention on the Cercospora leaf spotresistant Stellar® dogwood cultivars often resulted in greatly enhanced fall color display,
while adjacent flowering dogwood cultivars are partially to wholly defoliated by early
October. In contrast, Cherokee Brave®, ‘Cherokee Princess’, and ‘Cloud 9’ proved
more susceptible to Cercospora leaf spot than previously reported by Conner and
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Bowen (1). In years when significant Cercospora leaf spot development occurred, all of
the above dogwood cultivars as well as ‘Rubra’ suffered higher defoliation than all
Stellar® dogwood cultivars, which had similarly low defoliation ratings. Overall, ‘Cloud
9’ often suffered less Cercospora leaf spot-incited defoliation than ‘Rubra’ while the
reactions of ‘Cherokee Princess’ and Cherokee Brave® were intermediate.
Despite their exceptional disease resistance package, Stellar® dogwoods are better
adapted to the upper than lower South. At two Lower Coastal Plain sites in Alabama
(2,4) [USDA Hardiness Zone 7b and 8a], tree survival was very poor as compared to
this site in northeastern Alabama, Tennessee (8) and North Carolina (12), in USDA
Hardiness Zones 7a, 6b, and 6a, respectively. While Orton (9) previously noted that
Stellar dogwoods are highly resistant to the dogwood borer in New Jersey [USDA
Hardiness Zone 6a], high mortality rates for these trees at one Alabama site was
attributed to dogwood borer and/or ambrosia beetle (Xylosandrus sp.), both of which are
aggressive pests on environmentally stressed trees (5,10). As was previously noted for
flowering dogwood (11), establishment of Stellar® dogwoods on shaded rather than full
sun sites may decrease tree vulnerability to the dogwood borer and possibly ambrosia
beetle, which may extended their range into USDA Hardiness Zone 7b.
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Table 1. Occurrence of spot anthracnose on the blooms and leaves of Stellar® and
flowering dogwood cultivars.
Spot anthracnosez
Diseased blooms (%)
Diseased leaves (%)y
2005
2008
2009
2005
2006
2007
200
y

Dogwood selection
Stellar dogwood (Cornus kousa x florida)
Aurora
Celestial
Constellation
Ruth Ellen
Stellar Pink
Flowering dogwood (C. florida)
Cherokee Brave
Cherokee Princess
Cloud 9
Rubra

20 ab
-31 ab
9 ab
9 ab
54 a
68 a
8 b
5 b

4c
0c
5c
4c
0c
15 abc
35 ab
44 a
28 abc

2c
4c
11 c
5c
0c

0 b
0 b
2 b
1 b
3 ab

0c
2c
2c
2c
1c

42 b
68 a
69 a
86 a

10 a
16 a
29 a
16 a

43 a
10 b
28 ab
56 a

2009

2 c
29 bc
3c
14 bc
20 bc

1ab
1ab
1 ab
1 ab
0b

0b
1b
1b
0b
0b

1 c
66 a
42 ab
37 b

11ab
3 ab
5 ab
12 a

5a
15 a
20 a
19 a

z

Incidence of spot anthracnose on the blooms and leaves, which was assessed using the Horsfall and
Barratt rating scale, was transformed for presentation to the percentage of spot anthracnose-damaged
blooms or leaves.
y
Spot anthracnose ratings, which are presented in the table, were recorded on the blooms on April 17,
2008; and April 14, 2009, and on the leaves on May 17, 2005; May 5, 2006; April 19, 2007; May 17,
2008; and April 29, 2009.
x
Means separation within columns was according to Fisher's protected least significant difference test
(P<0.05).
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Table 2. Powdery mildew and Cercospora leaf spot on Stellar® and flowering dogwood
cultivars.
Powdery mildew
(% diseased leaves) z
Dogwood selection
Stellar® dogwood
(Cornus kousa x florida)
Aurora
Celestial
Constellation
Ruth Ellen
Stellar Pink
Flowering dogwood (C.
florida)
Cherokee Brave
Cherokee Princess
Cloud 9
Rubra

2007

2008

2009

Cercospora leaf
spoty
(% defoliation)
2005
2009

2005

2006

4 cx
4c
7c
2c
13 c

0c
0c
0c
0c
0c

1b
0b
1b
1b
0b

1d
1d
2d
1d
2d

2c
0c
5c
21 c
2c

1 cy
1c
19 bc
8c
6c

0d
0d
0d
0d
0d

61 b
95 a
59 b
98 a

3c
88 a
36 b
88 a

6b
63 a
58 a
55 a

38 c
91 a
64 b
93 a

69 a
79 a
45 b
75 a

67 a
65 a
19 bc
34 b

63 a
16 c
17 c
46 b

z

Incidence of powdery mildew, which was assessed using the Horsfall and Barratt rating
scale, was transformed for presentation to the percentage (%) of colonized leaves on
July 8, 2005; June 7, 2006; June 1, 2007; June 23, 2008; and July 6, 2009.
y
Cercospora leaf spot-incited defoliation, which was assessed using the Horsfall and
Barratt rating scale on September 14, 2005 and September 25, 2009, was transformed
for presentation to the percent (%) defoliation values.
x
Means separation within columns was according to Fisher's protected least significant
difference test (P<0.05).
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Organic Fungicides Evaluated for the Control of
Entomosporium Leaf Spot on Photinia
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Key Words: Photinia x fraseri ‘Birmingham’, chemical control, Bonide Liquid Copper
Fungicide, copper octanoate, Bonide All Seasons Horticultural and Dormant Spray Oil,
paraffinic oil, Daconil Ultrex 82.5WDG, chlorothalonil
Significance to Nursery Industry: In recent years, the numbers of organic or
biorational pesticides marketed through retail box stores and garden centers as well as
internet vendors has greatly expanded. In contrast to many synthetic fungicides,
relatively few studies have been conducted to assess the efficacy or organic fungicides
on herbaceous and woody ornamentals for the control of diseases, particularly
aggressive and destructive leaf spots and blights. Here, we compared the effectiveness
of the OMRI listed organic fungicides Bonide Liquid Copper Fungicide (copper
octanoate) and Bonide All Seasons Horticultural and Dormant Spray Oil (paraffinic oil)
with the synthetic fungicide Daconil Ultrex 82.5WDG (chlorothalonil) standard for the
control of Entomosporium leaf spot on ‘red tip’ photinia. While not as effective as
Daconil Ultrex 82.5WDG, Bonide Liquid Copper Fungicide gave better disease control
in 2010 but not 2011 than Bonide All Seasons Horticultural and Dormant Spray Oil,
which failed to reduce Entomosporium leaf spot-associated leaf spotting and defoliation
in 2011 when compared with the non-treated control. In addition, Bonide Liquid Copper
Fungicide proved equally effective in controlling Entomosporium leaf spot when applied
at 1- and 2-wk intervals. Overall, Bonide Liquid Copper Fungicide proved to be an
effective organic alternative to the synthetic fungicide Daconil Ultrex 82.5WDG for
controlling Entomosporium leaf spot on ‘red tip’ photinia.
Nature of Work: Entomosporium leaf spot, caused by the fungus Entomosporium
mespili (= E. maculatum ), is a common and damaging disease in nursery and
landscape plantings of red tip photinia (Photinia x fraseri ‘Birmingham’) across the
South. Indian hawthorn, flowering pear, loquat, and other photinia species such as P.
serrulata and P. glabra are among the other common hosts for this disease (1,5).
Protective fungicide treatments are often required to maintain the health and beauty of
red tip photinia in the landscape. Effective control of Entomosporium leaf spot on
photinia can be maintained with weekly to twice monthly foliar applications of fungicides
such as Zyban WSB (thiophanate-methyl + mancozeb), Daconil Weather Stik
(chlorothalonil), and Eagle® 40W (myclobutanil) (2,3,9). When application intervals are
extended beyond 2 weeks, the level of Entomosporium leaf spot control provided by
fungicides such as Daconil Weather Stik 6F sharply declines (9). Hagan and Akridge
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(8) recently showed that the retail fungicides Immunox Multipurpose Fungicide,
RosePride Disease Control Concentrate, and Disease Control for Roses, Flowers &
Shrub Concentrate as well as the commercial fungicide Daconil Weather Stik 6F when
applied every two weeks through the winter and into early spring gave superior control
of Entomosporium leaf spot on field grown ‘red tip’ photinia.
In recent years, demand for organic fungicides, which are considered to have fewer
detrimental environmental and health impact than synthetic fungicides, for use on
herbaceous and woody ornamentals as well as vegetables and fruit trees has greatly
increased. While a variety of products are now marketed through retail outlets, data
describing the efficacy of organic fungicides for the control of the majority of common
leaf spot and blight diseases commonly found on landscape ornamentals does not exist.
On field-grown flowering dogwood, Neem Concentrate (extract of neem oil), SunSpray
Ultra Fine Oil (paraffinic oil), and Rhapsody [Serenade] (B. subtilis QST 713) proved
less effective in controlling spot anthracnose and Cercospora leaf spot than Immunox
Multi-Purpose Fungicide, Liquid Systemic Fungicide, and 3336 4.5F (6). In addition, the
above organic fungicides had to be applied twice as often as Immunox Multi-Purpose
Fungicide, Liquid Systemic Fungicide, and 3336 4.5F to obtain the same level of
powdery mildew control. While control of powdery mildew on flowering dogwood with
MilStop 85W (10) and Armicarb (11) has been reported, a similar product failed to
adequately protect dogwood from powdery mildew in Delaware (12) and Tennessee
(13) trials. The objective of this study was to assess the efficacy of two promising
organic fungicides, Bonide All Seasons Horticultural and Dormant Spray Oil and Bonide
Liquid Copper Fungicide for the control of Entomosporium leaf spot on established redtip photinia in a simulated landscape setting.
Materials and Methods: In spring 2004, ‘Birmingham’ red-tip photinia (Photinia x
fraseri) were transplanted from #1 containers into a Benndale fine sandy loam soil (<1%
OM) at the Brewton Agricultural Research Center in Brewton, AL on 6 foot centers with
10 feet between rows. Photinia in the study block were exposed to E. mespili-incited
leaf spot several years prior to study initiation. A drip irrigation system was installed at
planting and plants were watered as needed. Prior to planting, soil fertility and pH were
adjusted according to the results of a soil fertility test. In February of each year, aged
pine bark was evenly distributed around the base of each plant. In late March, 1.8 oz of
16N-4P-8K analysis fertilizer or equivalent was evenly distributed around the base of
each plant. Pre-emergent weed control was obtained with a broadcast application of 2
qt/A of Surflan + 1.0 lb/A of Gallery. Escape weeds were hoed or pulled by hand.
Daconil Ultrex 82.5WDG was applied at 2-week intervals, the OMRI listed organic
fungicides Bonide Liquid Copper Fungicide and Bonide All Seasons Horticultural and
Dormant Spray Oil were applied at 1- or 2-wk intervals starting on January 28 to April
29, 2010 and January 10 to April 11, 2011. Fungicides were applied to drip with a CO2pressurized sprayer with a hand-held wand with a single adjustable hollow cone nozzle.
Severity of Entomosporium leaf spot was rated on April 29, May 12, and June 10, 2010
and on April 12, April 26 , May 12 and May, 2011 using a modified Florida peanut leaf
spot scoring system where 1 = no disease, 2 = very few leaf spots in canopy, 3 = few
leaf spots in lower and upper canopy, 4 = some leaf spotting in lower and upper canopy
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and < 10% defoliation, 5 = leaf spots noticeable and < 25% defoliation, 6 = leaf spots
numerous and < 50% defoliation, 7 = leaf spots very numerous and < 75% defoliation, 8
= numerous leaf spots on few remaining leaves and < 90 % defoliation, 9 = very few
remaining leaves covered with leaf spots and < 95% defoliation, and 10 = plants
defoliated (3). All statistical analyses were done on rank transformations of data. For
presentation, data are back transformed. Means were separated using Fisher’s least
significant difference (LSD) test (P<0.05).
Results and Discussion: In 2010, monthly rainfall totals for February, March, April,
and June were below, to well below, the 30-yr average but were average to above
average for January and May. For the following year, rainfall totals for February and
May but not January, March, and April were well below, the 30-yr average for the study
site.
Compared with the non-treated control, which suffered noticeable leaf spotting and in
excess of 25% defoliation, all fungicides treatments in 2010 significantly reduced
Entomosporium leaf spot severity (Table 1). Liquid Copper Fungicide and All Seasons
Horticultural and Dormant Spray Oil gave the same level of disease control when
applied at 1- or 2-wk intervals. Generally, symptoms on plants treated with the above
organic fungicides were limited to light to moderate leaf spotting with little or no
premature defoliation. Daconil Ultrex 82.5 WDG gave better control of Entomosporium
leaf spot than All Seasons Horticultural and Dormant Spray Oil and Liquid Copper
Fungicide when applied at 2-week but not at 1-week intervals.
In 2011, a significant reduction in Entomosporium leaf spot intensity was obtained with
Daconil Ultrex 82.5WDG and Liquid Copper Fungicide but not All Seasons Horticultural
and Dormant Spray Oil when compared with the non-treated control, which suffered
from noticeable leaf spotting and approximately 60% premature defoliation (Table 1). In
addition, disease ratings for All Seasons Horticultural and Dormant Spray Oil, which
were not impacted by application interval, were significantly higher compared with
Daconil Ultrex 82.5WDG and Liquid Copper Fungicide. Daconil Ultrex 82.5WDG gave
better disease control than Liquid Copper Fungicide, which gave similar levels for
Entomosporium leaf spot control when applied at 1- and 2-wk intervals.
When compared with the non-treated control, significant reductions in Entomosporium
leaf spot severity were noted in with the organic fungicides All Seasons Horticultural and
Dormant Spray Oil and Liquid Copper Fungicide in one of two and both study years,
respectively. With both organic fungicides, similar disease ratings were recorded for the
1 and 2-week treatment schedules. Previously, a now discontinued formulation of
paraffinic oil (SunSpray Ultra Fine Oil) gave significantly better powdery mildew control
on flowering dogwood when applied on a 1- than a 2-week schedule (6). In contrast, All
Seasons Horticultural and Dormant Spray Oil but not Liquid Copper Fungicide when
applied at 1- and 2-week intervals proved equally effective in controlling Cercospora leaf
spot on crapemyrtle (8).
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As previously noted by Hagan and Akridge (6) on flowering dogwood, organic
fungicides often do not provide the same level of disease control as synthetic
fungicides. Here, disease ratings for All Seasons Horticultural and Dormant Spray Oiland Liquid Copper Fungicide-treated photinia with exception of receiving weekly
applications of the latter fungicide were significantly higher when compared with Daconil
Ultrex 82.5WDG. Efficacy differences were most noticeable after the wet winter of 2011
when the All Seasons Horticultural and Dormant Spray Oil-treated photinia suffered
considerable leaf spotting through the plant canopy and nearly 25% defoliation
compared with a few leaf spots on scattered juvenile leaves on the Daconil Ultrex
82.5WDG-treated photinia. While the Liquid Copper Fungicide-treated plants did not
suffer the level of leaf spotting and defoliation in 2011 when compared with those
receiving All Seasons Horticultural and Dormant Spray Oil sprays, the level of leaf
spotting was higher for photinia treated with the latter fungicide than Daconil Ultrex
82.5WDG. Given the marginal efficacy demonstrated by several synthetic fungicides in
a previous study (7), Liquid Copper Fungicide proved that organic fungicide can deliver
equivalent or better disease control as some of its synthetic counterparts but not
Daconil Ultrex 82.5WDG.
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Table 1. Two organic fungicides compared with Daconil Ultrex for the control of
Entomosporium leaf spot on established ‘red tip’ photinia.
Application
interval
-1 week
2 week
1 week

ELS severityz
2010
2011
5.2 ay
6.5 ay
2.5 bc
3.2 b
2.7 b
3.6 b
2.8 b
4.8 a

Treatment and rate/100 gal
Non-treated Control
Liquid Copper Fungicidex 0.8 gal
Liquid Copper Fungicide 0.8 gal
All Seasons Horticultural and Dormant Spray
Oilx 1.2 gal
All Seasons Horticultural and Dormant Spray
2 week
3.2 b
5.5 a
Oil 1.2 gal
Daconil Ultrex 1.4 lb
2 week
1.2 c
1.8 c
z
Entomosporium leaf spot (ELS) severity was rated on June 10, 2010 and May 25,
2011using a modified 1 to 10 Florida peanut leaf spot scoring system.
y
Means separation in each column was according to Fisher’s protected least significant
difference (LSD) test (P<0.05).
x
OMRI listed organic fungicide.
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Significance to Industry: This methodology is the basis for an evaluation of wetland
plants for susceptibility to species of Phytophthora present in runoff water at ornamental
plant nurseries. It is the first step in the development of constructed wetlands that will
utilize biological processes to remove both plant pathogens and agrichemical
contaminants from irrigation water. Ecological treatment systems may enhance water
conservation and reuse by nurseries as growers gain confidence in the capability of
these treatment systems to eliminate plant pathogens.
Nature of Work: It is widely known that agriculture is the second largest consumer of
the increasingly scarce supply of freshwater. In the United States, large ornamental
nurseries utilize more than 37,800 kL of irrigation water each day (1). As competition
for freshwater resources increase, the agriculture and horticulture industries need to
identify alternative water sources to ensure continued, economically sustainable crop
production. Recycled irrigation runoff water is one alternative source of water that
typically is ignored by producers of horticulture commodities in the US. One major
concern limiting reuse of irrigation water is the increased potential for disease incidence
and severity initiated by pathogen propagules carried in recycled water (2).
To optimize the design of runoff channels and constructed wetland systems to facilitate
the removal of propagules of Phytophthora species from runoff water, we must first
identify plant species not susceptible to this group of plant pathogens. Species of
Phytophthora cause some of the most damaging and economically important diseases
affecting ornamental plants in both nurseries and landscapes (2,3,4). Therefore, the
goal of this research was to develop a standard inoculation protocol for screening
wetland plants for susceptibility to Phytophthora spp.
Five species of Phytophthora commonly found in irrigation water in nurseries in the
southeastern US were used in this study (4,5; Jeffers, personal observation): P.
cinnamomi, P citrophthora, P. cryptogea, P. nicotianae, and P. palmivora. Three
isolates of each species—all recovered from ornamental plants in SC—were selected
for this study. In addition, a fourth isolate of P. citrophthora, collected from the roots of
Saggitaria latifolia growing in a vegetated nursery runoff channel in a Georgia nursery
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was used (16 isolates in all). Isolates were maintained on 5% clarified V8 agar at 20°C
and were grown on 10% non-clarified V8 agar at 25°C to produce active colonies. Agar
plugs (2 mm-diameter) were removed from the advancing margins of colonies and
served as the inocula for all experiments.
To test susceptibility, plants must be exposed to a constant supply of inoculum (i.e.,
zoospores) over time. In a laboratory experiment, 48, plastic cups (200 mL each) were
filled with 150 mL of 1.5% non-sterile soil extract solution (6,7) and placed on three
trays in racks under ambient light (4.55 ± 1.0 µMol m-2 s-1) and temperature (19-28°C).
Nine agar plugs from one isolate were added to a cup, and each isolate was tested in
three replicate cups to ensure reproducible results. One replicate of each isolate was
placed on each tray in a 4x4 randomized block design. This experiment was conducted
twice (trials 1 and 2) and results were combined for analysis.
The day after adding plugs, all experimental units were baited by floating leaf disks (5
mm in diameter) from Rhododendron catawbiense ‘English Roseum’ (six leaf disks per
cup). After 2 days in trial 1 and 3 days in trial 2, leaf disks were removed, embedded in
PARPH-V8 selective medium, and incubated for one day at 25°C (6,8,9). Presence of
zoospores in each cup was quantified using a rating scale (0-5) based on the
percentage of the perimeter of each disk that was visibly (30-70×) colonized by an
isolate (Table 1). After disks were removed from each cup, six fresh leaf disks were
added; this process continued for 30 days.
A second experiment was performed in the greenhouse using conditions similar to
those that will be used during future plant susceptibility trials. Fifteen 1.9-L plastic
containers were used for each of two solutions: Milli-Q water and non-sterile soil extract
solution; both treatments were amended with 20 ppm N fertilizer solution (20-2-20
nitrate-special water soluble fertilizer; Southern Agricultural Insecticides, Inc.;
Hendersonville, NC). Three plugs from each of the three isolates of a species of
Phytophthora (nine plugs total for four species, 12 plugs total for P. citrophthora) were
placed in the bottom of a container. Three replicate containers were used for each
treatment—i.e., species by solution combination. One replicate of each treatment was
placed in a greenhouse (28.1 ± 0.1°C during the day and 25.4 ± 0.1°C at night, 13.5 hr.
light) on one of three benches in a completely randomized block design.
Methodology for baiting and quantifying presence of zoospores was the same as in the
laboratory experiment; containers were baited every three days for 13 days. All data
were analyzed using PROC GLIMMIX with the LSD and DIFF options to characterize
the main effects and interactions of Phytophthora spp., treatment, and time on
percentages of leaf disk perimeters colonized (SAS v.9.2, SAS Institute, Cary, NC).
Results and Discussion: In the laboratory experiment, data from the two trials were
similar (P = 0.19), so trials were combined for analysis. Therefore, the data presented
are mean values based on 18 observations for four species of Phytophthora (3 isolates
× 3 replicate cups/isolate × 2 trials) and 24 observations for P. citrophthora (4 isolates ×
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3 replicate cups/isolate × 2 trials). Zoospores produced by the five species of
Phytophthora colonized rhododendron leaf baits throughout the 29-day period (Figure
1). We attribute reduced colonization percentages to decreased zoospore production
from agar plugs, which resulted in a lower density of zoospores in solution. Zoospore
production varied over time among the five species; it was most consistent with P.
palmivora and most variable with P. cinnamomi (Figure 1). Zoospore production by P.
citrophthora and P. cryptogea decreased over time (Figure 1).
In the greenhouse experiment, zoospores were produced by all species throughout the
13-day trial period. Bait colonization remained fairly constant for four of the species, but
it declined steadily in pots infested with P. cryptogea (Figure 2). During the greenhouse
experiment, the average temperature of container solutions was 28.1 ± 0.1°C during the
day and 25.4 ± 0.1°C at night. Temperatures equal to or greater than 30 °C are known
to negatively impact sporangium production and the optimum temperature for growth for
P. cryptogea ranges from 20-25°C (3,10). Consequently, excessive daytime
temperatures during the experiment may have adversely affected sporangium
production and zoospore release by P. cryptogea.
Zoospores were produced and leaf baits were colonized in both solutions (Figure 2).
However, there was a significant difference in bait colonization between the two
solutions for three of the species of Phytophthora. P. cinnamomi, P. citrophthora, and
P. cryptogea colonized leaf disks better on days 10 and 13 when baits were floated in
Milli-Q water than when floated in non-sterile soil extract solution. Solution did not
significantly influence bait colonization by zoospores of P. nicotianae and P. palmivora.
This experiment currently is being repeated, and the effects of temperature and solution
on zoospore production in a greenhouse setting will be further defined.
Most leaf baits consistently were colonized by zoospores of Phytophthora spp. released
from a single set of agar plugs over time. However, results from the greenhouse
experiment suggest that agar plug inoculum may need to be refreshed on a bi-weekly
basis to ensure adequate inoculum presence in experiments with plants that will run
longer than 14 days. The results of the experiments reported here are the basis of
future experiments to evaluate the relative susceptibility of wetland plant species to
infection by species of Phytophthora commonly found in nurseries of the southeastern
US.
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Landscapes” as part of the USDA ARS Floriculture and Nursery Research initiative
provided funding to conduct this research.
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Table 1. Rating scale used to quantify the amount of infection observed on leaf disk
baits.
Perimeter colonized Midpoint value
(%)a
Rating Value
(%)b
0

None

0

1

1 - 25%

12.5

2

26 - 50%

38.5

3

51 - 75%

63.5

4

76 - 99%

88.5

5

100%

100

a

Estimated amount of the perimeter on a leaf disk visually colonized by Phytophthora
spp.
b
Midpoint value for the range of perimeter colonized; this number was used in statistical
analyses.
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Figure 1. Colonization of leaf disk baits during exposure to zoospores from three or four
isolates of each of five species of Phytophthora over 29 days under laboratory
conditions. Leaf disks were used to bait non-sterile soil solution into which agar plugs
containing hyphae of an isolate of Phytophthora sp. had been placed. Data are mean
percentages of the perimeters of leaf disks that were colonized ± standard errors from
all isolates in each of two trials, which were combined for analysis.
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Figure 2. Colonization of leaf disk baits during exposure to zoospores from five species
of Phytophthora in two different solutions over 13 days under greenhouse conditions.
Leaf disks were used to bait Milli-Q water (MQ) and non-sterile soil extract solution (SE)
into which agar plugs containing hyphae of three or four isolates of each species of
Phytophthora had been placed. Data are mean percentages of the perimeters of leaf
disks that were colonized ± standard errors.
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Significance to Industry: Macrophomina phaseolina (Tassi) Goid, is a destructive soil
borne pathogenic fungus that causes charcoal rot, dry-root rot, wilt, leaf blight, stem
blight and damping-off diseases in more than 500 plant species, across approximately
100 different genera including Cornus (2,7). Powdery mildew caused by Oidium spp.,
[Erysiphe (Sect. Microsphaera) pulchra] causes stunted growth, defoliation, reduced
aesthetic value and a serious decline in plant health in flowering dogwood (Cornus
florida L.) (1,5). Fungicides are commonly used to control Macrophomina root rot in a
number of crop plants, and are routinely used to control powdery mildew in flowering
dogwood. Problems associated with fungicide applications include cost to growers,
environmental and health hazards to human applicators, and the destruction of other
non-target organisms including beneficial microflora. Biological control agents (BCAs)
provide a safer, environmentally-friendly, and presumably less expensive alternative
products for controlling both powdery mildew and Macrophomina root rot. By combining
BCAs with other user-friendly methods such as host resistance and cultural practices, it
is possible to significantly reduce fungicide usage in nursery production of flowering
dogwood.
Nature of Work: Flowering dogwood is native to southern region of the United States
of America (USA), and common in other parts of the nation, as an ornamental plant in
residential and public areas. It is an important under-story species in forest areas
where its nutritious seeds provide valuable food for wildlife. Dogwood is an important
nursery plant in Tennessee and neighboring states and provides income to many
backyard farmers in rural areas. However, powdery mildew stunts plant growth and
requires routine fungicide applications that are too expensive for small scale growers.
Previous studies have shown that biological agents (BCAs) isolated from native plants
in natural environments where fungicides have never been used have high potential in
controlling powdery mildew in flowering dogwood (3,4,5,6). This study evaluates the
effectiveness of individual microorganisms (BCAs) against two diseases, powdery
mildew and Macrophomina root rot of dogwood. Two bacterial BCAs, B17A and B17B,
were compared with other BCAs, two fungi (F13, and F16); two yeasts (Y4, and Y14),
fungicide {thiophanate methyl (Cleary’s 3336®)} and water control in controlling both
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Macrophomina root rot as well as powdery mildew in flowering dogwood. This is the
first study to evaluate effectiveness of these BCAs against Macrophomina root rot of
flowering dogwood.
Materials and Methods: Following seed vernalization of C. florida, the young
seedlings with newly emerged roots were planted in sterile Morton’s Grow Mix™ #2
(Morton’s; Horticultural Supplies, Inc., McMinnville, TN), using plastic containers with 23 seedlings per container and maintained in greenhouse environment. Treatments
consisted of BCAs (i.e., B17A, B17B, F13, F16, Y4, and Y14), with fungicide and water
treatments used as controls. Treatments were arranged in a randomized complete
block design with a replication of three plastic containers per treatment, each containing
2-3 plants. Inoculum concentrations of the BCAs were 2-5 x 106 spores/propagules per
ml for fungi, and 1-3 x 106 CFU per ml for bacteria and yeast. The fungicide was used
at 18 fl oz/100 gallon, equivalent to 1 mL per 727.3 mL (v/v) of fungicide/water following
manufacturer’s recommended rate of 12-24 fl oz/100 gallon. Inoculum of the root rot
pathogen, M. phaseolina, consisted of a suspension of approximately 2-5 x 104
spores/propagules per ml., prepared from 5 day-old colonies grown in potato dextrose
agar (PDA).
Inoculation of dogwood seedlings with M. phaseolina; was done twice, during planting
and three weeks after planting. Inoculation during planting was by root-dipping each
seedling in the inoculum suspension before planting and the second inoculation was
done by root-drenching using 5 mL of M. phaseolina inoculum of the same
concentration, as described above. Plants were monitored for powdery mildew
development from natural air-borne inoculum. As soon as the first symptoms of
powdery mildew were observed, plants were sprayed with BCAs using concentrations
described above. A spray interval of approx.10 days was followed starting in mid-July
when the first disease symptoms were observed, and continued throughout the growing
season. Effect of M. phaseolina on dogwood plant’s health, was measured using
growth and development characteristics including stem length and diameter, wet and
dry weights. Observations were also made on persistence of green color on the leaves
throughout the growing period. Disease severity readings (rating) to assess the relative
effectiveness of each treatment on powdery mildew disease severity was based on a
scale of 0-5 in which 0 = No infection; 1 = 1-10%; 2 = 11-25%; 3 = 26-50%; 4 = 51-75%
and 5 = 76-100% of the foliage showing disease symptoms. Disease rating was
recorded from July to early October.
Results and Discussion: Results on growth parameters showed that both B17A and
B17B promoted plant growth in the presence of M. phaseolina. Plants treated with
bacterial BCAs were superior to all other treatments in terms of stem length, minimum
and maximum stem diameters, as well as wet and dry weights. The two bacterial BCAs
had significant effect on stem length (P<0.001), and stem diameter (P<0.0001)
compared to other treatments. Although there was no statistical significance between
the two bacterial BCAs, B17A was consistently better than B17B (Figures 1 and 2).
Plants treated with bacterial BCAs also had less root damage from M. phaseolina root
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rot pathogen compared to other treatments. They had no (or less) damage on the small
roots which are normally used for water and nutrient uptake. The bacterial BCAs and
fungicide treatments gave better results on powdery mildew disease control compared
to other treatments (P<0.001) (Figure 3). Fungicide treatment gave slightly better
powdery mildew control than the bacterial BCAs, but the difference was not statistically
significant. The bacterial BCA-treated plants maintained greener color up to the end of
the season than all other treatments. These results demonstrated a beneficial effect
from bacterial BCAs on dogwood plants in the presence of M. phaseolina and powdery
mildew. Improved plant growth from bacterial BCAs may be a combination of both their
enhanced root rot and powdery mildew control. However, since fungicide treatment
was more effective than the BCAs in powdery mildew control (Fig 3), it is reasonable to
presume that the improved plant growth from the BCAs effect is mostly from root rot
control.
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Figure 1: Mean wet and dry weights (g) of dogwood plants grown in the presence of
Macrophomina phaseolina and sprayed with biocontrol agents (BCAs) bacteria (B17A
and B17B), fungi (F13 and F16), yeasts (Y4 and Y14). Fungicide and water treatments
were used as control. The plants were grown between June and October.

