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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
James A. Robbins
The Southern Nursery Association honored Dr.
James A. Robbins with the Porter Henegar
Memorial Award during the 60th Annual SNA
Research Conference.
Originally known as the Research Award of Merit,
the recognition was created in 1968 to honor those
individuals who have made outstanding
contributions to ornamental horticulture research
and specifically to members of the association. In
1972, the award was renamed the Porter Henegar
Memorial Award in honor of one of SNA’s former Executive Secretaries.
Nominations are made each year by the SNA’s Director of Research and past
award winners.
Dr. Robbins received his Bachelor’s degree in Horticulture in 1978 from the
University of Wisconsin-Madison, his Masters degree with Dr. Michael Dirr at the
University of Georgia in 1981 and his Ph.D. in Plant Physiology from the
University of California-Davis in 1985. He started his career in the Horticulture
Department at Kansas State University. In 1990 he was honored to be hired by
Briggs Nursery in Olympia, WA as their first Manager of Research and
Education. He was hired in 1994 as the Director of Horticultural Research for
Professional and Consumer Products for IMC Vigoro, manufacturer of VigoroTM,
WoodaceTM, and ParExTM brands of fertilizer. In 1998 Dr. Robbins joined the
University of Arkansas as an Extension Specialist and researcher for the
commercial green industry. A hallmark of his academic career has been to work
on issues that are driven by a need from the nursery industry such as substrates,
fertility, and automation. Although without an official teaching appointment, his
collaboration on the ‘Virtual Nursery Field Trips’ will help instructors of nursery
crop production and management and related Horticulture classes across the
nation.
Dr. Robbins has been an integral part of the SNA Research Conference, serving
many years as a section chair, student judge, and publishing and presenting his
research for 35 years.
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graduate students for making the journey worthwhile.
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The Bryson L. James
Student Research Competition
2015 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.

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.

4. The student must have submitted a title to
the SNA Conference Editor by the
deadline specified in the Call For Titles.
The paper should then be submitted to the
Section Editor for the Student Competition
no later than the specified deadline.
5. The paper must follow the guidelines for
format and subject matter as stated in the
Call For Titles for the SNA Research

2015 Bryson L. James Student Competition Award Winners
B.S. Candidates
1. Matthew Burrows

Auburn University

M.S. Candidates
1. Kim Shearer Lattier
2. Dominic Gillooly
3. JC Poythress

Oregon State University
North Carolina State University
University of Georgia

Ph.D. Candidates
1. Elizabeth D. Riley
2. Jacob H. Shreckhise
3. Jeb S. Fields
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Rice Hull Ash as Substrate Amendment for Growing Double-red Knock Out® Rose
Yan Chen1, Anthony Witcher2 and Allen D. Owings1
1

Louisiana State University Agricultural Center Hammond Research Station
Hammond LA 70403;
2
Tennessee State University Otis Floyd Nursery Research Center
McMinnville, TN 37110
yachen@agcenter.lsu.edu

Index words: Nursery crop, soilless medium, irrigation, plant nutrition.
Significance to the Industry: Rice hull ash (RHA) is a byproduct from power plants
and is available to Louisiana growers at a low price. RHA can increase water and
nutrient holding capacity of pine bark or whole tree-based substrates thus increasing
water/nutrient use efficiency by the plants. However, irrigation practices may need to be
refined for optimum plant growth. In two greenhouse experiments, RHA was added to a
standard pine bark mix to evaluate its effect on substrate water holding capacity and the
growth of Double-red Knock Out® roses. Results indicated that RHA did not leach from
a standard pine bark mix and significantly increased water holding capacity at a 10%
(v:v) rate. Double-red Knock Out® rose plants grown in 10% or 20% RHA were larger in
size with greater dry weight by the end of a 12 week growing period compared with 5%
RHA or pink bark alone. Substrate pH was within the acceptable range for most
ornamental plants, but high EC levels in 20% RHA may be an issue for sensitive
species. Irrigation practices will need to be adjusted when RHA is used, and future
studies are needed for better understanding of RHA performance under natural rainfall
and outdoor conditions.
Nature of Work: Pine bark at various sizes is used as a main component of potting
substrates in the US where over 75% of nursery crops are grown in containers (9). In
recent years, increased use of pine bark as a biofuel has led to reduced supplies for
nursery growers. Rising costs and concerns over future availability have increased
growers’ interests in using alternative substrates such as whole tree-based materials. In
general, whole tree-based materials have lower water holding and ion exchange
capacities compared with pine bark at similar sizes, resulting in high leaching potential
of agrichemicals. Container nurseries apply on average 80 to 120 inches of irrigation
water in addition to the 70 to 90 inches of average annual rainfall in Louisiana. Irrigation
is applied daily, thus many growers prefer using substrates with a low water holding
capacity (personal communication with local growers). Studies have shown more than
40% nitrogen was leached out of containers over the first 3-mo of production (5) and up
to 80% of granular pesticide applied missed the application target (2), indicating
significant loss of production input and potential impact on local water quality. Substrate
selection and irrigation practices need to be refined for more efficient use of resources
(i.e., agrichemicals, water, and energy).
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Rice hull ash (RHA) is a byproduct of burning rice husk as fuel for boilers or electricity
generation. It is readily available in regions where rice is grown. It is estimated that
every ton of paddy produces ~80 pounds of RHA after burning. Rice hull ash screened
to 140 microns (Powell Corp., Lake Charles LA) contains about 87-97% silica with a
small amount of other trace elements. It has a pH ~4.2 to 5, hardness ~170 mg/L,
alkalinity ~50 mg/L, and chloride ~18 mg/L, all within permissible limits as a soil
amendment for field crops. Due to the high silica content, RHA has a porous structure
resembling a sponge and is high in both surface area and adsorbent capacity (1, 3).
Previous research indicates that tilling RHA into soil increased rice grain and straw
yields (6, 8), tomato yield (7), and quality of tobacco (4). However, no information is
available on its use as a substrate amendment in container production of nursery crops.
If RHA is to be used to increase water retention, irrigation frequency has to be adjusted
to grow healthy plants. However, few studies have investigated physical and chemical
properties of substrate amendments other than peat moss, and no study has
investigated the effects of RHA on nutrient and water retention of pine bark or whole
tree-based substrates and the quality of ornamental plants.
Materials and Methods: Experiment 1 was designed to answer these questions: 1) as
a fine ash, will RHA leach from containers? and 2) will RHA increase substrate water
retention in a 3-gal container? A total of thirty #3 containers (11.4 L) were filled with a
standard pine bark mix (see Table 1 for size composition) at a filling volume of 10.2 L,
leaving the uppermost 2” of the containers for irrigation. Treatments included pine bark
alone (PB) and PB+ 10% RHA (v:v) either thoroughly mixed in or incorporated into the
top 2” of the pine bark mix, with 10 pots of each treatment. As observed during mixing,
RHA settles within the air space among pine park particles and does not take additional
space. Containers were divided into two groups. Containers in group one were placed
on 5-gal buckets constructed to collect leachate from test containers irrigated with a drip
ring (3 emitters each at 1 gal/hr, Fig 1 left). Containers in group two were placed under
overhead irrigation, with each container placed on top of a 6” standard pot set upsidedown inside a 5-gal bucket with a plastic sleeve sealed to the container rim, covering
the bucket rim to collect leachate from the container and to prevent irrigation water from
collecting in the bucket (Fig 1 right). Each group was completely randomized and
contained 3 substrate treatments with 5 replications (containers) each. Containers in
both groups were irrigated with municipal water to the point of leaching and were
weighed (after 30 minutes) to determine maximum container capacity. Containers were
then weighed daily until container capacity (weight) dropped 20%±5% from the
maximum before irrigation was applied. Daily container capacities were recorded
throughout 3 irrigation events with about 8 to 10 days between watering, and leachate
samples were collected at each irrigation event, gravity filtered through a Whatman #41
filter paper, and inspected for RHA residual, which can be visually identified from the
pine bark brown residuals (black vs. yellow or brown).
In experiment 2, 32-cell tray liners of Double-red Knock Out® rose were received on
Nov. 12, Dec. 11, 2014, and Jan. 15, 2015. Trays were grown on greenhouse benches
and were ~9, 5, and 1 week old when potted into the green Knock Out containers
(larger than #3, 11.8 L) on Jan. 22, 2015. The various age groups were used to
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determine if plant response to RHA was affected by liner quality, which may decline
when liners have to be held for a period of time. The same pine bark substrate was
used and mixed with RHA at 0, 5%, 10%, and 20% v:v. The percentage is calculated
based on the same substrate filling volume (10.2 L) in Expt. 1, then mixed into the
container with 10.2 L PB. Because the ash does not take additional volume, final
volume of all containers remained unchanged even at the 20% RHA rate. A complete
NPK fertilizer with minor nutrients (OsmocotePlus 15-9-12 Southern, ICL Co., Tel Aviv,
Israel) was applied to all containers to provide 10 g N/container. Planted containers
were placed into a drip irrigation system with each pot sitting on top of a 5-gal bucket for
leachate collection (Fig 1, left). Containers were arranged in a randomized complete
block design with 3 age treatments x 4 RHA rate treatments with four replications
placed on separate benches (blocks). Each RHA rate treatment was irrigated
independently with different volumes to the point of leaching. All irrigation emitters were
selected to deliver irrigation amount within 5% of deviation from target amount. Irrigation
amount was monitored by catching water from a representative drip ring. Leachate
amount was collected by a beaker under each pot and measured. Plants were pruned
at 6 weeks after transplant (WAT) to mimic grower practices and were harvested at 12
WAT. Plant growth (height, widest width, and perpendicular width to the widest width,
dry weights of clippings at pruning and final harvest), tissue nutrient concentrations,
leachate pH and EC, were recorded and total-P, NO3-1 and NH4+ of the leachates were
analyzed. Volumetric substrate moisture content was monitored by GS3 sensors
(Decagon, Pullman WA) placed in representative pots for each RHA rate and recorded
every 30 min throughout the study. Only the most relevant results to growers’ practices
are presented here.
Results and Discussion: Expt. 1. Following the three irrigation events, only trace
amount of RHA was observed on filter papers for both overhead and drip irrigation. The
majority of the residual collected was pine bark dust, which was higher in PB compared
with the two RHA treatments. Therefore, RHA remained in this pine bark mix. The pine
bark mix contained 39.2% (by dry weight) fine particles (<3/32”, Table 1). Tests with
larger particle sizes of pine bark or whole tree-based materials are needed to confirm
that RHA will remain in the mix.
After the initial irrigation in the drip irrigated group, PB+10% RHA mixed in or topincorporated resulted in 3 and 3.5 times of water being held [(container weight(after 1st
irrigation) – container weight(before)) compared with PB, which were 1034, 1210, and 350 ml
of water, respectively (Fig 2). Because all mixes were uniformly moist without shrinkage
or free water at the time of potting, these numbers represent the actual water holding
capacity of these treatments from a nursery production point of view. By the 2nd drip
irrigation, RHA top-incorporated and mixed-in held 2.3 and 3.4 times of water compared
with PB. Pine bark was able to hold more water at the 3rd irrigation, yet the two RHA
treatments held 1.4 to 1.6 times of water compared with PB. This slow increase of water
holding capacity in pine bark was possibly caused by 1) formation of water channels
under each emitter as observed at the first irrigation, 2) pine bark was hydrophobic at
beginning, therefore water leached out before uniformly saturating the substrate.
Apparently, RHA absorbed water and promoted water dispersal among pine bark
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particles at the first drip irrigation. Over the three irrigation events, containers with RHA
mixed-in and top-incorporated held on average 761 and 900 ml more water than PB,
respectively, as calculated by [Average (container weight(PB+RHA) – container weight(PB) –
dry weight of ash, at each weighing over 30 days)].
With overhead irrigation, PB was thoroughly saturated after the initial irrigation.
Nevertheless, RHA mixed in or top-incorporated resulted in 1.8 or 2.0 times of water
held compared with PB, which were 1213, 1351, and 690 ml of water, respectively (Fig
3). By the 3rd irrigation, RHA treatments held ~1.6 - 1.8 times water as PB (Fig 3). Under
overhead irrigation, PB+10% RHA mixed-in or top-incorporated held on average 601 or
579 ml more water than PB. It was also observed with both irrigation types that, losses
in daily container weight due to evaporation were higher in RHA treatments than pine
bark only, possibly due to more continuous water column and capillary effects in RHA
mixes.
In Expt. 2, before the initial irrigation, adding 5%, 10%, or 20% RHA (v:v) slightly
increased container weight because of the weight of the ash (Fig 4). After the initial
irrigation, quadratic responses were found in container weight of the 4 RHA treatments.
Differences in plant weight among age groups did not affect the trend of container
weight in response to increasing RHA rate. Compared to PB which held 660 ml water
after the irrigation, 5%, 10%, and 20% RHA held 1071, 1526, and 2566 ml, respectively.
This positive response was significant throughout the experiment. In this experiment
with rose plants, we targeted irrigation at 20% water loss after the maximum container
capacities for each treatment were identified after each irrigation event, which translates
to container weight losses, for example, of 132, 214, 306, and 513 g for the PB, 5%,
10%, and 20% RHA, respectively, after the 1st irrigation. When container weights of a
treatment dropped within the range of container weight calculated for irrigation target ±
5%, that treatment was irrigated until leachate was observed. The maximum container
capacity and irrigation targets varied at each irrigation, yet this irrigation schedule
resulted in PB having the most frequent irrigation events but the least amount of
irrigation applied at each event and less amount of leaching at each event (Table 2).
The 20% RHA held more water and needed fewer irrigation events, but amounts of
irrigation and leaching were larger than PB at each irrigation (Table 2). Overall, adding
RHA reduced irrigation frequency but increased total water amount needed to maintain
the higher water holding capacity.
Plant age did not affect substrate pH and EC. There was no significant trend in the RHA
effect on leachate pH, which ranged from 4.8 - 6 and was appropriate for roses (Table
3). Leachate EC increased with increasing RHA rate and was 4.9 mS·cm-1 at the 20%
rate. Roses can tolerant high substrate EC, but EC at this level may be detrimental to
sensitive species. Plant age affected size index and cumulative dry weight (total dry
weight of clippings at the pruning and final harvest) in that, 9-week old plants at
transplant grew larger with greater dry weight than the other age groups (data not
shown). There was no statistical interaction between plant age and RHA rate, and plant
size was larger with greater cumulative dry weight at 10% and 20% RHA compared with
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5% or PB (Table 3). Plant quality assessed by a visual quality rating indicated that these
RHA rates also resulted in better overall quality than PB and 5% RHA (Fig 5).
In summary, the two preliminary experiments indicated that RHA will not leach from a
standard pine bark mix, will significantly increase water holding capacity at 10% and
20%, and has the potential to improve growth and quality of Double-red Knock Out®
rose. Compared to peat moss or compost, RHA is light in weight, less expensive, locally
available, free of weeds and pathogens, and unlikely to decompose and cause drainage
issues within the production cycle of most woody ornamentals. With these promising
results, more studies are needed to evaluate RHA effects in a longer production cycle,
under natural rainfall, and with other ornamental plant species.
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Table 1. Size composition and moisture content of each particle size in the standard
pine bark mix used in both experiments (n = 5).
Particle size
Size composition Moisture content
(% total dry weight) (% wet weight)
1” and above
3.9 d
29.1 b
1/2 ” to 1”
12.3 cbd
31.1 b
1/4 ” to 1/2 ”
22.0 b
35.1 b
3/16 ” to 1/4”
6.7 cd
31.1 b
3/32” to 3/16 ”
15.9 bc
33.0 b
<3/32”
39.2 a
68.9 a
Table 2. Average maximum container capacity, average irrigation and leachate
amounts, number of irrigation events, and total irrigation amount over 12 weeks of
growing Double-red Knock Out® rose in pine bark (PB), and PB+5%, 10%, or 20% rice
hull ash (RHA) across age groups in Expt. 2.
Treatments
PB
PB+5%
RHA
PB+10%
RHA
PB+20%
RHA
LSD0.05

Max. container
capacity (g)
5119 c
5147 c

Irrigation
vol. (ml)
224 c
312 c

Leachate
vol. (ml)
28 b
59 b

No. of
Events
25
22

Calculated total
irrigation (ml)
5600
6864

5576 b

451 b

94 ab

16

7216

6196 a

732 a

149 a

10

7320

157

126

88

-

-

Table 3. Leachate pH and EC in PB or PB + RHA at 5%, 10%, and 20%, and shoot
growth index and cumulative dry weight of Double-red Knock Out® rose grown in these
substrates after 12 weeks.
Treatments
PB
PB+5% RHA
PB+10% RHA
PB+20% RHA
LSD0.05

pH
5.2 b
5.97 a
4.78 c
5.11 b
0.31

EC
(mS·cm-1)
2.08 c
1.72 c
3.16 b
4.94 a
0.61

Shoot GI
(cm3)
6,219 b
10,505 ab
14,097 a
16,561 a
7,690
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Cumulative dry
weight (g)
7.5 b
8.2 ab
9.4 a
10.8 a
2.7
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Fig 1. In expt. 1, one group of pots were irrigated with drip rings and set up on 5-gal
buckets to collect leachate (left), and the other group were set under overhead
sprinklers and placed on an upside-down 6” standard pot inside a 5-gal bucket to collect
leachate (right).
Drip irrigation
4400
Pine bark
10% RHA mixed-in
10% RHA topdress

Total container weight (g/3-g pot)

4200
4000
3800
3600
3400
3200
3000
2800
2600
2400
2200

t Ir
1s

.
.
.
rig 1 2 3 4 5 6 7 8 9 1I0rrig 12 13 14 15 16 17 18 19 2I0rrig 22 23 24 25 26 27 28 29 30
d
3rd
2n

Days after watering

Fig 2. Total container fresh weights (container + substrate) of #3 pots filled with either
pine bark or 10% (v:v) RHA mixed in or incorporated into top 2” of the pine bark mix
over three irrigation events in Expt. 1 under drip irrigation.
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Overhead irrigation
4400
4200

Total container weight (g)

4000
3800
3600
3400
3200
3000
2800
2600

Pine bark
10% RHA mixed-in
10% RHA topdress

2400
2200

rig. 1 2 3 4 5 6 7 8 d9 1Ir0rig. 12 13 14 1516 17 18 1rd92ir0rig. 22 2324 25 26 2728 29 30
1st ir
3
2n

Days after watering

Fig 3. Total container fresh weights (container + substrate) of #3 pots filled with either
pine bark or 10% RHA (v:v) mixed in or incorporated into top 2” of the pine bark mix
over three irrigation events in Expt. 1 under overhead irrigation.

9000

Container weight (g/3-gl)

8000

Before irrigation
After irrigation

7000

6000

5000

4000

3000
0

5

10

15

20

25

RHA% (v:v)

Fig. 4. Total container fresh weights (container + substrate + plant) of pine bark, or pine
bark mixed with 5%, 10%, or 20% RHA (v:v) before and after the 1st drip irrigation event
in expt. 2.
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Fig 5. Photo of Double-red Knock Out® rose at 5 weeks after being planted into pine
bark (PB), or PB+5%, 10%, or 20% (v:v) rice hull ash. Plants were 1-week old 32-cell
liners at transplant.
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Influence of Shading on Container-Grown Flowering Dogwoods
Matthew W. Burrows, Donna C. Fare, Charles H. Gilliam and D. Joseph Eakes
Department of Horticulture, Auburn University, Auburn, AL 36839
mwb0020@auburn.edu
Index words: Cornus florida L. ‘Cherokee Princess’, C. f. ‘Comco No.1’ Cherokee
Brave™, container production, native tree
Significance to the Industry: Container-grown trees are an important product for the
nursery and landscape industry. These data show that bare root dogwoods can be
successfully grown when transplanted into container production. Shade treatments
regardless of color or density did have an effect on the plant growth of Cherokee
Brave™ and Cherokee Princess dogwood. Plants grown under 50% black and 50%
white shade cloth had more height growth than plants under 30% black shade cloth or
plants in full sun. However, plants responded more dramatically from July to September
than from February to July. Height and trunk diameter growth was greater between
August and September especially under shade treatments, whereas between February
and July growth was less significant. The lack of early season growth may be a result
of transplant shock of the bare root liners into container culture. Light intensity was not a
major component of fertilizer release patterns in the container substrate. More research
is needed to reduce the initial transplanting shock and refine the period and longevity of
shade type for container grown dogwoods.
Nature of Work: Flowering dogwood is considered an aristocrat of native flowering
trees of the U.S. and has a broad range extending through most of the eastern states
and westerly through Iowa and south to Texas (1). This species is one of the most
beautiful and important small flowering trees utilized in the nursery and landscape
industry. A multitude of species and cultivars of dogwood have been a staple in nursery
cultivation. Today, the demand for container-grown dogwoods has increased as the
demand for containerized trees has continued to grow over the last 20 years. However,
dogwoods are a challenging crop to produce in container culture, especially when bare
root liners are used as the initial transplant into containers, and have resulted in
unacceptable levels of mortality and poor growth. Reasons for poor dogwood growth
during the first growing season are anecdotally related to overwatering, underwatering,
over fertilizing, poor root structure, environmental stress, or transplanting delay from the
bare root harvest. Flowering dogwoods are considered an understory tree. Producers
are successfully growing other native understory species under shade cloth (5), but
most producers continue to grow container-grown dogwoods in full sun.
Studies have shown that media temperatures in black plastic containers can exceed
43.3C (110 F) in full sun (2). Shade treatments, 40% black or white shade cloth, were
used to reduce root zone temperatures after transplanting dogwoods into containers
and resulted in larger plants compared to plants grown in full sun (3). The objective of
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this research was to evaluate shade intensity and shade color on the growth of two
cultivars of bare root dogwood liners after transplanting into nursery containers.
Materials and Methods: On February 25, 2014, Cornus florida L. ‘Cherokee Princess’
and C.f. ‘Cherokee Brave™’, bare root flowering dogwood liners ranging from 45.7-60.9
cm (18-24 in) were obtained from a commercial nursery in Winchester, TN. Liners were
potted into a #5 nursery container (Classic 1600, Nursery Supplies, Chambersburg, PA)
with pine bark substrate amended with 3.3 kg (5.6 lbs.) 19-5-9 (19N-2.2P-7.5K)
Osmocote Pro 12 to 14 month controlled release fertilizer (Everris, Dublin, OH), 0.7 kg
(1.2 lbs.) Micromax (Everris, Dublin, OH) and 0.6 kg (1 lbs.) of AquaGro (Aquatrols,
Paulsboro, NJ) per m3 (yd3). Before plants were moved into their respective shade
treatments, height and trunk diameter measured at 15.2 cm (6 in) were recorded and
used to grade plants into replications for small, medium, and large size. Plants were
moved onto a gravel pad in full sun or into one of three shade treatment structures [2.4
x 3.0 m in size (8 x 10 ft)]: a 50% black, 50% white, or 30% black shade cloth (Dewitt,
Sikeston, MO). Each treatment was replicated four times and contained 8 plants of each
cultivar at an outdoor facility at the TSU Nursery Research Center in McMinnville, TN.
Cyclic irrigation was applied twice daily in early spring and increased to three
applications during periods of increased heat throughout the summer. Water was
applied using a 160° Spot-Spitter fan emitter (Roberts Irrigation Company, Inc., San
Marcos, CA). Leachate was collected bi-weekly from two plants of each species in
replication 1, 2, and 3. Electrical conductivity and pH (data not shown) were analyzed
using a Myron L Agri-Meter (Myron L Company, Carlsbad, CA) immediately after all
leachate samples were collected. The remaining leachate was then stored at 5.5C (42F)
until further analysis for ammonium, phosphorus, and nitrate levels.
The number of internodes were obtained from three branches at both 15.2 cm (6 in)
(data not shown) and 30.5 cm (12 in) from the tip down the stem. Leaf area was
recorded prior to harvest using a Cl-203 Area Meter (CID Bio-Science, Inc., Camas,
WA). Five mature leaves were selected from each plant and leaf area was recorded
(data not shown).
Two plants from each rep were harvested on July 7, 2014 and two additional plants
were harvested on August 13, 2014. Height, trunk diameter, leaf area, and internode
length were recorded for each plant. Plants were severed at the substrate level, all
tissue bagged and dried at 57C (135F) for 10 days to obtain shoot dry weight. The
substrate was gently removed from the roots with compressed air and all roots were
dried as described above to obtain dry weight.
The experimental design was a randomized block design with four replications of eight
plants per cultivar per experimental unit. All data were subjected to analysis of variance
with the GLM procedure of SAS (SAS for Windows Version 9.1, SAS Institute, Cary,
NC) and differences among treatments were separated by a Fisher’s least significant
difference, P<0.05.
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Results and Discussion: Plant growth. Regardless of the shade treatment, plant
height growth was similar during the growing season up through the July measurement
date with Cherokee Brave™ (Table 1). However, by August 2014, there was a
significant difference in height with Cherokee Brave™ among shade treatments
compared to full sun and this continued until the end of the experiment. White shade
cloth yielded the greatest height growth but overall both 30% and 50% shade provided
similar height growth. Plants grown under white shade were 48% taller and plants
grown under black shade were 42% taller than plants grown in full sun.
However, even with this increased height difference with Cherokee Brave™ in shade
treatments compared to the full sun treatment, there was only a 25% increase in total
shoot dry weight with plants grown under white shade and a 6% increase with black
shade (Table 1). Even with increased shoot growth, there was very little difference in
root dry weight. The 50% white shade had the greatest root dry weight followed by 30%
black, full sun, and 50% black treatments. The 50% white shade had the lowest root to
shoot ratio with 48% less roots than shoots followed by 50% black (52%), 30% black
(53%), and full sun (57%) (data not shown).
There were fewer internodes on the branches of Cherokee Brave™ grown under 50%
white shade at the July measurement than other treatments (Table 1). By the August
sampling date, all the shade cloth treatments had a similar number of internodes and
were fewer than plants grown in full sun. This trend held until the end of the experiment.
Mean trunk diameter was similar among treatments with Cherokee Brave™ at the July
measurement date with exception of the plants grown under 50% black shade cloth,
which was significantly less (Table 1). This trend continued until the end of the
experiment. Total trunk diameter growth (final measurement – initial measurement) was
the greatest in 50% white and 30% black treatments. Full sun and 50% black treatments
had the least trunk diameter growth with 50% black being the smallest.
Height growth with Cherokee Princess was similar among treatments at the July and
August measurement date (Table 1). By September, Cherokee Princess showed a
significantly greater increase in height with 50% shade cloth using either black or white
shade. Plants grown in full sun were 15% smaller than plants grown under 30% black
shade and 23% smaller than plants grown under 50% white shade. However, there was
only a 7% (30% shade) and a 2% (50% shade) increase in shoot weight as compared to
full sun treatments.
Root dry weight was the greatest in 50% white shade followed by 30% black, 50%
black, and full sun treatments (Table 1). There was no significant difference in root to
shoot ratio when analyzed by treatment, percent exposure, or shade color (data not
shown).
Plants grown in full sun had the largest trunk diameter on July 7 and was similar to
plants under 30% black and 50% white, but significantly different from plants grown
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under 50% black. Total trunk diameter growth (final caliper – initial caliper) was larger
in 50% white and 30% black followed by full sun and 50% black treatments (Table 1).
Interestingly, in July, the number of internodes on branches of Cherokee Princess were
largest when grown in full sun, but by August, the number of internodes were similar
among all treatments (Table 1). At the September termination, the number of internodes
had decreased to 4.6 on plants grown in 50% black shade compared to 5.5 on plants
grown in full sun.
Leaf area. Leaf area taken in July and August did not differ in Cherokee Brave™
whether plants were grown in shade or in full sun exposure. The same applies to
Cherokee Princess for leaf area recorded in July. The only significant difference
occurred in August with Cherokee Princess. Plants grown under 30% black (59.4) and
50% black (55.1) had a larger leaf area than full sun (49.6). Even though 50% white
shade and 50% black treatments provide the same amount of sun exposure, 50% white
(46.6) showed the smallest leaf area in August for Cherokee Princess (data not shown).
Light intensity. Phillips et al., reported that the light intensity with 20 or 55% shade cloth
or shade color did not affect plant growth (5). However, our data shows that height,
trunk diameter, and shoot dry weight were affected by the color of the shade and the
percent intensity of the shade. Our data did agree with Montague et al. (3) that dogwood
under 40% white shade had some growth parameters that were larger than black shade
at 30 or 50% and full sun and that any shade resulted in larger trunk diameters.
Root zone temperatures. Root zone temperatures during this study differed significantly
between treatments. Root zone temperature for full sun treatments were recorded up to
41.1C (106F) and often exceeded ambient air temperature. Phillips et al. (5) reported no
difference in ambient air temperature however, the root zone temperature was
significantly less with plants grown under white shade than plants under black shade.
The 30% black had root zone temperatures that exceeded 38.3C (101F). Root zone
temperatures were not greatly reduced until a 50% shade cloth was used. There were
very few days that root zone temperatures exceeded 37.7C (100F) in both 50% white
and black shade treatments. The highest temperatures recorded were on the southwest
side of the container, but temperatures over 37.7C (100F) were also recorded on the
northeast side of full sun and 30% black treatments (data not shown).
Container leachate. Container leachate collected from a subset of plants for both
Cherokee Brave™ and Cherokee Princess dogwood showed a similar response among
treatments for electrical conductivity, nitrate-nitrogen, and orthophosphate at most
sampling dates with the following exceptions (Fig 1 & 2.). On May 21, the electrical
conductivity, nitrate-nitrogen, and orthophosphate levels were lower than the shade
treatments; and orthophosphate had elevated levels on July 16 (full sun) and August 28
(full sun and 30% black) with Cherokee Brave™. The container leachate from Cherokee
Princess had similar levels of electrical conductivity, nitrate-nitrogen, and
orthophosphate at most sampling dates. As expected, electrical conductivity, nitratenitrogen, and orthophosphate were initially high and remained so for about 12 weeks

Container Grown Plant Production

14

SNA Research Conference Vol. 60 2015
-1

after potting; then stabilized around 0.2 to 0.3 dS·m . So with either cultivar, light
intensity was not a major component of fertilizer release patterns in the container
substrate.
Shade treatments regardless of color or density did have an effect on the plant growth
of Cherokee Brave™ and Cherokee Princess dogwood. The plants grown under 50%
black and 50% white had more height growth than plants under 30% black or plants in
full sun. However, plants responded more dramatically from July to September than
from February to July. This may be a result of the transplanting shock of the bare root
liners into container culture. Light intensity was not a major component of fertilizer
release patterns in the container substrate. More research is needed to reduce the initial
transplanting shock and refine the period and longevity of shade intensity of container
grown dogwoods.
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Table 1. The effects of shade type on height and trunk diameter growth of Cherokee Brave™ and Cherokee Princess dogwood.
Total Height Growth (cm)
Shade Trtmts.