Figure 2: Mean minimun and maximum stem diameters (cm) of dogwood plants grown
in the presence of Macrophomina phaseolina and sprayed with biocontrol agents
(BCAs) bacteria (B17A and B17B), fungi (F13 and F16), yeasts (Y4 and Y14).
Fungicide and water treatments were used as control. The plants were grown between
June and October.
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Figure 3: Disease rating (0-5) of powdery mildew on dogwood plants grown in the
presence of Macrophomina phaseolina and sprayed with biocontrol agents (BCAs)
bacteria (B17A and B17B), fungi (F13 and F16), yeasts (Y4 and Y14). Fungicide and
water treatments were used as control.
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Evaluation of Wild Rose Species for Alkalinity Tolerance
Masum Akond, Raul I. Cabrera and Xinwang Wang
Texas AgriLife Research Center at Dallas, Texas A&M University, 17360 Coit Road
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m-akond@tamu.edu
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Significance to Industry: There are more than 130 recognized species in the genus
Rosa (4), but among them only about 7-10 species are found in the background of most
modern rose cultivars (12). To expand the genetic background of modern roses,
breeders should explore wild rose resources extensively. A better knowledge of these
genetic resources will make it possible to incorporate many valuable traits into garden
rose breeding programs and to develop improved garden rose cultivars that are more
broadly adapted. The unexplored wild rose species included in these experiments may
have many potential horticultural traits and also be adapted to alkaline growing
environments. High salinity and alkalinity in soils are common problems faced by many
horticulturists, landscapers, and homeowners. Alkalinity varies between 2 to 4 meq·L-1
across the western and central US regions, with much lower values in the east (5).
Urban soils could be saline, alkaline or sodic in arid or semiarid areas due to a higher
evapotranspiration than precipitation rate (7). The combination of these problems
necessitates the selection and use of more adapted ornamental species and genotypes
for urban areas. Further information is needed on rose performance of plants over
maximum thresholds for chemical-physical stress tolerance to deal with them under
commercial production and landscape conditions. This study may provide alkaline
adaptable/tolerant rose genetic resources to the green industries and breeders.
Nature of Work: The purpose of this study is to evaluate wild rose species for alkalinity
tolerance. Seeds of eight wild rose species (Table 1) provided by Dr. Kevin Conrad,
Curator, U.S. National Arboretum, Washington DC were included in this study. After
stratification, sprouted seeds were sown immediately in 18-hole sheet pots and
transferred later to 3-gallon pots using potting soil with pine bark and the transplanted
plants were allowed to acclimatize. On the first week of September 2011, 20 g of 14-1414 Osmocote® (Scotts Sierra, Marysville, OH) were applied (topdressed) to each pot
(4.7 kg·m-3). Then all the accessions were pruned (headed) back to about 6″ from
ground level, allowing the emergence of new leaf growth to observe the effects of
alkalinity in this tolerance screening study. The experimental design was a completely
randomized design with 3 replications; one pot with one plant was used per replication.
Simulated alkalinity in irrigation water was prepared by adding NaHCO3 at 0, 5mM (0.42
g/L), and 10 mM (0.84 g/L) with tap water (EC= 0.5 dSm-1; pH= 7.4; 1.2 mM
bicarbonate); solutions were prepared in 160 L-tanks. The control irrigation water (0
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mM NaHCO3) had its pH adjusted to 5.7 with H2SO4. Each plant was top irrigated with
~1 L at three-day intervals (on every third day) by a semi-automated irrigation system.
Plants were observed for chlorosis ratings and chlorophyll index (SPAD), plant height,
prikle intensity and overall quality (Table1). The plants were rated on the level of foliar
chlorosis they were exhibiting using a three-point scale: 1= very chlorotic, 2= slightly
chlorotic, and 3= green. Chlorophyll index was determined with a SPAD Meter® (Model
501, Minolta Camera Co. Ltd., Japan).
Results and Discussion: This study evaluated eight wild rose accessions to find
superior adaptive roses for high alkaline growing environments. Most commercial roses
are commonly grown on acid to slightly acid soils and substrates. When grown on
alkaline soils/substrates, their growth is reduced and chlorosis is prevalent (6). The
most conspicuous symptom of excessive alkalinity is the induction of an intervenial
chlorosis in the youngest leaves of plants and stunted growth (10, 11). In this
evaluation, Rosa accessions R87 and R90 exhibited more noticeable chlorosis
symptoms than other accessions (Table 1). Plants were slightly less green with 5 mM
NaHCO3 and an evident chlorosis was observed at 10mM (Fig. 1).
Similarly, the chlorophyll index (SPAD) values showed a gradual decline with increasing
alkalinity level (0 to 10 mM NaHCO3) in the rose accessions R87 and R90 (Fig. 2).
Chlorophyll values were not reduced in R. rugosa (R55) with increasing alkalinity stress,
this species also has high degree of prickle. Leaf chlorosis is correlated to a decrease in
chlorophyll content in the upper leaves, and it has been reported in other species like
sunflower cultivars (2), soybean (8), grapevine (9), and peach (1). Leaf chlorosis has
been attributed to a high pH-induced iron (Fe) deficiency due to a decrease in Fe
uptake (3).
Overall growth of rose plants was also affected by increasing concentration of NaHCO3
in the irrigation water. Compared to the control, plants irrigated with 5 mM and 10 mM
NaHCO3 had reduced plant heights (Fig. 3), indicating a high degree of sensitivity of
some rose species to alkalinity. Analogous results were reported by Hughes and Hanan
(6) in cut flower production in rose ‘Forever Yours’ when plants were irrigated with water
containing a bicarbonate (HCO3-) concentration higher than 2 mM.
Among all accessions Rosa sp. (R87 and R90) exhibited the lowest level of tolerance
with respect to plant height, chlorosis ratings and SPAD values, whereas Rosa sp.
(R83), R. canina (R15), R. pimpinellifolia (R40) and Rosa woodsii (R74 and R75)
showed moderate levels of alkalinity tolerance. Highest levels of tolerance among the
accessions were found in Rosa rugosa (R55).
Acknowledgement. This project is being partially funded by USDA-Specific
Cooperative Agreement (SCA) (58-1230-0-469) (project # 1230-21000-051-07S).
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Table 1: Rose species, country of origin, thorniness and leaf chlorosis responses to
alkalinity stress levels.
Leaf chlorosis rating
Prickle
Species
Country of
Code
0 mM
5mM
10mM
Intensity NaHCO3 NaHCO3 NaHCO3
Origin
No.
R15 Rosa canina
Ukraine
1
3
3
3
R40 Rosa pimpinellifolia
USSR
5
3
3
2
R55 Rosa rugosa
Russia
5
3
3
3
R74 Rosa woodsii
Unknown
1
3
3
2
R75 Rosa woodsii
Colorado
3
3
2
2
R83 Rosa sp.
Albania
3
3
3
3
R87 Rosa sp.
Ames
0
3
1
1
R90 Rosa sp.
Unknown
4
3
1
1
Notes: Plant thorniness scale: 0= no prickles, 5= with most prickles; Scale for chlorosis:
1= very chlorotic; 2= slightly chlorotic; 3= green.

Fig.1. Representative leaves from rose accession R87 (Rosa sp.) showing chlorosis
symptoms.

Plant Breeding and Evaluation

266

SNA Research Conference Vol. 57 2012

Fig.2. Chlorophyll SPAD index of Rosa species and accessions irrigated with 0, 5 and
10mM NaHCO3.

Fig.3. Plant height of Rosa species and accessions irrigated with 0, 5 and 10mM
NaHCO3.
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Panicum virgatum, Saccharum arundinaceum, Saccharum ravennae
Significance to Industry: Bioenergy production draws from a wide range of potential
raw materials and transformation processes, providing flexible solutions to increasing
global petroleum scarcity (1). Perennial grasses (PGs) are attractive candidates for
bioenergy production that can exhibit substantial biomass yields (2), require relatively
few inputs, and provide a variety of ecological benefits (3-5). However, adaptability and
yield of PGs can vary considerably by region (6-8). Because candidate PGs are diverse
and information on regional yields and suitability is often lacking, an assessment of
performance under different conditions is an integral component of the transition
towards large scale bioenergy production. In this study, biomass yield, nitrogen
response, and regional suitability of selected PGs were evaluated over three years at
two locations in North Carolina as part of an ongoing effort to develop improved plants
and production practices.
Nature of Work: A number of PGs have received considerable attention as potential
bioenergy crops, including Miscanthus, Panicum, Arundo and Saccharum members.
Miscanthus contains approximately 14 species of tall, warm season C4 grasses native
to South East Asia that exhibit high light absorption rates and high nitrogen and water
use efficiencies (9, 10). Generally, nitrogen fertilizer treatments do not increase biomass
production in Miscanthus, and the primary limiting factor is often water availability (912). Miscanthus sinensis ‘Gracillimus,’ a popular ornamental, yielded 5.5 T·A-1 in
production trials in Germany (13). Miscanthus ×giganteus is a naturally occurring sterile
triploid hybrid derived from diploid M. sinensis and tetraploid Miscanthus sacchariflorus
(14). This hybrid has been reported to yield between 8.9 and 14 T·A-1 in Illinois, and is
one of the most highly studied PGs for bioenergy applications (15). Panicum virgatum is
a native vigorous, spreading, sod-forming C4 grass. Panicum virgatum ‘Alamo,’ a
lowland variety, was selected for its ability to thrive in the South (16). In North Carolina
various P. virgatum cultivars have been found to produce 5-6.4 T·A-1 (17, 18). Arundo
donax is a C3 riparian cane grass that forms densely packed monotypic stands. Arundo
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donax has been shown to respond favorably to N fertilizer applications in some
instances and yield data from Italy found that A. donax can produce approximately 13.4
T·A-1 (19). Saccharum arundinaceum and S. ravennae are stout, reedy, cold-hardy C4
canes, native to temperate and tropical Asia, predominantly India and China (20).
Reliable yield data for these species is lacking.
The seven taxa selected for this study were: Arundo donax, M. ×giganteus, M. sinensis
H2006-006-001, M. sinensis ‘Gracillimus’, S. ravennae, S. arundinaceum, and P.
virgatum ‘Alamo’. Miscanthus sinensis H2006-006-001 is a breeding line selected for
evaluation based on initial performance in Western North Carolina. The objectives of
this study were to determine the biomass yield, nitrogen response, and regional
adaptability of the aforementioned taxa as part of a larger effort to develop dedicated
energy crops appropriate for the region.
Trial Establishment: In the spring of 2008, field trials were established in Mills River
(Mountain) and Williamsdale (Coastal Plain), North Carolina. Both sites were treated
with herbicide (glyphosphate), tilled, and conditioned with 1 T·A-1 of preplant lime. The
experimental design was composed of seven taxa and four nitrogen treatments (0, 30,
60, 120 lbs N·A-1) arranged in a completely randomized factorial containing 28 plots at
each of the two locations. In June 2008, plugs of each taxon were planted in 16.4 x
16.4ft plots that contained 25 plants in five rows with plants spaced 3.28ft apart, with
the exception of P. virgatum ‘Alamo’ which was seeded in 12 inch rows at a rate of
approximately 7.12 lbs·A-1. Bare-ground aisles 6.56 ft wide were maintained between
the plots. Both sites received irrigation as needed for the first 3 months after planting. In
July 2008, crab grass was removed manually and 2,4-dichlorophenoxyacetic acid (2, 4D) was applied for broad leaf weed control. After year 1, little weed control was required
and no irrigation was supplied. Nitrogen (ammonium nitrate, 33.5 - 0 - 0) was broadcast
annually in the spring at the rates described previously. Plots were harvested in late
December/early January of 2008, 2009 and 2010. Survivability data was recorded at
that time.
Harvest: Nine plants, selected from the interior 9.8 x 9.8ft area of each plot, were cut at
approximately 1.6 in from the ground and weighed fresh, with the exception of P.
virgatum ‘Alamo’ and A. donax whereby the entire interior 9.8ft x 9.8ft square was cut
and weighed. Plants located within the guard rows that fell outside of the 9.8ft x 9.8ft
block were also cut and removed during sampling. Approximately 2 lbs of ground plant
material, derived from the 9 subsamples per plot, was selected at random, ground,
weighed, oven dried at 113°F for 72 hours and reweighed to determine fresh to dry
weight ratios. Adjusted yields corrected for any dead/missing plants and were calculated
as: yield x (potential area (96.04ft2)/actual plant-filled area).
Data analysis: Survival and yield were analyzed for significant differences by analysis of
variance (PROC GLM, SAS Institute, Cary, N.C.) with nitrogen rate and year designated
as continuous variables.
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Results and Discussion: Survival: At the mountain site, M. ×giganteus, M.
‘Gracillimus’, H2006-006-001, P. virgatum ‘Alamo,’ and A. donax had greater than 90%
survival through harvest in late December 2010. Survival at this site for both
Saccharum species was considerably lower at 69% for S. ravennae and 25% for S.
arundinaceum (and was excluded from yield analysis as a result). Saccharum
arundinaceum has been reported to survive in USDA hardiness zone 7, though more
investigation as to its cold-hardiness in zone 6 and colder is needed (20). Based on high
mortality rates in 2009, Zone 6b may reflect the marginal limit of this taxon’s cold
hardiness. At the coastal plain site, M. ×giganteus, S. ravennae, P. ‘Alamo,’ and A.
donax had greater than 90% survival while M. ‘Gracillimus’, S. arundinaceum , and M.
H2006-006-001 had survival rates of 86, 81, and 22% (and was excluded from yield
analysis as a result), respectively.
Yield: Dry matter biomass production was influenced by multiple interactions between
nitrogen rate, location, taxa, and growing year, though the simple effect of nitrogen rate
alone was generally not significant. There were three exceptions at the coastal plain site
in 2010 where S. arundinaceum (p=0.053), and S. ravennae (p=0.039) and A. donax
(p=0.056) had a significant positive linear response to nitrogen rate. Lack of nitrogen
response in the Miscanthus representatives is consistent with the literature (9, 12) and
life history characteristics of the genus, including symbiotic N fixation and nutrient
cycling to rhizomes (9). In some instances, P. virgatum has been shown to respond to
nitrogen fertilizer applications, but no response was seen in this study (17).
At the mountain site in 2010, M. ×giganteus, M. sinensis ‘Gracillimus’ and’H2006-006001, P. ‘Alamo,’ and A. donax produced the greatest amount of biomass, between 8.47
and 9.86 T·A-1. At the coastal plain site in 2010, S. arundinaceum and A. donax
produced the most biomass with 15.17 and 13.15 T·A-1, respectively. The Billion Ton
Study (2005) estimated that 40-60 million acres of pasture and farmland could be
replaced to produce 150-380 million dry tons of biomass assuming annual yields of 5-8
dry T·A-1. There were six taxa capable of producing more biomass than this required
minimum yield, at either the mountain or coastal plain sites.
Results from this study indicate that certain taxa of Miscanthus, P. virgatum, S.
arundinaceum, and A. donax are promising bioenergy crops for certain locations in
North Carolina and other similar regions, and are able to meet national dry matter
production benchmarks. A better understanding of the agronomy of emerging bioenergy
crops will be key in elucidating efficient production strategies, and continued evaluation
and improvement of these crops with a focus on taxa appropriate for the SE United
States may position the region to be competitive in the emerging bioenergy sector.
Acknowledgements: This work was supported by the NC Agricultural Research
Service, the Biofuels Center of North Carolina, and BP Biofuels.
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Figure 1: Dry matter yield and survival data for selected perennial grasses at the

Mountain and Coast sites.
Year
2008

2009

2010

2008

2009

2010

Taxa

M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax

Survival Z
Yield
-1 Z
(T·A )
Mountains
2.25 A
1.00 A
0.44 CD
1.00 A
0.24 D
1.00 A
2.53 A
0.94 A
1.15 BC
0.83 A
0.65 BCD 1.00 A
1.31 B
1.00 A
8.10 AB
1.00 A
8.18 AB
1.00 A
7.28 B
0.94 A
6.44 B
0.75 A
6.27 B
0.78 A
6.78 B
1.00 A
10.57 A
0.97 A
8.47 A
0.94 A
9.86 A
0.97 A
8.78 A
0.92 A
---0.25 C
4.25 B
0.69 B
9.83 A
1.00 A
9.27 A
0.97 A
Coast
0.71 BC
0.97 A
0.12 C
0.92 A
0.02 C
0.67 B
2.55 A
0.92 A
1.71 AB
0.94 A
2.91 A
1.00 A
0.26 C
1.00 A
5.08 CD
0.97 A
1.64 E
0.92 A
---0.22 B
12.38 A
0.92 A
5.94 C
0.92 A
4.00 D
1.00 A
8.25 B
0.89 A
9.04 B
0.97 AB
4.71 C
0.86 AB
---0.22 C
15.17 A
0.81 B
8.91 B
0.92 AB
7.08 B
1.00 A
13.15 A
1.00 A

Adjusted Yield (T·A-1)Z
2.25 A
0.44 C
0.24 C
2.63 A
1.42 B
0.65 C
1.31 B
8.10 AB
8.18 AB
7.64 AB
8.24 AB
9.02 AB
6.78 B
10.86 A
9.00 AB
10.21 A
9.69 AB
---6.47 B
9.83 AB
9.51 AB
0.73
0.12
0.03
2.63
1.75
2.91
0.26
5.22
1.68

CD
D
D
AB
BC
A
D
CD
E
----

13.77 A
6.42 C
4.00 D
9.24 B
9.28 C
5.38 D
---19.37 A
9.85 BC
7.08 CD
13.15 B

Z

Means followed by different letters within columns for a given taxa are significantly different, LSD P<
0.05.
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Using ‘Micro-Tom’ Tomato as a Landscape Plant
Sasikiran Reddy Sangireddy, Suping Zhou, Sarabjit Bhatti and Roger Sauve
Department of Agricultural and Environmental Sciences, College of Agriculture, Human
and Natural Sciences, Tennessee State University, Nashville, TN 37209
Index Words: Miniature, accent plants,
Significance to Industry: From shrubs to annuals, dwarf plants are becoming more
popular, especially for backyards with limited space. Tomato ‘Micro-Tom’ (MT) is a
cultivar genetically developed for its compact size. All parts of the plant including stem,
leaves and fruits, are smaller in size than typical garden varieties. MT is a small,
compact tomato plant that grows only to about 6 to 18 inches in height and spreads
twice that wide (Scott and Harbaugh, 1989). It has a short life cycle and grows well in a
fertile, moist soil in either full sunlight or partial sunlight. The mature plant bears clusters
of red cherry tomatoes
Nature of Work: Seeds were obtained from Dr. Lazaro EP Peres of Brazil and plants
were grown in a greenhouse in Nashville, Tennessee. Plants bearing mature fruits
were placed in different background settings around the campus and photographed.
Results and Discussion: Fig. 1 shows the arrangement of MT in the landscape. As
shown in the pictures, the size and shape of the plant makes it suitable for use as a
bedding or border plant (1A). The low growing property of the plants makes it suitable
to be used as a groundcover plant species (1B). MT plants can be mixed with larger
shrubs in shrub beds (1C), and be used as edgings or specimens in small spaces (1D).
They combine well with rose bushes (1E) and ornamental grasses, providing interest
and color and can serve in both formal and informal settings.
For gardeners with limited space, low-growing tomato plants are ideal as they require
little room and can be easily grown in containers on a patio or deck. They are a perfect
choice for small gardens, especially in urban areas where outdoor space is at a
premium. These plants have a finer texture that enables them to be used in groups in
large numbers (1D). They add interest, texture and color with their lush green foliage
and bright red fruit in small clusters. They are insect and disease tolerant and can grow
in sun or shade. This paper highlights a rather unique landscape choice. MT tomato is
suitable for large scale mutagenesis and transgenic plant production (Sun et al, 2006),
therefore plants with different traits can be produced rather easily. As native plants and
landscapes continue to increase in demand, the Green Industry may need to reevaluate plants such as ‘Micro-Tom’ that may possess greater landscape longevity in
terms of drought and disease tolerance, non-invasive growth habits, and considerable
aesthetic and cultural value. While this study is preliminary, there may be evidence of
an untapped market warranting effort towards the introduction of this plant into the
larger Green Industry.
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Fig 1: Arrangement of ‘Micro-Tom’ tomatoes in various landscapes
Literature Cited:
1.
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Screening Cotoneaster for fire blight resistance
Joseph J. Rothleutner, Ryan N. Contreras, and Virginia O. Stockwell
Department of Horticulture, Oregon State University, Corvallis OR, 97331
contrery@hort.oregonstate.edu
Index words: Rosaceae, Erwinia amylovora, Maloideae, breeding, germplasm
Significance to Industry: Increasing public awareness and desire for sustainable
landscapes will broaden the need for low maintenance plants that thrive in urban
environments. Cotoneasters are widely used across the United States as a robust shrub
known for their ability to tolerate adverse conditions. However, in many areas of the
U.S. fire blight (Erwinia amylovora) attacks available cultivars that are overwhelmingly
susceptible to fire blight. Disease susceptibility and a lack of new introductions have
reduced public opinions, acceptance and interest in this genus. New forms and resistant
cultivars could fill a niche in the market and increase sale of cotoneasters.
Nature of Work: Disease pressure for fire blight is greatest in hot, humid climates that
favor the rapid replication of the bacteria, including areas in the Midwest, south and
eastern U.S. (6). Fire blight is a bacterial pathogen that is vectored by floral and
vascular feeding insects, rain splash and through mechanical injury. Primary infection
most often occurs at flowers where bacteria will enter the plant through natural
openings. In susceptible plants, infection then expands into shoots and supporting
branches. Symptoms result in flower, shoot, and branch necrosis that is unsightly.
Efforts to screen the genus have lead to conflicting results and comprise a limited range
of species (2,3,5).
Thirty-one taxa of cotoneaster were arranged in a glasshouse in a randomized complete
block with nine inoculated replications of each species and three controls that were not
inoculated to show wounding response. Screened germplasm were clonally propagated
cuttings from the collection at OSU, 1.65 liter containers (Gage Dura-Pot, Lake Oswego,
Ore.) with a custom substrate composed of 1 part pumice, 2 parts peat, and 7 parts
douglas fir bark (Rexius, Eugene, Ore.) and liquid fed weekly with Jack’s Professional
20-20-20 with micronutrients (J.R. Peters Laboratory, Allentown, Pen.), and watered by
hand as needed. Aphids and other greenhouse pests were managed with Impede (Dow
Agrisciences, Indianapolis, Ind.).
Foliar assay was conducted by taking one terminal shoot from each plant and bisecting
the two youngest leaves with a pair of scissors dipped in inoculum of the pathogen at a
concentration of 1.53 × 109 CFU•mL-1 prior to each cut (4). The disease lesion length
was measured weekly for eight weeks after inoculation. Severity of infection was
calculated by the length of the fire blight lesion as a percentage of the overall shoot
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length (1). The pathogen was reisolated from plants after the study concluded using
immunoassay strips (Ea AgriStrip, BIOREBA, Reinach, Switzerland) to confirm the
presence of Erwinia amylovora in order to fulfill Koch's postulate. To confirm results, a
repeated inoculation trial will be conducted with species that exhibited the greatest
resistance and fell below a five percent shoot necrosis threshold.
Results and Discussion: In ornamental systems, diseases that affect aesthetic values
have a very low threshold. Because fire blight damage is unsightly and could be a
perennial problem when left untreated, a threshold of five percent was chosen. Those
species that show less than threshold damage were identified as showing resistance.
Disease response varied greatly within the species sampled (Table 1.). There were four
species; Cotoneaster arbusculus, C. artropurpureus, C. delsianus and C. splendens that
showed no disease symptoms. Cotoneaster chungtinensis and C. simsonii had lesions
that covered less than one percent of the shoot length. Four other species exhibited
less than five percent shoot necrosis at the end of the disease screening.
Results agree with previous reports that Cotoneaster franchetii and C. simsonii appear
to have fire blight resistance (2, 5). Our results have also identified several other
species that may possess resistance. These species are being re-screened to confirm
resistance, in addition to 20 other accessions that were not included previously.
Cotoneasters are also being evaluated in the field to examine behavior in landscape
and disease incidence under natural conditions in the Willamette Valley of Oregon.
Results from field evaluations and disease screening will be used to design crossing
strategies as part a breeding program that will introgress disease resistance from
traditionally unused germplasm.
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Table 1. Results of screening 31 species of Cotoneaster for resistance to fire blight
performed in a glasshouse. Plants were inoculated by bisecting the terminal two
leaflets with scissors dipped in inoculum. Data are presented as means ± SEM.
Species

Percent shoot infected (%)

C. arbusculus
C. atropurpureus
C. atrovirens
C. chungtinensis
C. delsianus
C. franchetii
C. sikagensis
C. simsonii
C. splendens
C. sternianus
Exceeded disease threshold
C. amenous
C. applanatus
C. bacillaris
C. braydii
C. buxifolius
C. cashmiriensis
C. cinerascens
C. cohleatus
C. congestus
C. divarcatus
C. frigidus
C. glabratus
C. hebephyllus
C. henryanus
C. nitens
C. rhytidophyllus
C. rugosus
C. salicifolius
C. turbinatus
C. wardii
C. zabelli

0
0
2
<1
0
1
2
<1
0
3

50
79
27
87
60
62
65
14
10
33
59
79
15
48
69
>100 y
>100
86
44
>100
16

Below disease thresholdz

± 1.9
± 0.3
± 1.2
± 1.5
± 0.4
± 2.4

± 11.9
± 13.7
± 4.1
± 5.0
± 11.1
± 12.3
± 7.2
± 7.7
± 5.2
± 14.6
± 6.2
± 5.7
± 6.8
± 12.2
± 3.2
± 1.6
± 1.4
± 4.8
± 11.5
± 4.7
±10.2

z

Disease threshold set at 5%.
Percent shoot infection >100% means infection traveled beyond branch union and
additional branches showed infection. In extreme cases, plants were killed to substrate
level.

y
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Germination of Scarified Seeds of Neptunia lutea and Mimosa (Schrankia)
Michael A. Arnold1, Garry V. McDonald2, Geoffrey C. Denny3, Andrew R. King1,
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Index words: Fabaceae, germination, Mimosa, Neptunia, pink puff, scarification,
Schrankia, yellow puff
Significance to Industry: Native groundcovers may offer low input plants for locations
where irrigation water is limited. Use of native cultivars would also reduce the potential for
escape of exotic species to sensitive ecosystems. One of the first requirements for
introduction of a species into the nursery trade is a reliable means of propagation. This
study provides recommendations for germinating two taxa of native groundcovers.
Nature of Work: Invasive species have become a hot topic in the Green Industry and
appropriate native species have been offered as a potential alternative (2). One challenge
is that many of our exotic species have been gleaned from among thousands of potential
species for their particularly appealing ornamental attributes and wide environmental
adaptability. This is often not the case with our native species, where breeding and
selection programs are less common. Neptunia lutea (Leavenw.) Benth. and Mimosa L.
(Schrankia Willd.) offer fine-textured foliage, a low spreading growth habit, excellent
drought and heat tolerance, and attractive season-long flowering with yellow or pink
flowers, respectively (1). The first step to bringing these taxa into cultivation is to
determine propagation methods. Scarification requirements are presented in this report.
Seeds of Mimosa sp. were collected in September 2006, in College Station, TX. Seeds
were separated from the pods by hand and were allowed to dry at room temperature
(22°C, 71.6°F) until treatments were applied. Six pre-germination treatments were
applied to the seeds starting on 23 May 2007. Seeds were treated with a 15, 30, 60, or
120 min H2SO4 soak (96.1% solution; Mallinckrodt Baker, Inc., Phillipsburg, NJ.),
mechanical scarification with sandpaper, or a nontreated control. Seeds were then
soaked for 24 h in 50 ml of 22°C (71.6°F) water. Germination was carried out in Petri
dishes [9 cm (3.5 in) dia.] with a triple layer of moist filter paper under constant light and
at 27°C (80°F). Each dish contained 10 seeds. Three dishes per treatment combination
randomly arranged within the growth chamber were evaluated (10 seeds per Petri dish
per pregermination treatment). Water [5 ml (0.17 oz)] was added to the Petri dishes as
needed to keep the filter paper wet. A count of germinated seeds was made daily for the
first 14 d and then at 21 d. A seed was counted as germinated when the radicle protruded
at least 2 mm (0.08 in).
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Seeds of N. lutea were collected in June 2006, in College Station, TX. Seeds were
separated from the pods by hand and were allowed to dry at room temperature (22°C,
71.6°F) until treatments were applied. Six pre-germination treatments were applied to the
seeds starting on 22 May 2007. Seeds were treated with a 15, 30, 60, and 120 min
H2SO4, mechanical scarification with sandpaper, or a nontreated control. Seeds were
then soaked for 24 h in 50 ml of 22°C (71.6°F) water. Germination was carried out in Petri
dishes [9 cm (3.5 in) dia.] with a triple layer of moist filter paper under constant light and
at 27°C (80°F). Each dish contained 10 seeds. Three dishes per treatment combination
randomly arranged within the growth chamber were evaluated (10 seeds per Petri dish
per pregermination treatment). Water [5 ml (0.17 oz)] was added to the Petri dishes as
needed to keep the filter paper wet. The number of seeds germinated was counted daily
for the first 14 d and then at 21 d. A seed was counted as germinated when the radicle
protruded at least 2 mm (0.08 in). Results of each experiment were separately analyzed
using SAS (version 9.2; SAS Institute Inc., Cary, NC).
Results and Discussion: Mechanical scarification did not improve imbibition of seeds of
Mimosa compared to non-scarified controls; however, 15 to 120 min of acid scarification
increased imbibitions of seeds from 57% for the controls to 100% for chemically treated
seeds (Table 1) during the first 24 hr after treatment. This suggests that for Mimosa some
barrier to water uptake other than the seed coat may be present that is removed with acid
exposure. In contrast, barriers to imbibition of N. lutea seeds were likely due to the
mechanical barrier of the seed coat as few imbibitions occurred without scarification,
whereas exposure to mechanical scarification or 30 to 120 min of acid scarification of the
seed coats resulted in 100 % imbibition (Table 1) within 24 hr of treatment. Incomplete
scarification occurred with 15 min acid exposure for N. lutea (Table 1).
Germination occurred rapidly for both species, and then neither species had additional
germination from 8 to 21 days after treatment (Fig. 1). Germination of both species
occurred mostly within the first two to three days (Fig. 1). Thereafter few additional N.
lutea seeds germinated (Fig. 1B), while an additional 10% to 20% of the seeds
germinated for Mimosa from day 3 to 8 (Fig. 1A). With Mimosa, nearly 100% germination
was obtained with 15 to 30 min exposures to concentrated sulfuric acid, while 60 to 120
minutes resulted in imbibition (Table 1), but severely inhibited germination (Fig. 1A).
Mechanical scarification increased germination of Mimosa by about 10% over controls,
which had about 60% to 70% germination with no scarification treatment (Fig. 1A). In
contrast, N. lutea germination was less than 10% without scarification and was greatest
with mechanical scarification at about 95% (Fig. 1B). A 15 min acid exposure to seeds of
N. lutea was slightly less effective than mechanical scarification and, although all
chemical scarification treatments were better than the control, increased exposure
beyond 15 min did begin to inhibit germination to some extent (Fig. 1B).
Barriers to germination of N. lutea appeared to be due almost entirely to the presence of
an intact seed coat, while over half of the seeds of Mimosa imbibed without pretreatment
scarification; however, scarification did increase imbibition. Germination of Mimosa was
optimal with a 15 to 30 min exposure to concentrated sulfuric acid and was superior to
mechanical scarification. While mechanical scarification by hand produced the greatest
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germination with N. lutea, exposure to sulfuric acid for 15 min was nearly as effective and
would require less labor. Exposure to concentrated sulfuric acid should not exceed 15 min
for N. lutea or more than 30 min. for Mimosa based on these experiments. Imbibition
alone was not a reliable predictor of germination rates for either species.
Literature Cited:
1. Arnold, M.A. 2008. Landscape Plants For Texas And Environs, Third Ed. Stipes
Publishing, Champaign, IL. p. 1334.
2. Niemiera, A.X. and B. Von Holle. 2011. Invasive plants and the nursery industry.
American Nurseryman 211(9):12-17,28.