7-Jul Z

Total Trunk Diameter Growth (mm)

13-AugZ

14-Sept Z

7-Jul X

13-AugX

14-Sept X

Full sun
Black, 30 %
Black, 50 %
White, 50 %
lsd

24.7
32.5
31.5
35.5
12.5

aY
a
a
a

47.0
68.1
61.4
77.4
14.1

c
ab
b
a

48.5
81.1
85.7
92.9
9.5

c
b
ab
a

4.8
5.0
3.4
4.9
1.1

a
a
b
a

7.8
8.7
6.3
8.9
1.5

a
a
b
a

11.6
12.4
10.8
12.4
1.2

ab
a
b
a

Full sun
Black, 30 %
Black, 50 %
White, 50 %
lsd

34.6
37.1
37.4
43.5
13.1

a
a
a
a

50.7
58.7
59.9
64.9
16.1

a
a
a
a

50.5
69.5
86.8
83.5
11.3

c
b
a
a

5.1
4.2
3.7
4.7
1.0

a
ab
b
a

7.3
6.7
6.1
7.1
1.9

a
a
a
a

10.7
11.9
10.1
11.9
1.1

b
a
b
a

Z
X
Y

Shoot Dry Weight (g)

Root Dry Weight (g)

14-Sep

7-Jul

13-Aug

Number of internodes at, 30.5 cm

7-Jul
13-Aug
Cherokee Brave™
115.0 ab
218.1 a
129.4 a
243.8 a
87.5 b
172.1 b
128.1 a
245.6 a
29.8
44.5

14-Sep

13-Aug

14-Sep

285.0
328.3
279.6
383.3
41.1

c
b
c
a

32.5
35.0
22.5
30.6
10.3

ab
a
b
ab

68.8
85.6
61.9
89.4
20.7

ab
a
b
a

164.2
175.8
144.6
188.3
37.0

ab
ab
b
a

5.6
5.1
5.1
4.7
0.4

7-Jul
a
ab
ab
c

5.0
4.5
4.3
4.2
0.4

a
b
b
b

5.3
4.3
4.1
4.2
0.3

a
b
b
b

Cherokee Princess
118.1 a
216.9 a
91.3 b
201.9 a
85.0 b
168.8 a
108.8 ab
202.5 a
25.6
72.1

298.3
321.7
265.6
337.8
51.0

ab
a
b
a

33.13
31.25
23.13
30.63
11.19

a
a
a
a

76.9
75.0
59.4
90.6
30.6

ab
ab
b
a

150.0
198.3
161.7
203.9
46.5

b
a
ab
a

5.8
5.2
5.6
5.0
0.4

a
bc
ab
c

5.3
5.2
5.2
5.6
0.6

a
a
a
a

5.5
4.9
4.6
5.0
0.4

a
bc
c
b

Total height growth=Height measured on Sept 14, 2014-initial height measured on Feb 25, 2014.
Total trunk diameter growth=Trunk diameter measured on Sept 14, 2014-initial trunk diameter measured on Feb 25, 2014.
Means within columns followed by the same letter are not significantly different. Means separated using Fisher's protected LSD, α=0.05.
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Fig. 1. Electrical conductivity, nitrate, and orthophosphate levels in leachate from container grown
Cherokee Brave™.
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Fig. 2. Electrical conductivity, nitrate, and orthophosphate levels in leachate from container grown
Cherokee Princess.
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Exploring the Influence of Particle Size on Plant Water
Availability in Pine Bark Substrates
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Significance to the Industry: Understanding how to manipulate hydrophysical
properties of pine bark substrates and the subsequent resulting changes in air space,
water holding capacity, and water availability can allow growers to understand the
capacity of their substrates to hold and deliver water to the plant, while maintaining
adequate air space for gas exchange. These insights have the potential to reduce water
consumption and subsequent nutrients over the course of producing a containerized
crop. Research herein revisits altering pine bark hydrology via selection of particle size
ranges by screening. Moreover, new tools can be utilized to better understand the
implication of resulting pore size as is it related to particle size and overall effect on in
situ water mobility. Research is returning to ways to improve existing substrate
components by manipulating or refining substrates through sieving pine bark or
subsequent blending with fibrous materials such as Sphagnum peat and coconut coir.
Considering monetary benefits associated with reduced water consumption, and
stronger regulations looming, the ability to produce a salable crop with less water and
few changes in other production practices can be a great advantage for nursery
growers. Wet sieving provides a cost effective means to engineer substrates from
conventional components.
Nature of Work: Freshwater is a finite resource. The United States Geological Survey
reports that nearly 40% of the freshwater used in the US is for irrigation of crops alone.
A container nursery may consume up to 19,000 gallons of water per acre per day during
a growing season (4). Growers of containerized plants generally utilize bark- or peatbased soilless substrates in order to achieve optimal growing conditions. Soilless
substrate components are considered to hold relatively little water as compared to
mineral soils, which results in need for more frequent water application as opposed to
field grown crops. However, water availability (i.e. proportion of water available to the
crop) and the corresponding controls are poorly understood. Therefore, excess water is
applied once or multiple times daily to reduce the risk of crop water stress and
subsequent reduction in crop growth or loss (5).

Container Grown Plant Production

19

SNA Research Conference Vol. 60 2015

Water held within a container is available for plant uptake only if it can be accessed by
roots. Generally, any water that comes in direct contact with plant roots can be
absorbed by the plant and used for physiological functions. Water held within pores that
is not in direct contact with plant roots must be mobilized across particle surfaces and
adjacent pores by reducing water potentials of the roots themselves. Decreased
hydraulic conductivity (i.e. ease of water to move through substrate pore spaces) has
been shown to reduce the ability for roots to obtain water the greater the distance the
roots are from available pore water (1). The relationship between hydraulic conductivity
and water availability has been further demonstrated in peat based soilless substrates
(2). However, further research is needed to understand the factors that affect hydraulic
conductivity (i.e. water mobility) and at what point (in relation to volumetric water
content) it becomes limiting to plant growth.
Hydrophysical properties of pine bark are dependent on the distribution of varying size
particles and the resulting pore sizes (6). Our study examined how screening moist pine
bark or blending specific particle size fractions with fibrous materials such as Sphagnum
peat moss or coconut coir pith may allow for higher percentages of container water
being available for plant uptake in soilless substrates. Higher percentages of available
water will likely reduce water required to produce a salable crop, as the plant will be
able to access higher proportions of the water retained in the substrate between
irrigation events, thus minimizing water stress under reduced or less frequent water
applications.
Materials and Methods: Aged pine bark (Pinus taeda L.; Carolina Bark Products, LLC,
Seaboard, NC) was piled approximately 5 ft (1.5 m) high and allowed to sit in an openair environment at the Virginia Tech Hampton Roads Agricultural Research and
Extension Center in Virginia Beach, VA for approximately 30 days in the summer of
2014. After this time, the moisture content (MC) of the bark was randomly sampled from
throughout the pile over the course of 7 days. The MC of the bark pile was measured at
67.3% 1.5 SE (n=5) by weight, and considered to be representative of a typical
nursery’s bark substrate MC. A sample of 9 ft3 (0.25 m3) was then removed by taking
bark from throughout the pile and placed in three, sealed plastic bags to allow the
moisture to equilibrate for 48 hours. Once equilibrated, the bark was sieved using a RoTap shaker (Model RX-29; W.S. Tyler, Mentor, OH) fitted with a column of 8” (20.3 cm)
diameter sieves with screen openings of 0.50” (12.7mm), 0.25” (6.3mm), 0.16” (4.0
mm), 0.08” (2.0 mm), 0.04” (1.0 mm), and a pan. Sieving the bark consisted of the top,
0.5” (12.7mm) sieve being loosely filled with bark [approximately 91.5 in3 (1500 cm3)]
before agitating the sieve column for 5 minutes. After the sieving, the contents of each
sieve were separated into individual buckets, which were filled with the same screen
size material via repeating this process until approximately 0.67 ft3 (0.02 m3) of each
sieve fraction was collected (Fig. 1). The average proportions of bark captured in each
sieve were as follows: 12.7 mm = 6.9% (± 0.17 SE), 6.3 mm = 23% (± 2.22 SE), 4.0 mm
= 19.5% (± 1.17 SE), 2.0 mm = 28.6% (± 0.9 SE), 1.0 mm = 19.4% (± 0.39 SE), and the
unders (bottom pan after passing through 1.0 mm sieve) were 2.7% (± 0.12 SE) by
weight. Buckets were kept sealed except when bark was being added, to retain

Container Grown Plant Production

20

SNA Research Conference Vol. 60 2015

moisture. The bark that remained in the upper sieve (above ½”) and the bark passing
through all screens (pan) were discarded.
Physical properties including air space, container capacity, total porosity, and bulk
density of each screen size fraction (excluding material captured in the ½” sieve and
bottom pan), as well as the unscreened bark were determined through porometer
analysis (3). Furthermore, samples of each sieve fraction and the unscreened bark were
dried at 221°F (105°C) for 48 hours and sieved again through the Ro-Tap shaker to
determine particle size distribution of each sieve fraction. Each of the four sieve
fractions plus the control was then analyzed using a Hyprop (Hydraulic PROPerty
analyzer; Decagon Devices, Inc., Pullman, WA) to test for the relationship between
volumetric water content, matric potential, and hydraulic conductivity.
Separately, the bark captured in the 4.0 mm sieve was also blended with varying
percentages of Sphagnum peat moss (Premier Tech, Quebec, Canada) or coconut coir
(Fibre Dust LLC, Glastonbury, CT) at 10, 20, 30, 40, and 50% by volume, respectively
(data not shown). Each material was analyzed for physical properties using the
porometer method to find physical properties similar to the unscreened bark. Both
fibrous materials were chosen to be mixed at 40% with the bark captured in the 4.0 mm
screen.
Each fraction size and the 4.0 mm screened bark amended with peat or coir were used
to investigate their effect on production Hibiscus moscheutos L. ‘Sweet Caroline’.
Research was carried out at Virginia Tech greenhouses (Blacksburg, VA). Plugs from
50 cell trays (North Creek Nurseries, Oxford, PA) were planted in true 1 gallon (0.0037
m3) containers (#1, 400c, Nursery Supplies, Kissimmee, FL), each filled with one of the
substrate treatments. Each substrate was replicated six times. Containers were watered
as needed and plants were allowed to grow until establishment (roots reached bottom of
container). Once established, irrigation was discontinued from half of the plants in each
treatment. When plants reached full wilt, a 5” section of the main stem was removed
from both the wilted and watered plants and water potential was measured in a
pressure bomb (PMS Instrument Co., St. Albany, OR).
Data were analyzed using SAS version 9.3 (SAS Institute, Cary, NC) using the general
linear model featuring a Tukey’s HSD means separation and a MANCOVA statement.
Hyprop data were corrected from between suctions of 0 hPa (total porosity) and 3.8 hPa
(container capacity) using values from porometer analysis to account for inaccuracies
with estimation of very wet volumetric water contents.
Results and Discussion: The process of sieving bark moist, as compared to sieving
dry, allowed fine sized particles to remain distributed across individual sieve fractions,
increasing total surface area and subsequent smaller pores. Thus, the individual
fractions were able to retain more water than if the finer particles were removed as if dry
sieved. For this reason, crops were able to grow in the differing substrates. The three
sieve fractions containing larger particles (6.3 mm, 4.0 mm, and 2.0 mm) all were
determined to have the highest total porosity, along with both the fractions blended with
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peat and coir (Table 1). Container capacity of wet sieved bark curvilinearly decreased
from 61% to 34% by volume with increasing screen size from 1.0 mm to 6.3 mm.
Conversely, air space curvilinearly increased 34% by volume when wet sieved with 1.0
to 4.0 mm screens. However, there was no notable change in air space when using 4.0
to 6.3 mm screens. Both 4.0 and 6.3 mm was comprised of 8% fines (< 0.71 mm) as
determined by dry particle size distribution. The aforementioned results can be
explained by the particle size distribution in which ≥ 58% of total particles occurred
surrounding the sieve size used. The two largest fractions (6.3 and 4.0 mm) were
similar in all physical properties while differing in their particle size distribution. The
unscreened bark had similar physical properties with the 2mm sieve fraction.
Substrate moisture characteristic curves allowed us to infer homogeneity in the pore
size distributions for the coarse sized material (Fig. 2 A & B), as the moisture
characteristic curves decline very steeply at relatively low tensions. As the substrates
transition to finer sized particles (Fig. 2 C & D) there is a more gradual decrease in
volumetric water content, thus a heterogeneous mixture of pore sizes similar to the
unscreened pine bark (Fig. 3). Therefore, we can infer that the hydraulic conductivity of
the finer materials is higher than that of the coarse materials.
The pressure bomb survey observations on the plants were fairly consistent across
treatments when the plants were fully hydrated (1.0 mm = 7.5 bar, 2.0 mm = 8.5 bar, 4.0
mm = 10.5 bar, 6.3 mm = 11 bar, 40% peat = 8 bar, and 40% coir = 9 bar), with all
treatments measuring under what is often considered the first sign of stress for plants
(aside from 6.3 mm slightly above this mark). However, when exposed to drought
conditions (no water for 5 days), the stem water potentials of the 1.0 mm (13 bar), 40%
peat (12.5 bar), and 40% coir (15.5 bar) were much lower than that of the 2.0 mm (21
bar), 4.0 mm (25.5 bar), and 6.3 mm (26 bar). From this, it can be hypothesized that the
screened bark with the additions of the fibrous materials were still able to access
adequate water under drought conditions to only experience moderate stress, as
opposed the coarse materials, with relatively low hydraulic conductivity, which were
experiencing severe stress as indicated by stem water potential.
As a result of the reduced stress levels in plants grown in the substrates with higher
hydraulic conductivity (i.e. 1.0 mm sieve and the substrates with peat and coir
additions), the authors hypothesize that these substrates provide more favorable
hydrophysical properties for low water production settings. Further investigation is
needed to determine how to best alter hydrophysical properties of soilless substrates,
and to further refine the optimal ranges for such properties.
Acknowledgements: The authors of this paper would like to acknowledge Mrs. Julie
Brindley and Dr. Marc van Iersel for their continued sharing of knowledge and support
with this project. Funding for this work was provided in part by the J. Frank Schmidt
Foundation, Specialty Crop Research Initiative, Virginia Agricultural Experiment Station,
and the Hatch Program of the National Institute of Food and Agriculture, U.S.
Department of Agriculture.
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Table 1. Physical properties and particle size distribution of individual sieve size fractions of aged
pine bark sieved at 67.25% moisture content.z
Physical properties
Particle size distribution
u
Container
Air
Total
Bulk
X-Large
Larget Mediums Finesr
capacityy spacex
porosityw densityv
(> 6.3 (2 - 6.3
(0.71-2 (<0.71
3
(% vol)
(% vol)
(% vol)
(g/cm )
mm)
mm)
mm)
mm)
Unscreened bark 51.2 bcq
6.3 mm screen
4.0 mm screen
2.0 mm screen
1.0 mm screen
4mm screen w/peat
4mm screen w/coir
Multivariate source
of variation
y

33.1 b

84.3 bc

0.16 b

--

--

34.8 d
38.5 d
48.2 c
61.5 a

52.4 a
51.4 a
39.1 b
17.7 c

87.2 ab
89.9 a
87.3 ab
79.3 c

0.13 c
0.14 c
0.16 b
0.23 a

73.19 a
0.90 b
0.07 b
0.04 b

56.9 ab
58.5 a

29.9 bc
31.9 b

86.8 ab
90.4 a

0.13 c
0.13 c

---

-------------------0.0001p-------------------

--

16.97 c
88.88 a
58.68 b
1.08 d
---

--

1.91 c
1.53 c
27.89 b
67.55 a

7.93 c
8.69 bc
13.36 b
31.33 a

---

---

-------------------0.0001-------------------

Container capacity is percentage of the sample volume occupied by water after allowing sample to
drain for 1h.
x
Air space is the percent of the sample volume occupied by air after allowing to drain for 1h.
w
Total porosity is the percent of the sample volume not occupied by solid particles (air space +
container capacity).
v
Bulk density is the dry weight of the sample (solid particles) ÷ total sample volume.
u
X-Large is the percentage by weight of the dry sample that is captured on a 6.3mm sieve (1/4”).
t
Large is the percentage by weight of the dry sample that passes through 6.3mm sieve and is
captured on the 2mm sieve.
s
Medium is the percentage by weight of the dry sample that passes through 2mm sieve and is
captured on the 0.71mm sieve.
r
Fines are the percentage by weight of the dry sample that pass through a 0.71mm sieve.
q
Means analyzed via Tukey’s Honestly Significant Difference, and different letters represent
statistical differences with α=0.05.
p
P value
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A

B

Figure 1: A) Photograph of individual fractions of pine bark sieved at 67.25% moisture
content and B) oven dried post-sieving (for visual purposes). (A&B) From left to right =
unders (passed through all sieves), 0.5mm (removed from experiment), 1mm sieve,
2mm, sieve, 4mm sieve, 6.3mm sieve, and 12.7mm sieve.
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Figure 2: Moisture characteristic curves attained from Hyprop analysis on individual
fractions of pine bark sieved at 67.25% moisture content. A) Captured in the 6.3 mm
screen, B) captured in the 4.0 mm screen, C) captured in the 2.0 mm screen, D)
captured in the 1.0 mm screen.
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Figure 3: Moisture characteristic curve attained from Hyprop analysis of the unscreened
pine bark.
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When to Fertigate: The Influence of Substrate Moisture Content on Nutrient
Retention in Containerized Crop Production
Simon McPherson, James S. Owen, Jr., Julie Brindley and Jeb S. Fields
Virginia Tech, Department of Horticulture, Hampton Roads Agricultural Research and
Extension Center, 1444 Diamond Springs Road, Virginia Beach, VA 23455
jsowen@vt.edu
Index Words: pine bark, Ilex crenata, nitrogen, phosphorous, leachate, nursery crop
Significance to Industry: The agriculture industry, including nursery and greenhouse,
is already absorbing rising fertilizer costs, averaging 9% in the decade from 2000-2010,
fueled by pressures on fossil fuel and phosphorous markets (1). Given these
challenges, the efficient fertilization of crops is, and will increasingly become, essential
to the profitability and sustainability of the industry. In an overview of water
management practices, Bilderback (2) reported that container leachate volume
correlates positively with irrigation volume. Thus, water application efficiency directly
relates to the use efficiency of mineral nutrients. Research herein investigates delivery
efficiency of mineral nutrients via fertigation when initial substrate moisture content
varies from dry (i.e. moisture content when conventional irrigation takes place) to wet
(i.e. requiring no irrigation). Efficiency was measured using effluent electrical
conductivity (EC) as a proxy for mineral nutrient leaching. Results indicate fertigation
efficiency (decreased nutrient leaching) of Ilex crenata curvilinearly increased as pinebark substrate moisture content increased from 38%, 44%, 50%, and 56%
(gravimetrically). This was in part because observable leaching occurred much sooner
(approx. 30 sec.) with lower substrate moisture content treatments. The authors
hypothesize mineral retention is aided by a more uniform distribution of water (and
mineral nutrients) as the result of increasing hydrating efficiencies at higher initial
moisture content. This is believed to be a result of decreased preferential flow (i.e.
channeling) at increasing moisture content (3); whereas, solute (water and mineral
nutrient) retention and distribution in the container was greater when fertigating pots
pre-hydrated (4). In conclusion, a fertigation event should not replace a scheduled
irrigation event. Knowing that when crops require irrigation, mineral nutrients applied via
fertigation will rapidly leach from containers, wasting resources and subsequent dollars.
Nature of Work: Globally, the pressures on the agriculture industry are increasing, and
showing little sign of easing. The UN projects an increase in world population to
approximately 9.6 billion by 2050 (5), putting pressure on agricultural producers, allied
suppliers and associated resources. In the future, agriculture will also have to face the
challenge of a projected increase in global resource demands, fueled by socioeconomic
and demographic factors resulting from an additional 2.4 billion people (2013 ≈ 7.2
billion) (5). Given these massive challenges, the containerized nursery industry cannot
be immune from these global trends. Nursery crop cash receipts alone were
approximately $3.8 billion, of which 66% was a result of containerized crops, in 2007
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(6). Timely and successful production of containerized crops relies on a balanced
approach to water and nutrient management, which are in part a function of the soilless
substrate utilized during production. Substrates differ widely in their physical and
chemical constitution. Therefore, the choice of components and resulting substrates are
key to successful containerized crop production. Understanding how a substrate
interacts with water and nutrients will allow growers to optimize resource efficiency by
implementing varying strategies dependent upon the substrate properties.
Wettability is considered to be an important factor in soilless substrate culture.
Research in the 1960’s by Letey et al. (7) described wettability as how easily a liquid
can spread over the surface of a soil or substrate particle. The authors consider
wettability to be a primary property influencing water distribution (and nutrient) within a
soilless substrate. Plaut et al. (8) reported wettability of soilless substrate influenced
hybrid tea rose growth by improving water-holding capacity. Bilderback et al. (2)
demonstrated soilless substrates have lower water holding capacity than soil, requiring
less water to be applied more frequently to minimize crop water stress. In a practical
sense, research indicates that container leachate volume and total mineral nutrient loss
will increase as irrigation application rate or total volume exceeds retention capacity of
the substrate. Mineral nutrient loss is also a function of the type of fertilizer applied (4).
Fare et al. (9) demonstrated that three spaced irrigation events (i.e. cyclic irrigation)
compared to a single irrigation event, both of which apply a total of 0.5 inch (13 mm) of
water, reduced container leachate volume by 34%. More recent research by Fare et al.
(10) found leachate volume could be further reduced by 54% and subsequent nitrogen
leached reduced by approximately 47% when using a 30 minute to two hour resting
phase form of cyclic irrigation, as opposed to continuous irrigation, both of which
exhibited similar growth index and root distribution. Results by Fare and her colleagues
support earlier research findings and imply that leaching is more prevalent in drier
substrates and water application should not exceed substrate capacity.
Research to date has primarily focused on irrigation scheduling or water application
quantity. Recently, Hoskins (4), investigating water and solute transport during irrigation
events, suggests pre-irrigation container moisture content has an effect on preferential
flow. Moreover, solute retention and distribution in the substrate was greater when
fertigating pre-hydrated containers. This research builds on these findings and the work
of others to suggest producers should consider pre-fertigation substrate moisture
content as a means to increase resource retention efficiencies. Research herein
investigates delivery efficiency of mineral nutrients via fertigation when initial substrate
moisture content varies from dry to wet.
Materials and Methods: On 23 February 2015, 40 Ilex crenata ‘Bennett’s Compactum’
liners were selected from 15 cell plug trays (Bennett’s Creek Nursery, Inc., Suffolk, VA)
and potted into #1 (2.7 L) containers (Model # T1G TL, Dillen Products, Middlefield, OH)
using aged pine bark (Sun Gro Horticulture, Inc., Elizabeth City, NC) amended with 3.0
lb•yd-3 (1.8 kg•m-3) ground dolomite (Rockydale Quarries Corporation, Roanoke, VA)
and 3.0 lb•yd-3 (1.8 kg•m-3) pulverized dolomite (Old Castle Lawn and Garden,
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Thomasville, PA). Plants were grown on an expanded metal bench in a greenhouse at
Hampton Roads Agricultural Research and Extension Center in Virginia Beach, VA for
85 days. Plants were arranged in a completely randomized design. Plants were pruned
to uniform baseline canopy architecture [approx. diameter of 4.7 inches (11.8 cm ± 0.4
SE); approx. perpendicular diameter 3.7 inches (9.3 cm ± 0.3 SE); approx. height of 4.3
inches (11.0 cm ± 0.2 SE)]. All plants received irrigation as needed and were fertilized
with 3.3 oz (100 ml) of a 236 ppm (mg•L-1) solution of Peters 20.0N-8.8P-16.6K
(General Purpose 20-20-20, JR Peters Inc., Allentown, PA), periodically (approximately
every 17 days) according to the standard cultural practices observed by commercial
growers. Substrate physical properties (Table 1) were determined using the North
Carolina State University poromoter method as described by Fonteno and Harden (11).
To ensure homogeneity all plants were thoroughly watered, and allowed to dry down to
their target moisture content only prior to laboratory data collection. On the day of data
collection, three plants from each moisture content treatment were randomly assigned
to receive deionized water or mineral nutrient solution influent. In total, there were three
groups receiving deionized water influent and three groups receiving nutrient solution
influent, each consisting of one plant at each of the four moisture contents. In order to
establish an initial pH and EC, an extra plant in each treatment was used to conduct a
pour through as described by LeBude and Bilderback, 2009 (12). Initial pH and EC were
5.91 ± 0.06 and 213.6 µS•cm-1 ± 8.4 SE, respectively. All other plants were weighed to
measure final moisture content prior to receiving water or fertilizer solution.
Moisture content targets were determined once roots began to explore the container
volume, defined visually as the roots being 80% of the way down the container wall.
Investigators identified 16% and 34% volumetric water content (38% to 56% moisture
content) range to be similar to what would be observed under normal production
conditions. Target weights were determined to be 2.48 lb (1125 g) for the lowest
moisture content (MC) treatment (MC1, 38%) and 3.64 lb (1650 g) for the highest
moisture content treatment (MC4; 56%). Target weights for remaining moisture content
treatment [MC2 (44% and MC3 (50%)] were determined at equidistant points.
The aforementioned water-soluble fertilizer was added, 2.63 ounces (74.8 grams), to
4.5 gal (17 L) of deionized water in a 5-gallon (19 L) bucket. The resulting solution had
an EC of ≈ 4000 µS•cm-1. A sample was taken from each bucket to measure influent EC
and pH using a bench top meter (Orion 4-Star) equipped with a 4-electrode conductivity
cell (DuraProbeTM) and pH electrode (Orion™ Model 91-72 Sure-Flow; Thermo Fisher
Scientific, Beverly, MA). The influent diffuser and plant container was placed into a
custom irrigation platform and leveled as described by Hoskins et al. (4). A 4-inch (10
cm) tall collar [7.5 inch (19 cm) diameter] was placed around each plant to ensure no
loss of applied influent. Fertilizer solution or DI water was poured into the 2.5 quart (2.4
L) influent diffuser, with perforated bottom, and the water level was quickly brought a
height of ≈1 inch (2.5 cm) while water was diverted away from the leveled container
below. Once flow was stable at 2.69 gal•hr-1 (2.83 ml•sec-1) the irrigation or fertigation
event began (initiation time = 0) and delivered ≈ 0.80” (20.3 mm) over the course of two
minutes and twenty-seven seconds before being diverted after completion of the
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irrigation or fertigation event.
Effluent was collected for a total of 900 seconds (15 minutes) after initiation.
Fractionations were collected in increments of 0.85 oz (25 ml) for the first 1.69 oz (50
ml), and 1.69 oz (50 ml) thereafter. Time was recorded when first leaching was
observed and when each incremental volume was reached. Electrical conductivity and
pH of each fractionation was measured and recorded. Containers were allowed to drain
for ≈13 minutes and then weighed to determine substrate final moisture content.
In order to determine root depth, the plant container was placed upside down in a tray,
and substrate gently scraped off in layers beginning at the bottom of the substrate and
the distance from top of the substrate surface to the first observed root measured.
Rooting depth was 5.6 inches (14.2 cm ± 0.4 SE).
Results were subjected to analysis of variance or linear and quadratic regression (α =
0.10) and subjected to Tukey’s range test (α = 0.05) where appropriate. Data was
analyzed using JMP® Pro version 10.0.2 (SAS Institute Inc., Carey, NC).
Results and Discussion: Average effluent EC of containers receiving only DI water
was 179 µS•cm-1 ± 7 SE. Initial moisture content or the quantity of leaching had little
effect on the EC. Results indicate fertigation efficiency (i.e. decreased nutrient
leaching) of Ilex crenata curvilinearly increased as pine-bark substrate moisture content
increased from 38%, 44%, 50%, and 56%. This was most apparent when reporting the
EC of leachate collected (Figure 1) when applying mineral nutrients. This was in part
because observable leaching occurred much sooner (approx. 30 sec.) when substrate
was drier (38% and 44%) than when at higher (50% and 56%) moisture content. When
applying water only, leaching was observed at approximately 32 seconds when
substrate at low moisture content versus 89 seconds when initial substrate moisture
content was 50% or greater. When applying solute, the time to observed leaching
increased with increasing initial moisture content (31, 40, 72, 90 seconds from 38% to
56% MC).
The authors hypothesize mineral retention is aided by a more uniform distribution of
water (and mineral nutrients) as the result of increasing hydrating efficiencies at higher
initial moisture content as observed by Fields et al. (3). This is believed to be a result of
decreased preferential flow at increasing moisture content; whereas, solute (water and
mineral nutrient) retention and distribution in the container was greater when fertigating
pots pre-hydrated (4). In conclusion, these results suggest nutrient leaching can be
reduced by fertigating when container moisture content is relatively high, rather than
relatively low. More research is needed to see if cyclic irrigation alone can mitigate
issues with channeling and subsequent resource inefficiencies.
Acknowledgements: The authors would like to acknowledge the Virginia Agricultural
Experiment Station; the Hatch program of the National Institute of Food and Agriculture;
and the Specialty Crops Research Initiative for their financial support.
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Table 1. Physical properties for a substrate comprised of 9:1 (by vol.) Pine-bark : sand
using the NCSU porometer method.
Db

TP

CC

AS

0.24

77

53

24

Db = Bulk density g•cc-1.
TP = Total porosity. Percent of substrate vol. comprised of pores or void space. (TP =
Volume of water to saturate substrate)
CC = Container capacity. Percent of substrate vol. comprised of water after free
drainage occurring as a result of gravity and atmospheric pressure. (CC = TP – volume
of water drained after saturation)
AS = Air Space. Percent of substrate vol. comprised of air at container capacity. AS =
TP - CC.
Median volume (ml)

1.0

13
38
75
125
175

Ratio of electical conductivity of influent in / out

0.8

0.6

0.4

0.2

0.0
0.15

0.20

0.25
0.30
Substrate volumetric water content (%)