Table 1. Imbibed Neptunia lutea and Mimosa (Schrankia) seeds within 24
hr following mechanical scarification (seed coat abrasion) or 0 to 120 min.
of concentrated sulfuric acid scarification.
Taxa
Scarification
Imbibed seeds (%)
Mimosa (Schrankia)
None (control)
57z b
Sulfuric acid 15 min.
100 a
Sulfuric acid 30 min.
100 a
Sulfuric acid 60 min.
100 a
Sulfuric acid 120 min.
100 a
Mechanical
63 b
None (control)
7c
Sulfuric acid 15 min.
80 b
Sulfuric acid 30 min.
100 a
Sulfuric acid 60 min.
100 a
Sulfuric acid 120 min.
100 a
Mechanical
100 a
z
Means within a taxon and column followed by the same
letter do not differ at P ≤ 0.05 using least squares means
comparisons. Values represent means of three replicates,
each containing ten treated seeds.
Neptunia lutea
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A

B

Figure 1. Mean (± SEM) total germination percentage
from 1 to 14 days after treatment with mechanical
scarification, 15 to 120 min. exposure to concentrated
sulfuric acid, or no scarification (control) of seeds of (A)
Mimosa or (B) Neptunia lutea. Values are means of
three replicates of ten seeds each. No additional
germination had occurred by day 21 when the
experiment was terminated.
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Rooting Stem Cuttings of Woody Ornamentals in a Cedar Amended Substrate
Justin Brock, Jason Griffin, Cheryl Boyer
Kansas State University, Department of Horticulture, Forestry and
Recreation Resources
2021 Throckmorton Plant Science Building, Manhattan, KS 66506
jgriffin@k-state.edu
Index Words: cutting propagation, eastern redcedar, Thuja 'Green Giant', Ulmus
parvifolia
Significance to Industry: Stem cuttings of Thuja 'Green Giant' and Ulmus parvifolia
'Emerald Prairie' were rooted in a series of substrates containing increasing
concentrations of eastern redcedar chips as well as a standard propagation substrate. As
expected, cuttings of Thuja 'Green Giant' rooted well in the standard mix. Cuttings rooted
as well in the 0% and 25% redcedar amended substrates (≥ 91% rooting) with decreasing
rooting as redcedar content increased. Stem cuttings of Ulmus parvifolia 'Emerald Prairie'
did not root as well as anticipated and rooting was negatively affected by the increasing
redcedar content in the substrates. With both species, root number and root dry weight
was not impacted by the increasing redcedar concentration. Results suggest redcedar
may be an acceptable peat moss replacement for species that root relatively easily.
Nature of Work: Utilizing locally available materials for substrates during the nursery
production process can enhance profitability and sustainability. Eastern redcedar
(Juniperus virginiana L.), which grows throughout the eastern half of the United States
may be one such material. Recent work has suggested that, when processed properly,
eastern redcedar chips may be successfully incorporated into a container substrate for
production of woody and herbaceous plants (4,5). However, as a propagation substrate,
eastern redcedar has been virtually unexplored. Many propagation substrates use a blend
of perlite and peatmoss to achieve proper water holding capacity and porosity (1).
Peatmoss is a non-renewable resource and its increased usage has led to an increase in
cost and concerns regarding its sustainability. This study seeks to expand the potential
uses for eastern redcedar chips beyond a container substrate component into the
propagation side of the nursery.
Chipped eastern redcedar trees from Queal Enterprises (Pratt, KS) were obtained and
further ground with a hammer mill (Model 30HMBL; C.S. Bell Co., Tifton, OH) to pass a
3/16-in (4.76 mm) screen. The processed redcedar was then blended with perlite to form
five substrates consisting of 0%, 25%, 50%, 75%, and 100% redcedar (by vol.). A
standard 75% perlite:25% peat (by vol.) substrate was utilized for comparison. Substrates
were then placed into 36-cell propagation trays with a cell volume of 7.5 oz (220 ml) and
depth of 5 in (13 cm) (Stuewe and Sons Inc., Tangent, OR.).
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On the morning of July 6, 2011, terminal stem cuttings of Thuja 'Green Giant' ('Green
Giant' arborvitae) were collected from three different trees growing at the Kansas State
University John C. Pair Horticultural Center (Haysville, KS). Cuttings were trimmed to a
length of 6 in ( 15.2 cm) and the basal 0.5 in (1.3 cm) was dipped in 5000 ppm (0.5%) KIBA (potassium salt of indolebutyric acid). The cuttings were allowed to air dry for 5 min
and were then inserted into the substrates to a depth of 2.0 in (5.0 cm). Trays were then
placed on a greenhouse bench under intermittent mist that operated for 6 sec every 6 min
from 7:00AM to 8:00PM. On the morning of July 7, 2011 terminal cuttings of Ulmus
parvifolia 'Emerald Prairie' ('Emerald Prairie' lacebark elm) were collected from stock
plants growing at the John C. Pair Horticultural Center. The cuttings were processed
identically to 'Green Giant' arborvitae with the exception that elm cuttings were treated
with 10,000 ppm (1.0%) K-IBA. Cuttings were harvested after allowing 9 weeks for root
development and evaluated for percent rooting, number of roots per rooted cutting, and
root dry weight. A cutting was considered rooted if it had at least one root at least 0.04 in
(1.0 mm) in length.
The experimental design was a randomized complete block design with six substrate
treatments and six cuttings per treatment (subsamples). The treatments were replicated
six times resulting in a total of 36 cuttings per treatment. Data were subjected to analysis
of variance (ANOVA) and trend analysis. Where appropriate, means were separated with
Fisher's protected LSD (P ≤ 0.05). Each species was analyzed as a separate experiment.
Results and Discussion: Previous work has indicated that 'Green Giant' arborvitae is
easy to propagate from stem cuttings (2), making it an ideal candidate for testing a new
propagation substrate. As expected, stem cuttings of 'Green Giant' arborvitae rooted well
in the standard perlite/peat substrate (92%). Cuttings rooted equally as well with 0% or
25% redcedar amended substrate, suggesting that redcedar could replace peatmoss for
rooting stem cuttings of 'Green Giant' arborvitae. However, rooting was reduced when the
redcedar content of the substrate was 50% or greater (Table 1). The number of roots was
unaffected by redcedar content and averaged 12.7 roots per rooted cutting. Root dry
weight was also unaffected by redcedar content and averaged 0.002 oz (55 mg) per
rooted cutting.
'Emerald Prairie' lacebark elm has also been shown to root well as a semi-hardwood stem
cutting (3). However, overall rooting in the current study was lower than expected,
including using the standard perlite/peat substrate (67% rooting). The addition of redcedar
into the rooting substrate decreased percent rooting in a linear fashion suggesting that
redcedar negatively affected the rooting potential of the stem cuttings (Table 1). However,
redcedar did not affect the average number of roots produced per rooted cutting (5.6).
Root dry weight per rooted cutting was not influenced by the redcedar content of the
rooting substrate and averaged 0.0007 oz (20 mg). However, in the standard perlite/peat
substrate, root weight was improved to 0.002 oz (50 mg). The data herein suggests that
processed redcedar may be an acceptable amendment to a propagation substrate for
species that root easily from stem cuttings. However, as a propagation substrate
amendment for other species, redcedar should be carefully evaluated.
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Table 1. Rooting percentages for stem cuttings of Thuja 'Green
Giant' and Ulmus parvifolia 'Emerald Prairie' in substrates
containing increasing concentrations of cedar or a perlite:peat
standard.
Thuja
Ulmus parvifolia
'Green Giant'
'Emerald Prairie'
Perlite:Redcedar
Rooted (%)
Rooted (%)
z
100:0
94 a
50 ab
75:25
91 ab
36 bc
50:50
67 c
25 c
25:75
78 bc
22 c
0:100
64 c
17 c
Linear
**y
**
Quadratic
NS
NS
Perlite:Peat
Rooted (%)
Rooted (%)
75:25
92 ab
67 a
z
Means followed by the same letter within a column are not
statistically different based on Fisher's LSD where P ≤ 0.05; n=36.
y
Trend analysis: ** (highly significant; P ≤ 0.01) or NS (not
significant).
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Significance to Industry: Binucleate Rhizoctonia species, the pathogens that cause
azalea web blight, can be carried on stem cuttings, perpetuating the disease through
subsequent crops. Previous studies have demonstrated that submerging Rhizoctoniainfested stem pieces of 'Gumpo White' azalea in 122°F (50°C) water for 20 minutes can
eliminate the pathogen without causing damage to leaf tissue. Extending the treatment
duration to 60 or 80 minutes demonstrated that some cultivars, but not all cultivars, could
be injured with extended submersion in hot water. An important point was that a 20minute-plus margin of error exists where damage would be relatively minor if distracted
workers accidentally left stem cuttings in 122°F water longer than intended. In the present
study, an incremental increase in leaf damage from hotter water temperatures resulted in
incremental reductions in final root development and final leaf count. Conversely,
increasing percentage of physical leaf removal caused no reduction until at least 75% of
the leaf area was removed. This demonstrates two important points: 1) water hotter than
122°F can severely impact the vigor and survival of stem cuttings, and 2) azalea stem
cuttings generally can recover from partial leaf loss if given proper care.
Nature of Work: Sanitation is a well proven and cost effective approach for limiting the
entry of pathogens into a propagation facility (3, 4, 5). Hot water treatment, a form of
thermotherapy, is a method of sanitation that has been used for seeds, tubers, and
vegetables. Until recently, hot water treatment had not been reported for use with stem
cuttings.
In our previous study (1), hot water treatment [submersion in 122°F (50°C) water for 21
minutes] eliminated Rhizoctonia from azalea stem pieces that had been inoculated and
colonized by Rhizoctonia AG-P, whereas chemical disinfestants and fungicides were
ineffective. In the same study, when terminal leafy cuttings of 'Gumpo White' azalea were
treated with hot water at 122°F for 20 or 40 minutes, only minor leaf damage was noted
on the cuttings. In a subsequent study (2), these same hot water treatments were found
to be safe using terminal stem cuttings of 12 commonly grown cultivars of azalea. To
understand the risk of damage in the event that a distracted worker accidentally left stem
cuttings in hot water longer than intended, the hot water treatment was extended
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to 80 minutes. As the duration of submersion extended past 20 minutes to 40, 60, and 80
minutes, the range of damage increased respectively on the twelve cultivars, from none to
minor, minor to severe, and moderate to severe. All cultivars could tolerate 40 minutes,
which is a fairly large margin of error, and cuttings of a few cultivars exhibited little
adverse response even at 60 and 80 minutes.
Since little is known about the rooting response of azalea following different types of
tissue damage, the current study was conducted to evaluate root development and
subsequent leaf production on cuttings of two cultivars in response to incremental
reductions in photosynthetic leaf area resulting from either heat-induced leaf tissue
damage or physical leaf removal.
Terminal cuttings of 'Gumpo White' (Satsuki) and 'Roblel' [Autumn Debutante™ (Encore)]
were collected, prepared, and treated from 10 June to 18 June 2009. Cuttings of both
cultivars were submerged in 131 to 140°F (55 to 60°C) water for 7 to 43 min. Cuttings
were temporarily inserted into a peat and pine bark substrate (Fafard 2B, Conrad Fafard)
in propagation trays and placed under intermittent mist to allow development of the initial
leaf damage from the hot water treatment. Between 15 June and 24 June, leaves were
assessed for precision to 25%, 50%, 75%, and 100% leaf area damage per cutting.
Cuttings with respective levels of damage were transferred to 72-cell plug trays using the
same substrate.
Additional cuttings with comparable reductions in photosynthetic leaf area (but no hot
water treatment) were prepared between 16 June and 18 June by physically removing
leaves from the cuttings. Cuttings of ‘Roblel’ azalea each had approximately 8 leaves of
uniform size, so 0%, 25%, 50%, 75%, and 100% leaf area removal was achieved by
retaining 8, 6, 4, 2, and 0 leaves, respectively, per cutting. ‘Gumpo White’ azalea cuttings
had small, medium, and large leaves with a mean area of 48, 73, and 210 mm2,
respectively. For ‘Gumpo White’ cuttings, 0%, 25%, 50%, 75%, and 100% leaf area
removal was achieved by retaining sets of (8,2,3), (6,2,2), (5,2,1), (4,1,0), and (0,0,0)
(small, medium, large) leaves, respectively, per stem cutting. Cuttings with each of the
five degrees of damage were inserted into plug trays as noted above and placed under
intermittent mist. The experimental design was a randomized complete block with twelve
replications.
Cuttings were assessed for root development and total leaves per cutting between 31
Aug. and 2 Sept. 2009. Root development was assessed on a scale of 0 (no roots) to 10
(extensive root development). Data was analyzed with linear mixed models using the
MIXED procedure of SAS (SAS Institute Inc., Cary, NC). Least square means and
pairwise differences adjusted for multiple comparisons were calculated for a
heteroscedastic model that accounts for non-constant denominator degrees of freedom
(Satterthwaite method).
Results and Discussion: Root development generally decreased with increasing
percentage of induced leaf damage (Table 1). Despite this general trend, cuttings of
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‘Roblel’ and ‘Gumpo White’ responded differently to the increasing percentage of leaf
damage induced from submersion in hot water (P = 0.0066) and by leaf removal (P
<0.0001). ‘Roblel’ was more tolerant to a moderate degree of leaf damage. With both
cultivars, leaf damage due to hot water treatment more severely impacted rooting than
leaf removal. Generally, incremental increases in hot-water-induced leaf damage were
associated with incremental decreases in final leaf count and root development, whereas
75% of the leaf area had to be physically removed before causing a decline in the final
leaf count and root development with both cultivars. As expected, a 100% reduction in
photosynthetic leaf area from either hot-water-induced leaf damage or physical leaf
removal resulted in either poor root development and low leaf counts or death of the stem
cutting with both cultivars. The results imply that water temperatures hotter than 122°F
caused physiological damage beyond simply the loss of photosynthetic area related to
leaf removal. It is interesting that cuttings were fairly tolerant to a simple loss of
photosynthetic area from leaf removal, and apparently could recover from up to a 75%
leaf loss by generating new root and leaf growth.
Literature Cited:
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Table 1. Mean leaf count and root development on cuttings of two azalea cultivars in
response to selected percentage levels of induced leaf damage resulting from either hot
water treatment or physical leaf removal, after a rooting period of 10 weeks (n=12).
Leaf
damage
type
Hot water

Leaf
removal

Induced leaf
damage
(%)z
0
25
50
75
100
0
25
50
75
100

'Gumpo White'
Leaves
Root
(no.)
developmenty

'Roblel'
Leaves (no.)
Root
developmenty

18.0 ax
15.3 ab
8.6 c
0.6 d
0.0 d
20.2 a

7.8 a
4.9 b
2.6 bc
0.6 c
0.5 c
8.9 a

13.9 ab
17.8 b
10.8 a
8.5 a
0.0 c
11.3 a

9.9 a
9.8 a
6.7 b
4.0 b
0.5 c
9.4 a

18.5 a
15.5 ab
12.8 b
0.0 d

8.1 a
8.2 a
4.9 b
0.5 c

11.2 a
11.0 a
10.5 a
0.4 c

8.9 ab
9.0 ab
6.7 b
0.6 c

Significance:
Damage type
<0.0001w
<0.0001
0.0621
0.0145
Damage percentage
<0.0001
<0.0001
<0.0001
<0.0001
Damage type × percentage
<0.0001
<0.0001
0.0014
0.0026
z
Percent leaf area damaged either from submergence in 131°F to 140°F water or by
removal of a respective number of leaves representing an equivalent leaf area.
y
Root development was assessed on a scale of 0 (no roots) to10 (extensive root
development).
x
Based on multiple pairwise comparison, means followed by the same letter down a
column are not significantly different (α = 0.05).
w
Probability (based on type III sums of squares) using the MIXED procedure of SAS with
heterogeneous variances models to test the null hypothesis that all factor levels are
equal.
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Propagation of Osmanthus heterophyllus 'Variegatus' by Stem Cuttings
Christopher R. Lambert, Frank A. Blazich and Anthony V. LeBude
North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695-7609
frank_blazich@ncsu.edu
Index Words: adventitious rooting, auxin, indolebutyric acid, holly osmanthus, false holly,
holly tea olive
Significance to Industry: The most consistent rooting (> 70%) of stem cuttings of
Osmanthus heterophyllus 'Variegatus' was achieved with nontreated softwood cuttings
collected in late May to early June. Auxin treatment of softwood cuttings does not
stimulate rooting and is unnecessary. Rooting of semi-hardwood cuttings is variable from
year to year, and rooting of hardwood cuttings is negligible.
Nature of Work: 'Variegatus' osmanthus [Osmanthus heterophyllus (G. Don) P.S. Green
'Variegatus' (Oleaceae Hoffmanns. & Link)] is one of many cultivars of Osmanthus
heterophyllus (holly tea olive, holly osmanthus, false holly) (3). The cultivar is an
extremely attractive, slow growing, evergreen shrub having leaves similar in morphology
to the species. However, what makes 'Variegatus' osmanthus so attractive is the creamy
white margins on the leaves. The striking foliage and the upright growth habit contribute
to it being an outstanding landscape plant that can reach heights ≥ 3.0 m (8 to 10 ft) (3).
The various cultivars of O. heterophyllus are generally propagated by stem cuttings, but
propagation information regarding particular cultivars is lacking. Blazich and Acedo (2)
reported nontreated semi-hardwood and hardwood cuttings of 'Ilicifolius' osmanthus
rooted in high percentages (> 80%), whereas comparable results were only noted for
hardwood cuttings of 'Rotundifolius' osmanthus. Semi-hardwood cuttings of 'Rotundifolius'
did not root. The response of both cultivars following treatment with the free acid of
indolebutyric acid (IBA) at 2500 to 10,000 mg·L-1 (ppm) was variable and often inhibited
rooting. Blazich and Acedo (2) did not attempt to root softwood cuttings of either cultivar.
On several occasions the authors have tried to root semi-hardwood and hardwood
cuttings of 'Variegatus' osmanthus. Results with hardwood cuttings have been
consistently poor, leading to the conclusion they do not root. On the other hand, results
with semi-hardwood cuttings taken in late August to mid-September have been mixed.
Some years, semi-hardwood cuttings root well; in other years they root poorly. Lack of
consistent results resulted in the following research with the objective to investigate
propagation of 'Variegatus' osmanthus by softwood cuttings as influenced by auxin
treatment.
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Two hundred terminal softwood cuttings approximately 7 to 9 cm (2.8 to 3.5 in) in length
were collected on June 2, 2009, and May 31, 2010, from each of two plants of
'Variegatus' osmanthus growing under uniform fertility on the grounds of a private
residence in Raleigh, NC. The plants were large, exceeding 3.7 m (12 ft) in height and 2.4
m (8 ft) in width. The stems of the cuttings were light to pale green in color and, when
pressure was applied to a cutting, the stem broke but the pieces remained attached at the
point where pressure was applied.
Following collection, cuttings from both plants were pooled. Cuttings were trimmed from
the bases to lengths of 6 to 8 cm (2.4 to 3.1 in). They were then treated with solutions of
the potassium (K) salt (K-salt) of indolebutyric acid (IBA) at 0, 500, 1000, 1500, or 2000
mg·L-1 (ppm). Solutions were prepared by dissolving reagent grade K-IBA in distilled
water. When treating cuttings with K-IBA, the basal 1 cm (0.4 in) was dipped into the KIBA solution for 2 sec followed by 20 min of air drying before insertion into the rooting
medium. After auxin treatment, cuttings were inserted to a depth of 2 to 3 cm (0.8 to 1.2
in) in individual plastic Anderson bands (Anderson Tool & Die, Portland, OR) [6.0 x 6.0 x
12.7 cm (2.4 x 2.4 x 5.0 in)] held in deep propagation flats/trays [40.6 x 40.6 x 12.7 cm
(16 x 16 x 5 in)] with 36 bands per flat (6 rows x 6 columns). The rooting medium was 1
peat : 1 perlite (by vol.).
The trays were placed under natural photoperiod and irradiance on a single raised bench
in a glass covered greenhouse on the campus of NC State University, Raleigh. Day/night
temperatures were approximately 23.9 + 5.6/21.1 + 2.8C (75 + 10/70 + 5F). Intermittent
mist operated 4 sec every 5 min from 7:00 am to 8:30 PM daily. The experimental design
was a randomized complete block using 12 cuttings per treatment with six replications.
Fifteen weeks after the rooting studies were initiated, cuttings were harvested and data
recorded. Data included the number and length of primary roots > 1 mm (0.04 in). Any
cutting having one or more roots was classified as rooted. Data were subjected to
analysis of variance procedures and regression analysis.
Results and Discussion: For both years, 2009 and 2010, nontreated softwood cuttings
of 'Variegatus' osmanthus rooted at > 70% with the influence of K-IBA treatment being
generally nonsignificant (Table 1). The only significant response (P < 0.10) to K-IBA
treatment was a linear decrease in mean root length for cuttings taken in 2009. Results
for 2009 and 2010 indicate auxin treatment of softwood cuttings of 'Variegatus'
osmanthus is of questionable value. In a previous study, Blazich and Acedo (2)
investigated propagation of O. heterophyllus 'Ilicifolius' and 'Rotundifolius' by stem
cuttings. They reported nontreated semi-hardwood and hardwood cuttings of 'Ilicifolius'
osmanthus and hardwood cuttings of 'Rotundifolius' osmanthus rooted in high
percentages (> 80%). Response to treatment with solutions of the free acid of IBA at
2500 to 10,000 ppm was variable, and generally inhibited rooting.
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Prior to beginning rooting studies with softwood cuttings of 'Variegatus' osmanthus, the
authors attempted in three different years to root hardwood cuttings, with negligible
results. This led to research with softwood and semi-hardwood cuttings. Attempts to root
softwood cuttings of 'Variegatus' osmanthus began in early June 2007 and this was done
at the same time each year through late May 2010. For brevity, only results for 2009 and
2010 are presented (Table 1), however, results for 2007 and 2008 were similar (data not
presented). Treatment with K-IBA had little or no statistically significant affect on percent
rooting, mean root length, or mean root number.
During 2007 to 2010 we also attempted to root semi-hardwood cuttings of 'Variegatus'
osmanthus taken in late September to early October. These cuttings were treated
similarly to the softwood cuttings and rooted under similar greenhouse conditions. In 2007
and 2008 nontreated semi-hardwood cuttings rooted at > 70%, and K-IBA treatments
were generally ineffective (data not presented). However, in 2009 and 2010 rooting was
poor with the best rooting approximately 20% for nontreated cuttings. Why rooting of
semi-hardwood cuttings was so variable during this 4-year period is unknown and might
be related to the number of growth flushes during the growing season.
Growth is uniform in the spring when the first flush of growth of 'Variegatus' osmanthus
occurs. The terminal vegetative buds of all shoots break and produce a flush of growth.
Following shoot elongation, growth ceases and the new shoots lignify (harden).
Sometimes, a second flush occurs in late summer. This growth, however, will not be
uniform throughout a plant. Some shoots produce a second flush of growth; others do not.
Consequently, some cuttings representing the first flush appear to fit the description of
semi-hardwood cuttings and cuttings of the second flush appear to be softwood (4). If
both types of cuttings are taken and kept separate for rooting, rooting of each type is
generally poor. On the other hand, if the plant has not produced a second flush of growth
and all the cuttings are semi-hardwood, rooting is generally similar to results presented in
Table 1 for softwood cuttings. Perhaps when a second flush of growth occurs and the
growth is not uniform throughout the plant, the physiology of the plant is altered, resulting
in a situation where softwood cuttings of the second flush and semi-hardwood cuttings of
the first flush do not root as well as softwood cuttings taken after the first flush. As
reported by Hartmann et al. (4), “August softwood cuttings in the Southeastern United
States are not physiologically the same as June softwood cuttings”. This could explain
why rooting of softwood cuttings from the first growth flush is generally much better than
rooting of cuttings from the second flush. Owing to the unpredictable rooting response of
semi-hardwood cuttings and softwood cuttings following a second flush of growth, the
most consistent rooting of stem cuttings of 'Variegatus' osmanthus is usually achieved
with softwood cuttings following the first flush of growth. In Raleigh, NC, this condition
normally occurs in late May to early June.
Genotype variation with respect to adventitious rooting has been reported for many
species (1, 6, 7, 8, 9, 11), but appears to not be an issue with the many cultivars of O.
heterophyllus, which are clones. However, another aspect of this phenomenon which has
not received much consideration is genotypic variation with respect to the growth stage of
the stock plant (stem tissue maturity). Thus, not only do clones of some
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species exhibit variation in adventitious rooting, but the growth stage of the clones that is
also most conducive to rooting can vary by genotypes, as has been reported (5, 8, 10,
11). This also seems to apply to some cultivars of O. heterophyllus when one compares
results herein with those of Blazich and Acedo (2). For example, in the present
investigation, optimum rooting of stem cuttings of 'Variegatus' osmanthus occurred with
softwood cuttings collected in late May or early June following the first flush of growth,
whereas rooting of semi-hardwood cuttings taken later in the growing season was
inconsistent, and rooting of hardwood cuttings was negligible. On the other hand Blazich
and Acedo (2) reported nontreated semi-hardwood and hardwood cuttings of 'Ilicifolius'
osmanthus rooted in high percentages (> 80%) whereas comparable results with
'Rotundifolius' osmanthus occurred only with hardwood cuttings. They did not, however,
attempt to root softwood cuttings of these cultivars.
Similar to other cultivars of O. heterophyllus such as 'Ilicifolius' and 'Rotundifolius',
adventitious roots of 'Variegatus' osmanthus are coarse and brittle, even when rooted in a
medium of 1 peat : 1 perlite (by vol.). Therefore direct rooting/sticking should be employed
when rooting stem cuttings of 'Variegatus' to reduce possible transplant shock.
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Table 1. Influence of K-IBA treatments on the rooting of softwood cuttings of
Osmanthus heterophyllus 'Variegatus'.
Rooting (%)z
Roots (no.)y
Root length (mm)y
Treatment
6/2/2009 5/31/2010 6/2/2009 5/31/2010 6/2/2009 5/31/2010
Nontreated
84.7
73.6
6.0
9.6
37.4
31.4
500 ppm K-IBA
79.2
83.6
6.4
8.4
36.3
34.1
1000 ppm K-IBA
63.9
81.9
4.9
7.7
37.0
34.9
1500 ppm K-IBA
76.4
58.3
5.9
4.8
32.0
33.7
2000 ppm K-IBA
62.5
80.6
4.3
7.3
30.9
35.7
Significance:
Linear
NSx
NS
NS
NS
*
NS
Quadratic
NS
NS
NS
NS
NS
NS
Z
Each value is based on 72 cuttings.
y
Each mean value is based on the number of cuttings which rooted for a particular treatment.
x
NS (nonsignificant) or * (significant) at P < 0.10.
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Micropropagation of Acer platanoides L. 'Crimson Sentry'
Jason D. Lattier, Darren H. Touchell, and Thomas G. Ranney
Mountain Crop Improvement Lab, Department of Horticultural Science
Mountain Horticultural Crops Research and Extension Center
North Carolina State University, 455 Research Drive, Mills River, NC 28759-3423
jdlattie@ncsu.edu
Index Words: Norway maple, basal salts, cytokinins, auxins, autopolyploids,
regeneration
Significance to Industry: Norway maple (Acer platanoides L.) is a valuable landscape
tree known for its attractive foliage and architecture. Since its introduction to North
America by Bartram in 1756 (10), Norway maple has played a major role in replacing the
American elm following Dutch elm disease (13, 14). Pest and disease resistance, and
tolerance of poor soils have made Norway Maple a popular choice as a municipal street
tree. However, Norway maple has become invasive in disturbed forests, along roadside
edges, and within intact forests bordering ornamental plantings in the Northeastern and
Midwestern United States (3, 12, 13). Inducing autopolyploids may improve ornamental
features of Norway maple and provide an opportunity to develop triploid, seedless
cultivars. In this study, in vitro regeneration protocols were developed for
micropropagation and as a platform for future ploidy manipulation.
Nature of Work: In vitro regeneration provides an excellent method for rapid propagation.
In vitro shoot regeneration studies for A. platanoides have primarily focused on wild types
or the popular cultivar 'Crimson King' (4, 7, 8). These studies investigated different
combinations of basal salts such as Murashige and Skoog (MS) (9), Linsmaier and Skoog
(LS) (5), and Lloyd and McCown (WPM) (6) and cytokinins such as zeatin, kinetin (Kin),
thidiazuron (TDZ) and 6-benzylaminopurine (BAP) to maximize in vitro shoot regeneration
(1, 2, 4, 7, 8). Further in vitro rooting studies with A. platanoides have investigated low
salt media supplemented with the synthetic auxin 3-indolebutyric acid (IBA) (1, 8). Thus,
the objectives of this research were to develop in vitro multiplication and rooting protocols
for A. platanoides 'Crimson Sentry'.
Stock explants for all experiments were maintained in vitro on Acer medium containing
MS basal salts and vitamins, 2 µM BAP, 100 mg.L-1 myo-inositol, 100 mg.L-1 MES buffer,
30 g.L-1 sucrose, pH 5.75, and solidified with 7.5 g.L-1 agar in 180 cc jars. All samples
were incubated at 23oC under a 16-h photoperiod (cool white 40W fluorescent lamps with
PPFD 30 µmol·m-2·s-1).
The effect of MS, WPM, and Quoirin and Lepoivre (QL) (11) basal salts in factorial
combination with the cytokinins BAP, TDZ, 2-isopentenyladenine (2iP), meta-topolin (mT),
and Kin on in vitro growth of 'Crimson Sentry' was examined. All media treatments were
supplemented with 100 mg.L-1 myo-inositol, 100 mg.L-1 MES buffer, 30 g.L-1
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sucrose, 7.5 g.L-1 agar, and 2 µM of cytokinin with media pH adjusted to 5.75. Six
replicates, each with 5 shoots (subsamples), were incubated on each media composition
under standard culture conditions using a completely randomized design. After 5 weeks,
data were collected on the number of shoots, shoot length (of the longest shoot), number
of leaves, and number of nodes (on the longest shoot). Data sets were subjected to
analysis of variance (ANOVA) using the GLM procedure of SAS (version 9.1; SAS
Institute Inc, Cary, NC) (Table 1).
In a separate experiment, the optimum concentration of BAP for shoot multiplication was
evaluated. Media containing MS basal salts and vitamins, 100 mg.L-1 myo-inositol, 100
mg.L-1 MES buffer, 30 g.L-1 sucrose, and 7.5 g.L-1 agar with a of pH 5.75 was
supplemented with BAP at 0, 2, 4, 8 or 16 µM. Seven replicates per treatment with 5
subsamples (2- to 3-cm shoots) were arranged in a completely randomized design under
standard culture conditions. After 5 weeks, data were collected on the number of shoots,
shoot length (of the longest shoot), number of leaves, and number of nodes (on the
longest shoot). Data were subjected to trend analysis using the GLM procedure of SAS
(Table 2).
For studies on in vitro rooting, media consisted of half-strength WPM basal salts and
vitamins and 30 g·L-1 sucrose, supplemented with 0, 5, 10, 20, 40 or 80 µM IBA. All media
were adjusted to a pH of 5.75. Each treatment consisted of 6 replications. Five
subsamples (1- to 2-cm shoots) were assigned to each treatment, and all were arranged
in a complete randomized design under standard culture conditions. Following 8 weeks of
growth, data were collected on rooting percentage and root length (longest root) (Table
3). Data were subjected to trend analyses using SAS (Table 3).
Results and Discussion: Shoot regeneration was achieved with all treatments of basal
salts and cytokinins. ANOVA results showed that basal salts, cytokinins, and their
interactions significantly affected both shoot length (P ≤ 0.01) and number of nodes (P ≤
0.05) (Table 1). The combination of MS and 2 µM BAP produced the longest mean shoot
length (30.6+1.4 mm), and there was a general trend among all media types of BAP
producing longer shoots. The combination of MS + BAP and QL + BAP also produced the
most nodes (3.6+0.2 and 3.5+0.2, respectively). Shoot number was influenced only by
cytokinin type (P ≤ 0.01). In general, BAP and mT produced the highest number of shoots
across all basal salt treatments. Both medium and cytokinin type significantly influenced
mean leaf number (P ≤ 0.01 and 0.01, respectively) but not their interaction.
In the second experiment, trend analysis of shoot data revealed that shoot length has a
negative linear response to BAP concentration (P ≤ 0.01) (Table 2). There was no
significant effect of BAP concentration on shoot number. However, multiplication rate and
number of 20 mm explants obtained per replicate per 6 weeks exhibited a quadratic
response to BAP (P ≤ 0.01) with the best BAP concentration estimated at 6 µM.
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For the rooting experiment, in vitro root formation was observed in all treatments after 8
weeks. Trend analysis showed percent rooting, number of roots per rooted cuttings, and
root length of microcuttings of A. platanoides 'Crimson Sentry' all exhibited a quadratic
response to IBA concentration (P ≤ 0.01, 0.01, and 0.05, respectively) (Table 3). Based
on trend analysis, the highest percent rooting and longest roots was achieved using
between 5 and 10 µM IBA. The highest number of roots produced per microcutting was
achieved using between 5 and 40 µM IBA.
This study demonstrated that there are several different media components that interact
to influence in vitro growth of A. platanoides 'Crimson Sentry'. Based on the results, MS
media supplemented with 6 µM BAP provided high shoot proliferation, while half-strength
WPM supplemented with 10 µM IBA produced the best rooting results. Protocols
developed in this study will be used in future experiments focused on the in vitro
development of autopolyploids.
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Table 1. Effect of media composition and cytokinin on in vitro growth of Acer platanoides
'Crimson Sentry'.
Shoots (no.)z