0.35

Figure 1. Influent / effluent electrical conductivity ratio of incremental leachate
fractions when fertigating (mineral nutrient solution having an electrical
conductivity of 3820 µS•cm-1) Ilex crenata growing in a pine bark substrate
with varying water content.
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Predicting pH of Sphagnum Peat moss and Pine Bark Substrates Amended with
Ground and Pulverized Dolomitic Limestone
Jacob H. Shreckhise, James S. Owen, Jr. and Alexander X. Niemiera
Department of Horticulture
Virginia Tech, Blacksburg, VA 24061
jshreck@vt.edu
Index Words: dolomite, pH, Sphagnum peat moss, pine bark
Significance to the Industry: Amending container substrate with a mixture of ground
and pulverized dolomitic limestone (dolomite) is a recommended practice for nurseries
in the mid-Atlantic United States. Research herein showed that when amending with
10.5 or 14.0 lbs·yd-3 of 1 ground : 1 pulverized dolomite, pore-water pH (i.e., pH of
solution residing in container substrate pores) of pine bark and peat moss reached
equilibrium values in 15 and 7 days, respectively. Data were used to fit existing linear
and non-linear models that growers can use to calculate the amount of 50% ground
50% pulverized dolomite to yield a target substrate pore-water pH. Further research is
needed to investigate the stability of pore-water pH over time and under conventional
management practices (e.g., fertilization and irrigation) when amending with a blend of
dolomite particle sizes.
Nature of Work: Pine bark and Sphagnum peat moss have inherently low pore-water
pH values [i.e., ≈ 4.0 to 5.5 for pine bark (11) and ≈ 3.5 to 4.5 for peat moss (8)] for
containerized crop production, and are therefore commonly amended with limestone to
raise pore-water pH and consequently improve nutrient availability. Like calcite
(CaCO3), dolomite [CaMg(CO3)2] is effective at adjusting bark- and peat-based
substrate pore-water pH (6). Dolomite also supplies magnesium (Mg) to the plant, and
thus nursery crop growers prefer dolomite to adjust substrate pore-water pH.
The ability of dolomite to increase substrate pH is dependent upon inherent substrate
buffering capacity (3), as well as dolomite incorporation rate (1, 3, 6), calcium carbonate
equivalency (CCE) (10) and particle size (4, 6, 9). Dolomite particle size is particularly
important when amending with dolomite because it influences dolomite solubility;
dolomite grinds with smaller particles (e.g., pulverized) have a greater surface area and
are therefore more reactive than relatively coarse grinds (e.g., ground) (4, 7). For
example, Huang et al. (4) demonstrated that to increase pore-water pH of peat moss by
≈2 units, required dolomite-substrate incubation was 7 or 28 days when amended with
100–325 mesh or 100–60 mesh dolomite, respectively.
The commercial availability of ground and pulverized dolomite has enabled nursery crop
growers to amend with a mixture of dolomite particle sizes, improving longevity (short
and long term) of pore-water pH regulation in container substrates. This is
accomplished by amending container substrates with a ratio of 1 ground : 1 pulverized
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dolomite, which is a commonplace practice by nurseries throughout the mid-Atlantic
United States (13).	
  However, few published studies have investigated the substratedolomite incubation duration and dolomite rate needed to reach target pore-water pH
values in pine bark and peat moss when amending with a mixture of ground and
pulverized dolomite. The objective of this study was to examine the effect of dolomite
rate (50% ground and 50% pulverized) and dolomite incubation duration on pine bark
and peat moss pore-water pH.
Materials and Methods: In June 2014, aged pine bark (Pacific Organics, Henderson,
NC) and Canadian Sphagnum peat moss (Conrad Fafard Inc., Agawam, MA) were
moistened with potable water to obtain an initial moisture content of 55.5 ± 0.3% and
75.7 ± 0.4%, respectively. The two substrates were then each amended with 5 dolomite
rates (0.0, 3.5, 7.0, 10.5 or 14.0 lbs·yd-3) in a laboratory in Blacksburg, VA. For each
dolomite treatment, 1.5 ft3 of each substrate was mixed for 5 minutes in a small cement
mixer (≈5 ft3 capacity) and amended with equal parts of ground dolomite (97% CCE;
Rockydale Quarries Corporation, Roanoke, VA) and pulverized dolomite (94% CCE;
Old Castle Lawn and Garden, Thomasville, PA). For the ground dolomite, 100, 90, 50
and 35% of dolomite particles passed through US mesh sizes, 10, 20, 60 and 100,
respectively. For the pulverized dolomite, 100, 95, 90, 80, 72 and 54% of dolomite
particles passed through US mesh sizes, 10, 20, 40, 50, 60 and 100, respectively. After
mixing, four 0.25 ft3 aliquots of amended substrate were transferred from the cement
mixer into respective 30 gal plastic bags. A portion of this pine bark and peat moss was
stored in a lidded 5 gal bucket and later analyzed for substrate physical properties (i.e.,
total porosity, container capacity, air space and bulk density; Table 1). All plastic bags
were sealed to prevent evaporative water loss and stored in darkness at an ambient
temperature of 73 ± 2°F. The experiment was a completely randomized design in a
complete factorial arrangement, with four replications per treatment.
Pore-water extracts were collected using ≈25 in3 substrate from each bag via the
saturated media extract method (12) at 4, 7, 15, 20 and 40 days after experiment
initiation (DAI) for pine bark and 4, 7, 21 and 49 DAI for peat moss. The remaining
substrate in each plastic bag was then mixed by hand, weighed to ensure moisture
content was constant between sampling dates, sealed and stored (as previously
described) until the subsequent sampling date. Once extracts were obtained, used
substrate was discarded. Substrate pore-water pH was measured for each extract using
a Hanna HI 9813-5 instrument (Hanna Instruments, Woonsocket, RI). Mean initial pH
values for non-amended pine bark and peat moss were 4.1 ± 0.1 and 3.7 ± 0.1,
respectively.
Non-linear regression (pine bark substrate) and linear regression (peat moss substrate)
were utilized to assess the effect of dolomite rate on pH within sampling dates. Effect of
incubation duration, lime rate and the incubation duration x lime rate interaction on pH
were determined using analysis of variance (P ≤ 0.05). Treatment means were
separated using Tukey’s honest significant difference means comparison at the P ≤
0.05 level. All data analyses were performed using JMP Pro 11 (SAS Institute, Cary,
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NC). Since pore-water pH values at 0 DAI were obtained from 4 repetitions of non-limed
substrate, these values were excluded from analyses.
Results and Discussion: Pore-water pH values in pine bark amended with 3.5 to 14.0
lbs·yd-3 dolomite were stable (i.e., unaffected by incubation duration) after 15 DAI,
indicating the dolomite-pine bark reaction had equilibrated sometime between 7 and 15
DAI (Table 2). However, pine bark pore-water pH values were within the optimal nutrient
availability range for container-grown plants (2) by 4 DAI. Similar pH equilibrium times
and pH adjustment rates were reported by Elliott (3) when pine bark was amended with
pulverized dolomite. From 20 to 40 DAI, pore water pH values for the 3.5 lbs·yd-3 lime
treatment were lower than the 7.0, 10.5, and 14.0 lbs·yd-3 rates with no pH differences
between these higher rates. Thus, amending pine bark with >7.0 lbs·yd-3 of 1 ground : 1
pulverized dolomite may only be useful for increasing residual dolomite supply for longterm pH buffering and , Mg and Ca supply.
Peat moss pore-water pH values for substrate amended with 3.5 or 7.0 lbs·yd-3 dolomite
were the same (P ≤ 0.05) from days 4 through 21 but were higher at day 49 (Table 3).
For peat moss amended with 10.5 or 14.0 lbs·yd-3, equilibrium pH was attained by 7
DAI. In contrast to pine bark in which there was no pore-water pH difference between
the 7.0, 10.5, and 14.0 lbs·yd-3 dolomite rates after 20 DAI, peat moss pore-water pH
increased significantly with each increase in lime treatment, regardless of incubation
duration.
Regression equations show the pH response over lime rate for pine bark (Figure 1) and
peat moss (Figure 2). Since no incubation duration x lime rate interaction was observed
(P ≤ 0.05) and to ensure models represented pH at equilibrium, pore-water pH values
were pooled over 20 and 40 DAI for pine bark and 21 and 49 DAI for peat moss. A peak
pH value was not established for peat moss pore-water in this experiment. However,
Elliott (3) showed that pH does not continue to increase linearly when dolomite rate is
increased from 13.5 to 27 lbs·yd-3 dolomite. Thus, one should take caution when using
provided models to estimate dolomite rate to achieve a higher pH than values observed
in this experiment.
Regression equations predict pore water pH and thereby can be used as an
approximate guide for growers to determine how much ground and pulverized lime to
add to their substrates to reach a target pH value. One should realize that these
equations should only be used for estimating initial pore-water pH since practices such
as irrigation and fertilization also influence pH and were not considered in this study.
Furthermore, the pH-altering effect of nutrient uptake and root exudates may also
influence pH and should be taken into consideration when determining lime rate.
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Table 1. Substrate physical properties (n = 3) of aged pine bark and Sphagnum peat
moss measured at experiment initiation
Substrate

Total porosityz
(% vol.)

Container capacityy
(% vol.)

Air spacex
(% vol.)

Bulk densityw
(g·cm-3)

Pine bark

85 ± 1.6v

63 ± 0.3

22 ± 1.4

0.21 ± 0.0

Sphagnum peat
moss

92 ± 0.5

85 ± 0.2

7 ± 0.4

0.11 ± 0.0

z

Total porosity is the % sample volume occupied by air and water (air space + container
capacity) after allowing sample to drain for 1 hour.
y
Container capacity is the % sample volume occupied by water after allowing sample to
drain for 1 hour.
x
Air space is the % sample volume occupied by air after allowing to drain for 1 hour.
w
Bulk density is the sample dry weight (solid particles) ÷ total sample volume.
v
Sample mean ± standard error

Table 2. Effect of dolomite rate (applied as half ground and half pulverized) and
incubation duration on aged pine bark pore-water pH

4
7
15
20
40

0.0
4.53 a
4.68 a
4.63 a
4.63 a
4.68 a

3.5
6.23 b
6.05 b
6.33 b
6.30 b
6.23 b

Lime rate (lbs·yd3)
7.0
10.5
6.68 bc 6.80 c
6.38 c
6.60 cd
6.60 c
6.78 cd
6.60 c
6.68 c
6.78 c
6.85 c

HSD critical value

0.37 y

0.31

0.24

0.20

0.27

P-value

0.001

<0.001

<0.001

<0.001

<0.001

Incubation duration
(days)

14.0
6.83 c
6.65 c
6.75 c
6.75 c
6.90 c

P-value
<0.001
<0.001
<0.001
<0.001
<0.001

z

Means within row followed by the same letter are not significantly different based on
Tukey’s HSD at the P ≤ 0.05 level.
y
HSD critical values separate means within columns at the P ≤ 0.05 level.
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Table 3. Effect of dolomite rate (applied as half ground and half pulverized) and
incubation duration on Sphagnum peat moss pore-water pH.
0.0
3.80 az
3.78 a
3.58 a
3.93 a

3.5
4.35 b
4.35 b
4.28 b
4.70 b

Lime rate (lbs·yd3)
7.0
10.5
5.05 c
5.80 d
5.08 c
5.98 d
5.08 c
5.93 d
5.30 c
6.18 d

HSD critical value

0.20y

0.17

0.18

0.27

0.32

P-value

0.001

<0.001

<0.001

<0.001

<0.001

Incubation duration
(days)
4
7
21
49

14.0
6.18 e
6.40 e
6.38 e
6.68 e

P-value
<0.001
<0.001
<0.001
<0.001

z

Means within row followed by the same letter are not significantly different based on
Tukey’s HSD at the P ≤ 0.05 level.
y
HSD critical values separate means within columns at the P ≤ 0.05 level.

7.0

6.5

6.0
p
H
5.5

5.0

4.5

4.0

0

3.5

7.0
-3
Lime rate (lbs·yd )

10.5

14

Figure 1. Regression relationship for dolomite rate and pine bark pore water pH pooled
over 20 and 40 DAI using a non-linear exponential regression model [y = 6.82 −
2.17*Exp(−0.39x)].
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6.0
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p
H

5.0
4.5
4.0
3.5
3.0

0

3.5

7.0

10.5

14

-3

Lime rate (lbs·yd )
Figure 2. Regression relationship for dolomite rate and Sphagnum peat moss pore
water pH pooled over 21 and 49 DAI using a linear regression model (y = 3.78 + 0.20x;
R2 = 0.99).

Container Grown Plant Production

40

SNA Research Conference Vol. 60 2015

Dealing with the Poo: Utilizing Swine Lagoon Compost as an
Amendment to Pine Bark
M. Terri Williams, Helen T. Kraus and Elizabeth D. Riley
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
Helen_Kraus@ncsu.edu
Index Words: substrate, swine lagoon waste, Musa velutina H.Wendl & Drude
Significance to Industry: There are several alternative substrate choices available for
use in the nursery industry. However, before implementing a new substrate mix into an
operation there are several factors that need to be considered such as impacts on plant
growth, nutrient availability within the substrate, and changes to fertility programs. This
study utilized a 9:1 (v/v) pine bark:swine lagoon compost substrate with varying nitrogen
(N) fertilizer rates (12.5, 25, 50, 100, and 200 mg·L⁻¹) to examine the impacts on shoot
and root growth of Musa velutina. However, shoot and root growths were not impacted
by the varying N rates.
Nature of Work: In response to the decreased availability and increased cost of the
traditional nursery substrate, pine bark, growers and suppliers have instigated research
into alternative substrate amendments to extend the amount available (9). With many
alternative substrates available, growers are looking for the most locally available media
with the least increase in cost, and the ready availability of swine lagoon waste is an
attractive option.
In North Carolina there is a significant production of hogs comprising 23,389,026 of
North Carolina’s 401,313,896 billion dollar farm cash receipts (5). The application of
swine lagoon compost (SLC) at 20% has been shown to increase plant dry weight as
much as 58% more than pine bark in a greenhouse setting (3). It has also been
reported that the shoot dry weights of bermudagrass (Cynodon dactylon L. Pers.),
sweet corn (Zea mays L. var. silver queen), sorghum (Sorghum bicolor L. var. DK-54),
and field bean (Phaseolus vulgaris L. var. blue lake) in the Ap horizon of a Norfolk
sandy loam soil mixed with processed swine lagoon solid were similar or superior to
growth with a conventional inorganic fertilizer (0, 125, 250, 500, 1,000 mg N kg⁻¹; 0, 25,
50, 100, 200 mg total P kg⁻¹) (2). Incubation studies showed pelletized processed swine
lagoon solids were an adequate source of phosphorus, but some plants, such as row
crops, would require supplemental application of nitrogen (1). The objective of this study
was to evaluate the impact on plant growth from the addition of swine lagoon compost
to pine bark, fertilized with varying nitrogen rates.
A study was conducted as a randomized complete block design with four replications
and five nitrogen (N) rates to evaluate plant growth in a substrate composed of pine
bark amended with swine lagoon compost (9:1 by vol.) (n=20). An industry control
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substrate (8:1 pine bark:mortar sand, by vol.) amended with 1.4 kg.m-3 (3 lbs.yd-3)
dolomitic lime was included for comparison (n=4). Swine lagoon waste was dredged
from a lagoon in Garland, NC (Murphy Brown, LLC, Warsaw, NC) and dewatered using
a polymer (PT1051, PolyTec Inc., Mooresville, NC) and a geotextile bag. The
waste/polymer mix was pumped into the bags where the water filtered out and was
pumped back into the lagoon. The waste/polymer mix in the bag was allowed to drain
for two years before use, resulting in swine lagoon compost (SLC). Once removed from
the bag, the SLC was spread on plastic and allowed to air dry for two weeks.
On February 5, 2015 seedlings of Musa velutina H.Wendl & Drude were potted into 3.8
L (1gal) containers filled with either the 9:1 pine bark (PB): SLC or the industry control
substrate. The plants were grown in a greenhouse (80F day/65F night temperature) with
natural irradiance and photoperiod. Ammonium nitrate (34.9-0-0) was used to mix
fertilizer solutions of varying N rates: 12.5, 25, 50, 100, and 200 mg·L⁻¹ to be applied to
the 9:1 PB:SLC substrate. A complete fertilizer (20-10-20) (Peters’ Professional,
Everris, Dublin, OH) was applied to the control substrate and supplied 100 mg·L⁻¹ N.
Concentrated stock solutions of each N rate and the industry control nutrient solution
were applied with a fertigation system using low-volume spray stakes (PC Spray Stake,
Netafim, Ltd., Tel Aviv, Israel) and a Dosatron D16I proportional injector (Dosatron, Inc.,
Clearwater, Fla.). Between each treatment the Dosatron and appropriate irrigation lines
were flushed with DI water, drained, and primed with the next treatment before
application.
Leaching fractions (LF = volume leached ÷ volume applied) were measured every two
weeks and irrigation volume was adjusted to maintain a 0.2 LF. Irrigation water
contained an average of 0.83 mg.L-1 N, 0.21 mg.L-1 P, and 3.44 mg.L-1 K with a pH of
7.83. Additionally, substrate solution was collected every 2 weeks using the pourthrough nutrient extraction method (10). Substrate solution electrical conductivity (EC)
and pH were determined via a combination EC/pH meter (HI 8424, Hannah
Instruments, Ann Arbor, MI).
After 7 weeks, shoots were removed and roots were washed free of substrate. Shoot
and root dry weights (dried at 140F for 4 days) were determined and used for growth
comparisons. After drying weights were measured, samples were submitted to the
North Carolina Department of Agriculture and Consumer Services, Agronomic Division,
Raleigh, NC for grinding and tissue analysis of N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, B,
and Na.
The data were subjected to ANOVA and regression analyses and means were
separated using single degree of freedom, linear contrasts and were considered
significant at P < 0.05.
Results and Discussion: Neither shoot nor root growth were affected by N rate (Table
1). There were also no significant differences between the industry control shoot
growths when compared using contrasts to the SLC with varying N rates (Table 2).
However, numerically shoot growth was greater in the SLC substrate compared to the
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industry control for all N rates except 50 mg.L-1 N (Table 1). Root growth in the industry
control was larger when compared to the SLC substrate for all N rates (Table 1 and 2).
Shoot growth in the SLC substrate was 0.27% greater than industry control substrate
while root growth in SLC was reduced by 0.29% in comparison to the industry control.
Plants grown in the SLC amended substrates with all N rates resulted in greater N, P, K,
Ca, Mg, Fe, and Mn foliar concentrations than plants grown in the industry control (data
not shown).
In conclusion, the addition of N to substrates amended with SLC did not enhance shoot
or root growth. This may indicate that extra nitrogen fertilizer may not be necessary
when growing certain crops such as Musa velutina in the SLC amended PB substrates
at a 9:1 ratio. Further research needs to be conducted to see how different crops grow
in the SLC amended substrates. Also, the amount of nutrients in the effluent from the
containers needs to be evaluated to ensure that excess pollutants are not exiting the
production system.
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Table 1. Effect of varying nitrogen rates on Musa velutina shoot and root dry weights
grown in a 9:1 (v/v) pine bark:swine lagoon compost substrate.
Treatmentz
12.5 mg.L-1
25 mg.L-1
50 mg.L-1
100 mg.L-1
200 mg.L-1
Control

Shoot Dry Weight (g)
8.0y
8.2
8.2
7.3
8.0
6.3

Root Dry Weight (g)
8.9x
8.4
8.7
7.1
6.9
12.5

ANOVAw

NS

NS

NS
NS

NS
NS

v

Linear
Quadratic
11)

z

The treatments consisted of a 9:1 (v/v) pine bark:swine lagoon compost substrate
fertilized with 12.5, 25, 50, 100, or 200 mg.L-1 nitrogen (N) and a control substrate of 8:1
(v/v) pine bark:mortar sand, substrate fertilized with a 20-10-20 fertilizer at 100 mg.L-1 N.
y
Shoot dry weight data are from means of four replications.
x
Root dry weight data are from means of four replications.
w
ANOVA effect of N rate. NS=nonsignificant.
v
Regression analysis. NS=nonsignificant.
Table 2. Linear contrast significances for varying nitrogen rates added the 9:1 (v/v) pine
bark:swine lagoon compost substrate compared to an industry control.
12)

Shoot Dry Weighty

Root Dry Weight

Control vs. 12.5 mg.L-1 Nz

NSx

0.0193

Control vs. 25 mg.L-1 N

NS

0.0090

Control vs. 50 mg.L-1 N

NS

0.0142

Control vs. 100 mg.L-1 N

NS

0.0011

Control vs. 200 mg.L-1 N

NS

0.0007

13)

z

The treatments consisted of a 9:1 (v/v) pine bark:swine lagoon compost substrate
fertilized with 12.5, 25, 50, 100, or 200 mg.L-1 nitrogen (N) and a control substrate of 8:1
(v/v) pine bark:mortar sand, substrate fertilized with a 20-10-20 fertilizer at 100 mg.L-1 N.
y
Shoot and root dry weight means for each N rate were compared using linear contrasts
to the control.
x
Linear contrasts were considered significant at P < 0.05. NS=nonsignificant.
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Effect of Volumetric Water Content on the Growth of Nandina domestica
Youping Sun1, Genhua Niu1,* and Donglin Zhang2
1

Texas A&M AgriLife Research Center at El Paso, 1380 A&M Circle
El Paso, TX 79927
2
Department of Horticulture, University of Georgia, 1103 Plant Sciences Building
Athens, GA 30602
gniu@ag.tamu.edu
Index Words: dry weight, growth index, visual score, volumetric water content
Significance to Industry: Stress-resistant ornamental plants are critical to meet the
demands of green industry for sustainability as they create opportunities to increase
plant quality and decrease input costs for growers and landscapers. A new Nandina
domestica (nandina) variety with glossy red foliage in the fall has been selected at the
University of Georgia. Yet little information is known about how this new nandina
selection is tolerant to drought condition in the field. This study examined the growth of
the nandina seedlings at different substrate volumetric water contents (volume of
water/volume of substrate, VWC) to determine its drought tolerance. The results
showed that nandina seedlings could grow at substrate VWC of 30% or above, at which
plants grew about 90% bigger with better visual quality over the seven-week period
compared to those irrigated at VWC of 20%. Such information may help growers and
landscapers make more informed decisions regarding plant selection and irrigation
management.
Nature of Work: Nandina domestica, a species in Berberidaceae, is commonly known
as nandina or heavenly bamboo. It is native to eastern Asia from the Himalayas to
Japan and widely planted in gardens as an ornamental plant. It can be grown in a range
of soil types, but prefers moist and well-drained soil (1, 2). Nandina has white flowers in
terminal panicles and bright red berries ripening in late autumn and often persisting
through the winter. Selections for foliage, fruit, and growth habit dominate the
marketplace. There are 65 cultivars named in Japan (3) and 40 cultivars described by
Dirr (1, 2). A new nandina selection with glossy red foliage in the fall has been selected
at the University of Georgia (Fig. 1). The drought tolerance of this new selection
remains unclear.
To systematically investigate plant response to drought condition in the field, more
frequent assessments of drought tolerance rather than anecdotal observations are
needed. Field trial is a standard and reliable method to evaluate plant drought tolerance.
However, it needs a larger plant population and often requires years to get accurate
results. Moreover, the occurrence of drought conditions in the field is unpredictable.
Sensor-based automatic irrigation system described by Nemali and van Iersel (4) could
efficiently irrigate plants to a desired level. This system allows control over the rate at
which drought stress is imposed on plants. Therefore, it provides an effective way to
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generate reliable data within two to three months on plant drought tolerance based on
the growth and physiological parameters.
The objective of this study was to evaluate the relative drought tolerance of new
nandina selection in a greenhouse. The growth of nandina seedlings at different
substrate volumetric water contents (volume of water/volume of substrate, VWC, L·L-1)
controlled by sensor-based automatic irrigation system was investigated.
Materials and Methods: On 15 May 2014, nandina seedlings (~ 10 cm in height) were
received from the University of Georgia and were transplanted into six-inch pots (13.5 ×
13.5 × 4.5 cm) filled with Metro-Mix 360 (Canadian sphagnum peat moss 45-55%,
vermiculite, composed bark, dolomite lime; SunGro®, Agawam, MA). Plants were
watered with a water-soluble 15N-2.2P-12.5K fertilizer solution (Peters 15-5-15 Peat-lite
special; The Scotts Co., Marysville, OH) at a nitrogen concentration of 105 mg·L–1 using
a fertilizer injector (Dosatron International, Inc., Clearwater, FL). On 4 June 2014, plants
were transplanted into 5.8-L black poly-tainer containers (22.5 x 19.5 cm) filled with
commercial substrate Metro-Mix 902 (50-60% bark, canadian sphagnum peat moss,
vermiculite and coarse perlite, and dolomitic limestone; starter nutrient charge with
gypsum and slow release nitrogen; SunGro®, Agawam, MA). Seedlings were watered
with the same water-soluble 15N-2.2P-12.5K fertilizer solution to container capacity.
Containers were then irrigated at one of the three substrate VWC set points: 0.20 L·L-1
(20%), 0.30 L·L-1 (30%), and 0.40 L·L-1 (40%) using a sensor-based automated
irrigation system similar to that described by Nemali and van Iersel (4). One 10HS
capacitance sensor (Decagon, Pullman, WA) was inserted perpendicularly into the
substrate in a randomly selected container in each treatment. The sensors were
connected to a CR10 datalogger (Campbell Scientific, Logan, UT) through a AM416
multiplexer (Campbell Scientific), and the voltage output was measured every 5 min.
The datalogger was programmed to convert voltage to substrate VWC using a
substrate-specific calibration equation (VWC = -75.146 + 198.344 × voltage – 69.747 ×
voltage2, R2 = 0.996***). The datalogger compared the VWC in each treatment with the
VWC set point for that particular treatment. As soon as the VWC in a container dropped
below the set point for irrigation, the datalogger sent a signal to the 16-channel SDMCD16AC relay controller (Campbell Scientific), which opened the solenoid valve (X13551-72; Dayton Electric Co., Niles, IL) corresponding to that treatment for 40
seconds. Each container was watered with one dribble ring (Dramm, Manitowoc, WI) at
a diameter of 15 cm with five emitter holes per ring. The dribble ring was connected to
pressure-compensated drip emitter (8 LPH; Netafim USA, Fresno, CA) with an average
flow rate of 2.1 gallon per hour. The temperatures in the greenhouse were maintained at
33.9 ± 6.0 °C (mean ± standard deviation) during the day and 27.1 ± 4.5 °C at night.
The daily light integral (photosynthetically active radiation) was 17.7 ± 1.7 mol·m-2·d-1.
Plant height (cm) and two perpendicular widths (cm) were recorded every two weeks.
Height was measured from pot rim to the tallest point of the plant. Growth index was
calculated as (height + width 1 + width 2)/3. On 22 August 2014 (77 days after
treatment), visual quality of every plant (leaf marginal burn and necrosis) was rated on a
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score of 0 to 5, where 0 = dead, 1 = severe (over 90%), 2 = moderate (50-90%); 3 =
slight (<50%), 4 = good quality with minimal foliar damage; and 5 = excellent without
any foliar damage. Shoots were cut off at the substrate surface and dried for three days
at 65 °C, after which dry weight (DW, g) was determined.
The study was designed as a randomized complete block design with two blocks, three
VWC thresholds as treatments, four replications per treatment, and four seedlings per
replication per block. Analysis of variance (ANOVA) was performed using PROC GLM.
Means separation among treatments was conducted using Tukey’s HSD multiple
comparison. All statistical analyses were performed using JMP 11 (SAS Institute Inc.,
Cary, NC).
Results and Discussion: All nandina seedlings survived when they were irrigated at
VWC of 30% or 40% (Fig. 2). However, only 56.3% nandina seedlings survived at VWC
of 20%. Substrate water content significantly affected the visual quality of nandina
seedlings with better visual quality of plants at higher VWC (P < 0.0001; Fig. 2).
Nandina seedlings had significant foliage damage with an average visual score of 1.5
when they were irrigated at VWC of 20% (Fig. 2). Nandina seedlings grown in a
substrate with a VWC of 30% and 40% had similar average visual scores of 3.7 and 3.6,
respectively.
Substrate water content also significantly impacted the plant growth (P < 0.0005) and
biomass accumulation (P = 0.01) of nandina seedlings (Fig. 3). Nandina seedlings grew
much faster when they were irrigated at higher water content. During the seven-week
period, the growth index of nandina seedlings increased by 94% and 84.7% when they
were irrigated at VWC of 30% or 40%, respectively. While nandina seedlings grew at
VWC of 20%, the growth index only increased by 21.6%. Nandina seedlings produced
more biomass at VWC of 30% and 40% than those at 20% (Fig. 3). Compared to those
grew at VWC of 20%, the dry weight of nandina seedlings increased by 76.6% and 81%
when they were irrigated at VWC of 30% or 40%, respectively. These results could
explain authors’ observation at the campus of the University of Georgia where nandina
plants exhibited different growth rate along the slope behind Clark Howell Hall (Fig. 4).
In conclusion, nandina plant growth was reduced by drought stress. Compared to those
irrigated at VWC of 20%, nandina seedlings grew about 90% bigger over the sevenweek period when they were irrigated at VWC of 30% or above with better visual
quality.
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Fig. 1. Nandina selection with beautiful glossy red fall foliage at the University of
Georgia Horticulture Farm (Watkinsville, GA; photo taken on 13 Nov. 2014).
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Fig 2. Survival rate and visual score of nandina seedlings irrigated with a soil moisture
sensor- controlled automatic irrigation system at three substrate volumetric water
content thresholds for 77 days. Visual quality (leaf marginal burning and necrosis) was
rated for every plant on a score of 0 to 5, where 0 = dead, 1 = severe (over 90%), 2 =
moderate (50-90%); 3 = slight (<50%), 4 = good quality with minimal foliar damage; and
5 = excellent without any foliar damage. Same lowercase letters above column bars are
not significantly different among treatments by Tukey’s HSD test at P < 0.05.
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Fig 3. Growth index and dry weight of nandina seedlings irrigated with a soil moisture
sensor-controlled automatic irrigation system at three substrate volumetric water
content thresholds for 77 days. Growth index was calculated as (height + width 1 +
width 2)/3. Same lowercase letters above column bars are not significantly different
among treatments by Tukey’s HSD test at P < 0.05.
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Fig. 4. Nandina plants exhibited different growth rate when they were planted along the
5 degree slope behind Clark Howell Hall at the University of Georgia. The plants at the
bottom grow faster than those on the top because of the higher soil water content at the
bottom of the slope.
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Labor Costs of a Routine Leaching Fraction Monitoring Program to Guide
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Significance to the Industry: A routine leaching fraction (LF) monitoring program can
be used to adjust irrigation to maintain a low LF and thus maximize irrigation efficiency.
Because container nursery managers can be reluctant to devote labor to new tasks, our
objective was to determine the labor associated with routine LF testing so that the costbenefits of adopting this management practice could be better evaluated. Results from a
nursery that has adopted LF testing indicated that the costs were very low ($0.002 per
container per year for sprinkler-irrigated small containers up to $0.09 per container per
year for micro-irrigated large containers on 3 irrigation cycles per day) compared to
other routine tasks in the nursery. The results should be useful for nursery managers
considering adopting LF monitoring to improve irrigation efficiency in their nurseries.
Nature of Work: Leaching fraction is the volume of container leachate (drainage)
collected relative to the volume of irrigation water applied to the container. The method
for measuring LF and thus the labor requirement to conduct the task depends in part on
the irrigation system. For overhead sprinkler irrigation, containers must be weighed
before and after irrigation to determine the volume of irrigation applied to the container.
Weighing is needed because the plant canopy can affect how much irrigation water
enters the container (1) and simply catching sprinkler irrigation water in a ‘catch-can’ will
not reflect the true amount that is captured by a container with a plant. With microirrigation (e.g. spray-stake) systems that directly apply water to the container, the
volume of water applied to the container is not affected by the plant canopy and thus
can be determined by simply collecting water from an emitter. In this case, weighing of
containers is not needed and labor per container is reduced. For both irrigation
systems, leachate must be collected and measured so neither system has a labor
advantage in this regard.
Materials and Methods: We evaluated labor costs associated with routine LF testing at
Saunders Brothers (SB) nursery located in Piney River, VA. At SB, LF tests were
conducted routinely on three representative containers per irrigation zone. The average
of three LF tests was used to make irrigation decisions for that zone and often other
adjacent zones of the same or similar species and stage of growth. It is typical for LF
tests for a given zone to be repeated once every three to four weeks throughout the
growing season. Typically only one person handles the responsibility but when weighing
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containers in sprinkler-irrigated areas, a second person can improve the speed if not the
efficiency of conducting the test. On eight days during the summer of 2014 we had the
LF tester record the time it took to conduct LF tests. If more than one person was
conducting the LF tests, then labor was adjusted to the equivalent man-hour. The time
to conduct LF tests included time needed to gather and store the testing equipment
(scale, leachate collection pails) as well as to enter the data into a spreadsheet in an
office computer. The total number of containers that were irrigated based upon the
average LF of the three plants was also recorded so that labor associated with LF
testing could be reported on a per-container basis. We separated the labor associated
with LF testing of sprinkler-irrigated crops from that of micro-irrigated crops. Sprinkler
irrigated plants included containers ranging from trade #1 to trade #7 while microirrigated (spray-stake) plants were grown in trade #15 containers.
Results and Discussion: Labor and associated costs for LF testing of sprinklerirrigated plants are given in Table 1. The cost for LF testing of smaller (≤trade #3)
container-grown plants averaged $0.0001 per container per test or $0.0017 per year.
Cost of LF testing for sprinkler-irrigated trade #7 containers was approximately 10-fold
higher. The higher cost was due more to the reduced number of containers being
produced per LF test than the increased time and effort to conduct LF tests on the
larger and heavier containers. Evidence for this is the finding that man-hours per LF
test averaged 0.29 for trade #3 or smaller containers and 0.35 for trade #7 containers.
Thus, man-hours for LF testing of trade #7 containers was only 20% higher than for the
smaller trade #1 and #3 containers.
Labor costs associated with LF testing for micro-irrigated plants grown in trade #15
containers are given in Table 2. A LF test required 0.66 man-hours (9.2 hours/14 tests)
for each irrigation cycle tested. Based on this rate and the number of containers
irrigated, the cost for one day’s LF testing would be $0.0017, $0.0034, and $0.0052 per
container, respectively, for 1, 2, and 3 cycles per day irrigation schedules. On an
annual basis, this comes to $0.03, $0.06 and 0.09 per container.
The added information gleaned from testing each irrigation cycle if cyclic irrigation is
practiced is valuable, particularly if the start times for each irrigation cycle are far apart.
For example, if one irrigation cycle was in the late morning and a second cycle in late
afternoon, individual LF tests for each cycle would indicate if run times are similar for
both cycles. If different run times are indicated by LF tests on each cycle, then the start
times may need to be changed if both cycles are to have the same run time.
We can obtain a general estimate of the total annual labor cost of LF testing in a
nursery if we evaluate costs on a production area-basis and assume tri-weekly LF
testing and a wage rate of $10/hour. For each acre of sprinkler-irrigated production with
four LF-tested zones per acre, annual labor costs would range from $200 (0.29 manhour per test for ≤trade #3 containers) to $240 (0.35 man-hour per test for #7
containers). Similarly, for each acre of micro-irrigated production with 2 LF zones per
acre, annual labor costs would be $220 assuming an average man-hour per LF test of
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0.66. If cyclic irrigation was practiced and LF tests were run on each cycle, these
estimated costs would be increased in direct proportion to the number of cycles tested.
While the benefits of LF testing are difficult to measure objectively, Saunders Brothers
found in a given 4-month period that water savings (and pumping costs) from LF testing
were 43% (2). Other indirect benefits included improved plant quality, increased
agrichemical efficiency, and reduced chlorine demand. We hope the information given
herein will help make informed decisions regarding the cost for implementing routine LF
testing programs in other container nurseries.
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Table 1. Labor costs associated with LF testing of sprinkler-irrigated container-grown plants.
No.
containers
Total
irrigated
labor
Container
No.
Annual cost for triz
y
based on LF
(mandiameter
LF
weekly LF testing
Container
Cost per LF test
test
hours)
(inch)
tests
trade size
($/container)
($/container/year)
9
#1
6.5
2.54
243,000
0.000104
0.00177
8
#3
10
1.96
313,600
0.000063
0.00106
29
#3
11
8.65
646,000
0.000134
0.00228
5
#7
14
1.77
13,200
0.001343
0.02283
51
All
15.40
1,217,900
0.000126
0.00215
z
Based on a wage rate of $10/hour
y
Based on 17 LF testing days per year

Table 2. Labor costs associated with LF testing of micro-irrigated (spray stake) plants grown in trade #15
containers.
No.
irrigation
No. containers
Annual cost of triy
x
cycles in LF Total labor
irrigated based on Cost per LF test
weekly LF testing
No. LF
test
LF test
(hours)
tests
($/container)
($/container/year)
1

9.2

14

53135

0.0017

0.029

2

z

18.3

28

53135

0.0034

0.059

3

z

27.5

42

53135

0.0052

0.088

z

extrapolated
based on wage rate of $10/hour
x
based on 17 LF tests per year
y
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Demand and Sales Forecasting Tools and Techniques
Forrest E. Stegelin
University of Georgia, Department of Agricultural and Applied Economics
Athens, GA 30602
Significance to Industry: Container, field, and floriculture nurseries prepare budgets
for future periods so as to reduce the range of uncertainty within which management
judgments must be made. The budgets normally focus on costs; however, to
understand the likelihood of profits, estimates of both prices and quantities of materials
sold must be made (price x quantity = revenue; revenue minus expenses = profit).
Business forecasting techniques provide a quantification of these economic concerns.
Producers and marketers may not have an understanding of the tools and techniques to
do their own forecasting, so an extension agribusiness program has been presented to
these individuals.
Nature of Work: Situation and outlook statements and economic-related forecasts are
the frequent requests extension economists receive. These requests may be policydriven, price- or cost-driven, sales-driven, finance-driven, or of some other additional
nature (breakeven, cash flow, decision trees, elasticity evaluation, capital investment
analysis, game theory). Reliance on only statistical or quantitative data sets and data
manipulative methods or modeling techniques is inappropriate for nurseries as
judgmental forecasting has major impacts on the final outcome. Analysis, judgment,
common sense, intuition or gut feelings, and business experience must be brought to
bear at the point where these important techniques generate results, and only the
individual has a feel for the weighting or prioritizing of those techniques.
The forecasting process must adhere to two rules: the forecast must be technically
correct and produce forecasts accurate enough to meet the firm’s needs; and the
forecasting procedures and its results must be effectively presented to management so
that the forecasts are utilized in the decision-making process to the firm’s advantage
and justifiable on a cost-benefit basis. Basic descriptive statistical concepts need to be
understood by the forecaster: population, sample, mean, degrees of freedom,
probability distributions, and hypothesis testing.
Because tabular data is very difficult to interpret, the data should be graphed so as to
discern any correlations, cycles, trends, scatter plots, or patterns. In choosing a
forecasting technique, there are four considerations: the method (naïve to
sophisticated), pattern of the data (stationary, trended, seasonal, cyclical), time horizon
(short, intermediate, long-term), and type of model (time series, causal, cross-sectional).
To select the appropriate forecasting technique properly, the forecaster must be able to:
(1) define the nature of the forecasting problem; (2) explain the nature of the data under
investigation; (3) describe the capabilities and limitations of potentially useful forecasting
techniques; and (4) develop some predetermined criteria on which the selection
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decision can be made. There is no one silver bullet or technique, so must try multiple
techniques.
Results and Discussion: Following is a review of various types of data, a description
or definition, when to use that type of data, and a list of techniques to be considered
when forecasting using that type of data.
Stationary data is data whose average value is not changing over time. Such situations
are when the demand patterns influencing the data series are relatively stable. Use
available history to data series to estimate its average value, which becomes the
forecast for future periods. More sophisticated techniques involve updating the estimate
as new information becomes available. Stationary data is useful when initial estimates
are unreliable or when the stability of the average is in question. Updating techniques
provide some degree of responsiveness to changes in the underlying structure of the
series. Stationary data forecasting techniques are used when:
• Forces generating a series have stabilized and he environment in which the
series exists is relatively unchanging (unit sales of product in maturation stage of
its life cycle; number of sales resulting from a constant level of effort; breakdowns
per week of assembly line having uniform production rate);
• A very simple model is needed because of lack of data or for ease of explanation
or implementation (new business with very little historical data available);
• Stability may be obtained by making simple corrections for factors such as
population growth or inflation (changing income to per capita income; changing
dollar sales to constant dollar amounts);
• Series may be transformed into a stable one (logarithms, square roots,
differences); or
• Series is a set of forecast errors from forecasting technique that is considered
adequate.
Techniques to be considered when forecasting stationary data includes naïve methods,
simple averaging methods, moving averages, simple exponential smoothing, or BoxJenkins methods. All of these are presented as components of statistical software,
such as Excel.
Trended series of data contains a long-term component that represents the growth or
decline in the series over an extended period of time. Economic time series data
commonly contains a trend. Forecasting techniques for trended data are used
whenever:
• Increased productivity and new technology lead to changes in the life style
(demand for electronic components and demand for rail service or railroad
usage);
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•

•
•

Increasing population causes increases in demand for goods and services (sales
revenues of consumer goods; demand for energy consumption; use of raw
materials);
Purchasing power of the dollar affects economic variables due to inflation
(salaries; production costs; prices); or
Market acceptance increases (growth period in the life cycle of a new product).

Techniques to be considered when forecasting trended series data includes linear
moving average, linear exponential smoothing, quadratic exponential smoothing, simple
regression, growth curves, or exponential models.
Seasonal series data could be defined as a time series with a pattern of change that
repeats itself year after year. Seasonal data involves selecting either a multiplicative or
additive method and then estimating seasonal indexes from the history of the series,
which are then used to include seasonality in forecasts or to remove such effects from
the observed values. Forecasting techniques for seasonal data are used whenever:
• Weather influences the variable of interest (electrical consumption, seasonal
sports activities, clothing styles, agricultural growing seasons, weekender and
diy’er activities); or
• The annual calendar influences the variable of interest (retail sales influenced by
holidays, three-day weekends, or school calendars).
Techniques to be considered when forecasting using seasonal data include classical
decomposition, exponential smoothing, time series regression, or Box-Jenkins methods.
Cyclical data series are the wavelike fluctuations around the trend, and tend to repeat in
the data every two, three, or more years. Such data are difficult to model because their
patterns are not stable. The up-down wavelike fluctuations around the trend rarely
repeat at fixed intervals of time and the magnitude of the fluctuations also tends to vary.
Cyclical data series often requires finding coincidental or leading economic indicators of
macroeconomics. Forecasting techniques for cyclical data are used when:
• The business cycle influences the variable of interest (economic, market ,
competitive factors);
• Shifts in popular tastes occur (fashion, food, music, color);
• Shifts in population occur (wars, famines, epidemics, natural disasters); or
• Shifts in the product life cycle occur (introduction, growth, maturity, decline).
Techniques to be considered when forecasting cyclical series data include classical
decomposition, economic indicators, econometric models, multiple regression, or BoxJenkins methods.
The time horizon has a direct bearing on the selection of the forecasting technique. As
the forecasting horizon increases, a number of quantitative techniques become less
applicable. Moving averages, exponential smoothing, and Box-Jenkins models are poor
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predictors of economic turning points, whereas econometric or point estimate models
are more useful.
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Update on The State of the Green Industry: 2014 National Nursery Survey Results
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Significance to Industry: As a result of the recent economic recession (2007-2009)
and subsequent decline in consumers’ discretionary expenditures, the green industry in
the United States suffered significant economic losses leading to major structural
changes in the industry. To be competitive in the complex business landscape and
effectively manage risk, nursery and greenhouse operators need reliable and up to date
information about sales, transportation, marketing channels, product mix, irrigation, pest
management and relevant production practices, to name only a few. However, due to
budgetary limitations, the availability of such data became very limited in recent years.
The current report summarizes the state of the industry focusing on trends in production
and marketing characteristics.
Nature of Work: The 2014 National Nursery Survey, conducted by the Green Industry
Research Consortium for calendar year 2013, is sixth in a series of reports summarizing
industry trends and statistics since 1989 (Brooker et al., 1990, 1995, 2000, and 2003;
Hodges et al., 2010). The main objective of these surveys is to document changes in
production and management practices of the United States nursery and greenhouse
industry over time in individual states and regions, and to provide useful information to
growers, allied industry professionals, extension personnel and researchers. Information
collected in this survey included annual sales, employment characteristics, plant type
categories produced, native plants, product forms, market distribution channels, selling
methods, advertising forms, irrigation water sources and application methods,
integrated pest management practices, interstate and international trade flows of
finished products and propagation materials, year of business establishment,
computerized business functions, and factors affecting business growth and pricing.
Results and Discussion: Survey Methodology: The research team compiled a list of
110,000 registered growers and plant dealer firms in all 50 states of the U.S. A stratified
random sample of 32,000 firms was contacted for the survey with 15,000 firms via mail
and 17,000 firms via email. The number of survey respondents in 8 U.S. regions (after
screening out duplicate responses and outlier values) totaled 2,657 firms, representing
an 8% response rate of firms contacted (Figure 1). The number of employees reported,
including fulltime, part-time, temporary and seasonal workers and management, totaled
over 38,000.
Sales: Total annual sales reported were nearly $4 billion with the largest sales occurring
in the Southeast region ($1.06 Bn), followed by the Midwest ($877 Mn), Pacific ($525
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Mn), and Northeast ($486 Mn) (Figure 1). The distribution of total reported sales was
40.2% retail and 54% wholesale. Note that the percentages do not sum to 100%
because some respondents did not report this data. About two-thirds (67.6%) of
sampled firms reported annual sales under $250,000, while 16 percent had sales
between $250,000 and $999,000, 10% had sales from $1 to $4.9 million, and 6% had
sales over $5 million. The average annual sales per firm was $1.83 million and the
average sales per employee was $102,355.
Employment: Over half (54.2%) of employees in the Green Industry were
fulltime/permanent, followed by temporary/seasonal workers (42.7%). A small share of
employees (3.1%) were foreign nationals working in the U.S. under the H2A Visa
program. The average number of employees per firm was 18.4.
Plant Type Categories: The top five plant categories reported by the surveyed firms as a
share of total sales were bedding plants/flowering annuals (17.6%), deciduous shade
and flowering trees (9.0%), herbaceous perennials (8.6%), deciduous shrubs (7.3%),
and bedding plants/vegetables/fruits/herbs (5.8%). Miscellaneous other unidentified
plants represented 10.5 percent of sales. The bottom 5 plant types were azaleas
(1.5%), vines and ground covers (2.3%), propagated material (liners, cuttings, plugs,
etc., 2.4%), narrow-leaved evergreen shrubs (2.5%), and tropical foliage (2.7%). In
addition, native plants represented 17.1% of total sales reported. Plant types that
increased as a share of sales since the previous 2008 survey were bedding plantsflowering annuals, herbaceous perennials, and fruit trees.
Product Form: The largest product form category reported by surveyed firms was
containerized plant material, representing over 73% of total sales. The second largest
identified category was balled/burlapped (8.1%), followed by bare root plant material
(7.0%). Other product forms were 8.6% of reported sales. A relatively small percentage
of sales were accounted for by in-ground containers (1.9%), balled/potted/process
balled (0.7%) and field grown bags (0.3%). The share of containerized plants increased
from 65% in the previous survey, while balled-burlapped and bare root product forms
decreased.
Sales Transaction Types: Information was collected on various types of marketing
practices used. About one-fourth (26%) of sales transactions involved negotiating prices
and terms. Sales for products contracted in advance comprised 17% of total sales.
Sales brokered for other growers represented 8% of sales. Sales to repeat customers
represented 89% of sales.
Market Distribution Channels: Wholesales sales were categorized into 6 major market
channels. The largest market channel was landscape firms (28.4%), followed by rewholesalers (20.1%), home centers (19.9%), single location garden centers (16.7%),
mass merchandisers (10.3%), and multiple location garden centers (4.6%). Since the
previous survey, sales increased to home stores (e.g., Home Depot, Lowe’s) but
decreased to garden centers.
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Advertising Media Expenditures: The largest category of advertising media expenditures
in 2013 was the Internet, representing 19.4% of total expenditures, followed by trade
journals (15.2%). Miscellaneous other unspecified advertising media represented 13.9%
of expenditures. The next largest advertising media categories were radio/TV (12.0%),
social media (11.7%), Yellow Pages (7.9%), and trade journals (6.3%). Relatively small
expenditures were made for print/CD catalogs (4.5%), newsletters (4.2%), gardening
publications (2.9%), and billboards (2.1%). In addition, total advertising expenditures
represented 4.0 percent of total sales. Surprisingly, the large share of expenditures for
Internet advertising does not appear to have resulted in significantly increased sales
through this medium. Attendance at trade shows continues to decline, both with and
without an exhibit.
Irrigation Source: The predominant source of irrigation water was groundwater wells,
used by over half (55%) of the surveyed Green Industry firms in 2013. City water was
the primary source for 27.2% of firms, and natural surface water by 23.1%. A relatively
small share of firms used recaptured (10.4%) or reclaimed (4.3%) water sources. Note
that respondents were allowed to choose multiple sources, so the percentages do not
sum to 100%. The share of firms using city water has increased from the previous
survey.
Irrigation Method: The most widely used water application method used in the Green
Industry in 2013 was overhead irrigation, reportedly used by 53.3% of firms. Drip
irrigation was used by 36.8% of firms. Approximately one fifth of the firms (19.9%) used
other methods (i.e. hand watering) and only 4.8% used sub-irrigation (i.e. ebb/flood
systems). Again, respondents were allowed to choose any of the sources, so the
percentages do not sum to 100%. Although drip irrigation typically has higher water use
efficiency, the share of firms using this method has not increased.
Integrated Pest Management Practices: Among 22 different Integrated Pest
Management (IPM) practices, the most commonly used by 72.0% the Green Industry
firms in 2013 was “remove infested plants”. A majority of firms used cultivation and hand
weeding (61.9%) and “spot treatment with pesticides” (52.7%). Other frequently used
practices included “elevate or space plants for air circulation” (47.2%), “inspect incoming
stock” (46.1%), and “alternate pesticides to avoid chemical resistance” (42.0%). The
least common practices were “use sanitized water foot baths”, “treat retention pond
water”, and “soil solarization/sterilization”, all were used by less than 5 percent of firms.
Many of IPM practices were reported by a slightly lower percentage of respondents than
the previous survey.
Inter-regional Trade Flows: The U.S. regions with the largest share of total plant product
sales to other regions were the Appalachian (35.7%), Mountain (25.4%), Southeast
(19.1%), and Southcentral (12.3%) regions. The Northeast, Pacific, Midwest and Great
Plains regions had less than 11% of total sales to other regions.. International exports
represented only 1.0% of total sales, down from 3.7% previously. Among seven broad
factors potentially affecting the geographic range of business conducted by Green
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Industry firms in 2013, “transportation” was indicated as “very important” by 40.8% of
firms, followed by “plant offerings” (36.5%), “production” (28.0%), “personnel” (25.2%),
and marketing issues (17.4%), while debt capital and equity capital were generally rated
as “not important.”
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Figure 1. Number of respondents, employees and sales reported for 2013, by region, in
the U.S. Green Industry survey
Number
Employees
Sales Reported
Region
Respondents
Reported
(million $)
Appalachian
222
3,649
$421.02
Great Plains
160
1,833
$268.88
Midwest
461
8,815
$877.41
Mountain
81
1,454
$112.14
Northeast
602
6,107
$485.65
Pacific
246
5,542
$524.64
Southcentral
176
2,192
$201.69
Southeast
709
9,065
$1,065.30
Total
2,657
38,657
$3,956.74
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Costs And Carbon Footprint Associated With
Selected Nursery Production Systems
Charles Hall and Dewayne Ingram
Department of Horticultural Sciences, Texas A&M University,
Department of Horticulture, University of Kentucky,
Significance to the Industry:From a supply standpoint, information gained from this
cost analysis and LCA of field-grown ornamental shrub production systems will help
managers better understand the economic dimensions of their production systems and
associated cultural practices and help them better articulate an improved value
proposition for their products in the green industry marketplace. From a demand
standpoint, recent literature has demonstrated that consumers increasingly consider the
potential environmental impact of green industry products (e.g. carbon footprint) is
increasingly when making purchasing decisions. Knowing the carbon footprint of
production and distribution components of nursery crops will help nursery managers
understand the environmental costs associated with their respective systems and
evaluate potential system modifications to reduce GHG emissions.
Nature of Work: Many current economic trends and driving forces point to the fact that
the green industry is in a period of hypercompetitive rivalry, with consumer demand
exhibiting characteristics of being in the mature stage of the industry life cycle (Hall,
2010). Nonetheless, the green industry is a vital component of the economy in individual
states and nationally, contributing $175.3 billion in economic contributions (2; 6).
In spite of being referred to as the green industry, there have been recent concerns
expressed in the mass media questioning the environmental friendliness of the industry
given its prominent use of petroleum-based inputs (Evans and Hensley, 2004). While
this may appear as a negative on the surface, it has promulgated an interest in
developing more sustainable alternatives (1; 2) to appeal to the environmental
consciousness of consumers (2; 16).
The real question has been whether these alternatives are economically feasible for
growers to provide them. To be considered economically viable, these alternatives
would either have to reduce costs at various points of the firm-level or industry-wide
supply chain and/or enable industry participants to use the sustainable attributes as a
marketing advantage (e.g. the ability to capture a price premium), or both. Previous
research has documented that the latter is possible if firms emphasize the more
sustainable (or environmentally beneficial) aspects of landscape shrubs and trees (2;
12; 14; 16).
Though it is widely recognized that landscape shrubs and trees and plants enhance
property values (16), these plant materials also provide measurable and lasting
environmental benefits. For example, ornamental shrubs and trees sequester carbon,
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reduce energy use, mitigate water runoff, clean the air, and provide a plethora of other
ecosystems services (13; 15).
Recently, university researchers have quantified, using procedures first developed by
Norris (2001), the value of a subset of these ecosystem services for trees (4, 7; 8; 9;
10). Ingram and Hall (2014) also looked at the economic costs of component
horticultural systems while conducting a life cycle assessment for field-grown,
deciduous shrubs grown in the lower Midwest (10).
Results and Discussion: Life cycle assessment (LCA) is an approach that analyzes
the flows associated with the whole life cycle of a product or a service, usually referred
to as “cradle-to-grave” (i.e., from raw material extraction, to manufacturing, use,
recovery and end-of-life). The first step in LCA is identifying the processes or steps for
each stage in the life cycle. The inputs (materials and energy) and outputs (releases to
air, water, soil, etc.) are determined for each step, evaluated for global warming
potential, and summarized as the basis for drawing conclusions and improving future
results (9).
The carbon footprint of a product is a measure of all greenhouse gases (GHG) emitted
in a product’s life cycle, and is measured in units of tons (or kg) of carbon dioxide
equivalents (CO2e). It is the impact indicator of primary interest to many stakeholders
as it quantifies the global warming potential (GWP) of a product or service. Since most
GHG are produced through burning fossil fuels, the carbon footprint of a product is
primarily related to energy consumption (9; 11).
To date, the costs and carbon footprint have been calculated for field-grown shade
trees, field-grown flowering trees, field-grown shrubs, and pot-in-pot trees. For each of
these plant categories, production protocols were developed in which each cultural
practices was defined in detail including all materials, labor, and equipment used. Then
the costs and carbon footprint of each activity was summarized for the propagation
phase(s), the growing phase(s), harvesting and transport to the landscape site, the
entire life of the shrub/tree in the landscape, and take down and removal at the end of
the plant’s life. Thus, the full life cycle of the plant was modeled. The following table
summarizes these findings.
Knowing the impact of these production system protocols on environmental parameters
such as carbon footprint (global warming potential, GWP) and variable costs will allow
managers to focus on increasing efficiency for the largest contributors. Growers will also
have the necessary data to analyze the tradeoffs between costs and GWP, as well as
the sensitivity of various cultural practices on costs and GWP. These data can be also
used to communicate to the consuming public the value of trees in their landscape,
along with producers’ efforts to minimize GHG emissions during production.
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Table 1. A summary of costs and carbon footprint associated with selected nursery crop
plant categories.
Plant
category
Field-grown shade
trees
Field-grown
shrubs
Pot-in-pot shade
trees

Modeled
plant
2” caliper red
maple
36-inch ball
viburnum
25-gallon red
maple

Total life cycle
cost per plant
$235.09 per tree

Net carbon
footprint per plant
-666.14 kg CO2e

$18.25 per shrub

-11.295 kg CO2e

$250.76 per tree

-671.42 kg CO2e
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LSU AgCenter Louisiana Super Plants – Program Update
Allen Owings
LSU AgCenter Hammond Research Station, Hammond, LA 70403
aowings@agcenter.lsu.edu
Significance to Industry: The LSU AgCenter’s Louisiana Super Plants program
debuted in 2010. With the announcement of four new varieties for 2015 and three new
winners for 2016 the program has now identified 37 great landscape plants as for
statewide marketing and promotion. The goal of this program has been to identify and
promote exceptional plants that perform well in Louisiana. Some of these are new
varieties and some are older varieties with a prior proven track record.
Nature of Work: The LSU AgCenter and Louisiana’s nursery and landscape industry,
through the Louisiana Nursery and Landscape Association, identified the need for a
state-based program that uses university research to identify and promote exceptional
plants. Similar programs, such as Texas Superstars and Mississippi Medallions, are ongoing in other states. Funding for this project was initially provided through the
Louisiana Department of Agriculture and Forestry with U.S. Department of Agriculture
Specialty Crop Block Grant Program funds. The LSU AgCenter’s Hammond Research
Station, partnering with the School of Plant, Environmental and Soil Sciences, leads the
program.
Each Super Plant must have at least two years of rigorous evaluations and have a
proven track record under north and south Louisiana growing conditions. Louisiana
Super Plants must prove hardy across the state. Louisiana Super Plants must be easily
produced and available for all nursery and landscape industry wholesalers and retailers
to market and sell.
Louisiana Super Plants are selected a year or two in advance of a public
announcement. The program results in home gardeners having an increased
awareness of better performing landscape plants. A motto of the program is “university
tested and industry approved”.
Results and Discussion: Four new Louisiana Super Plants are being announced for
2015. Spring winners are ‘Henna’ coleus and ‘Fireworks’ pennisetum. Fall winners are
‘Homestead Purple’ perennial verbena and ‘Leslie Ann’ camellia. The 2016 Louisiana
Super Plants are ‘Miss Schiller's Delight’ viburnum (fall), ‘Serenita Raspberry’ angelonia
(spring) and ‘Evolution’ salvia (spring). Here are some details on the 2015 winning plant
selections.
‘Henna’ Coleus
There is a lot of interest in coleuses these days. Just look at the amazing variety of
these plants available at area nurseries. One issue with coleus varieties is finding those
that are less-inclined to bloom. Coleus is grown for its colorful foliage, and the flower
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spikes are not generally desirable. The newest coleus for the most exceptional
performance in Louisiana is ‘Henna’. The foliage of ‘Henna’ is highly fringed and sports
shades of gold, chartreuse and reddish-purple on top and reddish-purple underneath.
Plants reach 24-30 inches in height and do best planted in a full sun to partial sun
landscape. Plant in the spring after the danger of frost has passed and plants last until
first killing frost.
‘Fireworks’ Fountain Grass
Pennisetum is an ornamental grass commonly known as purple fountain grass. The redfoliaged variety, ‘Fireworks’, is part of the Celebration series from Itsaul Plants. These
are annuals in north and central Louisiana but can be perennials in the warmer
locations of south Louisiana. Plants need full sun and will be 4 feet tall in the landscape
by fall. Planted in clumps of three to five, they can be used as a vertical focal plant in
flower beds. Flower plumes start midsummer and continue until first frost. Irrigation
requirements are minimal. There are no insect and pest issues with this unique, new
fountain grass.
‘Homestead Purple’ Verbena
The best perennial verbena for the Louisiana landscape is ‘Homestead Purple’. Even
with an avalanche of new varieties on the market, this plant is still the best of the best
for Louisiana. Rich purple blooms cover a three foot wide canopy of foliage twice
annually – peak bloom being mid winter until late spring (mid-February through May)
and then another flowering occurring during the fall months. Although perennial
verbenas are generally planted in spring, we need to consider fall and winter planting of
perennial verbenas for best performance the first year. This is the reason we are
promoting ‘Homestead Purple’ as a fall Louisiana Super Plant. In the landscape, provide
adequate spacing between plants (18” at planting) and occasionally shear to bring back
nice, new foliage growth. Fertilize at planting and in each following spring. Verbenas
need full sun and well- drained soil for best success.
‘Leslie Ann’ Camellia
‘Leslie Ann’ is a Camellia sasanqua that is popular in Louisiana and has been a long
time proven performer in Louisiana landscapes. Plants need a most sunny to partly
sunny area and prefer acid, well-drained soil. The flower petals are bi-colored and
sometimes tri-colored with blends of pink, blush and white. ‘Leslie Ann’ is a mostly
upright grower that will mature at 8 feet in the landscape. Plants are early season
bloomers – starting in late October and continuing until mid or late December.
Past Louisiana Super Plant winners in cool season flowers are Amazon dianthus, Swan
columbine, ‘Diamonds Blue’ delphinium, ‘Redbor’ kale, Sorbet violas, and Camelot
foxglove. Past warm season flower winners are BabyWing begonias, Bandana
lantanas, Butterfly pentas ‘Little Ruby alternanthera (Joseph’s coat), ‘Senorita Rosalita’
cleome, Serena angelonia, Luna hibiscus (rose mallow), Kauai torenia (wishbone
flower), and Mesa gaillardia. Louisiana Super Plant shrubs have additionally included
‘Aphrodite’ althea (rose of Sharon), ‘Belinda’s Dream’ rose, ‘Conversation Piece’ azalea,
Drift roses, ‘Frostproof’ gardenia, ‘Penny Mac’ hydrangea, ‘ShiShi Gashira’ camellia,
‘Flutterby Petite Tutti Fruitti Pink’ buddleia (butterfly bush), and Rabbiteye blueberries.
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Trees named Louisiana Super Plants are ‘Shoal Creek’ vitex Southern sugar maple,
willow oak, and evergreen sweetbay magnolia.
Conclusion: A survey of retail and wholesale businesses participating in Louisiana
Super Plants showed that 80% of respondents said the program had a positive effect on
their business. Fifty percent of the respondents said sales or use of Super Plants in their
business increased from 21 percent to 40 percent after the promotion began; the other
50 percent indicated increased sales of 20 percent or less. The survey indicated that not
only did the program increase sales of Louisiana Super Plants, but overall sales at a
business also increased. More than 60 percent said the Super Plants program
increased traffic flow or interest in their business. All the respondents indicated that the
program increased overall sales in their business from 10 percent to 60 percent. Eightyfive percent of the respondents said the Louisiana Super Plants program had been
beneficial to the nursery and landscape industry. When asked to name the Super Plant
that had the greatest impact on sales, one respondent wrote “no one plant, but an
increase in general plant knowledge and interest.” The Louisiana Super Plants program
is proving to be a marketing plan that works.
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Comparison of Manual Inventory Counts to an Automated Approach Using an
Unmanned Aerial System
Joe Mari Majaa, Josué Nahún Leivab, James Robbinsc and Matthew Chappelld
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Edisto Research and Education Center, Clemson Univ., Blackville, SC, 29817
b
Mulhall’s Nursery, Omaha, NE, 68164
c
Department of Horticulture, University of Arkansas, Fayetteville, AR 72701
d
Horticulture Department, University of Georgia, Athens, GA 30602
jrobbins@uaex.edu