Shoot length (mm)z

Leaves (no.)z

Nodes (no.)z

Media

Cytokinin

MS

BAP

3.2 ± 0.3ab

30.6 ± 1.4a

8.1 ± 1.0ab

3.6 ± 0.2a

TDZ
2iP
mT

0.9 ± 0.04c
1.9 ± 0.7d
3.1 ± 0.2ae

10.8 ± 0.5g
12.0 ± 0.9fg
21.4 ± 2.4bc

2.4 ± 0.4g
6.3 ± 1.1cde
7.5 ± 0.6ac

1.2 ± 0.1h
2.2 ± 0.2ce
2.9 ± 0.2b

WPM

Kin
BAP

1.8 ±0.2d
3.9 ± 0.5ab

9.9 ± 1.1g
22.1 ± 1.8bc

5.5 ± 0.6de
7.8 ± 0.8ac

1.9 ± 0.2ef
2.9 ± 0.2b

QL

TDZ
2iP
mT
Kin
BAP

0.9 ± 0.03c
2.1 ± 0.3df
2.9 ± 0.4af
2.3 ± 0.1def
3.5 ± 0.2AB

12.0 ± 0.9f
15.0 ± 0.8ef
19.7 ± 3.1cd
10.9 ± 0.5g
24.8 ± 3.0b

2.4 ± 0.4g
4.9 ± 0.2ef
6.8 ± 0.5bcd
4.5 ±0.2ef
8.9 ± 0.5a

1.4 ± 0.1gi
2.1 ± 0.1de
2.6 ± 0.2bc
1.8 ±0.1e
3.5 ± 0.2a

TDZ
0.9 ± 0.1c
10.3 ± 1.6g
2.2 ± 0.4g
1.1 ± 0.2i
2iP
1.7 ± 0.3cd
9.2 ± 0.2g
3.7 ± 0.5fg
1.6 ± 0.1fgh
mT
2.5 ± 0.3def
16.9 ± 1.5de
5.9 ± 0.6de
2.4 ± 0.2cd
Kin
2.4 ± 0.2def
10.1 ± 0.4g
3.6 ± 0.3fg
1.8 ± 0.2eg
Analysis of Variance:
Media
NSy
*
**
*
Cytokinin
**
**
**
**
Media x Cytokinin
NS
**
NS
*
z
Values represent means ± SEM. Means followed by different letters within columns are significantly
different, P ≤ 0.05.
y
NS, *, **: Nonsignificant or significant at P ≤ 0.05 and 0.01, respectively.
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Table 2. Influence of BAPz concentration on in vitro shoot growth
of Acer platanoides 'Crimson' Sentry'.
BAP (µM)

Shoots (no.)y

Shoot length
(mm)y

Multiplication rate
(explants per jar after 6
weeks)y

0
1.4 ± 0.2
17.4 ± 0.4
7.0 ± 0.8
2
2.3 ± 0.4
27.4 ± 2.1
14.2 ± 0.3
4
2.5 ± 0.2
25.5 ± 1.7
14.2 ± 1.7
8
2.0 ± 0.1
13.3 ± 1.0
9.2 ± 0.8
16
2.4 ± 0.2
12.9 ± 0.8
6.0 ± 0.4
Trend analysis:
NSx
**
*
Linear
NS
**
Quadratic NS
z
BAP = 6-benzylaminopurine.
y
Values represent means ± SE.
x
NS, *, **: Nonsignificant or significant at p=0.05 and 0.01,
respectively.

Table 3. Influence of IBAz concentration on in vitro rooting of Acer
platanoides 'Crimson Sentry'.
IBA (µM)
Rooting (%)y
Roots (no.)y
Root length (mm)y
0
0±0
0.0 ± 0.0
0.0 ± 0.0
5
77 ± 13
2.6 ± 0.8
17.1± 3.1
10
70 ± 12
3.0 ± 0.9
17.9 ± 3.5
20
53 ± 13
1.8 ± 0.7
11.9 ± 2.7
40
63 ± 10
3.4 ± 1.0
11.5 ± 1.4
80
13 ± 7
0.2 ± 0.1
3.7 ± 1.7
Trend analysis:
Linear
NS
NS
NS
Quadratic
**
**
*
z
IBA = indolebutyric acid.
y
Values represent means ± SE.
x
NS, *, **: Nonsignificant or significant at p=0.05 and 0.01,
respectively.
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Media and Cutting Type Impact Stem Cutting Propagation of Stevia rebaudiana
J.M. LeCroy1, C.Coker2,D.J. Eakes1, C. Robinson1, and J.L. Sibley1
1

2

Department of Horticulture, 101 Funchess Hall, Auburn University, AL 36849
Coastal Research and Extension Center, Mississippi State University, Biloxi, MS 39532
eakesdj@auburn.edu

Keywords: stevia, cutting propagation, clonal propagation, sugar substitutes, sweeteners
Significance to the industry: Stevia [Stevia rebaudiana (Asteraceae)] is becoming a
major part of the natural sweetener industry in the United States. This is leading to higher
demand for production, although limited information on production is available. Labor
costs have been shown to be a limiting factor in production by cuttings, the main method
by which stevia is propagated (1). Lowering these labor costs by propagating this plant
more efficiently is one goal of this research. Toward this end, a cutting propagation study
was conducted to evaluate the effects of substrate and cutting type on propagation of
stevia. Among the substrates tested, the greatest root length was produced in a pine
bark/sand substrate. Cuttings in a sand/vermiculite substrate produced the greatest
number of shootbreaks over 1 inch long. Additional shootbreaks lead to a denser plant
with more leaves for harvest. Compared with rooted terminal cuttings, rooted medial
cuttings had healthier and greener leaves among the old and new foliage by the end of
the study.
Nature of work: Foods such as honey and fruit have historically been used for their
sweetening properties. At present, cane sugar serves as the main source of sugar, with
beet sugar providing a small percentage. Overconsumption of these sugars has shown to
have negative health effects by contributing extra calories, which can lead to obesity, a
contributing factor to chronic diseases such as diabetes mellitus, cardiovascular diseases,
and hypertension. Advances have made it possible to offer consumers sweetness without
calories (4). Among these advances is the use of the plant Stevia rebaudiana (5). Stevia
is a native plant from the south-central South American country of Paraguay. The plant is
native to the Rio Monday Valley of the Amambay Mountain region where it grows as a
perennial (5). Stevia grows best in its native soil composed of infertile acid sands or
mucks, yet it will grow well on a wide range of soils given a consistent supply of moisture
and adequate drainage (3). Production requirements for stevia show it could possibly be a
sugar replacement crop in the southeastern United States. Stevia could potentially be
rotated with crops such as sugar cane, sweet corn (which requires fertile soils and a long,
warm growing season), and tobacco. Stevia can produce good yields on soils and in
climates not suited for standard row crops and with far fewer pesticides and less
fertilization per unit of sweetening power. Stevia could also replace certain crops, such as
tobacco. Stevia grows well in areas with rainfall amounts of about 54 inches (1).
Alabama’s yearly rainfall is 54 in. along with Mississippi, Georgia, Louisiana and Florida
having rainfall amounts in the range of 49 in. to 60 in., all sufficient for production of
stevia.
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Propagation of stevia is typically accomplished using stem cuttings. Rooting of cuttings
can sometimes be promoted by the use of growth regulators (2). Cuttings treated with
IBA, IAA, and a combination of both at 1000 ppm caused injury due to the high
concentration of growth regulators, whereas paclobutrazol (a plant growth retardant and
triazole fungicide) at 50 or 100 ppm showed promise in inducing roots and sprout from
stem cuttings (3). This process increases costs of producing stevia by cuttings. With
limiting information on cutting propagation of stevia available, the current study examined
cutting propagation of stevia cuttings using four different substrates without amendments.
Cuttings were taken from container-grown stock plants on June 22, 2011. Cuttings were
prepared with two nodes using sterilized pruners and placed into bags by cutting type
(terminal and medial). The cuttings were then placed into a cooler to transport them to the
mist system. No leaves were stripped from the cuttings and no growth regulators were
used. All cuttings were planted in 32-cell packs (23/8” x 2 3/8” per individual cell with a
depth of 2 1/4”) with one cutting per cell at the Plant Sciences Greenhouse in Auburn, AL.
Four different types of media were used: 1 part pine bark to 1 part sand by volume, 1 part
peat moss to 1 part perlite by volume, 100% sand, and 1 part sand to 1 part vermiculite
by volume. Cuttings were placed under intermittent mist with mist applied for 15 seconds
every 10 minutes for the first 4 weeks of the study. During the remaining four weeks of the
study, the cuttings were misted for 5 seconds every 10 minutes. Data collected consisted
of foliar color rating of the old foliage (foliage present when cuttings were taken) and new
foliage (growth after cuttings were planted) using a 1 (dead) to 5 (green) scale, counts of
new shoot breaks over 1 inch long, and root length of the longest root.
Results and Discussion: The greatest root length occurred with cuttings propagated in
pine bark/sand, whereas those in peat moss/perlite had the shortest root lengths (Table
1). Cutting type had no effect on root length. When rating the leaves of old foliage, medial
cuttings had healthier, greener leaves compared to leaves on terminal cuttings (Table 2).
With new foliage, the medial cuttings also showed higher ratings. Cuttings seemed to
produce more shootbreaks in sand/vermiculite and the least in peat moss/perlite. Both
sand based substrates produced good results for shootbreaks and root length for this
plant.
Literature Cited:
1. Lester, T. 1999. Stevia rebaudiana (sweet honey leaf). Austral. New Crops Nwsl.
Issue 11. January 1999.
2. Midmore, J.D. and A. Rank. 2002. A new rural industry - Stevia - to replace imported
chemical sweeteners. Rural Ind. Res. Dev. Corp. Web Pub. No. W02/022.
3. Ramesh, K., V. Singh, and N. Megeji. 2006. Cultivation of Stevia [Stevia rebaudiana
(bert.) Bertoni]: A comprehensive review. Advances in Agronomy 89:139-177.
4. Savita, S.M., K. Sheela, S. Sunanda, A.G. Shankar, and P. Ramakrishna. 2004.
Stevia rebaudiana – A functional component for food industry. J. Hum Ecol. 15:261264.
5. Singh, S.D and G.P. Rao, 2005. Stevia: The herbal sugar of 21st century. Sugar Tech.
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Table 1 .

Rooting and shootbreaks influenced by cutting type and substrate.

Treatment

Shootbreaks (no.) z

Substrate

Root length (cm)

Mean

50:50 pine bark:sand

0.67 y

20.89

50:50 peat moss: perlite

0.46

15.66

100% sand

0.56

17.89

50:50 sand:vermiculite

1.14

17.87

1.17

18.97

0.242

17.22

Substrate

0.0063

0.0005

Type

0.076

<.0001

Substrate x type

0.3833

0.1371

Cutting typex
Medial
Terminal
Significance

z Shootbreaks that grew over 1 inch long were counted for analysis.
y Data were analyzed using ANOVA.
x Cuttings were taken with two nodes per cutting.
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Table 2.

Foliar color rating of Stevia rebaudiana cuttings.z
Old Foliage Rating y

Method

1

2

3

4

5

Medial

0ax

26a

69a

27a

2a

Terminal

1b

51b

62b

13b

1b

New Foliage Rating

w

Method

1

2

3

4

5

Medial

2a

11a

58a

47a

6a

Terminal

1b

27b

63b

26b

3b

z Foliar color was based on a 1-5 scale (1-dead; 5-green)
y Two node cuttings were planted and old foliar color was based
on the foliage present when cuttings were taken.
x Mean separation was done using ANOVA
w Two node cuttings were planted and new foliar color was
based on new growth after cuttings had been planted.
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Micropropagation of Ortegocactus macdougallii Alexander, a Threatened
Mexican Cactus
Abraham Arellano Perusquia and Andrés Adolfo Estrada-Luna
Escuela de Agronomía. Universidad De La Salle Bajío, Av. Universidad 602, Col. Lomas
del Campestre, León, Gto., México. C.P. 37150.
aestradaluna@yahoo.com
Index Words: Ortegocactus macdougallii, biznaga pistache de Chico Ortega,
micropropagation, in vitro propagation, Cactaceae.
Significance to Industry: Ortegocactus macdougallii, the "biznaga pistache de Chico
Ortega", is an endemic Mexican member of the Cactaceae. The monotypic genus
Ortegocactus includes only the species O. macdougallii (4). Unfortunately, native
populations have a tendency to disappear since they are under severe pressure caused
by soil degradation and human activities, especially over-collection of fruits and seeds,
seedlings, and adult plants, which are coveted by collectors because of the plant's unique
morphological traits (yellow flowers, tiny size, and the olive green of the stems) (3). Other
critical problems related to the plant's biology and propagation are its very slow growth
rate, reduced shoot production, low germination, and incompatibility that result in a poor
fruit and seed set, and low survival of seedlings growing in natural habitats (2, 3).
Recently, the Mexican government has classified O. macdougallii in the category of a
threatened plant species (NOM-059-ECOL-2010) (2). Because of its threatened status, it
is urgent that scientists study the biology and physiology of this species with the objective
to establishing the basis and strategies for protecting and rescuing native populations.
Research on asexual reproductive protocols through tissue culture will provide knowledge
for sustainable conservation and commercial production, which are important to ensure
not only plant availability for reforestation of native communities but also to supply
material for collectors who pay from 5.00 to 20.00€ for plants 2-3 cm in height. With this in
mind, we performed this research with the main objective to study the particular
conditions for establishing an efficient and reliable micropropagation protocol via
organogenesis through the meristem activation of areoles. The nursery industry in
general and the ornamental industry in particular may be benefit from this
micropropagation protocol.
Nature of Work: For the initiation stage of micropropagation, a series of experiments
were run to study the response of explants to the plant growth regulators
1-naphthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP) at different
concentrations (0.3, 1, and 3 mg·L-1) as supplements to Murashige and Skoog (MS)
culture medium (1), giving a total of 12 experimental treatments. During the shoot
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proliferation stage, we set up two experiments in order to compare the best treatment
obtained from the initial cultures (1 mg·L-1 NAA + 3 mg·L-1 BAP) with two additional BAP
concentrations (4.5 and 6 mg·L-1) and the same concentration of NAA. For the rooting
stage, four treatments were tested, which resulted from the reduction of the original
formulation of the MS medium (one-quarter and one-half strength) plus the addition of IBA
(0.4 and 1.2 mg·L-1). The regenerated plantlets of Ortegocactus macdougallii were
transplanted and acclimatized for 6 days on a bench with low light conditions (400
μmol·m-2·s-1 of photosynthetic photon flux density (PPFD) prior to transfer to a different
installation with 30% UV filtration with 800 μmol·m-2·s-1 of PPFD to evaluate plant
performance and survival.
Results and Discussion: Data obtained during the initiation stage of micropropagation
demonstrated that plant management and culture conditions in the greenhouse prior to
explant dissection, cleaning, and disinfection procedures followed during in vitro
establishment were successful, resulting in low rates of contamination and tissue
oxidation. After 116 days of initial culture in stage I, we observed two morphogenic
responses in the explants: differentiation of disorganized structures (callogenesis) and
differentiation of organs (organogenesis) into roots and shoots. Callus was differentiated
from cells of both epidermis and parenchymatic tissues located at the edge of the cut
area in all media treatments that included auxin (NAA), independent of the concentration
and the presence of cytokinin. However, we observed that medium of high auxin
concentrations (1 and 3 mg·L-1) produced root differentiation. When BAP interacted with
NAA in an adequate balance (0.3 mg·L-1 NAA + 3 mg·L-1 BAP and 1 mg·L-1 NAA + 3
mg·L-1 BAP), the explants produced both callus and shoot primordia after 56 days of
culture. Detailed stereoscopic observations of the cultures allowed us to identify the tiny
adventitious shoot primordia, which apparently originated from cells of the epidermis of
the explants and the basal zone (Fig. 1a,b). The second group of shoots regenerated at
this stage was produced through the axillary meristem activation of areoles and were
visible after 56 days of in vitro culture (Fig. 1c). At this stage, shoot production was
considered to be very poor and the treatments with media supplemented only with BAP
(0.3, 1, and 3 mg·L-1) were not able to break the dormancy of axillary buds as was
expected. In regard to the third response produced by the treatments in these initial
cultures, we observed that three treatments [treatment 1: 0 mg·L-1 NAA + 0.3 mg·L-1 BAP;
treatment 2 (NAA 0 mg·L-1 + BAP 1 mg·L-1), and treatment 3 (0 mg·L-1 NAA + 3 mg·L-1
BAP)] were able to differentiate adventitious roots, whereas treatments 5 (0.3 mg·L-1 NAA
+ 1 mg·L-1 BAP), 7 (1 mg·L-1 NAA + 0.3 mg·L-1 BAP), and 10 (3 mg·L-1 NAA + 0.3 mg·L-1
BAP) also induced callus formation in addition to root formation. With these six treatments
we were able to regenerate whole plants at this stage. Detailed observations regarding
the origin of the adventitious roots revealed that they were differentiated from
parenchymatic cells and pith ground tissues in the neighborhood of vascular tissues (Fig.
1d).
In general, shoot proliferation during subculturing seems to be controlled by an adequate
balance between auxin and cytokinin. The optimum concentration of NAA was

Plant Propagation

306

SNA Research Conference Vol. 57 2012

1 mg·L-1, while concentrations of 3, 4.5, and 6 mg·L-1 BAP produced an average of 5 to 7
shoots (Fig. 1e). Despite this, the treatment containing 3 mg·L-1 of BAP could be
considered superior to the others since it resulted in longer shoots (5 cm). Because
Ortegocactus macdougallii is a slow-growing species, the adequate time between
subcultures was 110 days. As was previously observed during stage I, shoots originate
through areole activation and de novo differentiation.
Whole plantlets were easily obtained through adventitious root formation when shoots
were cultured on any of the following three media: MS medium at one-quarter or one-half
strength, by using MS medium at one-half strength plus NAA (1 mg·L-1) and BAP (3
mg·L-1), or with low IBA concentrations (0.4 and 1.2 mg·L-1). However, it was clear that
the addition of IBA (1.2 mg·L-1) enhanced the rhizogenic process because, as noted, with
significantly greater numbers of roots (8 on average) and a higher percentage of rooted
shoots (75%) compared with other treatments. We recorded 90% of plantlet survival after
transplantation (Fig. 1f).
Based on data obtained in this research, we can conclude that we successfully
established an efficient and reliable micropropagation system for O. macdougallii. The
complete cycle of micropropagation requires about 13 months of culture to produce 625
plantlets after three rounds of subcultures; however, if we want to increase the
proliferation rate with 5 rounds of subcultures, the culture time would be increased to 21
months, but 6,250 plants would be produced.
Acknowledgements: The authors are grateful for the economical support provided by
the Universidad De La Salle Bajío through the Office of the Research Council.
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Figure 1. Micropropagation of Ortegocactus macdougallii showing: adventitious shoots
differentiated from the epidermis (a) and the base of the explant (b); shoot differentiated
from an activated areole (c); adventitious roots differentiated in the neighborhood of
vascular tissues (d); multiple shoots (arrows) growing in an explant from areole activation
(e); and a regenerated plantlet 90 days after transplantation to ex vitro conditions.
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In Vitro Regeneration of Solanum aethiopicum L. (scarlet eggplant), an African
Vegetable Crop with Potential Ornamental Value
Hamidou F. Sakhanokho and Carrie L. Witcher
USDA-ARS, Southern Horticultural Laboratory
810 Highway 26 West
Poplarville, MS 39470
hamidou.sakhanokho@ars.usda.gov
Index Words: African eggplant, aubergine, garden egg, Pumpkin-on-a-stick, scarlet
eggplant, Solanum aethiopicum
Significance to Industry: Solanum aethiopicum L. (scarlet eggplant) is native to subSaharan Africa and is now found throughout tropical Africa, South America (mainly
Brazil), and occasionally other areas such as southern France and Italy (10).
Domesticated S. aethiopicum is the result of crossing wild Solanum anguivi Lam. and
semi-domesticated Solanum distichum Schumach. & Thonn (10). S. aethiopicum has
several recognized cultivar groups including Gilo, Kumba, Shum, and Aculeatum. These
groups are defined by specific plant characteristics such as prickly leaves and stems, leaf
shape, fruit shape and taste, and environmental growing requirements. The fruit, leaves,
shoots, and roots are used for both food and medicinal purposes, and the specific use
depends on the geographic area and/or plant type. S. aethiopicum is sometimes used as
an ornamental and also as a rootstock for tomato and common eggplant because of its
resistance to certain pathogens such as Fusarium oxysporum and Ralstonia
solanacearum (2, 5, 6) and higher tolerance to drought and heat (7).
Nature of Work: S. aethiopicum is a vegetable crop mostly grown for its edible fruits. The
fruits can be eaten raw or cooked like the common eggplant and are awakening a
growing interest in the specialty and exotic vegetable markets of the world (4, 8). In
addition to the attributes mentioned above (tolerance to some biotic and abiotic stresses),
S. aethiopicum has the potential to be a valuable ornamental crop because of the
tremendous diversity found in the color and shape of its leaves, stems, and fruits (10)
(Fig. 1). Considerable variance also exists within scarlet eggplant varieties, so selection of
outstanding plants can yield more productive materials (4). However, S. aethiopicum is
highly cross-pollinated (8, 9), so the selected individuals may not breed true. Therefore,
clonal propagation of the selected plants would yield materials with improved productivity
and uniformity (4). Additionally, gene transfer through genetic transformation could be
used to improve S. aethiopicum. Development of an efficient and dependable
regeneration system is a prerequisite for genetic transformation. This micropropagation
system could also be used for rootstock propagation. To our knowledge, there is only one
report on in vitro culture of S. aethiopicum (4), and only two accessions were evaluated in
that study. In vitro regeneration is usually highly genotype dependent, so there is a need
for evaluating more S. aethiopicum genotypes. The purpose of this study was to develop
an efficient and dependable tissue culture system for S. aethiopicum.
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For this study, we used two types of media, M1 and M2, and four S. aethiopicum
accessions from USDA-ARS (PI 194166, PI 374695, PI 441912, and PI 636107)and one
genotype that originated from northeastern Senegal, Western Africa. Meristem explants
were collected from in vitro grown seedlings and transferred to baby food jars containing
M1 or M2 media. The M1 medium consisted of Murashige and Skoog (MS) (11) basal salt
mixture supplemented with 20 g/L sucrose, 0.75 g/L MgCl2, and 2 g/L Gelrite. M2 was a
more complex medium composed of MS modified basal medium with B5 vitamins (3)
supplemented with 2 mg/L BA, 0.125 mg/L thidiazuron, 1 mg/L thiamine, 0.2 g/L myoinositol, 1 g/L casein hydrolysate, 20 g/L sucrose, 0.75 g/L MgCl2, and 2 g/L Gelrite. The
pH was adjusted to 5.8 before autoclaving. All media were sterilized at 121°C for 15
minutes. Plants were grown in baby food jars in a growth room (22°C) with 16 hour days
under fluorescent lights with a photon flux of 71 µmol m-2 s-1. Data collected after 60 days
included plant height, number of roots and shoots, fresh weight, and a visual quality rating
(1 = excellent, 2 = good, and 3 = poor). The experiments were conducted using a
completely randomized design and consisted of two types of media, five genotypes, and
10 explants per treatment. The experiment was repeated once. Data were analyzed using
the GLM procedure of SAS (version 9.1.3; SAS Institute Inc, Cary, NC).
Results and Discussion: Successful in vitro regeneration of plantlets was obtained using
both M1 and M2 media for all five African eggplants evaluated (Table 1). After 60 days in
culture, plant height ranged from 3.2 cm to 6.6 cm in M1 medium and 2.2 cm to 4.8 cm in
M2 (Table 1). In general, plants grew taller in M1 than in M2. Also, plants formed
consistently more roots in M1 than in M2. It is worth noting that two accessions, PI
441912 (Brazil) and PI 636107 (United Kingdom), formed no roots at all after 60 days in
M2 even though these two accessions were among those that formed the most roots in
M1. Results obtained for shoot number and visual quality evaluation were similar for both
media; however, a few explants in M2 showed signs of hyperhydricity or physiological and
morphological malformation, even though they tended to outgrow these problems as they
matured. In conclusion, S. aethiopicum is readily amenable to in vitro culture, and M1
medium is recommended for propagation through meristem or shoot culture. This simple
regeneration system could also be useful for genetic transformation of S. aethiopicum.
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Table 1. Effect of media type and genotype on plant height, number of roots and shoots,
visual quality, and fresh weight on in vitro grown Solanum aethiopicum meristems after 60
days.
Accession