Index words: nursery inventory, OBIA, UAS, Feature Analyst
Significance to the Industry: Collection of plant inventory data is time consuming,
often inaccurate, and costly. Although improvements have been made to the process, it
still relies heavily on manual methods. The long-term objective of this research program
is to develop an automated method to collect and process inventory data using aerial
images. This experiment is focused on comparing the traditional manual counting of
plants to an automated approach using an unmanned aerial system (UAS) and image
processing software under nursery conditions. In all cases the manual counting method
took less time compared to the automated approach. Counts generated by the software
ranged from 86 to 118% of what nursery employees counted as ‘salable’.
Nature of Work: In general, the nursery industry lacks an automated inventory control
system (2). The process of collecting inventory data in a nursery is labor intensive
involving the physical counting of thousands of plants. Due to the time involved in
manually counting plants, growers often count only a portion of their crop (1). Aerial
images combined with image processing software have been used in agricultural and
environmental applications. Since nurseries grow a wide range of plants, this may
require several counting programs (algorithms). This study was designed to compare,
under nursery conditions, a manual counting method to an automated approach.
Research was conducted at McCorkle Nurseries, Inc., Dearing, GA on 1 May 2015.
Sections within four outdoor container production blocks were used. Section #1 (48’ x
52’) was Miscanthus sinensis Anderss ‘Adagio’ growing in #3 containers: typical plant
size was 33 inches wide by 17 inches tall. Section #2 (46’ x 76’) was Ilex crenata
Thunb. ‘Helleri’ growing in #3 containers: typical plant size was 20 inches wide by 12
inches tall. Section #3 (30’ x 76’) was Abelia R. Br. x ‘Rose Creek’ growing in #3
containers: typical plant size was 15 inches wide by 12 inches tall. Section #4 (27’ x 56’)
was Rhaphiolepis Lindl. Spring SonataTM, growing in #3 containers: typical plant size
was 14 inches wide by 10 inches tall. For all blocks, containers were positioned on
black polypropylene ground cover.
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Data collection:
a. Aerial images were obtained using an eight bladed (coaxial) UAS (Fig. 1a)
assembled using electronic components from HiSystems GmbH (Moomerland,
Germany). Two cameras (Fig. 1b) were mounted to the underside of the UAS.
Cameras were not mounted on a pitch and roll compensated gimbal so horizontal
positioning was controlled by the pilot. Both cameras were programmed to take
images automatically every 5 seconds. The ‘normal’ camera was a Canon
(Melville, NY) PowerShot SX260 HS (12.1 MP; lens focal length 4.5 (W)-90 (T)
mm. The ‘near infrared’ (NIR) camera was the same make and model of Canon
with the optics modified (LDP, LLC, Carlstadt, NJ) where the red channel is the
near-infrared from 680 nm to 880 nm and both blue and green channels were
visible bands. The UAS was positioned over the center of every section at
approximately 85’. Image spatial resolution was calculated based on 7.9 inches
square white boards positioned at the corners of sections, resulting in 0.20 to
0.26 inches/pixel. The amount of flying time was recorded when the UAS lifted off
the ground and then landed. A subjective estimate of cloud cover was
determined to be less than 5% and a ground wind speed (0-2.5 miles/h).
b. The same sections of plants were counted manually by nursery personnel that
typically collect inventory data. Manual counts of ‘salable’ plants were made just
minutes after aerial images were taken. The amount of time required to count
blocks was recorded. For Abelia, Miscanthus, and Ilex, only one count was
performed; for Rhaphiolepis two workers counted the same block and the final
time and count represents an average.
Algorithm training using Feature Analyst® (FA) (Overwatch System Ltd. Austin, TX):
Two images (‘normal’ and NIR) from each plant section were used to train a total of
eight algorithms. The general process of creating the algorithms is the same as
described in (3). Parameters used to create the algorithm were based on user
experience and a subjective analysis of the output files after procedures were applied.
Figure 2 illustrates a visual output of counting performance using FA for ‘normal’ and
NIR images.
Results and discussion: The purpose of the experiment was to assess, at this point in
time, how an automated plant counting system (using a UAS to collect images and
processed using one commercial software image processing software) compares to a
manual plant counting method (Table 1).
Count accuracy:
Counts generated by the automated approach (UAS to collect images that are analyzed
using Feature Analyst) varied from an under-count (e.g. 86% for Abelia using a normal
image) to over-count (e.g. 118% for Rhaphiolepis using a NIR image) depending on
species and type of camera (normal and NIR).
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Counting time:
For these small test blocks the manual counting was always faster than the automated
approach. The time for the UAS to take-off, collect an image, and return to the ground
(approximately 2 minutes) was longer than the time for inventory workers to count these
small blocks. The time to process images by a well-trained person added an additional
7 to 12 minutes.
There are many differences between this study and previous work by these authors.
Previous experiments used ‘constructed’ plant blocks designed to evaluate such factors
as plant spacing, presence of flowers and effect of ground cover type on counting
accuracy. This study used container-grown plants ‘in situ’. Previous research differed in
that the flight altitude was lower (72 ft versus 85 ft) and camera resolution was higher
(24.3 MP versus 12.1 MP). For this experiment the unmanned aerial system was
configured with dual cameras to evaluate if images taken under the same conditions
(i.e. light, altitude) but different wavelengths could improve processing results when
using FA. It is difficult to determine from our results whether a NIR image will
significantly improve count accuracy compared to a normal image, therefore, this issue
needs to be studied further.
An unexpected outcome when using ‘in situ’ production blocks was what nursery
employees count. For example, in the Ilex ‘section’ the nursery employee counted 251
‘total’ plants of which 6 were identified as ‘unsalable’ (i.e. 245 ‘salable’). We observed
only one ‘dead’ plant (i.e. brown foliage). After discussion within the group, we
determined that the nursery employee was making a subjective grade determination;
‘unsalable’ plants had green, healthy foliage but were poorly rooted, poorly shaped (Fig.
3) or were totally dead (brown foliage). The image processing software could not
discriminate quality issues and could only separate dead plants (brown foliage) from
plants with living foliage.
At first glance, based on time and count accuracy results from a comparison of counting
methods, a manual method would be preferred, however, the block sizes in this
experiment were small, thus favoring the traditional counting method. As the production
area increases (i.e. number of plants), it is possible an automated approach similar to
what was investigated here might prove useful. Future work should focus on comparing
counting methods using blocks of various sizes. Image analysis was based on the
training of new algorithms for every image and block of plants of interest, however,
future approaches could use a library of existing algorithms that could decrease the time
spent analyzing images.
Acknowledgements: The authors thank Skeetter & Chris McCorkle and Brian Jernigan
(McCorkle Nurseries, Dearing, GA) for their assistance with this project.
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(a)

(b)

Fig. 1. (a) UAS; (b) Canon PowerShot cameras mounted on underside of frame

Fig. 2. Output image for a ‘normal’ (left) and NIR (right) image of the Miscanthus
section. An option in Feature Analyst is for the software to place a visual mark (yellow
dot in this example) on every object counted.
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Fig. 3. Example from the Ilex section of what the nursery employee determined to be
‘salable’ (right) and not salable (left). From an aerial image Feature Analyst counted
both as ‘salable’.
Table 1. Comparison of count accuracy and time required to count four container-grown
plant sections at McCorkle Nursery on 1 May 2015 using two different methods.
Counts
Time
Nursery
Automated
Nursery
Image manual,
(% of nursery
manual,
UAS - obtain
Software
Type 'saleable'
Plant
'salable')
'salable'
aerial image processingZ
Rhaphiolepis normal

542

555 (102%)

1 min

2 min 15 sec

12 min

Rhaphiolepis

NIR

542

639 (118%)

2 min 15 sec

12 min

Ilex

normal

245

218 (89%)

1 min 50 sec

9 min

Ilex

NIR

245

220 (90%)

1 min
1 min 40
sec
1 min 40
sec

1 min 50 sec

8 min

Miscanthus

normal

126

119 (94%)

45

1 min 50 sec

12 min

Miscanthus

NIR

126

120 (95%)

1 min 50 sec

7 min

Abelia

normal

199

183 (92%)

1 min 45 sec

9 min

Abelia

NIR

199

197 (99%)

45
1 min 34
sec
1 min 34
sec

1 min 45 sec

11 min

z

Time required to analyze images using Feature Analyst®
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Significance to Industry: The red (Solenopsis invicta Buren) and the black
(Solenopsis richteri Forel) imported fire ants (IFA) and their hybrid are invasive ants that
impact ecological systems as well as human and livestock health (1, 3, 4). The IFA now
infest more than 325 million acres (1) and continue to be a quarantine issue for
nurseries. Treatments approved for the Federal IFA Quarantine (FIFAQ) for field-grown
nurseries are limited to either a post-harvest dip or drench of balled and burlapped
nursery plants or a broadcast bait and granular chlorpyrifos treatment (2). All of the
post-harvest treatments are expensive and labor intensive while the pre-harvest
granular treatment is expensive due to the cost of granular chlorpyrifos and requirement
of a second application 84 days post-treatment. Research reported here is a multi-year
assessment of multiple insecticide active ingredients, timings, and rates evaluated as
potential nursery row band sprays. The goal was to find new and more practical
treatments for field-grown nurseries to use for the FIFAQ.
Nature of Work: The primary objective of the study was to find new FIFAQ treatments
with lower cost than currently approved treatments for field-grown nurseries. To
achieve the objective, the study evaluated insecticide applications on smaller treatment
areas (i.e., banded rather than broadcast), lower cost liquid insecticide formulations,
and insecticides with the potential to provide longer FIFAQ certification periods than
treatments currently approved for field-grown nurseries. Studies were performed in
Tennessee, including a highway right-of-way in Sequatchie County (2005), a hemlock
and spruce nursery in Grundy County (2006), and mixed deciduous tree nurseries in
Coffee and Franklin Counties (2007-2008). Fire ants at these locations are primarily the
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hybrid of red and black IFA, but black IFA occasionally occur in Coffee and Franklin
Counties. At each location, open field (2005) or nursery block (2006-2008) sites were
selected with IFA colonies and all mounds flagged and mapped with a global positioning
system. At the time of mapping, colonies were assigned a subjective rank of 0 (no ants)
up to a maximum of 10 (largest mound size and ant number) by probing the mound with
a small wire to assess numerical ant response to the disturbance. Following mapping
and colony ranking, treatments were assigned to 5 separate site replicates (2006) or 3
separate site replicates (all other years), so that treatments in each replicate had similar
numbers of colonies and summed colony size ranks. Because of variability in the
distribution of IFA colonies within the nurseries, the total row footage being treated and
monitored varied within replicates by the amount of area required to equate mound
numbers and colony size ranks. For example, to create a replicate with ten colonies all
having a size rank of 10, it might be necessary for one treatment to have 500 linear row
feet of nursery being treated and monitored and another treatment 1,000 linear feet of
row being used. Because most insecticide treatments also received IFA bait treatments
to enhance treatment efficacy (A. Callcott, pers. comm.), it was not possible to randomly
assign all treatment replicates due to the need to locate untreated check and non-baited
insecticide treatments far enough apart to prevent ant foraging on treatments using
baits.
During all experimental years, tests began with a broadcast FIFAQ approved IFA bait
(Amdro® Pro Fire Ant Bait or Award® Fire Ant Bait) or an experimental bait (Advion® Fire
Ant Bait) in September or October (Tables 1 and 2). Baits were applied using a Herd®
GT-77 spreader, except the 2006 test which was applied with a hand crank spreader.
Most bait treatments were calibrated for the FIFAQ approved 1.5 lb product / acre (A)
rate, but some also were tested at half the approved rate of 0.75 lb product / A (Tables
1 and 2). Herd and hand crank spreaders are not precision applicators, so it is likely
there was some variability in bait outputs during tests. Bait applications were performed
when conditions were favorable for optimal foraging (i.e., over 70°F, ants actively
foraging on test hotdog or potato chip baits, and no rain expected). Baits were applied
3-5 days before insecticide treatments to give ants time to forage and to comply with
FIFAQ requirements (2). Following bait applications, the Talstar granular insecticide
used in 2005 was applied with a Model 6504778 Gandy drop spreader pulled by a
Sears Craftsman lawn mower. Other liquid insecticides were tractor-applied using a
boom with nozzles set 18 inches apart and above the ground. During most test years,
treatments were sprayed at 44 – 45 gallon per acre (GPA) solution with flatfan nozzles
(8004 to 8006 tips) and pressure set at 28 PSI. Exceptions included 2005 and 2006,
when higher volumes were sprayed (87 – 88 GPA), and 2007, when a single low 26
GPA treatment was compared against the other 44 GPA treatments. In addition, during
test year 2007a, a Model 187 flood jet nozzle (Evergreen Products, P.O. Box 598,
Millen, GA) was tested, which could spray a 10 feet band and treat both sides of the
nursery row simultaneously in one tractor pass with a solution delivery rate of 33 GPA.
For the open field site in 2005, a line simulating a nursery row was spray painted on the
ground and the insecticide sprayed 3 feet on each side of the line. For the nursery
sites, the band was sprayed on each side of the tree row with a total band width of 5 to
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12 feet depending on test year (i.e., 2.5 to 6 feet on each row side). Following sprays,
nursery rows were monitored at approximately weekly intervals during the first month
and then biweekly afterward (depending on weather). During winter months, low
temperatures and colony inactivity sometimes extended monitoring intervals longer than
biweekly. To evaluate sites, nursery rows were walked and all existing and new
mounds within 18 inches of each side of the nursery row center (i.e., 3 feet total) were
checked by probing one to several times with a small metal wire. Any new colonies
were flagged, mapped with a global positioning system, and added to the live colony
count for the rating date. Colonies were defined as active if 5 or more worker ants
exited the mound when probed. Live colony data were not statistically analyzed, but
rather, totaled within a treatment for each rating date. A treatment was considered
effective on a given rating date if it met FIFAQ requirements of no active IFA colonies
within the monitoring zone (indicated by magenta highlighting under the weeks after
treatment columns in Table 1).
Results and Discussion: Most insecticide treatments reduced live colony number by
as much as 50% compared to the untreated check treatment in about 6 weeks after
treatment (WAT) (Table 1). By 14 WAT, live colony numbers for many treatments were
under 5, but there were still many treatments with numbers greater than 5 live colonies.
Few treatments met FIFAQ requirements of no live colonies in the monitoring area, and
those that did were mostly after 22 WAT. The exception was the 2005 test, where
FIFAQ standards were generally met from 8 to 23 WAT. It is possible the open grass
field of the 2005 site resulted in a different colony response to treatments than the
nursery block sites. Nursery rows were primarily a mixture of herbicide killed weeds
and bare ground with very little grass. In general, colonies that persisted at the test
sites were colonies that initially were larger in size (i.e., 8 to 10 class ranking) (data not
shown).
There were several other generalizations that can be made from the studies. In
general, band spray width did not seem to be a significant factor in colony control.
Therefore, spraying more area around a nursery row does not equal greater colony
control in the area. Second, treatments that received baits generally were more likely to
meet FIFAQ requirements late in the monitoring period (> 22 WAT) than treatments that
did not receive baits. Bait type did not appear to greatly influence colony mortality.
Award is an insect growth regulator (IGR) bait that functions by sterilizing IFA queens,
and Amdro and Advion are toxicant baits that kill all life stages in the colony (1).
Toxicant baits generally act more rapidly than IGR baits, but in these studies there were
no dramatic differences observed in colony control. Likewise, spreading both Award
and Advion in the same test plot did not appear to enhance control. Third, the GPA
spray volume did not appear to make much difference in treatment efficacy. Although
the 2005 test sprayed at 87 GPA had the best IFA control in the test, the 2006 test
sprayed at 88 GPA offered no better IFA control than the other 26 – 45 GPA treatments
in other test years. Fourth, treatments that received two band sprays generally had
greater late season IFA control than those that only received one band spray. Fifth, two
treatments in the 2008 test that received an OnyxPro Insecticide in November followed
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by a Scimitar GC Insecticide spray in December had complete IFA control from 14 to 20
WAT. In the 2007b test, another treatment that received OnyxPro in September and
Scimitar in October had complete IFA control from 10 to 30 WAT. Therefore, alternating
pyrethroid types from bifenthrin to lambda-cyhalothrin also may improve IFA control.
Finally, pyrethroid treatments that were applied later in the season (November or
December) generally met FIFAQ standards better than treatments applied in September
or October. It is possible increased moisture that commonly occurs in winter months
may have improved treatments. Ant colony movement is reduced during winter months,
which may have enhanced ant exposure to treatments.
In conclusion, no treatment evaluated in these studies consistently met FIFAQ
standards of no live colonies within the monitoring area. Some treatments were better
than others with new knowledge gained about the effects or lack of effects from different
bait and insecticide types, rates, and timings. One very important finding from the
study, which is not evident in Table 1, is that pyrethroids like OnyxPro and Scimitar did
a very good job of preventing new colonies from re-entering the spray band area. Once
a site was IFA free, it tended to remain IFA free. Likewise, even sites that still had
active IFA colonies generally did not have new mounds entering the site if the site was
treated with a pyrethroid. Consequently, pyrethroid products were very good at
preventing IFA reinfestation of sites. Another important finding from the study was the
observed difficulty of eliminating large colonies with baits and band sprays alone.
Colonies with large size ranks (8 and above) were more likely to persist after treatments
than colonies with smaller size ranks. Taking what was learned from this study, our
group has already been evaluating broadcast bait, banded pyrethroids, and targeted
injections or drenches of colonies with large size ranks (i.e., individual mound
treatments [IMT]). The results of these new on-going studies will be presented in the
future, but unsurprisingly, we have been more successful at achieving FIFAQ
requirements with the addition of IMT treatments with baits and band sprays.
Acknowledgements: We thank USDA-NIFA Evans Allen, USDA-ARS Thad Cochran
Southern Horticultural Laboratory, USDA-ARS National Arboretum, Horticultural
Research Institute, and Tennessee State University College of Agriculture, Human &
Natural Sciences for funding support. We also acknowledge the Tennessee
Department of Transportation for permission to test products on their highway right-ofway in 2005, three Tennessee nurseries for permission to test on their properties, and
multiple agrochemical companies listed in Table 2 for providing product for testing.
Mention of product names is for informational purposes and does not imply
recommendation or endorsement by authors or their institutions.
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Table 1. Total number of live fire ant colonies at different weeks after treatment for different insecticide and bait treatments.
Test
Yeara

2008

2007

2007a

2007b

2006
2005

Nozzle
Type b
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

GPAc
45
45
45
45
45
45
45
45
45
45
45

FF
FF
FF
FF
FF
FF
FF
FF
FF

26
44
44
44
44
44
44
44
44

JET

33

FF
FF
FF
FF
FF

45
45
45
45
45

FF

88

FF
----

87
87

Total Band
Baitse
Insecticide Spray Bandsf
Width (ft)d Sep Oct Nov Sep Oct Nov Dec Feb
12
O
O
12
O
12
O
(1/2)
12
O
12
12
O
12
12
(1/2) (1/2)
O
12
(1/2) (1/2)
12
(1/2) (1/2)
O
12
O
Untreated Check
6
O
O
6
O
O
6
O
O
6
O
O
6
O-2x
12
O
O
12
O
O
12
O
O
12
O-2x
Untreated Check
O
10
O
Untreated Check
5
O
O
5
U
O
5
U
C
5
O
O
5
U
O
Untreated Check
6
TF
TF
Untreated Check
6
TF
6
TG
Untreated Check

0
57
62
59
68
50
62
45
43
55
64
57
55
22
26
27
24
23
23
22
24
23
15
34
32
34
35
26
39
32
38
67
57
24
29
26

1
39
43
43
41
42
36
33
34
45
60
39
50
23
24
24
21
20
22
17
18
23
23
30
27
36
32
24
38
33
39
29
52
7
4
21

2
27
29
41
32
33
27
26
26
28
50
30
39
22
23
23
18
19
20
16
18
19
20
28
25
34
30
23
31
28
44
20
47
4
1
21

3 4
25
31
36
31
33
29
28
30
29
52
30
44
21
17
24
19
18
13
11
15
14
32
19
35
22
27
14
18
21
49
7
49
1*
1
21

Total Live Fire Ant Colonies (Weeks After Treatment) g
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
25
10
1
1
1
1
2
0
28
10
0
0
0
0
1
1
32
15
0
0
0
1
0
0
25
13
3
3
0
1
1
2
25
8
2
2
1
1
3
2
24
6
3
3
3
3
1
5
24
7
0
1
1
1
6
2
30
10
1
1
0
1
4
0
25
8
2
1
1
0
6
3
50
44
3
1
0
1
0
0
31
7
1
1
0
0
1
0
40
39
33
31
53
50
59
40
22 19
21
5
4
6
7
3 3
2
1
1
22 22
19
4
5
5
9
2 2
2
0
0
20 20
21
10
4
0
1
0 0
0
0
0
24 18
21
4
11
12
14
1 0
0
0
0
17 13
13
6
8
8
7
1 0
0
0
0
12 11
11
8
6
5
5
3 3
2
1
1
11 10
13
7
7
7
4
1 1
0
0
0
15 14
11
9
9
9
8
6 5
3
2
2
13 12
14
9
6
7
8
3 2
2
0
0
31 28
27
23
25
25
25
23 24
24
26
33
22 21
20
5
2
6
5
0 0
0
0
0
43 36
35
32
31
30
34
31 31
35
37
55
21 16
14
3
2
2
4
2
0
21 16
16
3
1
1
2
1
0
12 10
11
0
0
0
0
0
0
9 8
10
0
0
0
0
1
0
16 15
14
8
5
6
6
6
2
49 45
49
42
46
43
40
41
27
2
6
6
4
4
4 0 1 0 0
0
0
0
43
40
45
41
39
35 29 30 27 28
33
32
29
1*
1*
1*
1*
1*
1*
1*
1
1
0
0
0
0
0
0
1
18
18
18
19
15
16
19
19

a

Each row within the table represents a separate treatment evaluated with 3 replicated plots at the site (all live fire ant colonies in the 3 replicates were totaled). Site locations for tests included a grassy
highway right-of-way (2005), spruce / hemlock nursery without irrigation (2006), dogwood trees with some irrigation (2007b), mixed deciduous trees without irrigation (all remaining test years). All tests were
started in the fall and monitored through the winter for a maximum of 8 months (32 weeks) post-treatment.
b
FF, flatfan nozzle mounted on a boom 18 inches above ground with 18 inches between nozzles on boom. JET, Model 187 Evergreen Products flood jet nozzle allowing treatment of both sides of nursery
row with a single pass.
c
GPA, Gallons of spray solution applied per acre.
d
Total width of the insecticide band (i.e., both sides of nursery row combined). The 2007a and 2008 nursery sites had trees growing on 12 feet row centers, which allowed testing of larger band widths.
e

Colors indicate bait type and rate (refer to Table 2). Areas without color indicate no bait applied at that time. Baits were applied only when weather was warmer than 70 oF and ants were actively foraging
on test hotdog or potato chip pieces. Baits were spread with a Kubota tractor mounted Herd® GT-77 spreader calibrated to deliver the specified rate. Specific dates of bait application included Oct. 31 and
Nov. 3 during 2008, Sep. 21 during 2006, and Sep. 22 on all other test years.

f
Colors and letters indicate insecticide type and rate (refer to Table 2). Areas without color indicate no insecticide applied at that time. Insecticides were applied with a boom mounted on the front of a
Kubota tractor using ground speed and pressure settings calibrated to deliver the specified rate per acre during all test years, but 2006. During 2006 and 2007b, a small tank pulled behind a lawn tractor with
an electric pump was used to supply insecticide to a front mounted boom. The lawn tractor was necessary due to the narrow nursery row spacing at these sites. Specific dates of insecticide applications
for the given months were Nov. 7 and Dec. 17 and 31 for 2008 test; Sep. 26, Oct. 25, Dec. 10, and Feb. 11 for 2007 test; Sep. 26, Oct. 25, and Feb. 11 for 2007a test; Sep. 29 and Oct. 26 for 2007b test;
Sep. 25 and Feb. 21 for 2006 test; and Sep. 29-30 for 2005 test.
g
Numbers within rows are the total number of active fire ant colonies. Numbers on the top line are weeks after treatment. Time 0 is the initial number of live fire ant colonies before insecticides and baits
were applied. Only weeks with magenta highlighting met FIFAQ standards of complete colony control. Statistics were not applied to the data, since zero live colonies is the only required indicator of
treatment success. Note that numbers of live colonies in the untreated check treatment were adequate in all test years. Efforts were made to evaluate on a biweekly basis when possible, but during winter
months, some rating years had longer gaps between ratings due to colony inactivity in cold weather. During 2005, one colony located right at the beginning of the test plot (indicated by *) remained active
and possibly may not have received a full insecticide dose.
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Table 2. Color key to products listed in Table 1.
Bait Products
Color
Code

(1/2)
(1/2)

Rate
Active Ingredient
Ingredient
%
(lb product / acre)
Tradename
Hydramethylnon
0.73
Amdro Pro
1.5
Fenoxycarb
1.0
Award
1.5
Fenoxycarb
1.0
Award
0.75
Indoxacarb
0.045
Advion
1.5
Indoxacarb
0.045
Advion
0.75
Indoxacarb + Fenoxycarb 0.045 + 1.0 Advion + Award
0.75 + 0.75

Insecticide Products
Color
Code
Active Ingredient
O
Bifenthrin
O-2x
Bifenthrin
U
Bifenthrin
TF
Bifenthrin
TG
Bifenthrin
Lambda-cyhalothrin
(1/2)
Lambda-cyhalothrin
C
Lambda-cyhalothrin
Permethrin
Chlorpyrifos

23.4
23.4
7.9
7.9
0.2
9.7
9.7
9.7
36.8
44.9

Tradename
Onyx
Onyx
Up-Star
Talstar NF
Talstar G
Scimitar
Scimitar
Cyonara
Perm-Up
Dursban

Rate
(lb AI / acre)
0.2
0.4
0.2
0.2
0.4
0.069
0.035
0.069
0.2
1

Current Manufacturer
BASF Corp.
Syngenta Crop Protection, Inc.
Syngenta Crop Protection, Inc.
Syngenta Crop Protection, Inc.
Syngenta Crop Protection, Inc.
Syngenta Crop Protection, Inc.

Current Manufacturer
FMC Corp.
FMC Corp.
United Phosphorus, Inc.
FMC Corp.
FMC Corp.
Syngenta Crop Protection, Inc.
Syngenta Crop Protection, Inc.
Control Solutions, Inc.
United Phosphorus, Inc.
Southern Agricultural Insecticides, Inc.

Full tradenames: Amdro, Amdro® Pro Fire Ant Bait; Award, Award ® Fire Ant Bait; Advion, Advion® Fire Ant Bait; Cyonara,
Cyonara 9.7 Insecticide; Dursban, Dursban® 4E Insecticide; Onyx, OnyxPro® Insecticide; Up-Star, Up-Star® SC Lawn & Nursery
Insecticide; Talstar NF, Talstar® Nursery Flowable; Talstar G, Talstar® GC Granular; Scimitar, Scimitar® GC Insecticide.
Syngenta is no longer manufacturing Award, but existing stocks can still be used by end-users. Award® II Fire Ant Bait
containing abamectin active ingredient is now the nursery-labeled replacement for the original Award containing fenoxycarb active
ingredient. Award® II also is applied at 1 lb product/A and not the 1.5 lb product/A typical for Award and most other baits.
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Can interactions between native and non-native plants in urban landscapes
influence herbivore abundance and diversity?
C.S. Clem and D.W. Held
Auburn University, Department of Entomology and Plant Pathology, Auburn, AL 36849
dwh0004@auburn.edu
Index Words: Associational susceptibility, associational resistance, resource
concentration, non-native plant, non-native congener, natural enemy
Significance to Industry: The relationship between herbivores and plants is a primary
topic of basic and applied insect ecology. These relationships can have significant
effects on the biodiversity of herbivores and natural enemies in urban environments.
Native plants harbor familiar secondary plant compounds to which native herbivores
have evolved the capacity to consume. On the other hand, non-native plants produce
novel compounds that are often foreign to native herbivores; this limits herbivore
species load to only a few species that are often either invasives and/or generalists
(11). Limited evidence also suggests that abundance and diversity of natural enemies
may be similarly influenced by plant origin (4). Suburban landscapes can support
moderate levels of plant species richness (7). However, the diversity often consists of
intermixed plantings of non-native plants among a background of native plants. Two
key concepts, associational resistance and associational susceptibility, predict the
influence of plant-plant interactions on insect populations, but have been sparingly
applied to urban plant and insect communities. As a result of specific plant-plant
interactions, herbivores can either increase (associational susceptibility) or decrease
(associational resistance) population numbers (1, 2). This begs the question: how are
insect communities influenced by mixtures of native and non-native plants, and how
might this knowledge be incorporated into integrated pest management schemes? This
research can help further the understanding of these interactions, which can vastly
improve the efficiency of urban pest management for landscapers and the horticulture
industry alike.
Nature of Work: Tens of thousands of non-native plant species have been introduced
into the United States since European settlers landed in North America (9). Most of
these species have been introduced for ornamental purposes (8, 10) for beautification
of residential, public, and commercial landscapes. Previous research suggests that
native insect herbivores, such as caterpillars, suffer reduced population numbers and
reduced diversity in areas where non-native plants are prevalent (6, 12, 13). This is
because native insect herbivores often lack the ability to feed on non-native plants (11).
In addition, the lack of herbivores has the potential to impact natural enemies occupying
higher trophic levels (3, 4, 5). This can result in ecosystem collapse and an increase in
frequency or severity of pest outbreaks. Although it is widely established that insect
diversity changes in the presence of native and non-native plants, there has been little
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research investigating how insect communities are impacted by specific interactions
between natives and non-natives.
The overall objective of this project is to determine impacts (associational resistance or
associational susceptibility) on caterpillar and natural enemy abundance and species
richness when native trees in simulated landscapes are surrounded by non-native trees.
We are also evaluating the same impacts for native trees surrounded by non-native
trees that are phylogenetically dissimilar (non-congeners) or similar (congeners).
These objectives were evaluated using a common garden experiment conducted at
Auburn University’s E.V. Smith Research Farm in Tallassee, Alabama. Simulated
landscapes, 5x5 m gardens, were established in May 2014. They were located 10 m
from the nearest woodland border, and 15 m between adjacent plots. Each plot contains
a central focal tree surrounded by four treatment trees, or “neighbors” (Image
1).Treatment trees were located in four corners of each plot, 3.5 m from the focal tree.
Seven replicates were established, each containing four randomly ordered treatment
plots. Each focal tree was a native red maple (Acer rubrum ‘Frank Jr Redpointe’), and
the treatments are no neighbor (control), native neighbor (A. rubrum ‘Frank Jr
Redpointe’), non-native, congener neighbor (Norway maple – Acer platanoides
‘Princeton Gold’), and a non-native, non-congener neighbor (crepe myrtle Lagerstromia indica ‘Tuscarora’). Acer rubrum and A. platanoides were obtained as 5
ft, 2 yr bare-root whip forms, while L. indica were obtained as multi-trunked potted
forms. Non-native plants were defined as those with no known origin in North America.
A non-native congener plant was defined as being a plant species not native to North
America but having a shared genus with a native plant.
Each plot was treated with herbicide (Cornerstone® Plus, glyphosate; Preen®,
trifluralin) and exposed ground covered with pine straw for weed control. Deer guards
(48 in white corrugated tubing, A.M. Leonard) were installed soon after planting due to
the threat of deer rubbing. In 2014, each focal plant and one neighboring plant were
surveyed bi-monthly for caterpillars from June to September. Surveys counted all
larvae on 30 leaves per side in each of four cardinal directions on every tree. Caterpillar
morphospecies richness and abundance were recorded. A one-way analysis of
variance (ANOVA) was conducted on season-wide caterpillar species richness of both
focal and neighboring plants. Percent foliar damage (0-100% scale) on each focal tree
and one neighbor tree was assessed once a month coincident with surveys. These
percentage values were then log-transformed and analyzed using an ANOVA test.
Natural enemies were surveyed using yellow plastic pan traps elevated on 4 m PVC
stands in the middle of each plot (Image 1). 2-Liter bottle heads were used to secure
each trap onto the PVC. Pan traps contained soapy water and were left in the field for
approximately 24 hours every two weeks, coincident of caterpillar surveys. In the lab,
trap captures were sorted and insects identified to family level. A Shannon-Weiner
diversity value was determined using family abundance and richness and analyzed with
a one-way ANOVA.
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Results and Discussion: Red maples supported more species of caterpillars than
either crepe myrtle or Norway maple (Figure 1). When red maples are surrounded by
either crepe myrtle or Norway maple, they support significantly fewer caterpillar species
season-wide than when they have red maple neighbors (Figure 2). Focal red maples
with no neighbors supported somewhat intermediate species richness compared to
native and non-native treatment groups. No significance between treatment groups was
observed when assessing damage to the focal trees (Figure 3). Among natural enemy
samples, there was also no significance between treatment groups (Figure 4).
The results shown in Figure 1 are consistent with previous work on native and nonnative plants (3, 10, 11, 12). The two non-native tree species (Norway maple and crepe
myrtle) supported significantly less caterpillar species than the native red maples. This
is likely due to evolutionary separation from native caterpillar species. Notably, it was
mostly generalist caterpillar species such as Orgyia leucostigma (white-marked tussock
moth – Image 2), that were found to feed on crepe myrtle. In contrast, red maples
supported many of those same generalist species, but also supported several
specialized species such as Dryocampa rubicunda (rosy maple moth) and Parallelia
bistriaris (maple looper moth). Norway maple had relatively poor leaf mass this year,
which may have contributed to low caterpillar numbers.
We have two possible explanations for the results from 2014. The first one is that
associational resistance is occurring. Crepe myrtles and Norway maples are producing
unfamiliar air-borne volatiles that could be deterring ovipositing moths and butterflies
from those plots. The volatiles of the focal target tree might be masked by the volatiles
emitted by the non-native plants. Meanwhile when plots are occupied by five red
maples that are all producing familiar volatiles, they are more attractive to specialist
moths. However, red maples with no neighbors support similar numbers of caterpillar
species as red maples with non-native neighbors. This could be evidence of the second
possible explanation: resource concentration. This occurs when there is an increased
abundance of herbivores that is directly related to an increase in resource abundance.
This phenomenon is most notable in situations of monoculture, such as a crop field.
Because the red maple-red maple plots would be considered a monoculture, we have
added a fifth treatment group for 2015. Neighbors in these plots are all different species
of native trees (sycamore – Platanus occidentalis, sweetbay magnolia – Magnolia
virginiana, pin oak – Quercus palustris, and river birch – Betula nigra). We expect that
these plots will yield the greatest caterpillar diversity among treatment groups in
subsequent years.
The majority of the damage to red maples resulted from rosy maple moth caterpillars
(Image 3), which lay between 50 and 100 eggs all at once. There were also bagworms
(family Psychidae), leaf tiers (Family Tortricidae), and miscellaneous other herbivorous
insects that contributed to damage. Even though caterpillar diversity of focal trees
differed between treatment groups, damage did not. This suggests that in the context of
our experimental conditions, damage may not be significantly influenced by neighboring
trees. Future data are needed before stronger conclusions can be made.
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The majority of natural enemies collected were parasitoid wasps (Order Hymenoptera)
and flies (Order Diptera: Families Sarcophagidae and Tachinidae). Parasitoids kill
insects by laying their eggs inside an insect host. These natural enemies were not
necessarily specific to caterpillars. Many of the wasps are egg parasitoids (meaning
they parasitize insect eggs), or specialize on various other insect orders other than
Lepidoptera. Due to the difficulty of identifying the species of these tiny insects (many
were the size of a pinhead), they were identified only to family level. This could be a
contributing factor for why there was no significance in 2014. Identification to a lower
taxonomic level, such as genus, could provide more conclusive results. This may be a
future endeavor for this project. Another possible factor could have been data
collection. Our pan trap design may have also been capturing wasps that were not
actively seeking hosts, but were attracted to other factors such as the blooms of crepe
myrtle. The only way to eliminate this factor would be to manually prune blooms, yet
this would be atypical for this plant in landscapes.
Finally, these trees were transplanted in 2014 and were still young. As their leaf mass
continues to grow, we expect results to become stronger. However, results so far are
still useful for landscape design and IPM. For example, in planting design, neighbors of
native trees can matter and influence the contributions of that plant to the ecosystem.
Contrary to popular belief, using only native trees will not result in higher damage rates.
When trees have native neighbors, they have greater ecosystem value in the form of
supporting more species of herbivores. Non-native plants are well-known to impact
ecosystems in direct ways via the inability of herbivores to feed on them. However, our
results also suggest that non-native plants can also impact ecosystems in indirect ways
by deterring insects away from natives. In this way, non-native plants are one of the
many contributing factors to biodiversity declines in urban environments. Greater
biodiversity will help balance ecosystems and prevent pest outbreaks, yet this work and
others before suggest a need for the ‘right’ type of diversity in urban landscapes. We
suggest a need for a long-term paradigm shift in which people associate landscape
plants with aesthetic value as well as ecological function, as these two are not mutually
exclusive.
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Figure 1: Mean number of caterpillar species found on treatment plants season-wide.
n=7; F(2,18)=18.293, P<0.0001

Entomology

90

SNA Research Conference Vol. 60 2015

	
  
Figure 2: Mean number of caterpillar species on focal trees between treatment groups
season-wide. RM/CM = red maple with crepe myrtle neighbors. RM/NM = red maple
with Norway maple neighbors. RM/N = red maple with no neighbors. RM/RM = red
maple with red maple neighbors. n=7; F(3,24)=4.608 P=0.017.

Figure 3: Mean percent damage to focal trees season-wide. Mean number of
caterpillar species between treatment groups season-wide. RM/CM = red maple with
crepe myrtle neighbors. RM/NM = red maple with Norway maple neighbors. RM/N =
red maple with no neighbors. RM/RM = red maple with red maple neighbors. F =
0.1372, non-significant
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Figure 4: Season-wide Shannon-Weiner diversity of natural enemies. RM/CM = red
maple with crepe myrtle neighbors. RM/NM = red maple with Norway maple neighbors.
RM/N = red maple with no neighbors. RM/RM = red maple with red maple neighbors. F
= 0.3663, non-significant.

Image 1: This is the typical layout of each 5 x 5 m garden. The focal tree in the center
is a red maple while the neighboring trees are either red maple, Norway maple, or crepe
myrtle. There are also no neighbor control gardens with a single focal tree.
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Image 2: Orgyia leucostigma– white-marked tussock moth caterpillar (Lepidoptera:
Erebidae). This is a common generalist found feeding on crepe myrtle, Norway maple,
and red maple.

Image 3: Dryocampa rubicunda – rosy maple moth 2nd instar caterpillar (Lepidoptera:
Saturniidae). This caterpillar is a specialist that was only found to feed on red maple. It
is also responsible for the majority of the damage to the red maples.
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Insecticide Options for Japanese Maple Scale and Monitoring of Crawler Activity
Periods in Middle Tennessee – An Update
Karla M. Addesso and Adam Blalock
Tennessee State University, Department of Agricultural and Environmental Sciences
Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
kaddesso@tnstate.edu
Index words: armored scale, Lopholeucaspis japonica, 'Kwanzan' cherry, Prunus
serrulata
Significance to Industry: We began a pesticide evaluation project on Japanese maple
scale, Lopholeucaspis japonica (Cockerell) (Hemiptera: Diaspididae) in middle
Tennessee. Additionally, we monitored crawler and adult male flight activity in the field.
This is significant to the industry because Japanese maple scale (JMS), an armored
scale, has become a significant pest in both container and field nursery production
systems as well as landscapes across the eastern United States. (1,3). Japanese maple
scale has key characteristics that make it difficult to control, including a wide host range,
an extended crawler emergence period (7.5-8.5 weeks or more), at least two
overlapping generations, small size (scale covers approximately 1 mm long) and cryptic
coloration (with respect to trees with light and mottled barked) (1, 2, 3, 4). A limited body
of research is available on this pest and knowledge of peak crawler activity periods and
pesticide efficacy is essential for making control recommendations to both nursery and
landscape professionals in middle Tennessee.
Nature of Work: Japanese maple scale is a generalist feeder with a wide host range
including many high value deciduous trees and shrubs. It has been reported on plants in
at least 28 families 50 genera (4), including our additional report of infestation on a
seedling selection of witch-hazel, Hamamelis virginiana. As an armored scale, the
purple, soft-bodied insects are covered by a white, waxy covering that appears similar
to an oyster shell. Beneath the waxy armor, mature female scales have a brown
pupillarial cover that is the shed exoskeleton of the second instar (2). Armored scales
do not feed on vascular tissue (xylem and phloem) as do soft scales, but instead feed
directly on plant cell contents causing structural collapse of the tissues on which it feeds
(3). Damage is often not as severe as soft scales, however, extremely high infestation
levels can lead to branch dieback and plant death (2). Old scale covers from dead
scales can remain attached to the bark of trees for an extended period of time and the
presence of scale covers, even if the insects are dead, can result in rejection of nursery
product. The waxy armor secreted by armored scales combined with their feeding habit
and overlapping generations, makes JMS difficult to manage. Current control
recommendations include treating with dormant oil in the fall or early spring and
summer application of insect growth regulators during crawler activity periods.
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Application of systemic dinotefuran (Safari) also provided control in crabapples with
application recommended when 1st generation crawlers began activity (4)
In this study, we chose to take a shotgun approach to evaluate several products against
JMS in order to rule out products with little efficacy and to obtain data on those products
we are currently recommending. Some of the products tested here are already being
used by growers in Tennessee for other pest management applications, and have been
anecdotally reported to suppress this scale (e.g. Discus). The products tested in this
study include those listed in Table 1. Data reported here is for the drench treatments
and trunk sprays applied in April and June, 2014. In addition to product testing, we
began monitoring crawler activity in field plots in order to confirm activity with previously
reported degree-day patterns. The long-term goal of this research is to understand the
lifecycle of JMS in middle Tennessee and collect data to support insecticide product
recommendations for growers.
On April 24th, soil applications of Kontos, Discus N/G and Safari 2G were made to four
replicate trees. Prior to application, a sample twig was removed from each tree and the
number of live and dead scales counted. Counts of live scales were repeated at 30, 60,
90 and 120 days post treatment. On June 15th, trunk spray applications of Safari 20 SC,
Kontos, Fulcrum, Summer Oil, and M-Pede were applied to four replicate trees. Live
scales were monitored at 30, 60, and 90 days post treatment. On untreated control
trees, crawlers were monitored with Vaseline covered tape strips from May 1st 2014 –
October 15th 2014. Monitoring for the spring adult male flight was initiated on April 6th
2015. Crawlers and males were counted weekly and reported as crawlers or
males/linear cm/day.
Results and Discussion: In middle Tennessee, adult male JMS have an early spring
flight, which was observed in 2015 on the second week of April (263-363 GDD), but
could have started the week prior to monitoring. A second male cohort was observed in
July of 2014 and extended into early August. Crawlers emerged in early May in both
years, with first specimens observed between 693 – 769 GDD in 2014 and 579 – 723
GDD in 2015 (Figure 1). Crawler counts declined through June and peaked again
during the last week of August in 2014 (3024 DD).
To perform scale counts on each sample twig, a minimum of 100 scale covers were
flipped over under the microscope, live and dead scales were counted, and a percent
live scale was calculated. If populations were low, all scales on sample branches were
counted. As reported in 2014, the early spring systemic drench treatments of Discus
and Kontos showed an increase in % live scale similar to untreated control trees, with
only Safari showing a decrease in live scale after 30 days (Figure 2). By 90 days,
however, only Discus treated trees demonstrated sustained JMS suppression which
extended out to the final 2014 rating period of 120 days. An April 2015 evaluation of the
four 2014 Discus treated trees was unable to find visible scale on 3 out of 4 trees. The
fourth tree had a small patch of scale covers on the main trunk, of which with only 3 live
scales could be found.
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June 2014 trunk sprays of summer oil, Kontos, M-pede and Safari were not effective in
controlling JMS crawlers. Only Fulcrum (a.i. pyriproxifen, an insect growth regulator)
successfully suppressed JMS out to 90 days post treatment, with an average of 5% live
scale across replicates (Figure 3). It is important to note that the Fulcrum was applied
only once in our study, while the label does allow for multiple applications at 14 day
intervals. It may be useful to apply a second application of Fulcrum in mid-August when
the second crawler activity period peaks. We did not apply Fulcrum with horticultural oil
in this test, but it is a recommended practice. Based on our 2014 crawler strip activity,
the application of summer oil resulted in a surge of crawler emergence in the week posttreatment. While not effective as a control on its own, the summer oil will loosen scale
covers, allowing more synchronous emergence of crawlers increasing their exposure to
whatever pesticide is applied.
The results of year 1 drenches contradict current recommendations of Safari for control
of JMS. While this product does have quick uptake and activity early in the season, it
has a short residual and might not linger long enough in the tissue to provide sustained
control late in the season or on larger trees in field production. A second year of Safari
is being evaluated to see if this trend holds. Discus was tested due to its use for control
of flatheaded appletree borer in maple production. Our study supports field observations
that Discus treated maple trees do not harbor JMS. We will also be testing Fulcrum with
1% horticultural oil, Tristar 8.5 SL and Duraguard ME for the 2015 growing season.
Acknowledgements: We would like to thank Kevin Trostel and Megan Patton for
assistance with data collection, OHP, BASF and Southern Ag for the donation of
product, Dr. Donna Fare (USDA-ARS) and local nurseries for their donation of plant
material. This work was funded by Tennessee State University's Nursery Research
Center.
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Table 1. Survey of pesticides for use against Japanese maple scale on 3.0 inch DBH
'Kwanzan' cherry trees.
Treatment
Discus N/G

Safari 2G
Kontos
Safari 20 SG
Fulcrum
M-Pede
Kontos
Ultra-Pure Oil

Drench

Active
Ingredient
imidacloprid
(2.94%)
cyfluthrin
(0.70%)

Application
Date
4/24/2014

dinotefuran
(2%)
spirotetramat
(22.4%)
Dinotefuran
(20%)
Pyriproxifen
(11.23%)
Potassium salts
of fatty acids
(49%)
spirotetramat
(22.4%)
Mineral oil
(98%)

Control

6/15/14

Rate
66ml/tree (1.9
ml
imidacloprid,
0.46 ml
cyfluthrin)
20g/tree (0.4g
AI/tree)
5ml/tree (1.12
ml AI/tree)
0.5 mL/L
0.92 mL/L
2%
0.26 mL/L
1%
untreated
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Figure 1. JMS activity in middle Tennessee 2014-2015 in field 'Kwanzan' cherry.
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Figure 2. Change in live scale post treatment with April systemic applications of Discus,
Kontos and Safari (mean ± SEM).
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Figure 3. Percent live scale in June trunk pesticide applications at 30, 60 and 90 days
post-application (mean ± SEM).
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Sultan™ Miticide Phytotoxicity Trial on Herbaceous Greenhouse Plants
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Index Words: Cyflumetofen, mites
Significance to Industry: Spider mites (SP) are common destructive pests that can
feed on 200 different species of plants including greenhouse-grown ornamentals (2).
Two-spotted spider mites, Tetranychus urticae Koch, developed resistance to
abamectin in the late 1990’s in strawberries (5) and continue to develop resistance to 92
different active ingredients (6). To combat resistance, an Integrated Pest Management
approach is recommended (3). Use of various chemical and biological control methods
have been recommended including alternating miticides with different Modes of Action
(MOA) (4).
Nature of Work: Cyflumetofen, marketed as Sultan™ 2SC miticide (BASF
Corporation, Research Triangle Park, NC), is a member of the beta-ketonitrile class of
chemistry and a Group 25 mitochondrial complex II electron transport inhibitor which is
a unique MOA compared to other miticides (1). Sultan™ miticide (active ingredient:
cyflumetofen) has contact and residual control on motile and egg stages of tetranychid
mites on listed ornamentals. Sultan™ has no activity on listed beneficial insects or
mites. Screening for phytotoxicity to a selection of herbaceous greenhouse plants
would aid in determining any negative plant response to Sultan™.
Sultan™ applications to various greenhouse plants (Tables 1 and 2) at 0, 13.7 (the
highest label rate), 28 and 56 fl oz/100 gals were applied using a Dramm model BP-4
battery-powered backpack sprayer (Dramm, Manitowoc, WI) that delivered 339 gals/A
at 140-150 psi. Brandt Indicate 5® adjuvant (Brandt Consolidated, Inc., Springfield, IL)
was added to all tanks including the control at 0.3 ml/gal with a resulting pH of 6.4.
Applications to the liners (72 cell - PTT 72 circular LCV, vol. 41 ml or 98 cell – PTT 98
circular V, vol. 27 ml; East Jordan Plastic, Inc., East Jordan, MI - Table 1) were on
August 14 and 28, 2014 and to the container-grown plants (4” TEKU®VTD 10 US 0400,
vol. 0.375 L; 6” VTD 15 US – 0600, vol. 1.27 L; 8” VCD 21 0825, vol. 3.69 L;
Pöppelmann Plastics USA, LLC, Claremont, NC and 9” Classic C600, vol. 6.03 L;
Nursery Supplies, Inc. Chambersburg, PA – Table 2) on August 19 and September 2,
2014. The liners were filled with Lambert AFM-1 Germination Mix (Lambert Peat Moss
Inc., Rivière-Ouelle, QC Canada), Fafard 2P (Sun Gro Horticulture, Agawam, MA) or
Flexitray® (Grow-Tech LLC, South Portland, ME). Substrate for the 4”, 6” and 8”
containers was Berger BM 4 NF Wood (Berger, Saint-Modeste, QC Canada) and the 9”
container contained Fafard 2P. Plants were grown in a greenhouse under 80% shade.
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Liners were fertigated two or three times a week with 150ppm ‘N’ using 20-7-20 (Table
3; TotalGro, SDT Industries, Inc., Winnsboro, LA). Container-grown plants were
fertilized manually with 150ppm ‘N’ using 17-5-17 (Table 3; TotalGro). Additional pest
management included biological controls released during the experiment: Aphidoletes
aphidimyza against aphids, Chrysoperla rufilabris against aphids, Encarsia formosa
against white fly, Amblyseius swirskii against thrips and white fly and drenches of
Nemasys® Bio-Insecticide (beneficial nematodes Steinernema feltiae from BASF)
against fungus gnat and thrips.
Visual phytotoxicity ratings were performed 3, 7 and 14 days after the first Sultan™
applications and 3, 7, 14 and 28 days after the second. Height, widest width and width
perpendicular to widest width were recorded 48 and 42 days after the second
application for liners and container-grown plants, respectively.
Results and Discussion: No phytotoxicity was observed. Minimal stippling damage to
the most sensitive cultivar of Schefflera actinophyla, ‘Soleil’, was detected on the
youngest leaves present at the second application but damage was determined to be
caused by thrips. There was some inconsistent influence on final plant size from two
applications of Sultan™ (Tables 4 and 5). The 13.7 fl/oz treatment increased final plant
height compared to the control for Calathea ornata and plant height and average width
for Philodendron hybridum ‘Little Hope’. The 13.7 and 56 fl/oz treatments decreased
final plant width for Schefflera actinophyla ‘Soleil’. Alocasia hydridum ‘Ivory Coast’
treated with 13.7 fl oz was narrower and the 28 fl oz treated plants were shorter
compared to the control.
Acknowledgements: We would like to thank BASF Corporation for the product
donation. The authors thank James Aldrich for his technical assistance.
Literature Cited:
1. Anonymous. 2014. Sultan™ miticide. BASF Corporation, Research Triangle Park,
NC. http://www.cdms.net/LDat/ldBSN006.pdf (Accessed 1/15/15).
2. Fasulo, T.R. and H.A. Denmark. 2012. Twospotted Spider Mite, Tetranychus urticae
Koch (Arachnida: Acari: Tetranychidae. http://edis.ifas.ufl.edu/in307 (Accessed
1/15/15).
3. Mizell, R.F. III and D.E. Short. 2012. Integrated Pest Management in the Commercial
Ornamental Nursery. http://edis.ifas.ufl.edu/ig144 (Accessed 1/15/15).
4. Price, J.F., E. McCord, Jr., and C. Nagle. 2012. Management of Insect and Mite
Resistance in Ornamental Crops. http://edis.ifas.ufl.edu/in715 (Accessed 1/15/15).
5. Price, J.F. and C. Nagle. 2012. Causes and Management of Insect and Mite
Resistance in Strawberry Production. http://edis.ifas.ufl.edu/in713 (Accessed
1/15/15).
6. Whalon, M.E., R.M. Mota-Sanchez, R.M. Hollingworth, L. Duynslager. 2008.
Arthropod Pesticide Resistance Database (APRD).
http://www.pesticideresistance.org/display.php?page=species&arId=536 (Accessed
1/15/15).

Entomology

101

SNA Research Conference Vol. 60 2015

Table 1. List of plants treated with Sultan™ in liner stage.
Scientific Name
Cultivar
TrayZ
SubstrateY
Alocasia hybridum
Ebony
72 cell
AFM-1
Alocasia hybridum
Ivory Coast
72 cell
AFM-1
Alocasia hybridum
Seregetti
72 cell
AFM-1
Anthurium andreanum
Rose Blush
72 cell
Flexitray®
Anthurium hybridum
Pacora
72 cell
Flexitray®
Anthurium hybridum
Pizzazz
72 cell
Flexitray®
Anthurium hybridum
Red Rocket
72 cell
Flexitray®
Anthurium hybridum
SmallTalk Pink
72 cell
Flexitray®
Anthurium hybridum
SmallTalk Red
72 cell
Flexitray®
Anthurium hybridum
White Heart
72 cell
Flexitray®
Calathea ornata
72 cell
Flexitray®
Calathea roseopicta
72 cell
Flexitray®
Calathea roseopicta
Medalion
72 cell
Flexitray®
Calathea rufibarba
72 cell
Flexitray®
Calathea zebrina
72 cell
Flexitray®
Cordyline australis
Red Sensation
72 cell
Flexitray®
Ctenanthe burle marxii
72 cell
Flexitray®
Dieffenbachia hybridum
Camille
72 cell
Fafard 2P mix
Dieffenbachia hybridum
Perfection
72 cell
Fafard 2P mix
Dieffenbachia hybridum
Spalsh
72 cell
Flexitray®
Compacta
Dieffenbachia hybridum
Sterling
72 cell
Flexitray®
Dieffenbachia hybridum
Tropic Marianne
72 cell
Flexitray®
Diplodenia hybridum
Rio Deep Red
98 cell
Flexitray®
Diplodenia hybridum
Rio Pink
98 cell
Flexitray®
Ficus benjamina
Natasja
72 cell
AFM-1
Ficus petiolaris
Rocky
72 cell
Flexitray®
Mandevilla boliviensis
Bride’s Cascade
72 cell
Flexitray®
Musa cavendish
Super Dwarf
72 cell
AFM-1
Philodendron hybridum
Congo
98 cell
Flexitray®
Philodendron hybridum
Little Hope
98 cell
AFM-1
Philodendron hybridum
Rojo Congo
98 cell
Flexitray®
Schefflera actinophyla
Alpine Jr
72 cell
AFM-1
Schefflera actinophyla
Amate
72 cell
AFM-1
Schefflera actinophyla
Soleil
72 cell
AFM-1
Spathoglottis hybridum
Cabarett
98 cell
Flexitray®
Spathoglottis hybridum
Mello Yellow
98 cell
Flexitray®
Spathoglottis hybridum
Purple Haze
98 cell
Flexitray®
Spathoglottis hybridum
Purple Passion
98 cell
Flexitray®
Spathoglottis hybridum
Snow Angel
98 cell
Flexitray®
Spathoglottis
Grapette
98 cell
Flexitray®
Z
72 cellunguiculata
- PTT 72 circular LCV; 98 cell – PPT 98 circular V, East Jordan Plastic
Y
AFM-1, Lambert Peat Moss Inc.; Flexitray®, Gro-Tech LLC; Fafard 2P, Sun Gro
Horticulture
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Table 2. List of plants grown in containers treated with Sultan™.
Scientific Name
Cultivar
Container SizeZ
SubstrateY
Alocasia hybridum
Ebony
6”
Berger BM4 NF Wood
Alocasia hybridum
Ivory Coast
6”
Berger BM4 NF Wood
Alocasia hybridum
Seregetti
6”
Berger BM4 NF Wood
Anthurium hybridum
Pacora
4”
Berger BM4 NF Wood
Anthurium hybridum
Pizzazz
4”
Berger BM4 NF Wood
Anthurium hybridum
Red Rocket
4”
Berger BM4 NF Wood
Anthurium andreanum
Rose Blush
4”
Berger BM4 NF Wood
Anthurium hybridum
SmallTalk Pink
4”
Berger BM4 NF Wood
Anthurium hybridum
SmallTalk Red
4”
Berger BM4 NF Wood
Anthurium hybridum
White Heart
4”
Berger BM4 NF Wood
Calathea roseopicta
Medalion
6”
Berger BM4 NF Wood
Calathea ornata
4”
Berger BM4 NF Wood
Calathea zebrina
4”
Berger BM4 NF Wood
Ctenanthe burle marxii
4”
Berger BM4 NF Wood
Dieffenbachia hybridum
Sterling
4”
Berger BM4 NF Wood
Dieffenbachia hybridum
Spalsh
6”
Berger BM4 NF Wood
Dieffenbachia hybridum Tropic Marianne
4”
Berger BM4 NF Wood
Mandevilla boliviensis
Bride’s Cascade
9”
Fafard 2P
Musa cavendish
Super Dwarf
8”
Berger BM4 NF Wood
Philodendron hybridum
Little Hope
6”
Berger BM4 NF Wood
Philodendron hybridum
Congo
6”
Berger BM4 NF Wood
Philodendron hybridum
Rojo Congo
8”
Berger BM4 NF Wood
Schefflera actinophyla
Amate
8”
Berger BM4 NF Wood
Schefflera actinophyla
Alpine Jr
8”
Berger BM4 NF Wood
Schefflera actinophyla
Soleil
8”
Berger BM4 NF Wood
Spathoglottis hybridum
Cabarett
4”
Berger BM4 NF Wood
Spathoglottis hybridum
Purple Passion
4”
Berger BM4 NF Wood
Spathoglottis hybridum
Purple Haze
4”
Berger BM4 NF Wood
Z
4”, 6” and 8” containers - Pöppelmann Plastics USA, LLC; 9” containers – Nursery
Supplies, Inc.
Y
Berger BM4 NF Wood, Berger; Fafard 2P, Sun Gro Horticulture
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Table 3. FertilizerZ information.
Analysis
Nutrients 20-7-20 17-5-17
N
20%
15%
P
7%
5%
K
20%
15%
Ca
0%
3%
Mg
1%
1%
S
1.3%
0%
B
0.02%
0.02%
Cu
0.05%
0.05%
Fe
0.1%
0.1%
Mn
0.05%
0.05%
Mo
0.01%
0.001%
Zn
0.05%
0.05%
Z
TotalGro, SDT Industries, Inc.
Table 4. Sultan™ miticide effects on herbaceous greenhouse plant height (cm) 48 days
and 42 days after the second application to liners and container-grown plants,
respectively.