Origin

PI 194166

Former Serbia
& Montenegro
India
Brazil
United
Kingdom
Senegal

PI 374695
PI 441912
PI 636107
-------------

Medium
M1

Height
Roots
(cm)
(no.)
5.6 aby 11.9 a

Shoots
(no.)
1.1 bc

Visual
qualityz
1.2 a

M1
M1
M1

3.5 c
6.6 a
3.2 c

4.5 b
12.2 a
7.6 ab

2.0 ab
2.1 a
1.0 c

1.0 a
1.2 a
1.1a

0.6 b
3.4 a
0.8 b

M1

4.2 bc

6.8 ab

1.1 bc

1.2 a

0.8 b

Fresh weight (g)
0.7 b

PI 194166

Former Serbia
M2
3.6 a
0.1 a
1.2 a
1.0 a
0.5 b
& Montenegro
PI 374695
India
M2
2.3 b
0.4 a
2.0 a
1.3 a
0.7 b
PI 441912
Brazil
M2
4.8 a
0.0 a
1.9 a
1.4 a
2.0 a
PI 636107
United
M2
2.2 b
0.0 a
1.4 a
1.1 a
0.9 b
Kingdom
------------Senegal
M2
3.9 a
2.0 a
1.7 a
1.0 a
1.5 ab
z
Visual quality was defined as follows: 1 = excellent; 2 = good; 3= poor.
y
Mean values within the same column and medium type (M1 or M2) followed by the same letters
are not significantly different according to Duncan’s multiple range test (P = 0.05). Means are
averages of 20 observations.
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Fig. 1. A–B: Solanum aethiopicum meristems cultured on M1 or M2 media typically
produced plantlets with well developed root systems. Multiple shoot production from a
single meristem was not uncommon for both media. C–I: S. aethiopicum genotypes are
known for the diversity found in the color and shape of their leaves, stems, and fruits.
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Significance to Industry: Wood-based substrates can be successfully used in nursery
and greenhouse crop production, yet have not been extensively evaluated for seed or
cutting propagation. Wood-based materials, such as processed whole pine trees (WPTs),
contain organic compounds that can be phytotoxic to sensitive species and inhibit
seedling root growth. In our study, seed germination and early root development in
sensitive species were inhibited by fresh pine needles, but no such inhibition was
observed in aged or fresh WPT. However, a disparity in seedling root development
between WPT and a peat-lite (PL) substrate suggests factors other than phytotoxicity are
involved.
Nature of Work: Wood-based materials derived from pine trees, such as WPT, can be a
viable option for producers looking to offset pine bark or peatmoss usage in container
substrates. Wood-based substrates have been evaluated under a variety of production
environments using various crops, yet certain issues must be addressed before
manufacturers will invest in the commercialization of these products. The most common
issues include nitrogen immobilization associated with microbial activity (5), phytotoxicity
associated with organic molecules (3, 7), and less than ideal nutrient and water retention
properties (1, 4). The negative effects of such factors on plant growth are well
documented and can be minimized or prevented during crop production via modified
production practices. However, reduced root development of stem cuttings rooted in WPT
compared with pine bark (PB) has been observed (9), but the factors involved must be
identified in order to develop corrective measures.
Reduced seed germination and seedling development are commonly used as indicators
of phytotoxicity, specifically due to heavy metal content, compost maturity, salinity, and
growth inhibiting compounds (6, 8). Seed germination and seedling growth tests used for
detecting phytotoxicity are quick, simple, and reproducible. Seed germination tests are
used for evaluating responses to substrate chemical properties, while seedling
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growth tests account for responses due to substrate chemical and physical properties (2,
7). Seeds have nutritional reserves that will support growth for short periods after
germination. As a result, unamended substrates can be evaluated, thus minimizing the
number of variables involved in plant development. The objective of our research was to
identify factors affecting seed germination and seedling development in unamended WPT
substrates.
Two studies were performed at the Thad Cochran Southern Horticultural Laboratory in
Poplarville, MS using a Phytotoxkit™ and seedling growth test. The Phytotoxkit™ is
designed for direct observation and root measurement of germinated seeds in contact
with the substrate solution. The Phytotoxkit™ study included three plant species
(sorghum, Sorghum saccharatum; cress, Lepidium sativum; and mustard, Sinapis alba).
Substrates included a reference soil (RS), aged (WPTA) and fresh (WPTF) whole pine
tree, aged (PNA) and fresh (PNF) pine needles, pine bark (PB), peatmoss (PM), and
saline pine bark (SPB). Whole pine tree substrates were produced from 2.0- to 2.5-in
diameter (at 1 ft above ground) loblolly pine (Pinus taeda) trees harvested in Pearl River
County, MS. Main stems were chipped on July 29, 2010 (WPTA) or March 14, 2011
(WPTF), and a combination of 9 chipped stems : 1 needles (by weight) was ground with a
hammer mill (Model 30; C.S. Bell Co., Tiffin, OH) to pass a 1/4-inch screen. On March 14,
2011, pine needles were collected directly from trees (PNF) or from the ground (PNA)
surrounding the same trees and hammer-milled to pass a 3/16-inch (PNA) or 1/2-inch
(PNF) screen. Saline pine bark, pine bark soaked in a sodium chloride (NaCl) solution (16
mS/cm for cress or 30 mS/cm for mustard and sorghum), was included to produce a
negative effect on seed germination and initial root growth.
Substrates were passed through a 2-mm sieve, and three 95-cm3 samples of each
substrate were placed in a container (SVD-250, T.O. Plastics Inc., Clearwater, MN).
Samples were bottom-saturated to the upper substrate surface with deionized water for 1
hour (SPB was saturated in NaCl for 10 hours), drained, transferred to individual test
plates, and covered with filter paper. Ten seeds of a test species were placed in a single
row, a clear plastic cover was placed on each test plate, and test plates (three per
substrate) were completely randomized by species and incubated vertically in a dark
growth chamber at 75°F for 5 (cress and sorghum) or 6 (mustard) days. Plates were
digitally scanned and analyzed using ImageTool software (ImageTool Version 3.0;
UTHSA, San Antonio. TX). Germination rate (%) and root length (mm) data were
collected at the conclusion of the experiment.
In the second study, a seedling growth test was used to evaluate seedling development in
unamended substrates under a simulated production environment. Test plant species
included oat (Avena sativa ‘Jerry’), lettuce (Lactuca sativa ‘Green Ice’), and tomato
(Solanum lycopersicum ‘Brandywine’). Substrates included WPTA, WPTF, PL (3
peatmoss : 1 perlite : 1 vermiculite by vol.), and PB. Individual cells (41-cm3) were filled
with substrate (36 replications), completely randomized into 72-cell propagation trays (36
cells per tray), and saturated. Two seeds of a single test species were sown on the
substrate surface and covered with ½ tsp of substrate. Trays were grouped by species
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and placed in separate growth chambers at 72°F for oat and lettuce or 77°F for tomato,
each receiving a 14-hour light and 10-hour dark photoperiod. At 9 days after sowing,
seedlings were thinned to one per cell. At 14 (oat), 25 (tomato), or 33 (lettuce) days after
sowing, roots were washed, digitally scanned, and analyzed using WinRhizo software
(WinRhizo Version 2007d; Regent Instruments Inc., Canada). Initial substrate pH and
soluble salt concentration (data not shown), emergence rate (%), and total root length
were collected. Germination/emergence rate, root length, and substrate physical
properties (air space, container capacity, total porosity, and bulk density) data were
analyzed with analysis of variance using the GLIMMIX procedure of SAS (SAS Version
9.2; SAS Institute, Inc., Cary, NC). Differences between treatment means were evaluated
using the Shaffer-Simulated method.
Results and Discussion: Using the Phytotoxkit™, germination rates were lowest in PNF
(cress) and SPB (mustard and sorghum) (Table 1). The highest germination rate (97%)
was observed for mustard in RS, PB, and WPTA; for sorghum in PNF and WPTA; and for
cress in RS. Germination rates were similar between WPTA and WPTF for all three
species, whereas significant differences in germination rates between PNA and PNF
occurred with cress. Cress root length was statistically similar among all substrates, yet a
high level of variability of measurements within substrate could have masked differences
between PNF and the other substrates. Mustard root length was significantly greater in
PNA compared with PNF. Sorghum root length was greatest overall in RS, while
statistically lower in SPB compared with all other substrates.
In the seedling growth test, emergence rate was similar among all substrates for lettuce
and oat (Table 2), while tomato emergence rate ranged from 74% (WPTF) to 92%
(WPTA). Within each species, total root length was approximately 11 (lettuce), 4.2
(tomato), and 2 (oat) times greater in PL compared to WPTF and WPTA. Aging the whole
pine tree material only affected tomato emergence and oat total root length. Air space
was statistically different among all substrates (Table 3), but was lowest in PL (5.5%)
followed by PB (22.7%). Container capacity was greatest in PL (62.3%), while PB had the
greatest bulk density (0.267 g·cm–3). Substrate pH for all substrates in both tests ranged
from 4.4 (PNA and WPTA) to 5.4 (PB), while substrate soluble salt levels ranged from
76.5 (PM) to 634.5 ppm (PNF).
In both tests, root growth was a more sensitive indicator of phytotoxicity than seed
germination. The Phytotoxkit™ did not reveal any significant concerns regarding
phytotoxicity resulting from organic compounds present in WPT (aged or fresh), yet PNF
can be phytotoxic to sensitive plant species. In the seedling growth test, greater root
development occurred in PL, which had the greatest container capacity and lowest air
space. All substrates were unamended and had inherently low nutrient content (based on
a complete chemical analysis). Although minimal growth occurred during the seedling
growth test, water and nutrient availability were undoubtedly a factor in observed
differences. Modifying WPT substrate air space and container capacity to mimic that of
PL would allow for a more unbiased evaluation. The goal of future research will be to
evaluate the relationship among substrate physical properties, water availability, and root
development in WPT.
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Table 1. Mean seed germination rate (%) and root length of three plant species after 5
(cress and sorghum) or 6 (mustard) days using a Phytotoxkit™.
Germination rate (%)
Root length (mm)
Substrate

Cress

Mustard

Sorghum

Cress

Reference soil

97 az

97 a

88 a

56 a

53 bcd

87 a

Pine bark

94 a

97 a

88 a

66 a

89 a

65 ab

91 a

87 a

94 a

42 a

46 cd

52 b

95 a

43 b

79 a

59 a

6e

15 c

86 a

93 a

94 a

40 a

62 bc

Peatmoss
Saline pine bark

y

Aged pine needles

Mustard

Sorghum

66 ab

Fresh pine needles
5b
80 ab
97 a
18 a
41 d
59 ab
Aged whole pine
93 a
97 a
97 a
51 a
52 bcd
52 b
treex
Fresh whole pine
75 ab
93 a
88 a
40 a
67 b
73 ab
tree
z
Means followed by different letters within columns indicate significant difference at P < 0.05
using the Shaffer-Simulated method.
y
Pine bark soaked in a saline solution.
x
Processed whole pine trees (Pinus taeda) ground to pass a 1/4-inch screen.

Table 2. Mean seed emergence rate and total root length of three plant species after 14
(oat), 25 (tomato), or 33 (lettuce) days using a seedling growth test.
Emergence rate (%)
Total root length (cm)
Substratez
Peat-lite

Lettuce
86 ay

Oat
88 a

Tomato
81 ab

Lettuce
208 a

Oat
294 a

Tomato
186 a

Pine bark
92 a
88 a
85 ab
35 b
258 b
67 b
Aged whole pine
86 a
89 a
92 a
19 c
135 d
45 c
tree
Fresh whole pine
96 a
83 a
74 b
20 c
160 c
43 c
tree
z
Peat-lite (3 peatmoss : 1 perlite : 1 vermiculite); aged and fresh processed whole pine
trees (Pinus taeda) ground to pass a 1/4-inch screen.
y
Means followed by different letters within columns indicate significant difference at P <
0.05 using the Shaffer-Simulated method.
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Table 3. Physical propertiesz of processed whole pine tree (aged and fresh),
pine bark, and peat-lite substrates.
Bulk
Container
Total
density
Air space
capacity
porosity
(g·cm–3)
Substratey
Peat-lite

-----------------(% vol)---------------5.5 dx

62.3 a

67.7 c

0.209 b

Pine bark

22.7 c

53.5 b

76.3 b

0.267 a

Aged whole pine tree

32.5 b

45.4 c

77.9 b

0.185 b

Fresh whole pine tree
37.6 a
49.9 b
87.6 a
0.196 b
z
Data presented as means (n = 3) and obtained using the North
Carolina State University porometer method.
y
Peat-lite (3 peatmoss : 1 perlite : 1 vermiculite); aged and fresh
processed whole pine trees (Pinus taeda) ground to pass a 1/4-inch
screen.
x
Means followed by different letters within columns indicate significant
difference at P < 0.05 using the Shaffer-Simulated method.
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Significance to Industry: Competition for water resources continues to increase due to
population growth and increased agricultural and industrial water demand, resulting in
decreasing availability of freshwater for agricultural-related activities (1). Increasing the
efficiency of irrigation practices can decrease this strain on water resources. It also has
many benefits for production nurseries; including better control over plant quality due to
a reduction in foliar and root disease(s) (2), reduced water and fertilizer use, less
leaching of nutrients, and reduced runoff (3). Irrigation is necessary during the
production of containerized nursery crops due to the relatively small volume of substrate
that is used to produce container plants. To assure rapid growth, it is crucial to supply
the plants with adequate water and nutrients. However, excessive irrigation leads to
conditions amenable to pathogens and can ultimately lead to significant crop losses (4).
This is especially true in crops sensitive to “water mold” pathogens including pythium
and phytophthora. Gardenia is one such crop, where losses are typically 30% per
production season, with a large percentage of those losses directly related to production
environments with excessive irrigation rates.
Soil moisture sensors monitor substrate water content, and when used in conjunction
with a computer controlled irrigation system, can be used to initiate irrigation when
substrate water content drops below a user-specified set point. Here we describe the
use and economic benefit(s) of soil moisture sensors combined with a wireless network
to remotely monitor environmental conditions, substrate water content of Gardenia
augusta ‘MADGA 1’ PP#19988 (‘Heaven Scent’™), and irrigation water applications.
Such networks can provide growers with real-time information regarding the water
status of their crops and provide valuable information regarding the efficiency of water
applications. In the case of Gardenia augusta ‘Heaven Scent’™, using soil moisture
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sensors to monitor soil moisture and control irrigation application eliminated crop losses
due to root pathogens and substantially decreased the production cycle.
Nature of Work: Ten bays totaling approximately 20,000 ft2 in an unheated greenhouse
at a large commercial nursery were used for this research from late summer 2010 into
spring 2011. Each bay (plot) contained approximately 2,340 Gardenia augusta ’Heaven
Scent’™ in #2 containers filled with a bark-based substrate. Irrigation in five of the ten
bays was controlled with a Moisture Clik irrigation controller (IL200-MC, Dynamax,
Houston, TX), which uses a dielectric soil moisture sensor (SM200) to measure
substrate water content. These controllers use a single soil moisture probe. To limit
edge effects, irrigation in each bay was controlled based on the substrate water content
in a container centrally located within each block of plants.
Irrigation controllers were set to come on when the substrate water content dropped
below approximately 20% soil water content (0.20 m3·m-3). To prevent irrigation at night,
the Moisture Clik controllers were connected to a 24 hour timer to power the controllers
only between 8 am and 5 pm. Irrigation in the other five bays was controlled by nursery
personnel, who were asked to irrigate according to their regular practices. Each bay
was equipped with a water meter, and irrigation volumes were recorded monthly. Other
than irrigation, plants were produced using the standard cultural practices of the
nursery.
Results and Discussion: Many growers in the Southeastern U.S. suffer significant
losses in Gardenia, typically 30% (but as high as 70%) crop shrinkage, due to root
pathogens and associated mortality and reductions in quality. Our intention was to test
whether sensor-controlled irrigation can reduce water use and shrinkage due to
disease. Based on previous studies with Hydrangea macrophylla in the same
production facility, we expected to observe water savings as high as 83% over standard
irrigation practices (5). Yet our results indicated that sensor-controlled irrigation reduced
irrigation by only 1.2% (183,219 gallons/plot with sensor controlled irrigation versus
185,521 gallons in the control). The confounding results relating to water use between
the two treatments were due to the irrigation technician’s independent decision to mimic
the precision control system in the “standard irrigation” treatment he was charged with
irrigating. While this action by the irrigation technician negated the ability to determine
differences in irrigation quantity between standard irrigation practices and a precision
irrigation control system, it did show that sensor-controlled irrigation systems can be
used to train people to irrigate more efficiently.
Despite the lack of differences in irrigation, remarkable results were observed: Within
both treatments, there was zero mortality across the entire 23,400 units due to
pathogen pressure. The projected, typical losses were 2,000 units; therefore at an
industry standard $6.50/unit sale price, and given that 100% of the viable crop is usually
sold, avoided losses due to a lack of shrinkage amounted to $13,000. Also of note is
that producing a salable crop took much less time than usual: 8 months instead of the
typical 14 months, a 6-month or 43% shortening of the production cycle. While the exact
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cause of the reduction in production cycle duration is not clear, we hypothesize that
lower volumetric water content increased substrate temperature, reduced pathogen
pressure, and decreased fertilizer leaching; and that these factors increased plant
growth rates. The reduction in production time decreased production costs (including
elimination of some fertilizer and fungicide applications and associated labor costs);
these avoided costs amounted to roughly $7,700. Finally, the reduction in growing time
lowered the interest cost of holding growing plants in inventory by approximately $500,
assuming simple interest at a rate of 8% per year. The total increase in profits from
reduced production time and elimination of shrinkage thus totaled $21,200,
corresponding to $1.06 savings per ft2 per production cycle or $0.90 per plant per
production cycle. This estimate does not include the potential profits associated with
initiating a new production cycle in the same growing area earlier than projected due to
the time reduction in the production cycle. At this level of savings, the $3,000 precision
irrigation system installed in this study would have a payback period of less than 2
months.
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Significance to the Industry: In recent years there has been increasing interest in the
use of plant protectants to increase or induce plant tolerance to environmental stresses
in agronomic crops. Ideally plant protectants need to be low risk and provide an
adequate benefit such as a yield increase or reduced irrigation requirements. Typical
plant protectants on the market include, but are not limited to, herbicides, fungicides,
insecticides, and anti-transpirants. Traditionally, these are referred to as crop health
protectants and aid plant growth by preventing or attacking unwanted organisms. More
recently, some chemical companies have expressed interest in exploring the use of
these products specifically the strobilurin fungicides for ornamental crops.
Nature of Work: In 2009, BASF added “plant health” to their Headline Fungicide
(pyraclostrobin) after approval by the EPA (2). The following year (2010), BASF
launched Intrinsic™ brand fungicides into the turf and ornamental market labeled for
plant health and disease control (3). Intrinsic brand includes Honor® SC Intrinsic™
brand and Insignia® SC Intrinsic™ brand. Honor® SC Intrinsic brand is a premix of two
fungicides, boscalid and pyraclostrobin , targeting complex II and complex III,
respectively, of fungal respiration. Pyraclostrobin is the product responsible for plant
health benefits. There have been multiple reports indicating that pyraclostrobin
increases nitrate reductase activity and antioxidant enzymes, as well as reduces the
amount of CO2 lost by the plant (1, 2, 6, 7).
Although it is known that Honor® and Insignia® SC Intrinsic™ fungicides stimulate
growth and may improve plant health in agronomic crops (1), little research has
evaluated these fungicides for similar effects with ornamentals. Therefore, the objective
of this research was to evaluate two potential plant protectants, Pageant (boscalid +
pyraclostrobin ) and Regalia®SC (extract of Reynoutria sachalinensis), for increased
plant tolerance to drought in Impatiens walleriana 'Super Elfin XP White'.
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On May 5, 2010, Impatiens walleriana 'Super Elfin XP White' were potted from a 285plug tray into 6” azalea containers for experiments Expts. 1 and 2. All containers were
filled to the rim with Sunshine Mix #1 and lightly tapped twice on a hard surface to
reduce air pockets. After potting, impatiens were watered thoroughly and placed in a
controlled-environment greenhouse [70°F/65°F (day/night) temperatures] located at the
Rodney R. Foil Research Center, Starkville, MS.
To determine volumetric water content (VWC), the physical properties of Sunshine Mix
#1 were determined according to the method of Hidalgo et al. (5), with the substrate
providing 90.9% total porosity, 28.3% air space, 62.6% water holding capacity, and 0.11
g/cc bulk density. The WATERSCOUT SM100 Soil Moisture Sensor attached to a
handheld Sensor reader by Spectrum® Technologies, Inc, (Plainfield, IL). was calibrated
to our soilless substrate. Calibration data and the water holding capacity value was
then fitted to a regression model, yielding the equation VWC = 0.00076503*MW –
0.79736 (MW represents target mass wetness defined as a percentage).
Expt. 1a was initiated on June 14, 2010 by recording VWC and watering each container
to its designated VWC: 85% (well-watered control), 70%, 55%, 40%, and 25%. Four
rates of Pageant, based on 3.04 oz per 100 gallons, were used: 0, 0.5x (0.43 g/gal),
1.0x (0.86 g/gal), and 1.5x (1.29 g/gal). Foliar applications of Pageant were made once
a week 3 hours after watering containers. Expt. 1a was conducted using a randomized
complete block design with a 5 × 4 factorial treatment design with 6 replications (one
plant per pot) per treatment combination. Expt. 1b was initiated on July 27, 2010 and
conducted in a similar manner to Expt. 1a; however, based on results from Expt. 1a,
only three moisture levels: 85%, 55%, and 25% were included. Exp. 1b was conducted
using a randomized complete block design with a 3 × 4 factorial with 6 single pot
replications. Expt. 2a was initiated on July 27, 2010 and materials and methods were
the same as Exp. 1b, but only four rates of Regalia SC based on the label rate of 64 oz
per 50 gallons were used: 0, 0.5x (18.927 mL/1 gal), 1.0x (37.854 mL/gal), and 1.5x
(56.781 mL/gal). Regalia SC was applied once a week 1.5 hours after watering
containers to designated VWC. Expt. 2b was initiated on September 7, 2010 and
conducted in similar manner to Expt. 2a.
Initial VWC, daily VWC, total water applied, final growth index (FGI) [(height + width at
widest point + width perpendicular)/3], shoot dry weight (SDW), and root dry weight
(RDW) data were collected. Shoots were harvested by cutting the entire plant at the
soil line to remove the entire upper portion of each plant. Roots were harvested by first
soaking the container with substrate and roots in a 17.7-L container filled with tap water.
After soaking for a minimum of 8 hours, substrate was washed from the roots over a
screen to catch all fallen roots. Further washing removed all remaining small pieces of
substrate from the roots. Shoots and roots were oven-dried in a forced air drier at 65°C
for 72 hours. Data were analyzed with the GLIMMIX procedure of SAS (version 9.2;
SAS Institute Inc., Cary, NC), with mean separation according to the Holm-Simulation
method (alpha = 0.05).
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Results and Discussion: Based on recorded daily VWC in Expt. 1a, well-watered
(85%) containers were watered the same day after initial application (DAIA) of plant
protectant whereas VWC maintained at 70% and 55% went 3 and 6 DAIA, and 25% and
40% went 9 and 11 DAIA, respectively (Fig. 1). As previously mentioned, well-watered
(85%) containers were watered the same DAIA whereas VWC maintained at 55% and
25% went 5 and 10 DAIA, respectively (Expt. 1b).
Rates of Pageant had no effect on growth of impatiens with the exception of Pageant
applied at the 1.0x rate resulting in greater RDW compared to the 0.5x and 1.0x rates
(Table 1). Maintaining impatiens at 25% VWC resulted in significantly less growth than
plants maintained at higher VWC, which was similar to the results of Blanusa et al. (4).
There was no significant rate × moisture interaction in Exp. 1a, however there was a
rate × moisture interaction with SDW in Expt. 1b (Fig. 2). After four 1.0x applications of
Pageant, plants in containers maintained at 85% VWC had a greater SDW compared to
the other treatments at 85% VWC. However, Pageant applied at the 1.0x rate to waterstressed plants (55% and 25% VWC) produced no differences in shoot dry weight
compared to nontreated plants. These results were similar to previous reports in wheat
which showed increased water-use efficiency after application of pyraclostrobin to wellwatered plants, but not water-stressed plants (7).
Expt. 2. Based on recorded daily VWC, well-watered (85%) containers were watered
starting the second day (Expt. 2a) and the same DAIA (Fig. 3). Whereas, containers
maintained at 55 and 25% did not receive water until 8 and 13 DAIA (Expt. 2a) and 5
and 10 DAIA (Expt. 2b), respectively.
Differing rates of RegaliaSC had no effect on FGI or SDW of impatiens in Expt. 2a
(Table 2). However, the use of Regalia SC at the 0.5x rate resulted in greater RDW
compared to the 0.0x rate (nontreated) in Expt. 2a, whereas plants in Expt. 2b had
greater FGI when Regalia SC was applied at 0.5x (16.7 cm) and 1.0x (16.0 cm) rates,
compared to the 1.5x (13.1 cm) rate (Table 2). There was a significant difference in
growth of impatiens when containers were maintained at 85% VWC compared to 55%
and 25% VWC; however, there was no rate × moisture interaction.
Based on these results, Pageant, a strobilurin fungicide, has a limited affect when
applied to well-watered (85% moisture) impatiens at the 1.0x rate but does not seem to
increase water use efficiency in water-stressed impatiens. Furthermore, since there are
multiple reports indicating yield increases and reduced water use in agronomic crops
and turfgrass (2, 3, 8) further research should be conducted with other ornamental
crops.
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Figure 1. Percent daily volumetric water content (VWC) of Impatiens walleriana ‘Super
Elfin XP White’ after weekly applications of Pageant maintained at 85% (well-watered),
70%, 55%, 40% or 25% VWC, Expt. 1a (left) and Expt. 1b (right).
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Figure 2. Effect of different rates of Pageant on shoot dry weight of Impatiens
walleriana ‘Super Elfin XP White’ maintained at different volumetric water contents: 85%
(well-watered), 55% or 25%. Means with the same letters are not significantly different
according to the Holm-Simulation method, alpha=0.05.

Figure 3. Percent daily volumetric water content (VWC) of Impatiens walleriana ‘Super
Elfin XP White’ after weekly applications of RegaliaSC maintained at 85% (wellwatered), 55% or 25% VWC, Expt. 2a (Left) and Expt. 2b (right).
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Table 1. Growth of Impatiens walleriana 'Super Elfin XP White' after weekly foliar applications
of four rates of Pageant to plants grown in soilless substrate maintained at different volumetric
water contents.
Experiment 1a, June 2010
Experiment 1b, July 2010
z
y
x
w
SDW (g)
Rates
FGI (cm) SDW (g) RDW (g) FGI (cm)
RDW (g)
v
0.0x
20.4 a
5.5 a
0.43 ab
22.0 a
4.5 b
0.24 b
0.5x
19.6 a
4.7 ab
0.35 c
22.4 a
5.8 ab
0.36 ab
1.0x
20.5 a
5.4 ab
0.47 a
23.3 a
6.5 a
0.65 a
1.5x
19.2 a
4.5 b
0.40 bc
22.7 a
5.3 ab
0.42 ab
Moisture levelu
85%
70%
55%
40%
25%

25.6
22.4
20.1
17.5
14.1

a
b
c
d
e

9.2
6.9
4.9
2.9
1.2

a
b
c
d
e

0.70
0.50
0.42
0.30
0.15

a
b
b
c
d

29.6 a
23.9 b
14.4 c
-

9.5 a
5.4 b
1.7 c
-

0.62 a
0.44 b
0.19 c
-

Effects
0.1116
0.0158
0.8882
0.1723
0.0820
0.3852t
rate
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
moisture
0.8045
0.2937
0.5375
0.1068
0.0081
0.1650
rate*moist
z
Rates of Pageant applied weekly, based on recommended label rate: 0.0x,
0.5x (0.43 g/gal), 1.0x (0.86 g/gal) and 1.5x (1.29 g/gal).
y
FGI - final growth indices [(height + width + perpendicular width)/3].
x
SDW - shoot dry weight, oven dried for 72 hours @ 65C.
w
RDW - root dry weight, oven dried for 72 hours @ 65C.
v
Means (within a column) with the same letters within moisture level or rate are not statistically
different according to the Holm-Simulation method for mean comparison, alpha=0.05.
u
Percent moisture level of substrate was maintained based on volumetric water content.
t
p value.
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Table 2. Growth of Impatiens walleriana 'Super Elfin XP White' after weekly foliar applications of
Regalia to plants grown in soilless substrate maintained at different volumetric water contents.
Experiment 2a, July 2010
Experiment 2b, September 2010
z
y
x
w
Rates FGI (cm) SDW (g) RDW (g) FGI (cm)
SDW (g)
RDW (g)
v
0.0x
21.9 a
5.6 a
0.49 b
15 ab
2.6 a
0.30 ab
0.5x
23 a
6.4 a
0.74 a
16.7 a
2.6 a
0.45 a
1.0x
23.8 a
6.3 a
0.67 ab
16 a
2.7 a
0.47 a
1.5x
21.3 a
5.7 a
0.57 ab
13.1 b
1.5 b
0.16 b
Moisture levelu
85%
55%
25%

29.8 a
24.1 b
13.6 c

10.4 a
5.9 b
1.7 c

0.86 a
0.60 b
0.41 c

18.5 a
15.8 b
11.3 c

4.1 a
2.4 b
0.5 c

0.47 a
0.36 b
0.20 c

Effects
0.9250
0.0128
0.0991
0.0028
0.0165
rate 0.6117t
<.0001
<.0001
<.0001
<.0001
<.0001
moisture <.0001
0.4524
0.7961
0.7022
0.4169
0.8878
rate*moist 0.6563
z
Rates of Regalia applied weekly, based on recommended label rate: 0.0x, 0.5x (18.927 mL/gal)
1.0x (37.854 mL/gal and 1.5x (56.781 mL/gal).
y
FGI - final growth indices [(height + width + perpendicular width)/3].
x
SDW - shoot dry weight, oven dried for 72 hours @ 65C.
w
RDW - root dry weight, oven dried for 72 hours @ 65C.
v
Means (within a column) with the same letters within moisture level or rate are not statistically
different according to the Holm-Simulation method for mean comparison, alpha=0.05.
u
Percent moisture level of substrate was maintained based on volumetric water content.
t
p value.
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Water Quality Assessment of Two Creeks in Nursery-Dominated
Sub-Watershed at Base Flow
Sarah Hovis, Anonya Akuley-Amenyenu, Sam O. Dennis
Department of Agricultural and Environmental Sciences
Tennessee State University, Nashville, Tennessee 37209
sdennis@tnstate.edu
Index Words: Nursery, runoff, turbidity, pollutants, nutrients, surface water
Significance to Industry: Water quality issues associated with surface water (rivers,
creeks, stream and lakes) have changed since the enactment of the Clean Water Act
(CWA) in 1972. Most of these issues now relate to non-point source pollution from
agricultural and other commercial activities in the landscape. Nursery crop production
activities can contribute to both point and non-point source pollution. While the majority
of ornamental plants in Tennessee are in-field grown; plowing, liming and fertilization of
nursery fields can result in the runoff of tons of soil and essential crop nutrients at a
watershed scale. Thus, the protection of surface water continues to pose a major
challenge to researchers and growers. The question becomes, does field nursery crop
production contribute to the impairment of surface water resources like rivers, streams
and creeks? Sound water quality assessment tends to shed some light to the
aforementioned question. There is a strong correlation between surface water quality
and land use within a watershed. Subsequently a study of this nature is very important
to the green industry, considering the role the industry plays in water utilization
(irrigation) as well as in the agrarian economy. In 2010, the greenhouse and nursery
industry ranked 4th in the leading commodities for cash receipts in Tennessee and also
contributed about $297,867,000 to the state’s economy (1, 2). In middle Tennessee,
Collins River watershed spans Warren, Dekalb and Grundy counties, and large
concentration of nursery crop production exists within these counties. Therefore, the
potential for nutrient enrichment and sediment loading by overland and subsurface flow
to creeks and streams, in a sub-watershed dominated by nursery crop production,
exists. These creeks are usually conduits for contaminants flow to relatively large rivers
like the Collins River. In a 2009 survey conducted by EPA (www.epa.gov/lakessurvey),
the agency identified poor stream habitat and high level of nutrients as widespread
stressors impacting surface water quality in the United States. Additionally, fluvial
sediment was also identified as one of the major pollutants that impair surface waters
(5, 6). Our goal is to assess the water quality of in-flow creeks to the Collins River, the
data collected could be used by State and local regulatory agency to provide improved
watershed decision making in a sub-watershed dominated by nursery crop production
systems.
However, while growers are being viewed as contributors to surface water quality
degradation, our preliminary data indicate otherwise. We found essential crop nutrients
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like nitrogen and phosphorus to be relatively low in the creeks monitored; suggesting
efficient use of fertilizers by growers or non-use of fertilizers in their field production
systems. Notwithstanding, good BMPs (Best Management Practices) of individual
nursery fields could enhance stream water quality and total maximum daily loads
(TMDL) of essential nutrients at the watershed scale.
Nature of Work: Two creeks, Hills Creek and Mountain Creek in Warren County
Tennessee, were sampled. These creeks are tributaries of the Collins River. Land use
in the study area is predominantly agricultural, being comprised of nursery crops
primarily. A third water body, East Fork Stones River, located in Rutherford County,
Tennessee was sampled in conjunction with Hills Creek and Mountain creek. The East
Fork Stones River was sampled because there was no nursery crop production in the
sub-watershed where this river is located. Rainfall supplies nearly all the crop
production water demand, both in Warren and Rutherford Counties. The data from the
East Fork Stones River will not be presented in this publication. Grab water samples
were collected from the creeks with weighted bailers from corresponding bridges. Water
samples were collected weekly for eight weeks during the fall of 2011. The water
samples were collected mostly during base flow (normal stream flow) and in very few
instances after rainstorm events. Rainfall events occurred in week 2 and 6. Samples
were collected at two different locations (upstream and downstream) of the water
bodies. During each creek/river visits, water samples were collected in 500-ml LDPE
(low density polyethylene) sample containers, placed in a cooler with ice and then
transported to the lab for analysis. The water samples were analyzed for nitrate-N,
ammonium-N and Ortho-P; as well as the following cations: sodium, potassium,
magnesium and calcium. Standard methods for water sample analyses were used to
analyze all the nutrients of interest (4). In order to determine other water quality
parameters of interest: dissolved oxygen (DO), total dissolved solids (TDS), specific
conductance (SpCond), turbidity, temperature and pH were monitored with Eureka
Manta™ DataSondes or data logger units (Eureka Corp Austin TX), interfaced with the
applicable sensors and deployed in the creeks to at least a 45-cm depth and real-time
water quality data of the above mentioned parameters was recorded in situ. The Manta
(data loggers) were calibrated according to instrument specifications and programmed
to record measurements every 10 minutes. While sampling, visual observation of
aquatic habitats and wildlife present in the creeks were also noted.
Results and Discussion: The average concentrations of nutrients in the creeks are
presented in (Table 1). The nitrogen data represents the summation of the water nitratenitrogen and ammonium-nitrogen; nitrite was highly negligible. The phosphorus (P)
reported constitutes the dissolved P in the water. It ranged from 0.02 ppm in Mountain
creek to 0.08 ppm in Hills creek. It is worth mentioning that the dissolve form of
phosphorous usually serves as potential nutrient for algae in the water and as such may
support eutrophication in surface water. However there was no visual incidence of
eutrophication in either creek. Some of the cations determined are important because
they are present in agricultural liming materials (i.e. calcium and magnesium) that are
widely used by farmers. Both creeks have relatively low concentrations of cations,
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except for calcium and magnesium. Considering the hydro-geologic conditions of Middle
Tennessee, with abundance of limestone rocks, that tend to weather into terrains
referred to as karst, it is expected that calcium and magnesium will be relatively high in
the creeks. Calcium concentration ranged from 46 ppm to 94 ppm in Hills creek. Figures
1a and 1b depict selected water quality parameters of Hills Creek and Mountain Creek.
Hills Creek had the lowest average turbidity value (~2.5 NTU). Turbidity values tend to
increase when suspended particles (silt, clay, colloids, bacteria etc) in the water
increase. Turbidity is a quick way to screen for water quality problems; it also correlates
very well with suspended sediments in creeks and streams. Specific conductance is
important in water quality because it is a measure of dissolved salts in the water. Hills
creek had the highest specific conductance (Figure 1a). The total dissolved solids (TDS)
of Hills Creek were also higher than that of Mountain Creek. Certain biotic organisms
are useful in determining surface water quality as they are indicator of polluted or nonpolluted water. Crayfish were observed in Mountain Creek during our sampling period.
Crayfish presence indicates moderately clean water. Thus, they are seldom found in
polluted waters (7). Several fish were also observed in all the streams sampled. Fish
presence can also be used to indicate water quality because of their sensitivity to water
pollution. Most of the fish found were in the family of Sunfish (Centrarchidae). Fish in
this family are moderately tolerant to pollution and habitat alterations (3). Based on the
number of fish observed in both Mountain Creek and Hills Creek, the former creek tends
to have a better water quality characteristic than the later creek. All in all, the creeks
monitored didn’t seem to be greatly polluted during base flow conditions. However
during storm events, large volumes of sediments were added to the streams from
surface runoff, especially in areas where the landscape has been disturbed.
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Table 1. Selected nutrient parameters - Hills Creek and Mountain Creek.
Concentration in parts per million-(ppm)
Week
1
2
3
4
5
6
7
8

Nitrogen Phosphorus Sodium
HC* MC* HC
MC
HC MC
15.1 0.0
3.5
9.99
0.04
1.86
8
3
9
0.0
8.1
6.96 5.42
0.04
2.00
2
6
0.0
6.8
7.08 8.20
0.02
2.84
3
5
10.2 0.0
7.9
9.31
0.02
2.65
6
5
6
0.0
7.3
2.06 8.20
0.05
1.69
8
9
0.0
6.3
5.67 2.21
0.03
2.00
5
9
10.4 0.0
6.7
3.13
0.02
1.33
9
2
2
12.5 11.9 0.0
6.7
0.03
1.39
3
1
2
1

Magnesium
HC
MC
15.0
8.55
7
35.1
6.27
0
26.4
6.09
5
32.0
6.14
5
31.3
9.08
0
27.6
4.88
6
33.1
5.48
0
33.8
4.48
5

Calcium
HC MC
45.6 38.1
5
0
72.6 27.4
0
5
56.6 27.2
0
0
87.2 27.0
5
5
93.5 36.2
0
0
68.6 24.3
5
5
81.5 25.4
0
5
83.2 23.4
5
0

Potassium
HC
MC
1.57

1.33

3.81

0.87

2.78

0.80

3.24

0.75

3.18

0.94

2.50

1.41

2.64

1.08

2.70

1.46

* HC – Hills Creek
*MC – Mountain Creek
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Figure 1a. Selected Water Quality Parameters - Hills Creek and Mountain Creek.

Figure 1b. Selected Water Quality Parameters - Hills Creek and Mountain Creek.
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Estimating daily water use of snapdragon in a hydroponic production system
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Significance to Industry: Efficient irrigation and nutrition management in ornamental
production is critical to ensure plant quality and profitability. However, little information is
available about the exact water needs of plants on a daily basis. We used a load cell
system and wireless sensor network to monitor the evapotranspiration (ET) and cultural
factors (substrate water, light, temperature, and relative humidity) of snapdragon
(Antirrhinum majus L.) in a hydroponic system, to quantify daily water use (DWU) as a
function of plant age and changing environmental factors. Daily water use was positively
correlated with days after planting (DAP), daily light integral (DLI), and vapor pressure
deficit (VPD). In particular, DWU of snapdragon grown in a perlite hydroponic
environment was highly affected by VPD. Preliminary data indicates that a regression
model using these parameters can accurately predict the amount of irrigation required
to match snapdragon plant water use in this system, improving the efficiency of both
irrigation and nutrient management.
Nature of Work: Optimizing irrigation can provide better root zone water and nutrient
management, to maximize plant growth, quality and health (1), as well as improving the
efficiency of expensive inputs (2). However, little information is available regarding realtime water requirements of ornamental plants in production. We used a load cell-based
evapotranspiration measurement system to measure real-time substrate water additions
and loss, to model continuous plant water requirements. The objective of this work was
to quantify the daily water use (DWU) of snapdragon in a hydroponic greenhouse
production system, to better understand the environmental variables which had the
greatest affect on water use by a large, three-dimensional plant canopy.
Seedlings of Antirrhinum majus L. ‘Opus Fresh White’ were transplanted to a perlite bag
(72” × 12”). Six seedlings were transplanted in each one of eight holes in six identical
growing bags (a total 48 seedlings per bag) in a commercial greenhouse (Flowers by
Bauers, Jarrettsville, MD) and grown from Jul. 9 to Aug. 25, 2011. Each growing bag
was filled with approximately 40 L of perlite (Grade A-20; Pennsylvania Perlite Co.,
Bethlehem, PA). The plants were fertigated six to seven times a day using drip
irrigation, following normal cultural management conditions. A modified Hoagland’s
solution was applied for 5 minutes at each fertigation event. Each bag was placed on
top of a load cell apparatus, consisting of a lightweight aluminum tray that rested on two
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load cells (ESP-35; Transducer Techniques, Temecula, CA). The load cells were
connected to a datalogger (CR10X; Campbell Scientific, Logan, UT) via multiplexer
(AM416; Campbell Sci.). The datalogger measured the bag weight every 5 sec, and
recorded the average and weight change every 5 min. Daily water use was calculated
from the change in bag weight over the day. To measure the light interception of the
plants, light levels above and below the canopy were measured with a
photosynthetically active radiation (PAR) sensor (SQ-110) and custom line quantum
sensors (SQ-319; Apogee Instrument, Logan, UT), respectively. Intercepted DLI (IntDLI)
was calculated from DLI above the canopy minus DLI below the canopy. Temperature
and relative humidity sensors (EHT; Decagon Devices, Pullman, WA) and capacitance
soil moisture sensors (EC-5; Decagon Devices) were connected to a wireless sensor
network (EM50R; Decagon Devices) to continuously monitor the canopy environment
and the substrate water content (θ, v/v) of the perlite bags. The vapor pressure deficit
(VPD) was calculated from temperature and relative humidity. To measure the water
balance, water influx and efflux were measured with a flow meter (25PN; Badger meter,
Milwaukee, WI) and six rain gauges (ECRN 50; Decagon Devices) mounted at the end
of each load cell apparatus, to collect and measure any runoff.
At 48 days after planting (DAP), plants were harvested and shoot height, shoot dry
weight, and leaf area of 8 random plants per bag were measured. The quality of the
plants was determined by measuring floral spike length greater than 20 cm, within 15-20
cm, and less than 15 cm, and grading them as grade 1, 2, and 3, respectively. To
determine the effect of plant age and environmental conditions on the DWU of
snapdragon, multiple regressions were performed (Proc REG, SAS Systems, Cary,
NC). A stepwise selection was used to select the significant parameters (P < 0.05) to
include in the model, and the best fit model with logical variables was selected.
Results and Discussion: The substrate water contents (θ; v/v) of perlite bags were
maintained within very narrow range of 0.32 ± 0.02 m3·m-3 (mean ± SD). At harvest,
shoot height was 97.6 ± 7.6 cm, shoot dry weight was 4.97 ± 1.47 g, and leaf area was
372.6 ± 111.2 cm2 (mean ± SD). The average quality of the plants was 50, 16, 16, and
18% for grades 1, 2, 3, and culled, respectively.
The load cell-based ET measurement system was able to accurately monitor water loss
from the perlite bags. Although flow meter and rain gauges could give water balance
through influx and efflux of irrigation amount, the precision of the flow meter (i.e., 1
gallon increments) and the occasional clogging of perlite in the rain gauges made it
difficult to acquire a reliable measurement using these sensors (Fig. 1). However, the
load cell-based ET system accurately measured the bag weight change, making it
possible to calculate DWU, as well as hourly water use with good precision (i.e. ± 1.07 g
per bag).
Cut-flower snapdragon DWU ranged from 27.6 to 94.2 mL/plant. As previous research
has reported (3; 4), DWU fluctuation was strongly correlated with DAP (r = 0.63, P <
0.001) and was tightly correlated with daily light integral (DLI) and VPD (Fig. 2). From
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the stepwise regression selection, the model with two interaction variables (DAP ×
IntDLI and DAP × VPD) was selected as the best fit model (Fig. 3). Although DAP×DLI
also gave a good correlation with DWU (r = 0.64, P < 0.001), this term was not
significant with DAP×VPD variable in the model. From the best fit model, approximately
81% DWU was explained by the model:
DWU = 0.01497 * DAP × IntDLI + 1.44188 DAP×VPD + 11.49 (Adj. R2 = 0.806)
Both model variables were highly significant (P < 0.01). DWU increased with increasing
DAP, because of an increase in plant size over time. DWU also increased with
increasing IntDLI and VPD, which is not surprising since PAR affects stomatal opening
and VPD is the driving force for transpiration. From the partial R2 calculation, the DAP ×
IntDLI term had value of 0.28, and DAP × VPD term had a value of 0.54. From a
previous study estimating the DWU of petunia, Kim et al. (3) indicated DLI was the most
determinant environmental factor on petunia water use. However, our results indicate
that VPD had a larger determinant effect on the DWU than DLI in this snapdragon
experiment. Baille et al. (4) reported the ET of nine ornamental plants, and separated
the environmental effects on ET by total solar radiation and VPD. They reported that the
ET of Gardenia, Impatiens, Pelargonium, and Schefflera were mostly determined by
total solar radiation (> 80%). However, the ET of Begonia was largely determined more
by VPD (55%) than total solar radiation (4). This suggests a species-dependent
behavior of ET, with different sensitivities to PAR and VPD; our results suggest that
snapdragon appears to be more like Begonia, with a greater sensitivity to VPD than DLI.
The required environmental data for this model can be easily acquired from simple
weather stations, and this preliminary model may provide some insight for snapdragon
growers for estimates of daily water use, without the need for expensive and
complicated load-cell setups. We are following up with additional experiments to
determine the sensitivity of this model to environmental conditions at different times of
the year and with different cultivars. Nevertheless, our results suggest that it is possible
to estimate the daily water requirements of plants from simple measurements of
environmental parameters.
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Fig. 1. Daily water use estimation of cut flower snapdragon production in a hydroponic
system. A Load cell-based evapotranspiration measurement system and a water
balance system using flow meter and rain gauges were compared. The lack of flow
meter precision and occasional perlite clogging the rain gauges resulted in the lower
reliability of the water balance system.
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Fig. 2. A comparison of daily water use (DWU) of snapdragon ‘Opus Fresh White’ in a
hydroponic system with separated values of daily light integral (DLI) and vapor pressure
deficit (VPD) in the greenhouse during the production period. VPD was averaged over
the entire day.
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Fig. 3. Observed daily water use and the integrated model DWU of snapdragon ‘Opus
Fresh White’ grown in perlite bag in a hydroponic system over 48 days. The model was
based on the effect of days after planting (DAP), canopy intercepted daily light integral
(IntDLI), and vapor pressure deficit (VPD). The first 10 days of the model was not
included, due to lack of IntDLI data.
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Significance to Industry: High quality irrigation water for green industry is becoming
increasingly limited. Alternative water source such as municipal reclaimed water is
being used for irrigating landscapes in some areas in the Southwest. Ornamental chile
peppers are popular for container-grown plants as well as bedding plants providing
unique foliar and fruit colors (1, 2, 3). However, information in the responses of
ornamental chile peppers to irrigation water with elevated salts is limited. This study
quantified the responses of 11 ornamental chile peppers to elevated salinity. Our
results indicated that most cultivars were moderately tolerant to salinity with little or no
foliar salt injury, although growth is reduced at elevated salinity. ‘NuMex Memorial Day’
was most sensitive among the 11 tested cultivars with foliar damage and significant
growth reduction.
Nature of Work. Seeds of 11 cultivars of ornamental chile peppers (NuMex Twilight,
NuMex Centennial, NuMex Christmas, NuMex April Fool’s Day, NuMex Cinco de Mayo,
NuMex Valentine, NuMex Easter, NuMex Halloween, NuMex St. Patrick’s Day, NuMex
Memorial Day, NuMex Thanksgiving) were sown on 2 Jun in plug cells filled with Rediearth Plug & Seedling Mix (SunGro Hort., Bellevue, WA) and covered with 0.25 inch
coarse vermiculite. Germinated seedlings were transplanted to 6-inch round plastic
pots filled with Sunshine Mix No. 4 (SunGro Hort., Bellevue, WA).
Saline solutions at electrical conductivity (EC) of 1.3 (nutrient solution, control, no
addition of salts), 4.1, and 8.1 dS·m-1 were created by adding appropriate amounts of
sodium chloride (NaCl) and calcium chloride (CaCl2) at 2:1 (molar ratio) to nutrient
solution. The EC of tap water was 0.8 dS·m-1 and the major ions in the tap water were
Na+, Ca2+, Mg2+, Cl-, and SO42- at 184, 52.0, 7.5, 223.6, and 105.6 mg·L–1, respectively.
Saline solution irrigation (treatment) was initiated on 15 July and irrigation frequency
was determined based on cultivar (biomass), treatment, and climatic conditions to avoid
overwatering and water stress. The temperatures in the greenhouse during the
experimental period were at 33.3 ± 2.6 C (mean ± SD) during the day and 25.6 ±1.6 C
at night. The daily light integral (photosynthetically active radiation) was measured at
18.6 ± 3.0 mol·m-2·d-1.
Experiment was terminated on 9 Sept. Upon termination of the experiment, shoots were
severed at the substrate surface. Leaves, stems and fruits were separated and the dry
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weights (DW) were determined after oven-dried at 70 °C to constant weight. Foliar salt
damage was rated by giving a score to every plant from 0 to 5, where 0 = dead, 1 =
over 90% foliar damage (salt damage: burning, necrosis, and discoloration); 2 =
moderate (50-90%) foliar damage; 3 = slight (<50%) foliar damage; 4 = good quality
with minimal foliar damage; and 5 = excellent without any foliar damage. Leaf osmotic
potential was determined as described in Niu et al. (3). Specifically, leaves were
sampled from the middle section of the shoots in the early morning at the end of the
experiment, sealed in a plastic bag, and immediately stored in a freezer at –20 °C until
analysis. Frozen leaves were thawed in a plastic bag at room temperature before sap
was pressed out with a Markhart leaf press (LP-27, Wescor, Logan, UT) and analyzed
using a vapor pressure Osmometer (Vapro Model 5520, Wescor, Logan, UT).
The experiment was a split-plot design with salinity of irrigation water as the main plot
and species subplot with 10 replications. All data were analyzed by a two-way ANOVA
using PROC GLM. When the main effect was significant, linear regression was
performed using PROC REG. To determine the differences among salinity level on
plant growth, Student-Newman-Keuls multiple comparisons were performed. All
statistical analyses were performed using SAS software (Version 9.1.3, SAS Institute
Inc., Cary, NC).
Results and Discussion. Plants irrigated with nutrient solution (no additional salts)
and saline solution at EC of 4.1 dS·m-1 did not have any foliar damage, regardless of
cultivar. However, plants of some cultivars irrigated with saline solution at EC of 8.1
dS·m-1 had foliar damage (Table 1). ‘NuMex Memorial Day’ had the most severe
damage and had an average score of 2.45. ‘NuMex Thanksgiving’, ‘NuMex Twilight’,
‘NuMex Cinco de Mayo’, and ‘NuMex April Fools’ had little or no foliar damage. Salinity
treatment decreased leaf osmotic potential for most cultivars but not on ‘NuMex Easter’
and ‘NuMex Halloween’ (Table 1) and the degree of decreasing in leaf osmotic potential
varied among cultivars.
Shoot dry weight (DW) was reduced by elevated salinity except for ‘NuMex Thanksgiving’
(Table 2). The reduction percentages by salinity varied with cultivars. For example, the
shoot DW of ‘NuMex Memorial Day’ was reduce by 73.7% in EC 8.1 compared to the
control, followed by ‘NuMex Centennial’ and ‘NuMex Christmas’ by 50% to 52%, ‘NuMex
Easter’ at 46%, ‘NuMex St. Patrick’ at 48%, and the rest of the cultivar had a reduction
below 40%. The highest shoot DW reduction in ‘NuMex Memorial Day’ coincided with
lowest visual score, indicating that this cultivar was most sensitive to salinity. Although
the foliar damage in other cultivars were minor, the low visual scores are generally found
in plants with larger shoot DW reduction when irrigated with saline solution. The final
plant size (growth index) of ‘NuMex April Fools’ and ‘NuMex Centennial’ were not
affected by the salinity treatments (Table 3). All other cultivars became shorter and more
compact as salinity of irrigation water increased. In summary, all cultivars were
moderately tolerant to saline water irrigation except for ‘NuMex Memorial Day’, which was
the most sensitive among the 11 cultivars with severe foliar damage at EC 8.1 dS·m-1
and 70% shoot growth reduction compared to the control.
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Table 1. Leaf osmotic potential measured of 11 ornamental chile pepper cultivars
irrigated with saline solution at electrical conductivity (EC) of 1.3 (control, nutrient
solution), 4.1, or 8.1 dS·m-1 for 8 weeks.
Osmotic potential
Visual Score
Cultivars
Control
EC 4.1
EC 8.1
EC 8.1
April Fool’s Day
-1.80 a
-1.72 a
-2.01 b
4.98
Centennial
-1.82 a
-2.02 b
-2.44 c
4.8
Christmas

-1.58 a

-1.69 b

-1.76 b

4.69

Easter

-1.83 a

-1.95 a

-1.88 a

4.91

Halloween

-1.2 a

-1.16 a

-0.99 a

4.88

Cinco de Mayo

-0.82 a

-0.98 a

-1.34 b

5

Memorial Day

-1.35 a

-1.52 a

-1.89 b

2.45

St. Patrick’s Day

-1.49 a

-1.82 b

-1.72 b

4.87

Thanksgiving

-1.57 a

-1.78 b

-2.03 c

5

Twilight

-1.64 a

-1.97 b

-2.15 b

5

Valentine

-1.58 a

-1.71 b

-1.90 c

4.83

z

means with the same small letters in the same row (among treatment) were not
different tested by Student-Newman-Keuls multiple comparisons at P = 0.05.
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Table 2. Shoot dry weight of 11 ornamental chile pepper cultivars irrigated with saline
solution at electrical conductivity (EC) of 1.3 (control, nutrient solution), 4.1, or 8.1 dS·m1
for 8 weeks.
Shoot Dry Weight (g/plant)
Reduction (%)
Cultivars
Control
EC4.1
EC8.1
EC8.1
April Fool’s Day
20.9 a
16.7 b
13.18 c
36.9
Centennial
54.7 a
42.8 b
27.1 c
50.5
Christmas

15.0 a

11.9 b

7.2 c

52.5

Easter

23.4 a

21.5 a

12.6 b

46.2

Halloween

20.4 a

17.9 a

13.3 b

34.6

Cinco de Mayo

18.4 a

19.6 a

12.6 b

31.5

Memorial Day

19.5 a

13.3 b

5.1 c

73.7

St. Patrick’s Day

16.3 a

16.7 a

8.5 b

47.7

Thanksgiving

42.0 a

39.5 a

35.9 a

14.5

Twilight

43.5 a

31.7 b

27.4 b

37.0

Valentine

16.4 a

17.1 a

10.8 b

34.1

z

means with the same small letters in the same row (among treatment) were not
different tested by Student-Newman-Keuls multiple comparisons at P = 0.05.
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Table 3. Growth index [(height + width1 + width 2)/3] of 11 ornamental chile pepper
cultivars irrigated with saline solution at electrical conductivity (EC) of 1.3 (control,
nutrient solution), 4.1, or 8.1 dS·m-1 for 8 weeks.
Growth Index (cm)
Reduction (%)
Cultivars
Control
EC4.1
EC8.1
EC8.1
April Fool’s Day
31.9 a
27.4 a
27.5 a
13.8
Centennial
46.7 a
30.4 a
33.7 a
27.8
Christmas