Calathea
ornata
TreatmentZ

Liner

0

13.1 ± 0.7 c

13.7

y

Species/cultivar and container size
Philodendron
Ficus
Schefflera
Alocasia
hybridum
petiolaris
actinophyla hydridum
‘Little
‘Rocky’
Hope’
‘Soleil’
‘Morocco’
Liner
Liner
6”
Liner

Alocasia
hydridum
‘Ivory
Coast’
6”

19.0 ± 1.7 a

10.7 ± 0.8 b

5.5 ± 0.3 a

6.7 ± 0.3 a

8.6 ± 0.2 ab

15.8 ± 0.7 a

17.8 ± 0.6 a

12.7 ± 0.6 a

5.6 ± 0.2 a

6.3 ± 0.2 a

8.8 ± 0.2 a

28

14.5 ± 0.5 b

18.7 ± 0.9 a

10.6 ± 0.3 b

6.2 ± 0.6 a

6.6 ± 0.2 a

8.4 ± 0.1 b

56

14.0 ± 0.9 bc

18.3 ± 0.8 a

11.0 ± 0.6 b

5.6 ± 0.4 a

6.5 ± 0.1 a

-

Z

fl oz Sultan™/100 gals.
Height mean (cm) ± SEM; means within columns followed by different letters are
significantly different (P <0.05).
y
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Table 5. Sultan™ miticide effects on herbaceous greenhouse plant average width (cm)
48 days and 42 days after the second application to liners and container-grown plants,
respectively.
Species/cultivar and container size
Calathea
ornata

Schefflera
actinophyla
‘Soleil’
Liner

Alocasia
hydridum
‘Morocco’
6”

Alocasia
hydridum
‘Ivory
Coast’
6”

14.6 ± 1.7 b

17.5 ± 0.6 a

5.1 ± 0.1 b

6.1 ± 0.5 a

Ficus
petiolaris
‘Rocky’
Liner

Philodendron
hybridum
‘Little Hope’
Liner

14.7 ± 0.7 a

TreatmentZ

Liner

0

14.5 ± 0.9 ab

13.7

16.1 ± 0.8 a

14.2 ± 0.2 a

17.5 ± 0.4 a

13.9 ± 1.7 b

5.0 ± 0.2 b

4.9 ± 0.2 b

28

14.7 ± 0.3 b

13.9 ± 0.5 a

15.4 ± 0.9 b

17.2 ± 0.9 a

5.6 ± 0.3 a

5.6 ± 0.2 a

56

14.1 ± 0.4 b

14.0 ± 0.9 a

16.2 ± 0.7 b

15.0 ± 0.4 b

5.3 ± 0.2 ab

-

y

Z

fl oz Sultan™/100 gals.
Average width mean (cm) ± SEM; means within columns followed by different letters
are significantly different (P <0.05).
y
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Recommended Plant Species for Augmentation of
Ecosystem Services: A Website
Russell F. Mizell, III, Gary W. Knox and Holly K. Ober
University of Florida, NFREC-Quincy, 155 Research Rd, Quincy, FL,
rfmizell@ufl.edu
Index Words: ecosystem services, plant selector, biological control, pollination,
recommendations, neonicotinoids
Significance to Industry: The “Green Industry” produces plants for interior and
exterior landscapes. The best known benefits derived from plants, besides the obvious
production of oxygen necessary to breathe, are visual – they beautify the environment
and “warm” the human heart! Nevertheless, there are many lessor known and less
appreciated plant-based functions of equal importance for survival that are derived from
interactions with the other part of biodiversity, fauna, and abiotic factors. Such functions
as biological control of pests and plant pollination are two such “ecosystem services”
along with factors such as water and nutrient cycling. Ecosystem functions break down
when habitats are fragmented or destroyed (1). Currently, there is great need and
interest in both conserving habitats and remediating damaged ones. Toward that end
we have identified a number of plant species for each season of the year in the
Southern Coastal Plain with qualities that are important and useful to augment
pollinators, parasites, predators, butterflies, hummingbirds and other wildlife along with
the ability of some to function in specialized habitats such as rain gardens. We have
also developed a very effective trap cropping system for stink bug suppression which
uses plants that also provide ecosystem services (9). Our objectives are four fold: 1) to
enable the Green Industry to apply our results in production, marketing and
maintenance; 2) to provide instruction on habitat manipulations to augment these
ecosystem services; 3) to provide recommendations to consumers about assemblages
of plants that will enhance specific ecological services at various times of the year; and
4) to improve environments and human well-being.
Nature of Work: Consumers are pressuring retail corporations to sell more
sustainably-grown plants. These primarily “Big Box” stores are in turn challenging the
Green Industry to use more sustainable production practices. However, the term
“sustainably grown” remains to be well defined and a positive impact of the marketing
trend on the environment is by no means assured (14). Although, plants spend a
relatively small portion of their lifespan under nursery conditions and the majority in the
landscape, the ecological role a particular plant plays in the landscape may be altered
by treatments undergone during the short phase spent in the nursery.
Consumer pressures have been precipitated by the much publicized and continuing
demise of honey bee colonies termed Colony Collapse Disorder (13). Moreover,
populations of native pollinating bees have also been in decline. Important mortality
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agents that have been identified are pathogens and mites with accompanying viruses
that contribute to the problem. In addition, production practices in conflict are mostly
concerned with pest suppression: pesticide use and their non-target impacts on
beneficial insects (parasites and predators) and pollinators (5). The most controversial
pesticides are the systemic neonicotinoids due to their suspected relationship with
colony collapse disorder. Additionally, there have been a number of blatant non-labeled
misuses of these chemicals that led to well publicized negative responses by regulatory
agencies and the general public. Currently, the general impact of neonicotinoids on
bees remains to be fully determined. Additionally, what role applications of other
chemicals, imidacloprid, thiomethoxam, clothianidin, etc., in nursery production have on
bees specifically is not known. However, it is established that insecticides, which act
systemically in plants may remain in treated plants at insecticidal levels for 12 or more
months post treatment. Thus, neonicotinoid applications to nursery stock under at least
some circumstances could carry over to the landscape after installation.
Therefore, the production practices and insecticide use in the nursery may have a
“double whammy”: the fauna, pests and beneficials, are affected during their nursery
growth phase and again in the landscape where a different profile of fauna is exposed
to treated plants. If such plants provide food such as nectar, extrafloral nectar or pollen
for their associated fauna (obvious ones are pollinating bees) then there is the potential
for harm from the remaining toxins carried over from nursery applications. Moreover, a
third aspect is the potential for continuing application of neonicotinoids to these
landscape plants by consumers or landscape maintenance practitioners without
knowledge of what they may already contain as a result of nursery practices.
From an ecological perspective, two of the major factors affecting biodiversity and thus
natural ecosystem functioning is fragmentation and loss of habitats. A minimum amount
of potential habitat, its spatial configuration, as well as the environmental conditions
determining habitat quality, are crucial factors for species occurrence. Landscape
variables such as habitat composition, quality and patchiness, and dispersal capability,
all impact the abundance of organisms. When native vegetation, the flora, is lost, the
fauna that relies on it are dramatically impacted because the basic ecological functions
are eliminated. Permanent landscape elements such as grassland and woodland
fragments play a crucial role in maintaining biodiversity in cultivated landscapes by
providing habitats and refuges for many species.
Ecological functions that originate with interactions of the biodiversity present are
termed ecosystem services and are processes that take place in the natural world that
benefit mankind (2). These services contribute to the stability, productivity and
sustainability of the environment. Management of hedgerows and other field margin
and boundary vegetation affects the abundance and diversity of flora, invertebrates and
birds (4). Planting costs designed for wildlife plots are often subsidized through
government programs such as USDA-EQIP (3).
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The impetus for this effort originated with the development of plants suitable for yearround trap cropping of stink bugs by the senior author. The progression and challenges
of that research (10), the fact that the plant species selected provided additional
ecosystem services and new literature calling for wider habitat augmentation (8,9) led
to the realization that such a database, if available, could be of immediate and general
value to the Green Industry and the public. Therefore, a general search of the literature,
our own experience, and new observations of suitable plants were used to develop the
list of recommendations for the website. We have not limited our inclusions to native
plants for both practical (needed a broad variety of available plants with the requisite
services that would do the job (re: trap cropping is difficult)) and philosophical reasons
(7,11). Plants were included or excluded from the website based on several criteria. We
tried to avoid plants that had known side effects or were considered invasive. Plants
recommended in the general literature for the target area were vetted as closely as
possible for any negative qualities before acceptance, and many of the plants were
specifically observed and tested over a period of years by the authors for their provision
of specific services.
Results and Discussion: The website focuses on the regulating services of plant
pollination and biological control directly concerning biodiversity (flora and fauna) and
the cultural services related to the appreciation and enjoyment of flora such as flowering
plants and associated fauna of butterflies, birds and other wildlife. We have included
plants suitable for use in “trap cropping” of stink bugs (10) as an effective and practical
example of how habitat manipulation of flora species can be applied to suppress pest
populations as well as augment beneficial organisms in what is termed “multifunctional’
plots (8,9) The recommended plants are primarily for the Coastal Plain area of the
southern U.S. which loosely includes the area within the latitudes from Tifton, GA in the
north (latitude 31.4623° N) to Wildwood, FL in the south (latitude 28.8586°N). This area
also represents the USDA Horticultural Zones 8 and 9, however, many of the listed
plant species are applicable to the entire southern region and beyond. From the
perspective of plant species, there are many cultivars available of the recommended
plants more suitable to other areas that could be considered. However, we caution that
all cultivars of the species in the database may not provide similar services. For
example, many sunflower cultivars developed for the cut flower industry do not produce
pollen.
Nursery producers and retail garden centers should consider using this approach and
recommend plant species in the following ways: 1) Plant species that have
characteristics that attract pollinators and other useful insects should be identified along
with the time of year that the characters occur and management decisions to avoid
destroying the associated fauna should be enforced. Incidentally, this could be claimed
as a sustainable practice if that becomes important; 2) Those plants that are attractive
to beneficials –insect parasites and predators- might be planted around the nursery to
enhance biological pest suppression; 3) Because consumers are interested in the
concepts (and will have access to the database), plants that provide ecosystem
services could be specifically identified and marketed in those categories; 4) honey
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bees require nectar and pollen sources during many times of the year, especially in the
cool parts of the year when such plants are rare. Therefore, plants that bloom in early or
late season or even during the summer, crape myrtle for example (12), in the lower
South could be touted for this purpose.
Land owners are encouraged to evaluate and inventory the vegetation in yards, gardens
and other managed habitats such as hedgerows, shelterbelts, etc. “Home gardens”
have been important to human beings for millennia and now are recognized in many
parts of the world as critical areas with high biodiversity and as repositories of vanishing
native plant species (6). Much research has investigated the functions and uses of
native plants for their obvious importance under natural conditions or for landscape
remediation. However, in an agricultural setting or backyard, logistical factors, such as
seed and plant availability and the plant species ease of culture, become paramount in
developing functioning landscapes to provide and enhance ecological services. There
are a number of plant species that are readily available and easily grown without side
effects that offer the qualities useful in efforts to augment ecological services.
Interestingly, the plant species recommended for use in stink bug trap cropping
(buckwheat, sunflower, sorghum, millet, okra, etc.) provide other ecological services
such as augmentation of wildlife, beneficials, butterflies and pollinators. They, as well as
many of the other recommendations, may also be used in portable containers as trap
crops, for monitoring of pests, or for augmentation of ecosystem services.
We are soliciting feedback and suggestion of plant species in a “Citizen’s Science”
mode to add to the database to broaden its appeal in two major areas: 1) Suggestions
on how the website might be improved to make it easier to use and more effective, and
2) Suggestions of additional plant species suitable for inclusion in the database for
recommendation to the public, or suggestions of plants to delete with corresponding
justification. There will be an email generation box on the website to enable
correspondence. Our goal is to expand the breath of the site by adding to the plant lists
for the focus area and to include adjacent areas to the north and south. The authors will
consider the suggested plants, and if we agree that they are appropriate to our purpose,
they will be added to the database. We will credit any selected inputs by adding the
correspondent’s name to the credit page on the website.
The database will be linked to the NFREC-Quincy center website:
http://nfrec.ifas.ufl.edu.
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Investigation of a Botanical-based Product for Management of Two-spotted
Spider Mites in Ornamental Nursery Production.
Karla Addesso, Shannen Leahy, Kevin Trostel and Robert Behle
Tennessee State University, Department of Agricultural and Environmental Sciences
Otis L. Floyd Nursery Research Center
McMinnville, TN 37110
kaddesso@tnstate.edu
Index words: Tetranychus urticae, botanical oil, monoterpene, sesquiterpene
Significance to Industry: Spider mites can cause damage to a wide range of
ornamental species in both greenhouse and nursery systems (6). Mites are currently
managed primarily by chemical means, but biological agents have been an expanding
component of IPM programs, particularly in greenhouse systems. The goal of this
research was to test the effectiveness of a plant-based bioacaricide for use against twospotted spider mites (Tetranychus urticae Koch). If effective, a new, low-risk product
may become available for use in rotation with other chemical classes and alongside
biological control agents for control of mites. Such a product will additionally benefit
retail and landscape industries as it can be marketed to homeowners who want to treat
ornamental plants for mite damage but are hesitant to apply conventional pesticides
around their homes.
Nature of Work: A product containing nootkatone, a plant essential oil, was
investigated for its effectiveness as a miticide. Nootkatone has been previously shown
to effectively control ticks that transmit the pathogen that cause Lyme disease in the
field and has toxic and/or repellent properties against ants, termites and other arthropod
pests (4, 7). Nootkatone is found in grapefruit and is considered safe for human
consumption. A team of researchers studying the effects of nootkatone on nootkatone
on ticks that transmit the pathogen that cause Lyme disease has demonstrated its
effectiveness as an acaricide (2, 3, 5). Through their work, a lignin encapsulated (LE)
formulation of nootkatone has been developed to reduce the phytotoxic effect of the oil
on plant foliage and to give the product a slightly longer lifetime in the field (1).
The objective of this work was to investigate the efficacy of nootkatone as a biomiticide.
The lignin encapsulated formulation of nootkatone was tested in leaf disk bioassays and
whole plant treatments on bean. Subsequently, a modified formula containing LEnootkatone and an additional monoterpene synergist was tested on ornamental
seedlings of dogwood and redbud.
Results and Discussion:
Leaf Disk Contact Bioassay. The results of the first leaf disks assays were promising.
Mites were rendered inactive within 3h of treatment, with control mites rebounding
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within the first 24h and nootkatone treated mites experiencing 86% mortality within 48h
post treatment with a 1 g/L AI solution (approximately 0.05 mg AI/disk or 0.02 mg/cm2).
However, when leaf disks were taken directly from infested leaves containing mites and
silk webbing, mortality decreased dramatically, dropping to 12% at 1 g/L AI and 33% at
2 g/L AI. The 1.0 g formulation rate was the highest we could apply without phytotocicity
to the plants, so testing higher rates was not feasible. The loss of efficacy of the LEnootkatone in the presence of silk suggests that spider mite silk acts as a protective
barrier against the product, lessening its impact on the mites. Egg mortality with the 1
g/L AI formula was also evaluated, and resulted in a 50% mortality for eggs at 9 days
compared to a 10% rate for controls.
In an attempt to improve efficacy of the LE-nootkatone formulation, several
monoterpenes with known insecticidal and/or acaricidal effects were also tested alone
and in combination against the spider mites. Three monopterpenes (hereafter referred
to as Mt-1, Mt-2 and Mt-3) showed measurable behavioral and toxic effects. In a 1%
formulation of the three monoterpenes (1:1:1 ratio), 95% of the mites became inactive
within 3h and did not regain mobility by 48h. The most toxic of these compounds, Mt-1,
resulted in a 38% mortality at a 0.1% solution. When Mt-1 (0.1%) and LE-nootkatone (1
g/L AI) were applied together, the mortality rate increased to 81% at 48h, 36% higher
than the combined 12% and 33% individual rates (Figure 1). We will continue to test
formulation combinations in an attempt to achieve mortality rates closer to 100%.
Repellency Bioassays. The formulation of LE-nootkatone was not repellent to spider
mites at the rate of 1 g/L AI (100 ng), though a slight repellent effect was seen at the
higher 2 g/L AI rate (200 ng, 61%). The monoterpenes Mt-1, Mt-2 and Mt-3 all showed
repellent effects out to 10,000x dilutions (100 ng) with Mt-1 maintaining 73% repellency
and a 3-component blend being 88% repellent. Repellency may affect overall toxicity in
two ways, by decreasing toxicity due to mites moving away from source droplets, or, by
increasing toxicity if the general excited state of the mites causes them to be more likely
to contact the pesticide.
Whole Plant Bioassay. Whole plant assays were conducted with spider mites on bean
plants in order to work out methods for evaluation. An assay was conducted using 1 g/L
AI of LE-nootkatone and a second assay was conducted using the combined LEnootkatone and Mt-1 formulation. Plants were inoculated with spider mites on their
cotyledons and populations were allowed to establish for 7d prior to treatment. In both
experiments, the numbers of eggs, nymphs and adults on the inoculated cotyledon did
not differ from controls at 7 or 14 days. However, in plants treated with the combination
formula, the first true leaf had fewer eggs, nymphs and adults at 14 d post-treatment
(Figure 2).
Ongoing Work. We will continue to test modified versions of the LE-nootkatone formula
on spider mites and broad mites. Our starting focus has been on spider mites because
we already had them in colony and they are easier to handle in assays than broad
mites, but preliminary tests suggest the LE-nootkatone formulation alone may be
sufficient to control broad mites. For spider mites, we predict a need for two spray
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applications at five day intervals in future whole plant assays, given the low mortality of
the LE-nootkatone formulation on eggs (only 50%). We will also test the combination
LE-nootkatone and Mt-1 formula on egg hatch.
In our examination of the LE-nootkatone formulation, high mortality against spider mites
were observed. Mortality appears to be directly related to contact with nootkatone, since
survival of spider mites increased dramatically in the presence of silk webbing. In order
to improve the effectiveness of the nootkatone against spider mites when silk is present,
changes in formulation or the addition of other insecticidal botanical compounds may be
required to increase mortality. One monoterpene tested here in combination with the
LE-nootkatone formulation improved its toxicity. We will continue to test modified
formulations of the LE-nootkatone on bean and woody ornamental seedlings in order to
identify the most effective formulation and application methods for mite suppression and
to evaluate phytotoxicity on ornamental plants.
Acknowledgements: We would like to thank Megan Patton for her help maintaining
plants and mite colonies, Diloney Cutrell for assistance with bioassays and Horticulture
Research Initiative for supporting this work (Project No. 1363-‐515).
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Figure 1. Treatment of spider mites with LE-nootkatone (1g/L AI) combined with the
most active tested monoterpene (Mt-1, 0.1%) on leaf disks.

Figure 2. New leaf infestation levels of spider mites at 14 d post treatment of LEnootkatone (1g/L AI) combined with the most active tested monoterpene (MT-1, 0.1%).
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Plesiobaris albilatus (LeConte), a New Pest of an Introduced
St. John's Wort, Hypericum calycinum
F. A. Hale
Entomology and Plant Pathology, University of Tennessee
5201 Marchant Drive, Nashville, TN 37211
fahale@utk.edu
Index words: Plesiobaris albilatus (LeConte), St. John’s wort, Hypericum calycinum,
introduced ornamental plant
Significance to Industry: Hypericum calycinum, an introduced St. John’s wort, is used
as groundcover in southern landscapes (2). A tiny native adult weevil, Plesiobaris
albilatus (LeConte), was found for the first time feeding extensively on the foliage of H.
calycinum on July 29, 2013 and again at another Nashville, TN planting in 2014.
Currently, we do not know if this native weevil will be a pest of H. calycinum across the
South.
Nature of Work: Usually, when we hear of a new plant pest, the first thing we ask is
where did the new pest come from? Indeed, the impacts of exotic invasive pests and
their control cost approximately $120 billion in the U.S. each year (1). Invasive plant
pests tend to be very destructive because the host plants that they find in their new
home have not coevolved with the pest. Thus, the host plants tend to be very
susceptible with hardly any natural defense against the pest.
In the present case, the pest, P. albilatus, is not an invasive but native weevil.
Hypericum calycinum is the introduced organism which is native to north-western and
north-eastern Turkey and south-eastern Bulgaria (3). The results are the same though
since H. calycinum is severely damaged by P. albilatus.
Results and Discussion: In mid-summer of 2013, an ornamental planting of H.
calycinum in downtown Nashville was devastated by P. albilatus. On August 14, 2014
another planting of H. calycinum was found seriously damaged by the pest. Due to the
severity of the damage, both plantings were replaced and no control actions were taken.
Plesiobaris albilatus feeds on the underside of leaves creating small irregularly shaped
feeding pits which generally do not penetrate completely through the leaf. The pits
appear to stay within the boundaries of the tiny leaf veins giving the underside of the
leaf a skeletonized appearance (Figure 1). The top of the leaf appears green with
brown mottling. Extensive feeding damage causes the leaf to curl upward and the plant
takes on a scorched appearance as feeding damage progresses (Figure 2).
Identification of adult specimens from the 2014 Nashville, TN infestation were made by
Dr. Charles W. O’Brien, retired Professor, visiting Scholar, Dept. of Entomology,
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University of Arizona. Dr. O’Brien stated that prior to his identification, P. albilatus had
not been known from Tennessee but it had been confirmed in Indiana, Florida, Georgia,
Mississippi, Louisiana, West Virginia, and New York. This is the first that he has seen a
specimen of P. albilatus on the St. John’s wort, H. calycinum (personal communication,
12-15-2014). There are at least three described and one undescribed Plesiobaris
species in the U.S. as well as Plesiobaris disjuncta (or possibly P. t-signum) identified
on Hypericum perforatum, another introduced Hypericum species, in Maryland (Jens
Prena, Rostock, personal communication, 12-16-2014).
The adult weevil appears black to the naked eye but under magnification is a dark,
reddish brown (Figure 3). The beetle has two size ranges with the smaller ones,
possibly males, being 2.25 to 2.5 mm long (Figure 4) and the larger ones, possibly
females, being 3 mm to 3.5 mm long (Figure 3). They have a downward curving snout,
a matching pair of elongate yellow markings (scales) dorsally on the elytra (wing covers)
arising from the anterior margin of the elytra, and minute, slender, yellow splotches of
scales scattered across the elytra (Figure 5). It has a distinctive bilateral yellow hatchetshaped pattern composed of scales (flattened setae) on the lateral side of the
mesothorax and metathorax just below the elytra (Figure 6). On the underside of the
abdomen, there are yellow scales on both lateral sides of sternites 3, 4 and 5 that can
be seen ventrally (Figure 7) and laterally (Figure 3 and 4).
Plesiobaris albilatus has a wide distribution in the eastern U.S. on native Hypericum
species. Thus, ornamental plantings of H. calycinum in the East have the potential of
being attacked by this pest. It is uncertain why this pest has so far only been found on
ornamental plantings in Nashville, TN. Possibly, this pest was brought into the area on
purchased plants. Hypericum growers should scout for this pest to make sure that they
do not ship it to unsuspecting customers.
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Figure 1. Feeding damage on the underside of Hypericum calycinum leaves.

Figure 2. Damaged Hypericum calycinum foliage as viewed from above.
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Figure 3. Plesiobaris albilatus larger specimen type.

Figure 4. Plesiobaris albilatus smaller specimen type.
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Figure 5. Plesiobaris albilatus dorsal view.

Figure 6. Plesiobaris albilatus yellow hatchet-shaped pattern on lateral side of
mesothorax and metathorax of smaller specimen type.
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Figure 7. Plesiobaris albilatus ventral view of larger specimen type.
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Tawny Crazy Ant: A Potential New Ant Pest in Container Nurseries
Jeremy M. Pickens, L.C. "Fudd" Graham, Kelly R. Palmer and John W. Olive
Ornamental Horticulture Research Center
P.O. Box 8276, Mobile, AL 36689
pickejm@auburn.edu
Index Words: Ant, Invasive, Quarantine
Significance to Industry: Nursery producers may have to deal with another ant pest.
In some areas of the Southeast Tawny Crazy Ant (TCA; Nylanderia fulva) is becoming a
significant pest. TCA is an invasive ant species native to South America now reported in
the U.S. Virgin Islands, Florida, Texas, Louisiana, Mississippi, Alabama and Georgia.
TCA does not move by flight but instead can move 20-30 meters per month by ground
(1). The spread of TCA to new areas is enhanced through movement of infested
materials, including hay, firewood, beehives, sod, nursery products and even old cars.
Similar to imported fire ants (IFA), TCA could also be spread by the nursery industry.
Requirements to meet IFA quarantines (Federal Quarantine 7 CFR 301.81) that are
currently in place will likely control TCA in plant nurseries, but at this point there has
been no validation. One major concern is that not every nursery in the IFA quarantined
areas treat for fire ants. IFA quarantine treatments only apply to nurseries shipping
outside of the quarantine zone, therefore, untreated nursery products or turf being
moved within the zone could facilitate the spread of TCA.
Unlike IFA, TCA does not bite like IFA and, as a result, TCA does not cause alarm until
populations rise to levels that can cause a significant nuisance to homeowners. Large
populations of TCA can be overwhelming to homeowners, overtake wildlife, and cause
problems with pets. In infested areas, TCA has been observed disrupting electrical
equipment and is believed to be attracted to electricity (1). Formic acid produced by
TCA provides protestation against IFA venom and TCA can displace IFA colonies (2,3).
Like other ant species, TCA will tend honeydew producing hemipterans (4).
Control with contact insecticides has limited application due to short residual contact. In
order to overcome contact sprays, TCA has been seen crawling over dead ants that
have been killed by contact sprays, using the dead ants as a natural bridge over treated
areas. Bait products do not have the same degree of effectiveness with TCA as seen
with IFA.
Nature of work: The TCA Working Group was formed in April 2015. Working group
members consisted of research and extension personnel from Texas, Florida, Alabama,
Mississippi, Louisiana, and Georgia. The meeting was funded by a grant through
Southern IPM Center. The purpose of the meeting was to discuss current efforts while
also developing a list of research, extension and regulatory priorities to limit the spread
of TCA.
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Results and Discussion: A list of research, extension and regulatory priorities were
developed at the conclusion of the working group. The Extension related priorities were
as follows
• Limit human inadvertent introductions of TCA through public awareness
• Develop distribution maps of current TCA populations
• Develop extension materials and videos to educate the public on preventing the
spread and current control techniques
Public awareness of how TCA can be moved through movement of infested materials is
critical to limiting its spread. Several online videos demonstrating the impact TCA have
on residential and agriculture properties have been very useful in getting the word out.
More videos will be created to educate the public on preventing the spread of this ant
and controlling existing populations.
Among the research priorities discussed the following were considered to be most
appropriate to meet current needs:
• Develop new bait formulations for TCA
• Develop spray and bait treatment plans
• Validate if IFA quarantine treatments are effective in preventing TCA infestation
of nursery products
• Survey economic and agriculture impact of TCA
• Determine cold tolerance of TCA
Current available baits have not been shown to be effective in controlling TCA. Along
with new bait formulations strategies would need to be developed for baits and spray
treatments. Efforts need to be made to determine the effectiveness of fire ant
quarantine chemical treatments for nursery stock and turf. The development of impact
reports on agriculture, environment and residential properties would be a useful tool in
gaining public support. Determining the cold tolerance of TCA would help to determine
the northern limits of this insect. During the meeting several researchers discussed
having observed ants deep underground and in logs during cold temperatures, so the
northern range may be further than previously anticipated.
At this time USDA APHIS has no plans to mandate any regulations concerning TCA.
The nursery industry could face increased mandatory pesticide use and potentially
market loss in infected areas as a result of TCA. Nursery producers could lose markets
if buyers become hesitant about purchasing from infested areas. The spread of TCA
could be suppressed and perhaps controlled if extension, research and regulations
efforts are put in place now.
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Incidence and Severity of Buprestid Infestation in Field-Grown Acer platanoides
Related to Cardinal Orientation of Understock Bud Union
Anthony LeBude and Craig Adkins
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avlebude@ncsu.edu
Index Words: integrated pest management, scouting, monitoring, cultural practices,
beetle
Significance to Industry: Flatheaded Buprestid borers attacked field-grown trees of
‘Royal Red’ Norway maple (Acer platanoides L.) only at the stubbed portion of the bud
union where the understock and cultivar were joined. Trees with this stubbed area of
the understock facing a northerly direction were approximately 40% less likely to be
attacked by borers than trees with this area facing a southerly direction. The simple
cultural practice of orienting the bud union facing north could reduce flatheaded
appletree borer infestation in other field planted liners of shade and flowering trees.
Introduction: Borers were ranked by growers in the southeastern U.S. as one of the
most damaging and difficult pests to control (Fulcher et al. 2012). Borers are most
damaging because one larvae of flatheaded appletree borer (FAB) (Chrysobothris
femorata Olivier) (Coleoptera: Buprestidae) can render a tree unmarketable (Adkins et
al. 2010). FAB adults emerge in late spring or early summer, mate, and then lay eggs
on target hosts. Larvae hatch, feed all summer under the bark, pupate sometime in
winter, and emerge as adults in spring just as the cracked bark and cambial tissue
damage becomes evident from feeding the previous summer (Adkins et al. 2010). The
separation of life stages that are trapped during monitoring methods (adult beetles) and
those that do the actual damage (larvae) makes the process even more complicated.
Simply waiting for the damage to be evident before intervention is taken is too late to
prevent economic or aesthetic loss.
Most shade and flowering trees are propagated vegetatively by budding to increase
growth and decrease production time at liner producers. One- to three-year-old
understock is field planted in spring or early summer in nurseries to obtain an
established root system. In late summer, buds of desired cultivars are affixed just under
the bark of the understock using various budding techniques (Garner 2003). The
following winter, just as the new bud is beginning growth, the understock is pruned off
and its resources are channeled through the single cultivar bud, thus producing
tremendous growth of the desired cultivar in one year. When plants reach the desired
height for liner production, they are dug dormant and field planted elsewhere. During
the budding process, stubbing-off the understock leaves a scar at the plant base that is
essentially a wound until it calluses completely in two to three years prior to final sale.
The practice of budding is not detrimental to plant growth, and has been used