25.2 a

25.0 a

19.3 b

23.4

Easter

32.7 a

28.7 b

22.9 c

29.9

Halloween

29.8 a

25.6 b

24.2 b

18.7

Cinco de Mayo

29.3 a

29.1 a

25.1 b

14.4

Memorial Day

25.7 a

24.2 a

16.2 b

37.0

24.1 a

23.8 a

18.7 b

22.5

109.1 a

101.5 b

73.0 c

33.0

Twilight

59.9 a

51.8 a

39.6 b

33.9

Valentine

29.1 a

26.7 ab

23 b

21.0

St. Patrick’s Day
Thanksgiving

y

z

means with the same small letters in the same row (among treatment) were not
different tested by Student-Newman-Keuls multiple comparisons at P = 0.05.
y
Height but no width were measured.
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Significance to Industry: Slow sand filtration is an increasingly viable option for
treating irrigation and run-off water at nurseries that grow ornamental plants because it
is low cost after installation, needs minimal maintenance, and does not require harsh
chemicals (1, 2, 3, 4, 5). However, the slow flow rate of water through slow sand filters
does not encourage nurseries that require large volumes of water for irrigation to adopt
this technology. The efficacy of slow sand filtration is based not only on physical and
chemical properties of the sand but also on the microflora present in the water system
and the microbial community that develops on and in the sand (4). We evaluated the
effects of microbial communities that developed on four alternative filter substrates
(crushed brick, calcined clay, Kaldnes® medium, and polyethylene beads) and sand for
removing zoospores of Phytophthora nicotianae from recycled irrigation water. These
substrates could be used as slow filters or in modified subsurface flow constructed
wetland systems to mitigate plant pathogens in irrigation water at ornamental plant
nurseries while increasing the flow rate through the filter system. Use of slow filters in
commercial nurseries could reduce the incidence of diseases caused by pathogens that
have propagules that are dispersed in water, which should reduce the amount of
fungicides applied to manage these diseases.
Nature of Work: Phytophthora nicotianae attacks over 200 plant species worldwide
and is one of the most common pathogens attacking nursery plants in the southeastern
USA (6, 3, 7; Jeffers, personal observation). Because zoospores of P. nicotianae, as
well as other species of Phytophthora, can be disseminated through recycled irrigation
water, it is essential to treat recycled water before re-use to avoid irrigating with infested
water. Our objective in this study was to evaluate the filtration efficacy of five
substrates, sand, crushed brick, calcined clay, Kaldnes® medium, and polyethylene
beads, after microbial community development to remove zoospores of P. nicotianae
from recycled irrigation water. The ability of each substrate without a microbial
component to filter zoospores was reported previously (8).
To evaluate the influence of the microbial community on filtration efficacy of each
substrate, a continuous recirculating-flow system was constructed to allow the natural
microflora present in the irrigation water to develop a community within each substrate.
Run-off water collected from a retention pond at a commercial greenhouse was used for
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this study. Water samples from the retention pond were tested before use to document
that Phtyophthora spp. were not present already.
Three sets of six columns were constructed with transparent poly-vinyl chloride (PVC)
pipe (Figure 1). Each column was 5 cm in diameter and 95 cm tall and was fitted with
injection and sampling ports at specified depths, depending on the substrate (Figure 1).
The sump tank was filled and maintained with 20 L of runoff water. A submersible
pump supplied water from the sump to a manifold mounted at the top of the columns;
the manifold evenly distributed water to each column. Each column in a set was filled
with one substrate to a specific depth: 10 cm for sand, calcined clay, and brick and 60
cm for Kaldnes® medium and polyethylene beads. Substrate depths that allowed some
zoospores to pass, based on previous research (8), were selected so the effect of the
microbial community could be determined. The flow rate in all columns was maintained
at 10-30 mL/min, which is three times faster than the flow rate recommended for
conventional slow sand filtration (2, 9, 10). After passing through the flow meter at the
bottom of a column, the effluent was recirculated into the sump to be redistributed.
Water was recirculated continuously for 21 days to allow the natural microflora in the
irrigation water to develop a community in each substrate. Bacterium density within
each substrate and the number of zoospores of P. nicotianae captured in the effluent
from each column were measured when the recirculating system was set up (Day 0)
and after 21 days of constant water recirculation (Day 21).
Zoospores of P. nicotianae were produced and quantified in the laboratory as reported
previously (8). A standardized number of zoospores (12 mL of a zoospore suspension,
1×103 zoospores/L) was injected into each column 5 cm above the top of the substrate.
Immediately after injecting zoospores, two 1-L aliquots of effluent were collected from
each column. Water samples (in 50-, 100-, and to 200-mL aliquots based on
anticipated CFU counts from preliminary studies) were passed through polycarbonate
membrane filters (47 mm in diameter) with 3-µm pores; a total of 600 mL was filtered
from each 1-L aliquot. The filters then were inverted onto 90-mm-diameter petri dishes
containing PARPH-V8, a medium selective for species of Phytophthora (11, 12).
Dishes were placed at 25°C, the filters were removed at 24 h, and colony-forming units
(CFU) were counted at 24 h and 48 h.
The density of bacteria in the microbial layer that developed on each substrate was
quantified based on the methods of Calvo-Bado et al. (2003) and the standard
heterotrophic plate count method no. 9215 (14). Approximately 1 g (wet weight) of
substrate was collected from each column, and water was collected at 58 cm from the
base of the control column because it did not contain a substrate. Each substrate
sample was added to 10 mL of sterile distilled water, and the suspension was mixed
vigorously for 10 sec every 2-3 min for 15 min. Using sterile distilled water, a series of
1:10 dilutions was made for each sample, and aliquots were pipetted onto trypticase soy
agar (TSA; Becton, Dickinson, and Company, Sparks, MD). To enumerate microbial
populations, 10 µL of each dilution was plated in triplicate, and plates were held at 20°C
for 6 days before colonies were counted.
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Each experimental unit contained six columns, one for each substrate and the control.
One set of columns was used in each trial of the experiment. Three replicate trials were
conducted, each with a different column set, fresh substrates, and water collected on a
different date. Data were analyzed statistically using two-way analysis of variance
(ANOVA) with time (0 and 21 days) and substrate treatment as main effects; means
were separated by Fisher’s protected least significant difference (LSD) with P ≤ 0.05 for
P. nicotianae density and P ≤ 0.10 for bacteria enumeration. All analyses were
conducted using JMP (v.8.0.2) statistical software (SAS Institute, Cary, NC). Results
from filtrations in each trial were normalized and reported as percent zoospore removal
in each substrate column. Zoospore removal was calculated by comparing the number
of zoospores passing through each substrate to the number of zoospores in the control
column, which represented the actual number of zoospores present in the recirculating
water:
Zoospore removal (%) =
[1]
Zoospore removal is the percentage of zoospores removed by both physical and
biological filtration for each substrate. The significant effects of time and substrate
treatments on microbial community development were evaluated using Fisher’s
protected LSD but with P ≤ 0.10 because of the inherent variability among bacterium
densities.
Results and Discussion: Both substrate treatment and time significantly affected
zoospore removal in this study. Zoospore removal was significantly greater after
continuously circulating irrigation water for 21 days through the different substrates than
before circulation began on Day 0, except for Kaldnes medium (P < 0.0001; Figure 2).
Percentages of zoospores removed on Day 0 and Day 21, respectively, were: sand, 64
and 99%; brick, 64 and 94%; clay, 45 and 93%; beads, 33 and 86%; and Kaldnes
medium, 38 and 64%. The significant increase in zoospore removal over time was
likely due to increased microbial activity within each substrate. There also was a
significant difference in zoospore removal among substrate treatments (P = 0.0018) on
Day 0, before irrigation water was recirculated through the columns, due to physical
filtration differences.
Bacterium densities that developed in the different substrates were significantly affected
by both substrate treatment (P ≤ 0.10) and time (P ≤ 0.05). Densities of bacteria among
the substrate treatments differed significantly after irrigation water was recirculated
continuously through the columns for 21 days (P = 0.0618) but not before water began
recirculating (P = 0.2537; Figure 3). There was a decline in bacterium density in the
control column over time; this likely was because the substrates in the other columns
were removing bacteria from the water as water was being recirculated. At Day 21,
bacterium densities were greatest in the sand and calcined clay treatments and least in
the polyethylene bead and Kaldnes® medium treatments (Figure 3). Bacterium
densities (CFU/g) for each column on Day 0 and Day 21 were: control, 2.5 x105 and 6.7
x104; sand, 2.6 x106and 2.5 x107; brick, 3.3 x106 and 1.1 x107; clay, 4.3 x106 and 2.0
x107; bead, 1.7 x106 and 6.8 x106; and Kaldnes medium, 8.4 x105 and 3.9 x106.
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This experiment was designed so that zoospore removal on Day 0 represented physical
filtration of zoospores from water while the difference between zoospore removal at the
beginning of the experiment and 21 days later represented the role of the microbial
community that developed on the substrates in zoospore removal. Although there was
a significant difference in zoospore removal among substrate treatments at Day 0, this
difference diminished and zoospore removal increased in all but one substrate by Day
21, suggesting that the microbial community enhanced zoospore removal. The removal
of zoospores by sand, crushed brick, calcined clay, and bead substrates did not differ
statistically on Day 21; beads needed six times the substrate depth as sand, clay, and
brick to achieve a similar level of efficacy in zoospore removal (i.e, sand, crushed brick,
and calcined clay at 10 cm were as effective as beads at 60 cm). Kaldnes® medium
was the only substrate in which an increase in microbial load did not significantly
influence zoospore removal from Day 0 to Day 21 (Figures 2 and 3). It is unclear why
this discrepancy occurred, but this substrate had the largest pore size (8) so perhaps
the microbial community was unable to fill all the gaps. In the other four substrates,
zoospore removal was greater after the microbial community developed (Figures 2 and
3). Our results corroborate results from several other studies where increased density
of bacteria in a substrate increased removal of the pathogen propagules from water (15,
16, 17, 18).
The approach utilized in this study enabled quantification of the microbial filtration
component for various substrates at sub-optimal filter depths. If greater substrate
depths were used, the effects of microbial community development on filtration may not
have been observed due to the effectiveness of physical filtration alone. Although there
was not a significant difference in the removal of zoospores on Day 21 among sand,
crushed brick, calcined clay, and beads, the percentage of removal by sand (99 ± 0.5%,
Figure 2) was nearly 100% in our experimental system. Although it is not known how
many zoospores of Phytophthora spp. are needed to cause disease on most plants,
removing the greatest number of zoospores from water was the goal of this research
and likely would be the goal for a nursery that was recycling irrigation water.
To determine if these results are consistent with those on a large-scale filtration system,
sand, crushed brick, and clay should be incorporated in a large-scale model with flow
rates equivalent to those used in this experiment, which are faster than the current
model of slow sand filtration. These three substrates were the most effective at filtering
zoospores and only required 10 cm of depth; whereas the beads required 60 cm and
may not be as efficient on a large-scale. These substrates are both effective and
economical; however, calcined clay is less stable and more expensive than sand and
crushed brick. Eventually, we plan to incorporate a subsurface filtration module into a
constructed wetlands system, so nurseries in the southeastern USA have an
ecologically-based, low-maintenance treatment system to cleanse recycled irrigation
water.
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(a)
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Figure 1. Diagram (a) and photograph (b) of the recirculating system used in this study.
Water is held in the sump tank, and the pump supplied water to the manifold where it is
dispersed evenly to the six columns. Each column holds one substrate at a fixed depth
(left to right): sand at10 cm; crushed brick at 10 cm; calcined clay at 10 cm;
polyethylene beads at 60 cm; Kaldnes® medium at 60 cm; and an empty column
(control). Flow meters at the bottom of each column control the flow of water through
that column. A: The arrows in each column represent the direction of the flow of water
and the black triangles on each column represent the injection point.
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Figure 2. Removal of zoospores of Phytophthora nicotianae from irrigation water by
five substrate treatments (sand, crushed brick, and calcined clay at 10 cm deep and
polyethylene beads and Kaldnes medium at 60 cm deep) initially (Day 0) and after 21
days of continuous recirculation (Day 21). The percentage of zoospores removed was
based on the number of zoospores in the control treatment minus the number of
zoospores captured in effluent leaving each column. Error bars are standard errors of
the means. * indicates there was a significant difference (P≤ 0.05) in zoospore removal
between Day 0 and Day 21 for an individual substrate treatment.
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Figure 3. Density of bacteria (CFU/g of substrate [wet weight]) that developed in five
substrate treatments before (Day 0) and after (Day 21) irrigation water was circulated
continuously through the substrates for 21 days. Treatments were: sand, crushed brick,
and calcined clay at 10 cm deep and polyethylene beads and Kaldnes medium at 60 cm
deep. Samples for enumeration were collected 5 cm below the top of the substrate.
Error bars are standard errors of the means.
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Development of an Elevated Dissolved Oxygen Treatment System
S. E. Wilson and A. Fulcher
Department of Plant Sciences, University of Tennessee
Knoxville, TN
afulcher@utk.edu
Index words: irrigation, oxygen, aeration, substrate, nursery crops, ornamentals,
Cornus, dogwood, Forythia
Significance to the industry: Container production has potential for suboptimal
oxygen levels in the root zone. The Water D.O.G.™ Iron Hunter HD did increase
dissolved oxygen levels above those in municipal water supplies. Increasing dissolved
oxygen levels can lead to increased biomass, more full and healthy root system, and
decrease susceptibility to disease. Future work will examine the effect of growth on
multiple species and how elevated dissolved levels affect root rot infection.
Nature of work: Container nursery crops have condensed root systems that are often
grown in non-permeable containers (i.e. non-fabric, black polyethylene). These
containers limit the gaseous diffusion between the atmosphere and the rhizosphere to
the surface of the containers. Toxic by-products of anaerobic respiration (4), carbon
dioxide supply, and high temperatures can deplete root zone oxygen levels. Thus, the
potential for suboptimal rhizopheric oxygen conditions exists. Additionally, while oxygen
is vital for root respiration, a range of acceptable rhizospheric oxygen levels in container
production is not known.
While an adequate amount of air space in a substrate after free water has drained (Ea)
is important in container production, there are no universally accepted standards for
substrate physical properties (1). Roots require adequate oxygen to grow and function
and a poorly aerated substrate will restrict root growth and plant development (6).
According to Mathers (5), most sources agree that Ea values above 30% are too high
and that Ea must be greater than 20% in order to promote root growth and reduce host
susceptibility to root rot. Factors that can also influence Ea in a substrate are the
particle size distribution, composition, bulk density and time, or aging (5).
Studies by Holtman, et al. (3) and Soffer and Burger (7), show that plants experiencing a
higher dissolved oxygen level had increased yield as well as increased root health and
length. Although these studies have not been applied to nursery crops, our hypothesis is
that plants treated with oxygen infused water will gain more biomass than plants grown
with untreated water. To properly measure the effect of dissolved oxygen on a crop it is
important to design and build a water treatment system that provides a consistently
elevated dissolved oxygen concentration compared with untreated controls (7).

Water Management

355

SNA Research Conference Vol. 57 2012

There are mechanisms for increase dissolved oxygen concentration in water. The
Water D.O.G.™ (W.D.) Iron Hunter HD machine (Water D.O.G. Works, Minnetonka,
MN) is a “Dissolved Oxygen Generator”. The machine can serve several different
functions such as: industrial water purification applications, specialized water for
hospital disinfecting, and residential usage in addition to use in agriculture. The W.D.’s
main purpose is to assist in the treatment of hard water issues. The W.D., is able to
oxidize 100% of iron and manganese minerals in water, and is able to remove iron
oxide, and hydrogen sulfide odors. For agricultural use the W.D. is used to inject micro
oxygen bubbles into irrigation water.
The process by which the W.D. is able to eliminate some of the components of hard
water as well as producing higher dissolved oxygen contents in water is called
electrolytic hydrolysis. Electrolytic hydrolysis is the process by which an electric current
is used to split water into oxygen gas and hydrogen gas while water is flowing. This
method of hydrolysis is less expensive, and more energy efficient than other methods of
hydrolysis. The oxygen bubbles produced by the W.D. are approximately 70 microns in
diameter, which is slimmer than that of human hair (75 microns). The small size allows
more oxygen to be produced within the flowing water in the treatment.
The objectives of this research are to: 1) evaluate a commercial oxygenation system
(Water D.O.G.™ Iron Hunter HD) for providing elevated dissolved oxygen levels in
irrigation water and 2) conduct preliminary investigations into response of two species to
container substrate and elevated dissolved oxygen level in irrigation water.
Two treatments were used, W.D. and a control treatment. Each treatment was supplied
by a single water source. The inflowing water was from the Tennessee River and had
been treated by the municipal water treatment facility. Water was supplied to the
treatments via 3/4” SCH-40 PVC pipe. After treating the water, a black polyethylene
tubing ~16 mm (~0.5 in.) main line was used to transport treated water to the plot, a
distance of about 18 ft. Each main line was then divided into two sub-mains that
connected to two lateral lines each. The plot had the capability to supply 32 different
“stations” per treatment, eight per lateral line. Spaghetti tubing (36 in. long, 3mm. in
diam.) was connected to each emitter (two gph pressure-compensating drippers
(Woodpecker, NetafimUSA Fresno, CA) allowing for 64 containers in the plot. For
experiments with plants, the spaghetti tubing ends were secured in the containers just
under, or at the substrate surface. A pressure regulator was used to decrease water
pressure to 25 psi and a 120-mesh water filter was used. Pressure gauges were
attached to the outflowing PVC pipe to ensure 25 psi pressure was maintained.
The system was verified by conducting series of experiments during the summer
measuring the dissolved oxygen levels for each treatment. For verifying water
treatments, 4 blocks were randomly selected and samples were tested during the month
of July while 5 blocks were randomly selected, sampled and tested during the month of
September. All eight blocks in the month of October were sampled.
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Cornus florida seedlings and Forsythia x intermedia cuttings were potted into individual
#1 nursery containers (1-gal) (Nursery Supplies Inc. etc.) with either a heavy substrate
containing pine bark, silt and sand, or a 85:15 pine bark: peat substrate. The heavy
substrate had a total porosity of 63%, container capacity of 47%, an air space of 15.8%
and a bulk density of 0.53 g/cc. The peat substrate had a total porosity of 89.9%,
container capacity of 61.3%, an air space of 28.6% and a bulk density of 0.16 g/cc.
Plants were placed in the plot on black weed mat. Cornus florida was selected because
of its perceived high oxygen rhizosphere requirement (2). Forsythia x intermedia was
chosen because of its perceived tolerance of a range of rhizospheric oxygen levels. The
experiment with Forythia was initiated on July 22, 2011. The experiment with Cornus
was initiated on August 18, 2011. The design was a completely randomized design in a
2 (substrate) x 2 (water treatment) factorial arrangement with 8 blocks. Each of the 4
treatment combinations was randomly placed in each block so that each of the 8 blocks
had all 4 combinations. The plants were watered two times a day, once in the morning
and once around 1:30 in the afternoon for 3-4 minutes.
On the day of July 28, 2011 the initial heights of the plants were taken. On October 13,
2011 the final heights were measured (Tables 2 and 3). For dry weights, plants were
harvested on October 17 and dried at 55 °C for 24 hours starting October 18. (Dry
weight was monitored for an additional 2 hours to ensure that no further weight loss had
occurred; plants were removed from the oven and weighed.) Shoot dry weight was
composed of leaves and stems above the substrate surface. Root dry weight was all
tissue below the substrate surface.
Results and discussion: The dissolved oxygen content from the W.D. remained
consistently higher than the dissolved oxygen levels from the control at each data
collection (Table 1). The dissolved oxygen concentration in the W.D. treatment
averaged 4.1 mg/L higher than in the control treatment (n=3 from each treatment).
Dissolved oxygen concentration and substrate had no effect on dogwood height (Table
2). There was no water treatment by substrate interaction. Dissolved oxygen level had
no effect on plant height for forsythia (Table 3). There was no water treatment x
substrate interaction. Substrate did affect Forsythia plant height. Forsythia plants in the
pine bark: peat substrate, were taller than plants potted in the heavy substrate.
For Cornus, there was no effect of water treatments and no substrate by water
treatment interaction for any dry weight measurement (Table 4). Substrate did
significantly affect root dry weight. Plants growing in the pine bark:peat substrate had
root dry weights nearly twice that of those growing in the heavy substrate. For
Forsythia, there was no difference in total dry weight, shoot dry weight or root dry weight
due to water treatment and no water treatment by substrate interaction occurred (Table
5). Root, shoot and total dry weight were greater for plants growing the pine bark:peatbased substrate.
It was hypothesized that Cornus, with a sensitive root system and perceived intolerance
of low oxygen levels, would benefit from elevated dissolved oxygen in irrigation water.
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There was a slight, but not significant, trend toward increasing height and dry weights
for Cornus subjected to the elevated dissolved oxygen treatment. High rainfall between
the months of July and October (15.19 inches above normal rainfall) may have
mitigated the growth effects of the elevated dissolved oxygen treatment, as plants did
not need watered as often as they would have in a typical season. Also,
while both experiments were shorter than a production cycle, Cornus had an even
shorter experiment than the Forsythia. A longer period would have given the plants
more time to respond to the elevated dissolved oxygen levels.
Pine bark:peat substrate increased biomass growth for Forsythia. The Cornus plants
appeared to be under more stress than the Forsythia due to extreme heat, as indicated
by the small amount of growth for plants regardless of treatment. Perhaps under more
moderate environmental conditions and /or a longer growing season, the Cornus
seedlings would have responded to the substrate or all treatments to a greater degree.
An irrigation system capable of delivering elevated dissolved oxygen to container
nursery crops was developed. In preliminary short-term experiments using this system,
there was no effect of elevated dissolved oxygen on plant height or dry weight. There
was greater biomass for forsythia growing in the peat and pine bark substrate. Further
work will examine the effect of elevated dissolved oxygen under a longer growing
season and on other plant species.
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Table 1. Average dissolved oxygen during experiment.
Dissolved Oxygen Level (mg/L)
Treatment
July
September
October
z
Water D.O.G.
17.2a
11.4a
12.4az
Control
12.6b
8.1b
8.2b

p value
0.0001
<0.0001
<0.0001
means within a column followed by the same letter were not different (Tukeys HSD
=0.05).
z

Table 2. Average height for Cornus florida after 49 days after treatment.
Water
Height
Substrate
Treatment
(cm)
Heavy
Water D.O.G.
21.5az
Control
18.0a
Light

Water D.O.G.
Control

20.1a
19.0a

F
Source
DF
statistic
WaterTrt.
1
2.27 NS
Substrate
1
0.05 NS
Water Trt. x Substrate
1
0.38 NS
z
means within a column followed by the same letter were not different (Tukeys HSD
α=0.05).
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Table 3. Average height for Forsythia x intermedia after 90 days after treatment.
Water
Height
Substrate
Treatment
(cm)
Heavy
Water D.O.G.
20.0az
Control
18.1a
Light

Water D.O.G.
Control

24.8a
25.0a

F
Source
DF
statistic
Water Trt.
1
0.18NS
Substrate
1
8.51***
Water Trt. x Substrate
1
0.30 NS
z
means within a column followed by the same letter were not different (Tukeys HSD
α=0.05).

Table 4. Dry Weight of Cornus florida after 56 days of elevated dissolved oxygen
treatment.
Water
Total Dry
Shoot Dry
Root Dry
Treatment
Weight (g)
Weight (g)
Weight (g)
Substrate
Heavy
Water D.O.G.
1.5a
0.87a
0.64az
Control
1.2a
0.77a
0.4 a
Light

Water D.O.G.
Control

1.8a
1.7a

1.0a
0.89a

0.75a
0.78a

F
statistic
0.99 NS
3.42 NS
0.18 NS

F
statistic
0.86 NS
1.16 NS
0.02 NS

F
statistic
0.71 NS
6.59**
1.37 NS

Source
DF
Water Trt.
1
Substrate
1
Water Trt. x
1
Substrate
z
means within a column followed by the same letter were not different (Tukeys HSD α=0.05).
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Table 5. Dry Weight of Forsythia x intermedia after 97 days of elevated dissolved
oxygen treatment.
Water
Total Dry
Shoot Dry
Root Dry
Substrate
Treatment
Weight (g)
Weight (g)
Weight (g)
Heavy
Water
3.8a
2.1a
1.7az
D.O.G.
Control
2.7a
1.4a
1.2a
Light

Water
D.O.G.
Control

8.8a

5.7a

3.1a

8.9a

5.6a

3.3a

F
F
F
Source
DF
statistic
statistic
statistic
Water Trt.
1
0.28 NS
0.27 NS
0.19 NS
Substrate
1
32.84***
31.44***
21.64***
NS
NS
Water Trt. x
1
0.41
0.16
0.88 NS
Substrate
z
means within a column followed by the same letter were not different (Tukeys HSD α=0.05).
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Effects of Managed Substrate Moisture Content on Zinnia Growth Under Zero and
Near-zero Leachate Treatments
Adam F. Newby,Daniel K. Struve,Claudio C. Pasian
Dept. of Horticulture and Crop Science, Howlett Hall, 2001 Fyffe Ct.,
The Ohio State University, Columbus, OH 43210
Index Words: runoff; gravimetric irrigation control; water application efficiency; water
use efficiency
Significance to Industry: As water demand increases, amount of water permitted for
irrigation use by horticulture crop producers will likely decrease. Furthermore,
increasingly environmental concerns and regulations over water quality necessitate the
prevention of irrigation runoff from production sites. Many nursery and greenhouse
operations collect, store, and treat irrigation runoff in order to decrease water
consumption and prevent irrigation runoff. Growing crops under near-zero or zero
leachate irrigation regimes would significantly reduce resources and space needed to
treat and collect runoff. Zinnia in this experiment grown at substrate moisture levels
maintained slightly lower than container capacity were similar in size to plants grown
under a 0.20 leachate fraction but produced greater leaf area and shoot biomass. There
was also a 12% decrease in applied irrigation volume realized compared to plants
produced under a 0.20 leachate fraction.
Nature of Work: Water is a finite resource (5). Water availability to the horticulture crop
production industry is becoming increasingly limited due to growing competition with
urban and industrial consumption and legislative restrictions on agricultural use (2).
Leaching of nutrients such as nitrates, phosphates, and heavy metal trace elements into
the runoff from green industries is also of concern (3). Laws in some states such as
Maryland, Delaware, and California restrict nutrient applications and the concentrations
of nutrients allowed in water leaving nursery and greenhouse production sites (2). As a
result, many nursery and greenhouse operations must spend valuable space and
resources to store and/or treat runoff. The reduction or elimination of leachate would
both reduce water consumption and reduce resources and space required to store
and/or treat leachate runoff. However, precise substrate water status measurements
and irrigation control are needed in order to supply adequate water while avoiding
excess water supply that results in leaching. This study was conducted using a system
that precisely measures and controls substrate moisture content in real-time using
gravimetric data. The objective was to determine the effect of substrate moisture
content on Zinnia growth, water consumption, and water application efficiency.
On 17 December 2010, sixty Zinnia ‘Profusion Knee High Red’ seedlings were
transplanted into round 5 inch containers. Containers were filled with a uniform mass of
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Sunshine LB2 commercial potting mix. Samples of substrate were used to determine
substrate water content at time of potting. A topdress of Osmocote Plus 15-9-12, a 3-4
month controlled release fertilizer, was applied at a rate of 3 grams per container. Plants
were treated with Subdue Maxx at 1 oz/100 gallons and Cleary 3336F at 10 oz/100
gallons for protection from root and shoot disease. Containers were placed on 15
electronic scales in groups of four in a tray that drained any leachate into a container
next to the scale. The scales were tared with the tray and four empty containers, so that
only the weight of the substrate and plant were reflected in the recorded weight. On 21
December 2010, containers were irrigated to saturation and allowed to drain for one
hour to container capacity at which point the weight of each container-substrate-plant
unit was recorded. This weight is referred to as Effective Container Capacity (ECC) (6).
An automatic system applied irrigation throughout the experiment so that the weight of
the four container units on each scale were maintained at 70%, 80%, 90%, or 100% of
ECC which equated to gravimetric water contents (GWC=weight of water/weight of wet
substrate) of 0.83, 0.85, 0.86, and 0.88, respectively. A moisture characteristic curve
(MCC) was created using the Modified Long Columns method (1) to determine the
estimated substrate matric potential values of Sunshine LB2 at these water contents.
Weight of the container units was allowed to drop 10% below the target weight before
irrigating. A fifth group of containers were irrigated to a 0.20 leachate fraction
(LF=amount of water leached/amount of water applied) as needed when subjectively
judged to be necessary. This treatment was meant to reflect standard commercial
production practice. Each treatment was replicated three times on three separate scales
in a randomized block design. A Microsoft Excel macro monitored container unit weight
in real-time and controlled irrigation events. Irrigation was applied through pressure
regulated 1 gallon per hour drip emitters. Growth indices were recorded 3, 6, and 8
weeks after initiation (WAI) of irrigation treatments. Flower number, shoot dry weight,
leaf area, substrate pH and EC were all recorded 8 WAI. Amount of water
evapotranspirated throughout the study was calculated by determining the sum of
weight change after each irrigation event. Leachate amounts were collected and
measured daily. Amount of water evapotranspirated plus amount water leached equals
total amount of water applied. Water application efficiency (WAE) was calculated as
amount of water evapotranspirated divided by total amount of water applied. Plant water
use efficiency (WUE) was calculated as the grams of shoot dry weight divided by liters
of water evapotranspirated. Data were analyzed by GLM ANOVA and Regression using
IBM SPSS Statistics software (Version 19, SPSS Inc., Chicago, IL).
Results and Discussion: The MCC revealed that targeted matric potential among
substrate managed for moisture content ranged from 2.78 kPa to 1.64 kPa (Table 1).
Total irrigation applied per plant and total water evapotranspirated per plant increased
linearly with increased target ECC percentage. WAE ranged from 94.9% to 100%
among substrates managed for moisture content. Although applied irrigation per plant
was highest among the control group, amount of water evapotranspirated was only
lower among substrates maintained at 70% ECC. WAE was lowest among the control
group at 73.1%.
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By 8 WAI, plants among all treatments were similar in growth index (Table 2). Despite
being similar in size, shoot dry weight among plants grown under 90% ECC was greater
than all other treatments. The differences in shoot dry weight are most likely due to
differences in leaf area. Leaf area was greatest among plants grown under 90% ECC and
significantly greater than that of the control group or plants grown under 70% ECC.
Number of flowers among plants grown under 90% ECC was significantly greater than
that of all other treatments except 80% ECC. Water use efficiency was significantly lower
than all other treatments among plants grown under 100% ECC at 2.75 g/L. WUE among
other treatments ranged from 3.29 g/L to 3.53 g/L. At harvest, substrate pH values ranged
from 5.9 to 6.5, while EC ranged from 1.15 dS·m-1 under 100% ECC to 1.78 dS·m-1 under
70% ECC (data not shown). Analysis by ANOVA revealed no significant pH or EC
differences between treatments.
The actual range of targeted GWC was relatively small. Despite small differences in
maintained GWC, there were significant differences in water usage and WAE. Maintaining
moisture content just below container capacity at 90% ECC resulted in a 10% decrease in
applied irrigation compared to maintaining moisture content at 100% ECC and a 12%
decrease compared to the control group. Leaf area responded strongly to substrate
moisture content. Reduction in leaf area is one of the first morphological responses to
water deficit (4). Leaf area of plants in the control and 70% ECC groups were both lower
than those in the 90% ECC group. While a lower leaf area was expected in plants
maintained at 70% ECC, the low leaf area of plants in the control group may be due to the
degree of water deficit the substrate was allowed to reach before each irrigation event.
More frequent irrigations may have resulted in a higher leaf area. Shoot dry weight was
lower among plants grown under 100% ECC than those grown under 90% due to a lower
leaf area and fewer flowers. Growth may have been inhibited in this treatment due to lack
of air space in the substrate. Allowing the substrate to dry to lower moisture content before
returning it to 100% ECC may result in better root gas exchange and greater growth.
Ongoing research is evaluating the balance needed between adequate water supply and
air supply for root gas exchange.
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Table 1. Effects of managed substrate moisture content on water consumption, evapotranspiration, and water application
efficiency.
Average Target
Total mL water
Total mL irrigation
Target ECC
Gravimetric Water
evapotranspirated per
applied per plant
WAEZ
%
Avg Target kPa
plant
Content
70
0.83
2.78
2823
2823
100
80
0.85
2.41
3277
3275
99.95
90
0.86
2.03
3727
3688
98.95
100
0.88
1.64
4145
3941
94.92
SignificanceY
L*** Q***
L*** Q**
L* Q*
Control
4238
3096
73.07
Z
Water application efficiency equals amount of water evapotranspirated divided by total amount of water applied over the course
of the study.
Y
Regression response non-significant (NS), linear (L), or quadratic (Q) at the 0.05 (*), 0.01(**), or 0.001 (***) level.

Table 2. Plant measurments as affected by managed substrate moisture content.
Target % of
Leaf Area
Growth Index
Shoot Dry

CC WeightX
Weight (g)
(cm2)
3 WAIZ
6 WAI
8 WAI
Flower #
WUEY
70
15.8 W bV
27.9 a
36.6 a
9.6 b
728 b
24 b
3.41 a
80
17.7 ab
29.6 a
37.4 a
11.0 b
859 ab
26 ab
3.36 a
90
17.7 ab
30.0 a
39.4 a
13.1 a
1082 a
29 a
3.53 a
10.9 b
100
17.8 ab
28.7 a
36.9 a
920 ab
24 b
2.75 b
Control
18.8 a
29.0 a
38.2 a
10.7 b
765 b
22 b
3.29 a
Z
Weeks after initiation of irrigation treatments.
Y
Water use efficiency calculated as grams of shoot dry weight divided by liters of water evapotranspirated.
X
Percent of weight when substrate is at container capacity at which irrigation events were ceased. Weight was allowed to
drop to a 10% deficit from upper target weight before irrigation event initiated.
W
Growth index calculated as (height+width+width)/3.
V
Means within same column with the same letter are similar according to Tukey's Honestly Significant Difference test.
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Growth of three containerized tree species as affected by
FreeHand™ 1.75G herbicide
James H. Aldrich and Gary W. Knox
University of Florida, Department of Environmental Horticulture, North Florida Research
and Education Center, 155 Research Rd., Quincy, FL 32351
gwknox@ufl.edu
Index Words: Quercus virginiana, Quercus shumardii, Ulmus americana,
pendimethalin, dimethenamid-P, BAS 659 G, live oak, Shumard oak, American elm
Significance to Industry: Freehand™ herbicide could be a useful tool in controlling
weeds of containerized live oak, Shumard oak and American elm as there was minimal
affect on shoot growth. However, the affect on root growth of these species should be
further investigated especially at 300 and 600 lbs/A.
Nature of Work: Weed control in container production of oaks and elms is essential.
Weed control can be problematic with the development of resistance to repeated use of
a limited number of herbicides as well as the introduction of new weed species from
various sources (2). Knowledge regarding the mode of action (MOA) or chemical class
of herbicides has become a key to aid in weed resistance management. As new
herbicides are introduced, their chemical class(es) are emphasized to support weed
control management. Seemingly, herbicides with multiple modes of action are being
developed for release, aiding weed control.
One of these newer herbicides is FreeHand™ from BASF (Florham Park, NJ) with 1%
pendimethalin, a MOA group 3 herbicide and 0.75% dimethenamid-P, a MOA group 15
herbicide. FreeHand™ (formerly BAS 659 G) has been evaluated for over-the-top use
on numerous ornamental species through the IR-4 Project (1). However, no
phytotoxicity studies with live oak, Shumard oak and elms are currently listed. This
project evaluated effects on growth resulting from two applications of three
concentrations of FreeHand™ 1.75G applied over-the-top to container-grown Quercus
shumardii (Shumard oak), Quercus virginiana (live oak) and Ulmus americana
(American elm).
Actively growing seedlings of American elm, live oak and Shumard oak were
transplanted and treated as indicated in Table 1. For each plant, the upper half of the
original container substrate was discarded to remove weeds and weed seed and the
remaining root ball was repotted with fresh substrate [80:10:10 (pine bark:peat:sand)
with sludge; Graco Fertilizer Company, Cairo, GA ]. Fertilizer [Osmocote 15-9-12; 8-9
month Southern formulation (#903246), Scotts Horticultural Products, Marysville, OH;
Table 1] was placed within the substrate in a layer located at about 2/3 the height of the
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container. After watering, plant height (top of substrate to tallest terminal) and widest
width (terminal to terminal) were measured. Plants were grown on a conventional
nursery production bed under full sun. Overhead irrigation via impact sprinklers was
twice a day with 0.4 in (1 cm) delivered per event.
The five treatment groups were: 1) Non-weeded control, 2) Periodic hand-weeded
control, 3) 150 lbs FreeHand/A, 4) 300 lbs FreeHand/A, and 5) 600 lbs FreeHand/A.
Each treatment group had four replications of three plants. Each container was labeled
with species, herbicide treatment, replication and plant number. Prior to herbicide
application, plants were grouped by treatment such that the container arrangement
resulted in an area appropriate for treating each species (Table 1). With live oak and
Shumard oak, in order to ensure herbicide application to dry foliage, the plants were
placed inside overnight and moved to the production bed the next morning. Table 1
indicates dates and subsequent irrigation applications for the initial and second
applications of FreeHand™ 1.75G. Each herbicide treatment-species combination had
a specified aliquot of herbicide that was applied over-the-top to dry foliage using an
Acme Spred-rite G gravity flow granule spreader (Hummert International, Earth City,
MO). The following day the plants were placed in a completely randomized design by
3-plant replications. Six weeks after the second application, plant height and two widths
were recorded.
Xanthomonas campestris was isolated from American elm leafspot on 18 June but the
NFREC Plant Diagnostic Clinic did not recommend remedial treatment.
Results: There was minor foliar phytotoxicity (primarily necrosis) to three of 12 and
eight of 12 Shumard oak plants, one and two weeks after the initial application of 300
lbs/A and 600 lbs/A, respectively. Elm and live oak treated with two applications of 600
lb/A FreeHand™ 1.75G showed a reduction in growth of plant width (Tables 2 and 4).
Shumard oak had no adverse effect from the FreeHand™ applications compared to the
non-weeded control (Table 3). However, the weeded control plants were significantly
taller and somewhat wider.
Although no evaluation of root growth was performed, inspection of the root systems of
all three species showed a noticeable negative treatment effect about five months after
the initial FreeHand™ application. The two control treatments had more extensive root
systems than all FreeHand™-treated plants except possibly the 150 lb/A treatment on
Shumard oak and elm. Comparison of live oak root growth by treatment found: the two
controls ≥ 150 lb/A > 300 lbs/A and 600 lbs/A. This reduction in root growth could
interrupt the normal timing of repotting.
Acknowledgements: Thanks to the IR-4 Ornamental Program for partial funding of
this study and to Graco Fertilizer Company, Cairo GA, Simpson’s Nursery, Monticello,
FL and BASF, Florham Park, NJ, for donations of substrate, plants, and FreeHand™,
respectively.
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Table 1. Experimental parameters and procedures associated with treatment of
American elm (Ulmus americana), live oak (Quercus virginiana) and Shumard oak
(Quercus shumardii) with FreeHand 1.75G herbicide.
Parameter
Initial/transplanted container type
Initial/transplanted container size
(l)
Transplant date
Fertilizer per plant (g) at
transplanting
Herbicide treatment arrangement
Date of first herbicide treatment
Irrigation (cm) 2.5 h after treatment
Date of second herbicide treatment
Irrigation (cm) 2.5 h after treatment

American elm
Classic 300-S
/ NS C400
2.5/3.8

Live oak and
Shumard oak
RMII-32 cell /
Lerio O1O
0.2/2.7

18 May
15

8 June
10

3 ft x 4ft
(0.9m x 1.2m)
19 May
0.3
30 June
1.0

2.5 ft x 3ft
(0.8m x 0.9m)
9 June
0.8
21 July
1.0

Table 2. Effect of FreeHand 1.75G on vegetative growth of containerized elm (Ulmus
americana), 11 weeks after the initial application at the University of Florida/IFAS/North
Florida Research and Education Center – Quincy in 2009.
Treatment
∆ Height (cm)z ∆ Width (cm)y
Non-weeded control
36.2ax
34.3a
Weeded control
35.4a
32.1ab
FreeHand 150 lbs/A
24.5a
31.5ab
FreeHand 300 lbs/A
37.4a
24.8ab
FreeHand 600 lbs/A
23.8a
20.8b
Z
Final height minus initial height.
y
Final width minus initial height.
x
Mean separation by Duncan’s Multiple Range Test, P≤0.05.
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Table 3. Effect of FreeHand 1.75G on vegetative growth of containerized Shumard oak
(Quercus shumardii), 11 weeks after the initial application at the University of
Florida/IFAS/North Florida Research and Education Center – Quincy in 2009.
Treatment
∆ Height (cm)z ∆ Width (cm)y
Non-weeded control
9.0bx
7.9ab
Weeded control
27.4a
9.1a
FreeHand 150 lbs/A
14.8b
3.4b
FreeHand 300 lbs/A
10.8b
4.8ab
FreeHand 600 lbs/A
15.0b
6.7ab
Z
Final height minus initial height.
y
Final width minus initial height.
x
Mean separation by Duncan’s Multiple Range Test, P≤0.05.

Table 4. Effect of FreeHand 1.75G on vegetative growth of containerized live oak
(Quercus virginiana), 11 weeks after the initial application at the University of
Florida/IFAS/North Florida Research and Education Center – Quincy in 2009.
Treatment
∆ Height (cm)z ∆ Width (cm)y
Non-weeded control
33.6abx
24.2a
Weeded control
35.1ab
19.0ab
FreeHand 150 lbs/A
39.7a
21.3ab
FreeHand 300 lbs/A
31.5ab
17.0ab
FreeHand 600 lbs/A
28.2b
14.0b
Z
Final height minus initial height.
y
Final width minus initial height.
x
Mean separation by Duncan’s Multiple Range Test, P≤0.05.
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Effect of PRE and POST Moisture Levels and Formulation on Preemergence
Control of Hairy Bittercress (Cardamine hirsuta L.) with Flumioxazin
Qian Yang, Charles H. Gilliam, Glenn R. Wehtje, J. Scott McElroy and Jeff L. Sibley
Department of Horticulture, Auburn University, Auburn, Alabama, 36849
Department of Agronomy and Soil Science, Auburn University, Auburn, Alabama, 36849
qzy0002@auburn.edu
Index Words: Flumioxazin, Formulation, Hairy bittercress, Preemergence control,
Moisture
Significance to Industry: Moisture is important for preemergence weed control to
dissolve granular herbicides and enhance the contact between herbicide and substrate.
More nurseries are moving to spray herbicides. In this research, experiments were
conducted to evaluate PRE and POST moisture levels effect on preemergence control
of hairy bittercress (Cardamine hirsuta L.) with flumioxazin in two different formulations:
granular-BroadStar 0.25G and spray-SureGuard 51WDG.
Nature of Work: Preemergence herbicides have to be activated by water. For most
herbicides labels, 0.25-0.5 inch of irrigation is needed after treatment. From the earlier
literature, moisture is one factor affecting the absorption of herbicides by germinating
weeds (Menges, 1963). Kempen et al. (1963) indicated herbicides performance was
markedly influenced by soil incorporation, depth of incorporation, crop seed placement,
soil type and rainfall. Previous research in 1960’s showed that irrigation volume affects
effectiveness of preemergence herbicides (Knake et al., 1967). As pointed out by Audus
(1964), the relationship between soil moisture and absorption of herbicides into the soil
exchange complex affects the availability of herbicides for uptake by the plant. In a
study on Foxtail control with 25, 31 and 37% moisture (Stickler et al., 1969), the
effectiveness of atrazine and EPTC increased with increasing soil moisture. In reviewing
the literature, little or no research has been conducted in nursery industry since citied
research from the 1960s. Nursery production had changed dramatically since the
1960s. Media in 1960s was based on high soil content; today most media are
completely soilless. Growers need solid information about how to best manage moisture
levels for the best weed control. Therefore, the objective of this research is to evaluate
the influence of pre application moisture levels and post application irrigation levels in
the preemergence control of hairy bittercress (Cardamine harisuta L.) with flumioxazin.
On 25 February 2011, trade gallon pots were filled with pine bark and sand (6:1,
volume/volume) substrate previously mixed with 15 lb/yd3 (9.3 kg/m3) of Polyon® (17-511) control-released (7-8 months) fertilizer, 5 lb/yd3 (3.1 kg/m3) of dolomitic limestone
and 1.5 lb/yd3 (0.9 kg/m3) Micromax. Pots were separated into three moisture levels and
container weights and container metric water contents for each moisture level were
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measured with 10 samples for each moisture level before herbicides were applied. A
Decagon® Soil Moisture Sensor was used to measure volumetric water content. For low
moisture, no water was applied 4 days before treatment. The average weight of whole
pot was 1.58 kg, and water content was 17%. For medium moisture, no water was
applied 1 day before treatment. The average weight of whole pot was 1.73 kg, and
water content was 20%. For high moisture, all pots were watered to saturation
immediately before treatment. The average weight of the whole pot was 1.88 kg, and
water content was 27%. On 1 March 2011, herbicides were applied to the pot surface.
Treatments included BroadStar 0.25G at 0.250 and 0.375 lb ai/A and SureGuard
51WDG at 0.250 and 0.375 lb ai/A. Both herbicides have the same active ingredient:
flumioxazin. BroadStar was applied with a hand-shaker, and SureGuard was applied by
an enclosed-cabinet sprayer which had been calibrated to deliver at 30 GPA (gallon per
acre) with a Teejet 8002 flat fan nozzle. After treatment, 4 overhead irrigation volumes
were applied, including 0.25, 0.50, 1.00 and 2.00 inches. This experiment consisted of a
factorial arrangement of: 2 pre-application levels, 2 flumioxazin formulations (granular
and spray), 2 flumioxazin rates (0.25 and 0.375 lb ai/A) and 4 post-application irrigation
levels. With additional non-treated control, there were 49 treatments. Six replications for
each treatment were included. All pots were completely randomized and maintained
overhead irrigation as needed. Hairy bittercress was overseeded with 25 seeds/pot 1
week after treatment (7 March 2011). Weed number was counted weekly and fresh
weight was collected at 10 weeks after seeding (10 May 2011). Pairwise comparisons
were performed for each growth stage using a generalized linear model using Duncan’s
Multiple Range Test at P≥ 0.05.
Result and Discussion
For weed count, formulation was always a highly significant main effect (Table 1).
Irrigation was slightly significant in weed count at 2 and 10 weeks after seeding. The
main effects of both rate and pre-application moisture were not significant. Only the twoway interaction of formulation x moisture was significant on hairy bittercress
germination. For all response variables (Table 2), the spray formulation was more
effective than the granular formulation. Post-application irrigation levels had no effect on
efficacy of the spray formulation. All spray formulation treatments achieved about 100%
control of bittercress with four post-irrigation levels. Conversely, with the granular
formulation at 2 weeks after seeding, irrigation at 0.25 inch was less effective than the
higher irrigation levels. These results indicate the importance of adequate irrigation to
active BroadStar; however, at 6 and 10 weeks, the weed counts in different irrigation
volumes were not significantly different. For the fresh weight, irrigation at 0.25 inch
provided 92% control of bittercress, which was similar to irrigation at 2.00 inch (91%).
Irrigation at 0.50 and 1.00 inch both provided 97% control. Therefore, the irrigation
treatments at 0.25 and 2.00 inch were less effective than irrigation at 0.50 and 1.00
inch.
In summary, formulation was always the most highly significant main effect in hairy
bittercress control, while pre-moisture substrate levels were not significant. Spray
formulation of flumioxazin always provided excellent control at all irrigation levels and
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rates. Post-irrigation volume did affect bittercress emergence with the granular
formulation in March application. Irrigation volume at 0.50 inch and 1.00 inch provided
better control than irrigation at 0.25 inch and 2.00 inch. When preemergence herbicide
flumioxazin is applied, the media moisture before treatment does not affect the
herbicide effectiveness for hairy bittercress control.
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Table 1. ANOVA of hairy bittercress data (March 2011)
Weed counts /pot (WASz)
Source of variation
2
6
10
F.W.y
Main effects
-----------------------------Probability--------------------------Formulation
<0.0001x
<0.0001
<0.0001
<0.0001
(form.)
Rate
0.58
0.34
0.34
0.08
Pre-moisture
1.00
0.76
0.87
0.29
(moist.)
Post-irrigation
0.06
0.09
0.06
0.43
(irrig.)
Two-way
interactions
form. x rate
0.58
0.47
0.46
0.12
form. x moist.
0.52
0.58
0.81
0.24
form. x irrig.
0.05
0.06
0.04
0.33
rate x moist.
0.63
0.58
0.90
0.26
rate x irrig.
1.00
0.73
0.62
0.44
z
WAS=weeks after seeding.
y
F.W.=fresh weight of hairy bittercress at 10 WAS.
x
P-value from general linear model of the weekly data.

Weed Control

374

SNA Research Conference Vol. 57 2012

Table 2. Formulation x post-irrigation level means. Data pooled over pre-moisture levels.
(March 2011)
Experimental variable
Weed counts (WASz)
F.W.y (g/pot)
Formulation
Irrigation (inch)
2
6
10
(% controlv)
x
w
spray
0.25
0.00a
0.00a
0.00a
0.00 (100)a
spray
0.50
0.00a
0.00a
0.00a
0.00 (100)a
spray
1.00
0.00a
0.03a
0.03a
0.59 (99)a
spray
2.00
0.00a
0.00a
0.00a
0.00 (100)a
Mean
0.00A
<0.01A
<0.01A 0.15 (100)A
gran.
0.25
0.78a
0.36a
0.47a
8.63 (92)b
gran.
0.50
0.17b
0.11a
0.11a
3.84 (97)a
gran.
1.00
0.25b
0.06a
0.11a
3.64 (97)a
gran.
2.00
0.22b
0.39a
0.47a
9.80 (91)b
Mean
0.35B
0.23B
0.29B
6.47 (94)B
Non-treated control
11.17
15.67
16.50
113.22 (0)
z
WAS= weeks after seeding.
y
F.W.= fresh weight of bittercress at 10 WAS.
x
Spray= SureGuard; gran.= granular= BroadStar.
w
Means separated using Duncan’s Multiple Range Test at P≥ 0.05; lower cases within
formulation; upper cases mean comparison between formulation.
v
% control = 100- (weed fresh weight/ control fresh weight) x 100.
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Tolerance of Four Florida Native Plants to Preemergence Herbicides
Robert H. Stamps and Annette L. Chandler
University of Florida, Institute of Food and Agricultural Sciences,
Department of Environmental Horticulture, Mid-Florida Research and Education Center
Apopka, FL 32703-8504
rstamps@ufl.edu
Index words: Barricade®, Biathlon®, Dimension, FreeHand™, Gallery®, growth,
Hamelia, Illicium, Magnolia, Rout®, Snapshot®, Viburnum
Significance to Industry: As demand and production of native plants increases and
labor costs increase, there is a growing need to find preemergence herbicides that are
safe to use on these crops. Seven preemergence herbicides were tested on recently
potted liners in containerized production and all were found to be safe on Illicium
parviflorum, Magnolia grandiflora, and Viburnum obovatum. In addition, only those
herbicides that contained isoxaben (Gallery, Snapshot) reduced the growth of Hamelia
patens.
Nature of Work: Interest in using native plants in landscapes continues to grow (2) and
many municipalities have passed Landscape Ordinances requiring the use of native
plants (1). Research has shown that people are willing to pay more for landscapes that
include native plants as compared to lawns (6). One of the constraints on the expanded
use of native plants is the lack of availability (3). Effective, safe and economical weed
control is a major challenge for producers of native plants, just as it is for all growers.
Although producers of containerized nursery plants have more weed control options
available than in the past, herbicides continue to be the most cost effective method for
controlling weeds (5). While the efficacy of most preemergence herbicides available for
containerized nursery use has been evaluated, the safety for using them on many
native plants has not been tested.
In mid-July, liners of four increasingly popular native plants — Hamelia patens Jacq.,
firebush (105-cell pack); Illicium parviflorum Michx. ex Vent, yellow anise, star anise (a
Florida endemic, 40-cell pack); Magnolia grandiflora L., southern magnolia (60-cell
pack); Viburnum obovatum Walter ‘Walter’s Whorled Class’, Walter's Whorled Class
viburnum (60-cell pack)— were potted up into round nursery containers 6" in diameter
(Dillen standard T/W, Middlefield, Ohio). The container growing medium was composed
of pine bark:new peat:sand (6:4:1 by vol) with a micronutrient + magnesium supplement
(SunTrace, Florikan E.S.A., Sarasota, Fla.) and amended to a pH of 5.5–6.5 using
dolomite. Two containers of each plant were placed in the middle of each 4' × 4' full sun
plot. The ground in the plots was covered with woven black polypropylene fabric. For
some treatments, liners were potted up one week before and for others two weeks prior
to treatment application (Table 1).
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Prior to treatment application and again at 90 days after treatment (DAT), each plant
was measured—height (h), width at widest point (wd1) and perpendicular width (wd2).
Plant top growth indexes (PTGI) were calculated as PTGI = πr2h, where r = ((wd1 +
wd2)÷2)÷2. Phytotoxicity was rated periodically using a visual scale from 0–10, where 0
= no damage, 3.5 = commercially unacceptable damage and 10 = dead. These
damage ratings were made periodically from 7 to 90 DAT.
Treatments were applied on 28 July and replicated six times in a randomized complete
block design. Granular herbicide treatments were preweighed and applied using handheld shaker jars, one for each plot. A compressed air PET bottle sprayer (KKI-S 28mm
Inverted Spot Shot, Weed Systems, Inc., Hawthorne, Fla.) pressurized to 25 psi and
fitted with a 110° flat fan air injection nozzle (110-02 AirMix®Agrotop Spray Technology,
Obertraubling, Germany) was used to apply the liquid treatments. After treatments
were applied, the plots were irrigated with ½" [1.3 cm] of water. On 8 August, plants
were topdressed with 0.5 oz [14 grams] of a controlled-release fertilizer that included
minors and that had a nominal release rating of 5–6 months at 70°F (Osmocote®
Plus15-9-12, Scotts). Throughout the experiment, plots were irrigated daily with ½" of
water using overhead impact sprinklers.
Table 1. Treatments used in phytotoxicity test.
Product(s) and formulation
†Untreated
†Barricade 65WG
‡Biathlon 2.75G
‡Biathlon 2.75G
†Dimension 2EW
†Dimension 2EW + Gallery 75DF
†Dimension Ultra 40WP
†Gallery 75 DF
† Gallery 75DF + Barricade
65WG
‡Rout 3G
‡Snapshot 2.5G

Active ingredient(s)
(a.i.)
—
prodiamine
oxyfluorfen + prodiamine
oxyfluorfen + prodiamine
dithiopyr
dithiopyr + isoxaben
dithiopyr
isoxaben
isoxaben + prodiamine

Rate
(lbs a.i./A)
—
0.85
2 + 0.75
4 + 1.5
0.5
0.5 + 1
0.5
1
1 + 0.85

oxyfluorfen + oryzalin
trifluralin + isoxaben

2+1
4+1

†Liners potted up for these treatments two weeks prior to treatment application.
‡Liners potted up for these treatments one week prior to treatment application.
Statistical analysis consisted of ANOVA and means separation using Duncan's new
multiple range test at P ≤ 0.05 (PROC GLM, SAS Institute Inc., Cary, N.C.).
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Results and Discussion:
Acute phytotoxicity. No visible injury was detected on Viburnum obovatum at any rating
(data not shown). The highest injury ratings for Illicium parviflorum and Magnolia
grandiflora were 0.8 and 0.7, respectively, at 7 days after treatment (DAT) and by 14
DAT essentially no damage was still visible (data not shown). All three of these natives
are woody plants. These results are consistent with previous research and
recommendations regarding the use of the same or similar active ingredients around
woody plants (4, 7, 8, 9, 10). For the less woody Hamelia patens, herbicide injury did
occur due to some of the herbicide treatments (Table 2). Plants treated with Barricade
and the combination of Barricade + Gallery had unacceptable damage at 28 DAT but
recovered by 42 DAT. Interestingly, the damage from Gallery applied alone was
significantly greater at 28 and 42 DAT than from the Barricade + Gallery combination
suggesting that the Barricade might be having a slight safening effect. Further research
is needed to test this idea. The injury to the Hamelia patens plants treated with Gallery
declined to an acceptable level by 90 DAT. Damage from the combination of
Dimension + Gallery was similar to Gallery applied alone.
Plant growth. The Dimension + Gallery, Gallery, Gallery + Barricade, and Snapshot
treatments all reduced the growth of Hamelia patens compared to the untreated control
(Table 3). All four of these treatments contain one pound of isoxaben per acre. Since
Barricade and Dimension applied alone at the same rates did not reduce growth, this
suggests that Hamelia patens is not tolerant of isoxaben at the tested rate. This plant
was the least woody and the fastest growing plant in the evaluation. Herbicide
treatments did not reduce the growth of Illicium parviflorum but this plant was the
slowest growing plant evaluated. Its larger top growth indices than Viburnum obovatum
was due to larger initial liners sizes. Since Illicium parviflorum grew very little during this
90-day trial, longer term evaluations need to be done in the future. It is important to find
safe herbicides to use when producing this plant since it is endemic to only a handful of
locations in central Florida (11). The only treatment that reduced Magnolia growth
compared to the untreated control was Biathlon (low rate). However, the growth index
using the high rate of Biathlon was not different from the control index suggesting that
the observed reduction in growth may have just been due to experimental variability.
Viburnum obovatum was the second fastest growing plant tested and none of the
herbicides reduced growth compared to using no herbicide.
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Table 2. Visual phytotoxicity (injury) ratings for containerized Hamelia patens plants started from liners.

Treatment

Application
rate
(lbs a.i. /A)

Phytotoxicity ratingsz
7 DATy
x

42
DAT

56
DAT

0.0 a

0.0 a

0.0 a

0.0 a

0.0 a

14 DAT

28 DAT

0.0 a

70
DAT

90 DAT

Untreated control

—

0.0 a

Barricade 65WG

0.85

0.7 a

2.3 abcd

4.8 de

1.1 ab

0.0 a

0.0 a

0.0 a

Biathlon 2.75G

2.75

0.0 a

0.3 ab

0.8 ab

0.0 a

0.0 a

0.0 a

0.0 a

Biathlon 2.75G

5.5

0.2 a

2.7 bcd

2.5 bcd

0.2 ab

0.5 a

0.5 ab

0.6 ab

Dimension 2EW

0.5

0.3 a

3.0 cd

4.8 de

3.2 bc

2.0 ab

1.2 abc

0.6 ab

0.2 a

4.0 d

7.4 f

6.6 d

5.4 c

3.8 c

0.5

0.0 a

0.9 abc

3.3 bcd

1.9 ab

1.7 ab

1.7 abc

1.8 ab

1

0.5 a

2.3 abcd

6.2 ef

5.3 cd

4.3 bc

3.4 bc

2.7 ab

0.8 a

2.5 abcd

3.6 cd

2.1 ab

1.9 ab

2.2 abc

2.0 ab

3.0

0.4 a

1.3 abc

1.4 abc

0.6 ab

0.1 a

0.0 a

5

0.0 a

1.0 abc

1.6 abc

1.4 ab

1.5 ab

0.8 abc

Dimension 2EW + Gallery
75DF
Dimension Ultra 40WP
Gallery 75DF
Gallery 75DF + Barricade
65WG
Rout 3G
Snapshot 2.5G

0.5 + 1

1 + 0.85

3.5 b

0.0 a
1.0 ab

z

Phytotoxicity rated on a scale of 0–10, where 0 = no visible damage, 3.0 = slight damage but commercially acceptable,
3.5 = commercially unacceptable damage and 10= dead.
y
DAT = days after treatments applied.
x
Means separation within columns by Duncan’s new multiple range test at P ≤ 0.05.
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Table 3. Plant top growth indices for four Florida native plants 90 days after herbicide treatments.
Growth index (cm3)z
Treatment

Illicium
parviflorum

Magnolia
grandiflora

Viburnum
obovatum

—

27,775 ax.

3,528 a

4,787 abc.

713 a

Barricade 65WG

0.85

17,626 abc

3,164 a

4,445 abcd

676 a

Biathlon 2.75G

2.75

19,588 ab

2,424 a

2,611 d

957 a

Biathlon 2.75G

5.5

19,458 ab

3,482 a

3,139 bcd

735 a

Dimension 2EW

0.5

18,650 abc

2,614 a

5,036 ab

759 a

0.5 + 1

9,377 bc

3,331 a

3,546 bcd

674 a

0.5

18,753 abc

4,125 a

4,718 abc

726 a

1

15,716 bc

3,137 a

5,563 a

958 a

1 + 0.85

7,993 c

2,148 a

5,713 a

665 a

3.0

18,495 abc

2,720 a

3,573 bcd

911 a

5

13,181 bc

3,015 cd

728 a

Dimension Ultra 40WP
Gallery 75DF
Gallery 75DF + Barricade 65WG
Rout 3G
Snapshot 2.5G
x

Hamelia
patens

Untreated control

Dimension 2EW + Gallery 75DF

z

Application rate
(lbs a.i. /A)

2,954 a
2

3

3

Growth index = 3.14 × Plant height (cm) × (((width 1 + width 2 )÷2) ÷ 2) . Note: 1 ft = 8,320 cm .
Means separation within columns by Duncan’s new multiple range test at P ≤ 0.05.
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