Field Production

125

SNA Research Conference Vol. 60 2015

successfully with many cultivars and hundreds of thousands of plants transplanted into
the landscape. The objective of this observational study was to determine if the cardinal
direction of the stubbed portion of the bud union affected infestation of FAB after liners
were field planted into a nursery.
In February 2009, 200 32 mm (1.25 inch) caliper ‘Royal Red’ Norway maples were
planted as branched liners in a field along the Johns River in Caldwell County, NC.
Trees were planted randomly, thus cardinal orientation was randomized by the
transplant crew without regard to future observation. Trees received standard cultural
practices for the area and nutrient additions according to soil tests using NC State
University recommendations (Bilderback et al. 2013).
Following grower notification of a severe pest infestation in summer 2012, the
production field was scouted August 2012, during which time the authors made
observations on natural levels of pest infestation. Flatheaded appletree borer attacks
on infested trees were restricted to the stubbed portion of the bud union only and not
any other portion of the trunk. For example, if the stubbed portion was oriented north
and the tree was attacked, the damage would be constrained to the cut-stub area that
was oriented north and not on the southwest side of the trunk as expected based on
previous observations in the literature (Oliver et al. 2002; Seagraves et al. 2012). Thus,
the treatment variable, cardinal direction of cut stub, was established ex post facto by
categorizing cut stub orientation of each tree into either north, northeast, east,
southeast, south, southwest, west, or northwest direction. After designating cardinal
direction of the cut-stub area, it was next noted whether the tree was currently or had
been infested previously by FAB at those stubbed areas.
The experimental design was considered completely randomized since the planting
crew planted trees without regard for future experimentation. The eight stub orientation
categories were replicated unevenly by single tree plots. PROC GLIMMIX (SAS v. 9.4)
(SAS Institute, Inc., Cary, NC) was used for analysis of variance using a binomial
distribution and the default logit link. To adjust for unbalanced data when comparing
means, least squares means (LSMEANS) were separated using Tukey’s HSD using
adjusted P values with a probability of finding a greater F value set at 0.05 (data not
shown). A separate contrast statement using pooled variances was used to compare
the combined probability of being attacked in categories “Southeast-South-Southwest”
to “Northwest-North-Northeast.”
Results and Discussion: By August 2012, about 3 years after transplanting,
approximately 183 trees were alive (92%), yet, of those, 44.8% had been or were
infested by FAB. The combined overall probability for larval damage of the Southeast,
South, and Southwest directions was approximately 64%. Trees facing Northwest,
North or Northeast had a 21% probability of attack. Troxclair (2005) noted the same
propensity for FAB to infest the same stubbed area on field-transplanted apple trees
that were grafted previously. According to Seagraves et al. (2012), FAB attacks are
more common on the lower southwest side of tree trunks, and the observations from the
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present study support greater frequency of attacks if the southwestern side contains a
wounded area such as a cut-stub from the understock.
Operationally, field crews planting tree liners may not be precise in their efforts to orient
stubbed areas of trees facing due north or northeast. Therefore, a contrast statement
was created to compare planting trees facing a northerly direction (Northwest-NorthNortheast) to trees facing a more southerly direction (Southeast-South-Southwest). The
significant outcome (P<0.01) (data not presented) of the contrast allows for error in
placement when planting trees with the stubbed bud union facing a northerly direction.
Based on the observations of this study, planting trees with the stubbed portion of the
bud union facing a northerly direction is a simple cultural practice that can decrease the
probability of FAB infestation by as much as 40%. Additionally, summer field scouting
protocols should now include inspection of the stubbed area of cultivars that were
budded or grafted to determine if FAB is present. Focusing solely on this area,
especially when it is facing a southerly direction, might increase the chances of
detecting the presence of FAB while decreasing the actual time spent scouting for the
pest.
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Significance to Industry: The recapture and recycling of irrigation water in horticulture
nurseries is a technique which could have significant savings for the operation. These
savings may also require substantial risk and capital cost outlays. The risk of increased
disease becomes more prevalent in nurseries which implement recapturing and
recycling methods. These added costs must be taken into account in assessing the
feasibility of recapture and recycle when comparing to alternative sources of water,
such as municipal or well water. This study employed use of partial budgeting
techniques to compare between the recapture and recycling irrigation option, with
pathogen mitigation techniques, and the most feasible alternative. On-site visits were
used to inform the costs associated with the partial budgets and clarified the decision
making process for individual nurseries. The partial budgets were also informed by
sensitivity analysis with regard to the extraction cost of water and opportunity cost of
land. The results indicated that most nurseries visited exhibit savings from recapturing
and recycling techniques, compared to a feasible alternative source. These savings
could be used to motivate further water conservation within the horticulture industry.
Nature of Work: Due to the fact that water is a widely used input in nursery production,
it may be the case that recapturing is a more viable economic option than irrigating with
municipal water and well water. The recapture and recycling of water could allow for a
nursery to be self-sufficient rather than to rely on other water sources, which may
experience price shocks. Recapture is also versatile and can work as a complement to
an existing water source, such as rainfall and well water supply. The implementation
and use of recaptured water for irrigation does not come without upfront and ongoing
management and operational costs. Recapturing used irrigation water for recycling
purposes can increase the possible risk of pathogen contamination through the nursery
operation. There are possible ways to mitigate risks such as pathogens. These
pathogens can live in the recycled water, thus causing re-infection of plants each time
the water is recycled through the irrigation system [1]. There are many best
management practices (BMPs) that attempt to mitigate that risk, but have large costs
associated with implementation. BMPs include a variety of options that help effluent
mitigation or control pollutants such as “…activities, prohibition of practices,
maintenance procedures, or other management practices” [2] Oftentimes, land must be
contoured to recapture the most water possible to an irrigation, sedimentation, or
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storage pond, which may replace production from profitable plant growing areas.
Therefore, nurseries face the choice of regrading the land for recapturing and recycling
water, while implementing pathogen mitigation procedures; or of using an alternate
source of water.
An analysis of recycling costs in comparison to other water sources will assist in a
nursery’s decision to recycle. The analysis is designed to provide information on the
lowest cost of collecting water and irrigating plants. This information is of interest to
growers and farmers who may be unsure of the cost efficiency of their current water
irrigation methods. Policy analysts and decision makers, especially in water
conservation, are interested in the implications of water recycling and its relative costs
to other alternatives. Recycling of irrigation water is viewed as a potential conservation
practice to assist in mitigating water issues. The Chesapeake Bay Monitoring, a
function of the state of Maryland, analyzes pollutants, water quality, habitat, and living
recourses; which are affected by runoff from nurseries within the study area [3].
Businesses that provide services for recycling can learn about the feasibility of
incorporating new customer bases to their existing clientele, whereas some industries
that exploit conventional water services might see more profitable alternatives or
existing options as future competition to their current technologies.
The objectives of this study are as follows: 1) to estimate the cost of a recapturing and
recycling program for a horticulture operation; 2) to compare such costs against the next
best water source alternative; and 3) to conduct a sensitivity analysis to determine how
changes in key factors affect recycling costs compared with competing water uses.
In order to meet these objectives case studies using partial budgets are developed to
analyze nurseries of differing sizes and locations. Partial budget analysis is used to
evaluate costs and benefits of recycling versus use of alternate water sources and is
applied to nursery case studies. The nursery case studies are compiled through on-site
visits to each operation to document the costs associated with recapturing and recycling
of water, as well as other factors influencing decision making. In person visits offered
an examination of the costs connected with regrading the land, recapture ponds, and
pathogen mitigation techniques. For costs that nurseries could not provide, professional
secondary cost sources were consulted. The partial budgets compared the costs
associated with recapturing and recycling water to the next best water source
alternative.
Eight nurseries, which recycle irrigation water, were visited to gather data on the ways
in which they handle recapturing and recycling of irrigation water. Selected nurseries in
Pennsylvania, Maryland, and Virginia were all visited during the summer of 2014
through the winter of 2015. The visits were used to assess the physical characteristics
of the nursery and to learn about what steps have or have not been taken to recycle
water. The visits were also an opportunity to learn what factors led to the nursery
deciding to recycle. The nurseries not only differed in physical characteristics but also
in the size and scope of products offered for sale, as well method of sale (wholesale,
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retail, re-wholesale, or combinations thereof). Some nurseries were small family
operations that focused on the on-farm or local retail store. Conversely, others were
large scale businesses that have dozens of workers and specialize in wholesale or rewholesale markets. Each of the nurseries were different, but patterns emerged
pertaining to the factors that influenced their production decision to begin recycling in
their operations.
From

the physical visits and questions asked, it became apparent that every nursery is
engaged in similar practices to capture and recycle water but those practices differ
depending on the location and resource allotment of the operation. The individual
problems and goals of each nursery are very similar but the way in which they cope with
these demands of a reliable and safe source of water depends on their location. Each
nursery finds a different way to address problems of acquiring water and pathogen risk
based on their resources. The case studies and subsequent discussions outline these
concerns and costs.

The partial budget analysis is an important tool that is implemented to evaluate a
defender, or current technology, versus the challenger, or viable alternative. A partial
budget only deals with those characteristics or factors that affect the defender and
challenger options; nothing else is included in the budget as per a ceteris paribus
assumption. The defender portion for this study is divided into two sections, one
including additional costs and the other being reduced returns. The challenger is
characterized by the sections of reduced costs and additional returns.
Rutgers Cooperative Extension (2014) outlined the four components to a Partial Budget
in Partial Budgeting: A Financial Management Tool. Additional costs are costs
associated with the current practice (defender). Reduced returns are the profits, or
returns, forgone when using the defender. The additional returns are new profits
originating from the new alternative option (challenger). The reduced costs are
distinguished by the outlays that would not be sustained if the challenger were selected
(p.8). [4] These four estimates are the foundation of the partial budget and influence
way that alternative water sources are evaluated from a nursery operation perspective.
Due to the large cost differences in the nurseries, assumptions are made to allow for
comparison between diverse operations. All cost numbers are before-tax measures
and the same interest rates will be used for calculations involving for capital outlays and
the amortization schedule. The choice for before tax accounting limits the amount of
variables in the calculations as well as reduces any confounding issues in assessing
profitability across nurseries, as taxes are operation-specific. Before tax metrics allow
for a better understanding of the measurements that are at work in the partial budgeting
process.
Results: The cost matrix is shown below, which was constructed to summarize the
costs for each nursery for the defender and challenger options. The item, in the cost
matrix, is listed on the left hand side while the cost and percent of total costs is listed in
the columns corresponding to each nursery.
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is composed of the visited nursery with consideration to the
defender being the recapturing and recycling option. The percentages with regard to
the nurseries are relative to the overall amount spent for each individual operation. The
percentages are an optimal way to assess the trends in costs between nurseries of
differing sizes.
Error! Reference source not found.

The largest outlays for the defender option are split between the regrading of the
surrounding area and the opportunity cost of land for the capture pond. Of the four
nurseries who would need regrading, the amount of total cost was between the range of
43% and 54%, with an average at 50% between the four. In seven of the eight
nurseries, digging of pond ranks as the highest or second highest expense of the
defender option. Two nurseries (E and H) incur more than 70% of the total cost for the
recapture and recycle option for recapture ponds. Chlorine systems and chlorine gas
amounted to an average to 0.019% and 3.78%, respectfully. There are other
miscellaneous costs associated with each individual nursery; however, for the majority
of nurseries and the scope of the project regrading, opportunity cost for land devoted to
the pond, digging of the pond, chlorine, and chlorine systems were the most important
items, as indicated by the cost matrix.
The challenger option has some decidedly different outcomes. The largest outlays for
rate of city water, engineering, fees, and permits, and finally the opportunity cost of a
buffer pond. The rate for city water is used for five of the eight visited nurseries as an
alternative option. The nurseries alternative budget for city water ranged from 8% to
87% with the average between the five nurseries at 52% of the hypothetical budget. The
engineering, fees, and permits were anticipated when a nursery had to pump in water
from a far away source. These were important outlays for planning and implementing
an alternative option to recapturing and recycling. The engineering, fees, and permits
were used in three nursery alternatives and average 65% of the overall budget between
operations. The final major outlay was filling of the buffer pond to accommodate more
growing space for the business. This was a major expense in both materials and labor.
Seven of the eight nurseries would experience the opportunity cost of creating buffer
ponds ranging from 0.28% to 35% of their overall budget, with the average being 23%.
The Cost Matrix for Synthetic Nurseries is composed of the two synthetic, or theoretical,
nurseries which form a defender option relating to well water drilling in Maryland. The
defender incurs two main items, the cost and installation of well pumps and the digging
of wells. Together, these two items account for more than 90% of the overall costs.
The electricity for the wells is negligible, much like the actual nurseries on-site visited.
Of the two synthetic nurseries, the largest outlays for the challenger is regrading
followed by dredging and the opportunity costs of the pond. The relative cost of chlorine
and the chlorination system are minimal, which is similar to the visited nursery budgets.
The regrading numbers are functions of the amount of soil moved, which are diverse for
the small and large nurseries as the acreages are vastly different. The same calculation
was used for the nurseries previously stated. The amount of soil moved is directly
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related to the nurseries responses from a previous study conducted by the same
research team, Cultice (2013)[5].
The cost matrix figures illustrate that well water would be an advisable option for the
nurseries given the basic assumptions used in the case study. However, the question
remains as to how robust the results are given possible changes in water extraction
costs and the opportunity cost of land. A sensitivity analysis was conducted to mitigate
these concerns.
The sensitivity analysis was conducted on the cost of water extraction and the
opportunity cost of land. The analysis was affected by the magnitude of the costs
associated with the individual item. Water extraction was based upon the costs
associated with municipal water and electricity to run well pumps. Data from previous
time periods were used to forecast future prices, which were then added to the partial
budgets. The opportunity cost of land was shown by the operating profit per acre for the
nursery, extrapolated from the Cultice (2013) [5] survey data. Finding from the
sensitivity analysis proved to be robust as there were limited changes to the overall
partial budgets for the nurseries.
The Option and Totals Table below shows the nursery and most profitable option for the
business. The difference in the options is show as it can be seen as savings a nursery
can experience. Defender to challenger ratio measures the differences in the totals;
closer to one would indicate that totals are more similar while farther from 1 would
specify the totals are disparate. This table shows that from the visited nurseries six of
the eight nurseries would be more profitable using recapture and recycle techniques.
The two visited nurseries which would not be more profitable exhibit large ratios well
above any other option.
Discussion and Conclusion: The economic impact of a recapturing and recycling
program in a nursery is shown through various factors that are compared against
feasible alternatives. The use of partial budgets allowed for a concise registering of the
way mitigation techniques can be incorporated. The budgets synthesize the way the
nurseries deal with water conservation practices and the consequences, such as
pathogen contamination, that accompany them.
Visits to nurseries proved to be a rich source of information as they assessed the
potential structure, implementation and costs of such conservation practices. The
partial budget constructed from those case studies showed how significant outlays in
capital were used in different categories across nurseries. The results indicate that
remodeling of the land to encompass water recapture is the highest barrier to
implementing a recycling irrigation system. The opportunity cost of the pond represents
a large forgone revenue opportunity in terms of possible growing area. The utilization of
pathogen mitigation technology was not of significant value when assessing the cost
matrix above. Most recapture and recycle in the nurseries which use mitigation
techniques were found to be more profitable than their feasible alternative. A
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consequence to draw from these numbers is that the reason which these nurseries
have engaged in recapture and recycling is that the alternative is entirely infeasible due
to location or resource constraints. The partial budgets were assumed to be under
static conditions that do not allow for fluctuations of future prices.
The overall objective of the sensitivity analysis was to show how future fluctuations in
either the operating profit per acre or the rate of extraction of water would affect the
overall bottom line of the partial budget. The findings indicate that the water and land
costs depend on the amount to which these items are factored into in the overall cost
matrix. The magnitude with which the item is used would dictate how much of an effect
it would have on the budget. It should be noted that the nurseries visited have been
adaptive and creative; therefore, nurseries would probably find new solutions if these
two inputs became too much of a burden on the bottom line of the business.
The budgets and sensitivity analysis show that changes in the water price may be a
costly factor, depending on the amount of water needed for the nursery. A nursery that
does not use copious amounts of water will see much less effect than a nursery using
hundreds of thousands of gallons daily. It should also be noted that the cost of well
extraction is far cheaper than purchasing water from a municipal source, given the
factors listed within the study. The discounted cost of using well water should be
tempered by possible future regulations on groundwater extraction. These regulations
could be imposed due to situations germane to long term drought, contamination of the
water table, or excess of extraction by increased sources dependent on the water table.
If future regulations, regarding water extraction limits, do come to pass, many nursery
growers may be more inclined to focus on a recapturing and recycling irrigation path to
either replace or supplement their current system. A possible program could be
enacted to mitigate the costs associated with recontouring the farms through the federal
government. If it can be viewed that recontouring and digging of recapture ponds is an
improvement to the land, such costs could be mitigated. Such improvements would be
priceless in terms of water access and availability. The continuation of these land
manipulations would result in increased savings for the grower and decreased depletion
of their water table. Due to the necessity of water in the horticulture business, all efforts
should be made to conserve water as there is an impact on the bottom line of the
operation.
The problem of pathogen mitigation is a relatively small outlay for nurseries as
evidenced through cost matrix tables. However, it was assumed in the project that
chlorine was predominantly used in these situations. The costs associated with chlorine
may fluctuate in the future as possible regulations may become stricter and some states
attempt to ban its use. These situations would cause an increase in grower’s costs in
fighting pathogen outbreaks. The increases to mitigation costs are not projected to be
similar to the massive outlays for regrading and remodeling to incorporate recapturing
and recycling in the operation. The ability to get water and/or recontour the land to
accommodate water conservation are main determinants in the direction of the
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nurseries visited and analyzed. The costs of mitigation techniques are key to a healthy
operation, and for most operations, it is still profitable for them recapture and recycle,
even with increased mitigation costs.
The limitations of the project begin with the lack of a budget pertaining to the visited
nurseries which do not recapture and recycle irrigation water. A synthetic nature of the
solution to this limitation was achieved; however, an on-site visit would have allowed for
a more accurate accounting of the costs associated with such a decision. Another
limitation was the lack of inclusion of nurseries which recycle because of the necessity
of the business to survive, as no other feasible alternative is possible. Thus, the
selection to look at such nurseries would show that they are indeed more profitable,
using water conservation techniques, due to the high relative costs of alternatives. This
assumption would be supported by the high costs associated with feasible alternatives
from partial budgets. However, regardless of these assumptions or alternatives, it
should still be noted that mitigation and filtration technology encompass a small portion
of the budget and are feasible methods that many nurseries can incorporate into their
business.
The purpose of this project was to assess the way in which nurseries handle with the
recycling of water. There have been a variety of factors nurseries have indicated as to
why they recapture and recycle water; from ethical environmental choices, to concern
about future regulations, and finally to outright survival as a nursery. The costs as they
relate to decisions to recycle can be delineated using the partial budget techniques
found within this study. While recycling of water can present some risks, the benefits
monetarily outweigh the costs in some situations.
The method of recapturing and recycling irrigation water, even when including pathogen
mitigation techniques, has proved to be profitable for nurseries. Recapture and recycle
methods are important because they reduce costs for the nursery from the next best
alternative as well as conserve and supply water to a business where water is
tantamount to survival. As water scarcity persists around the world, it will be important
for businesses, especially in the horticulture industry, to be adaptable to changing cost
of water extraction.
It can be seen through the case studies that the profitability associated with recapture
and recycling of irrigation water can be characterized by the overall physical location of
the nursery. The physical location of the nursery is a substantial variable in the
decisions to implement the recycling of irrigation water as it informs the proximity to
other water sources as well as the available maximum recapture the site could
retrieve. The budgets provide an in-depth analysis of the costs associated with a
nursery that recaptures and recycles. Of the eight visited nurseries, it was shown that
six were more profitable with the addition of recapturing and recycling water for
irrigation.
An interesting byproduct of this paper is the opportunity cost and filling of the pond,
which may act as a proxy for the answers to water and land resources. Some nurseries
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were already remodeled to where recapture ponds were already situated and able to
achieve the maximum amount of retention. The opportunity costs of the pond can act
as the amount of forgone profit to some, but can be seen as the cost for water security
by others. In many of these nurseries there is no other alternative for irrigation water,
therefore, the forgone profit may be an easy decision to make based on recapture.
It should be noted that the visits to each nursery were vastly different from each
other. Each one had its own strengths and weaknesses as it attempted to implement
recapture techniques and technology. The breakdown of budgets, tables, and
sensitivity analysis proved to be well adept at working through each individual case. The
use of these tools was paramount in allowing for a flexible analysis of each nursery that
could be, partially compared to the others. However, the results from such tools should
be assessed by the data incorporated for each situation.
Future studies could be conducted with regard to the breakeven point of loses while
keeping in mind mitigation techniques constrained by the overall revenue incurred in
partial budgets. Other studies could be focused on the differences of nurseries in
various regions of the county or world, such as comparing the nurseries on the east
coast of the United States, where water is cheaper and more plentiful to those located in
either California or Australia. Additional research should investigate the way that
savings or losses incurred from recapture and recycling affect the overall economy.
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Cost Matrix 1

Defender
Item
Regrading
Extra Stone
Excavation 2 Gas Tanks
Chlorine System
Smart Valve
Cost of Chlorine
Dredging
Coppers
Gas Tank
Opp Cost of Recapture Pond
Low Fountain
Bubbler
Filter
Fill in Upper Plot
Labor Moving Soil
Digging of Pond
Irrigation Pipes and Drains
Herbicides
Bromide Tablets
Algaecide
Coloring
Dye
TOTALS
44.69%
$

$
$
$

59,692

24,597

28,000
20,882
661

16,800
179

2.30% $
0.02% $

52.45%

%
C
$ 652,550

0.57%
0.19%

Nursery
C

7,143
2,381

70
64

20.31%
0.71% $ 4,922
0.89% $ 3,564

Nursery
D

$ 252,667
$
8,790
$ 11,059

4.94%
19.94%

$
$

$ 61,400
$ 248,140

829
71
430
389

%
D

$

2,240
1,187
2,000

848

Nursery
E

2.45% $
2.22% $
$

%
E

179
670
5,600
9,588
587

0.10%
0.38%
3.15%
5.39% $ 9,476
0.33%

Nursery
%
Nursery
F
F
G
$ 91,330 51.35%

0.53% $
$
1.39% $
0.74% $
1.24% $

376

0.13%

%
D

$

0.34% $
0.28% $
3.12%
87.47%

976
804
$
8,848
$ 248,140

$
$
$
$

48.23% $
34.92% $

8.12%
0.69%
4.21%
3.82%

$ 1,244,130 100.00% $ 10,205 100.00% $ 283,673 100.00% $

$
$
$
$

%
F

984
828

Nursery
G

52.81% $
11.77% $

%
G

17.15%

%
G

Nursery
H

%
H

40.73%

%
H

$ 10,444

31.07%
28.20%

Nursery
H

1.76% $ 7,969
1.48% $ 7,232

$ 1,394
2.50%
$ 49,628 88.89%
829
9.09% $
613
1.10%
71
0.78%
1,767 19.38% $ 1,351
2.42%
564
6.18% $
145
0.26%
$
241
0.43%
$
646
1.16%
9,120 100.00% $ 55,831 100.00% $ 25,644 100.00%

4,816
1,073

Nursery
%
Nursery
E
E
F
$
1,293
0.46%
$ 23,236
8.19%

8.44% $ 115,058
15.76% $
600
20.96% $ 40,726 25.25% $ 39,293 22.09% $ 11,162 20.20% $ 10,648 23.44%
$
234
0.03%
$
854
0.12%
$
747
0.46% $
107
0.06%
$
155
5.42%
$
$
444
15.52%
20.49% $ 279,165
38.24% $ 1,466
51.24% $ 113,057 70.09% $ 29,516 16.59% $ 31,622 57.24% $ 34,275 75.44%
$
63
2.19%
$
500
0.31%
$ 1,000
0.56%
$ 1,527
2.76%
$ 1,457
2.64%
$
511
1.13%
100.00% $ 729,945 100.00% $ 2,861 100.00% $ 161,306 100.00% $ 177,870 100.00% $ 55,243 100.00% $ 45,435 100.00%

9.61% $
7.17% $
0.23%

Nursery %
Nursery
%
Nursery
%
Nursery
A
A
B
B
C
C
D
$ 3,101 51.68% $ 157,312
54.00% $ 315,833
43.27%
$ 125
2.09%
$
92
1.54%
$
179
0.06% $
1,822
0.25%

$ 2,682

$

$ 6,001 100.00% $ 291,322

Challenger
Nursery %
Nursery
%
Item
A
A
B
B
Water Availability Fee
$ 133
2.19% $ 38,841
2.59%
Rate for City Water
$ 4,084 66.89% $ 1,311,497
87.40%
Gas Tanks
$ 518
8.48%
Meter Install
Water Hook Up Fee
$ 470
7.70% $
155
0.01%
Meter Service Charge
$ 900 14.74% $
731
0.05%
Selling off Soil
$ 94,387
6.29%
Opp Cost Buffer Pond
$ 15,382
1.03%
Digging of Buffer Pond
$ 37,322
2.49%
Treatment of City Water
$
2,233
0.15%
Installation of Water Pipes
Engineering, Fee, Permits
Digging of Extra Wells
State Permits
Cost and Install of Well Pumps
Electricity for Pumps
Wire For Wells
Install of Outlets
TOTALS
$ 6,105 100.00% $ 1,500,548 100.00%
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Cost Matrix 2
Cost	
  Matrix	
  for	
  Synthetic	
  Nurseries
Defender
Nursery %
Synthetic	
  
S.	
  Small
Small
Item
Buffer	
  Pond
$	
  	
  	
  	
  	
  	
  	
  	
  	
  993
3.71%
Digging	
  of	
  Extra	
  Wells
$	
  	
  	
  	
  	
  	
  8,290
30.92%
State	
  Permits
$	
  	
  	
  	
  	
  	
  	
  	
  	
  120
0.45%
Cost	
  and	
  Install	
  of	
  Well	
  Pumps $	
  	
  	
  16,568
61.79%
Electricity	
  for	
  Pumps
$	
  	
  	
  	
  	
  	
  	
  	
  	
  842
3.14%
TOTALS
$	
  	
  	
  26,814 100.00%

Nursery
%
Synthetic	
  
S.	
  Large
Large
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4,764
4.24%
$	
  	
  	
  	
  	
  	
  	
  34,542
30.76%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  429
0.38%
$	
  	
  	
  	
  	
  	
  	
  69,035
61.49%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3,508
3.12%
$	
  	
  	
  	
  	
  112,278
100.00%

Challenger

Item
Regrading
Chlorine	
  System
Smart	
  V alve
Cost	
  of	
  Chlorine
Dredging
Digging	
  of	
  Pond
Opp	
  Cost	
  of	
  Pond
TOTALS

Nursery %
Synthetic	
  
S.	
  Small
Small
$	
  	
  	
  20,785
43.77%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  179
0.38%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  670
1.41%
$	
  	
  	
  	
  	
  	
  1,540
3.24%
$	
  	
  	
  	
  	
  	
  5,178
10.90%
$	
  	
  	
  13,771
29.00%
$	
  	
  	
  	
  	
  	
  5,368
11.30%
$	
  	
  	
  47,491 100.00%

Nursery
%
Synthetic	
  
S.	
  Large
Large
$	
  	
  	
  	
  	
  135,776
37.74%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  179
0.05%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  670
0.19%
$	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  6,497
1.81%
$	
  	
  	
  	
  	
  	
  	
  42,865
11.91%
$	
  	
  	
  	
  	
  123,328
34.28%
$	
  	
  	
  	
  	
  	
  	
  50,491
14.03%
$	
  	
  	
  	
  	
  359,807
100.00%

Table A
Option	
  and	
  Totals	
  Table	
  for	
  e ach	
  Nursery	
  
Difference	
  in	
  Option	
  
Defender/	
  
Nursery More	
  Profitable	
  Option from	
  Alternative
Challenger	
  Ratio
A
Recapture/Recycle
$105
0.98
Recapture/Recycle
$1,209,226
0.19
B
Recapture/Recycle
$514,185
0.59
C
Recapture/Recycle
$5,672
0.44
D
Recapture/Recycle
$122,367
0.57
E
Well	
  Water
$168,750
19.50
F
Recapture/Recycle
$588
0.99
G
Municipal	
  Water
$28,306
2.54
H
Synthetic	
  
Well	
  Water
$19,859
0.58
Small
Synthetic	
  
Well	
  Water
$244,080
0.32
Large
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Nuisance Fungi of Bark Mulches and Media
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Index Words: bird’s nest fungi, stinkhorn, artillery fungus, Cyathus, Sphaerobolus,
Leucocoprinus, Mutinus, Fuligo septica,
Significance to Industry: Wood, bark and other forest by-products make up a
significant portion of organic mulches in landscapes and potting media in commercial
nurseries. Unfortunately, these substrates provide the perfect growing media for a
number of nuisance fungi. Although these fungi are not harmful to the plants growing in
the media, they are often unsightly and aesthetically unappealing, or malodorous and can
be disagreeable to the final consumer. These fungi may speed decomposition of bark
substrates and mulches.
Nature of Work: Various fungi that grow in landscape mulches and potting media are
regular submissions to plant disease diagnostic labs and are often observed on field visits
to nurseries and greenhouses. Most of these fungi are not harmful to the plants they are
growing with so identifying these nuisance fungi is useful to growers and consumers alike
to ease fears and prevent unnecessary chemical applications.
Results and Discussion: There are many fungi that are considered a nuisance in potting
media, greenhouses, and landscape mulches. Only a few are covered here.
Bird’s Nest Fungi are so named because they are vase shaped and resemble a tiny
bird’s nest complete with a cache of eggs. The fruiting structure varies in size depending
on the species but is usually in the range of 5-12 mm (1/5 to ½ inches) across. The
“eggs” are a group of spore sacs called peridioles. Dispersal of the spores occurs when a
drop of water hits the cup and the eggs are splashed out as far as 7 feet (1). A number of
genera and species make up this group of fungi with the most common being Cyathus
and Crucibulum spp. These fungi can cover house siding with black specks which are
difficult to wash off. On greenhouse and nursery plants the peridioles can look like insect
frass and be so numerous on foliage that they cause the grower to believe they have an
insect infestation. Peridioles of this group are easily recognized as they often have a
length of white, hyphae attached called a funicular cord. They do not cause damage to
the plants and there is no need to control them.
Artillery Fungi in the genus Sphaerobolus are much smaller (0.04-0.1 inches or 1-3 mm)
than the bird’s nest fungi and therefore are often not as visible and are difficult to detect.
These “cannons” can send the single spore sac shot from the tiny fruiting body
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as far as 17 feet (1). Like the bird’s nest fungi, they do no damage to plants but the tiny
projectiles can cover leaves, plant labels, and siding and are unsightly and often difficult
to remove. Artillery fungus is commonly found on hardwood mulch. Choosing an
alternative mulch can reduce the incidence of this fungus as can mixing mushroom
compost with mulch (2).
Yellow Houseplant Mushroom, Yellow Parasol, or Flower Pot Parasol
(Leucocoprinus birnbaumii) is commonly found growing in containers in greenhouses and
houseplants. As the common name indicates, it is easily identified as a yellow mushroom
1-4 inches tall. The cap usually has a nipple in the center and is 1-3 inches across.
There are reports of this mushroom causing gastrointestinal discomfort in some people so
it is not advisable to eat this mushroom (3) but it is not damaging to the plant and there is
no control recommended. They can be enjoyed as an unusual color surprise in
houseplants. Containers infested with Leucocoprinus may have an extensive network of
mycelium throughout the bark substrate which may affect water retention.
Stinkhorn is the common name given to a number of fungi which are common in
landscape wood mulches, three of which are discussed here. Stinkhorns are often first
noticed as a slimy, gelatinous white egg shaped mass buried in mulch. The stinkhorns
emerge from this structure and are identified by their shape. The Elegant Stinkhorn,
Mutinus elegans forms a single pink to red narrow column 4-7 inches tall. Sometimes the
top portion will be covered with a brown slime. The Starfish Stinkhorn, Aseroe rubra
emerges from the egg as a hollow white stalk topped with a crown of deeply divided arms
radiating from the center like a flower. The Columnar Stinkhorn, Linderia columnata
erupts from the egg as 5 to 7 spongy red to orange columns that are joined at the top.
They can be 6 inches tall (4).
As indicated by the name, all are identifiable by the putrid smell they produce at maturity.
When conditions are ideal, they can emerge in large numbers and be very malodorous.
They are often detected by their odor long before they are observed. Flies and other
insects are attracted to stinkhorns and disperse spores. They are usually short lived and
do not last long but can be removed by hand if needed-rubber gloves recommended.
Dog Vomit Slime Mold is not a fungus but is included in this discussion because it looks
like a fungus and is a nuisance in bark mulches. It is in the Kingdom Protista like the
amoeba (3). This organism, Fuligo septica appears in early evening as a white-to-yellow
gelatinous mass which slowly moves across mulch. In pre-dawn hours, this slime mold
contracts to form soft crusty growth, which is sometimes mistaken for something a dog
threw up. It can appear in mulch, lawns, or even bare ground. It is extremely common on
hardwood mulch. As with the other fungi, this growth is not harmful, does not last long,
and control is not required.
Other common fungi found in mulch include Coprinoid mushrooms (ink caps),
Leucoagaricus americanus, Gyromitra esculenta (false morels) and puffballs such as
Geastrum, Lycoperdon, and Scleroderma.
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None of these fungi are harmful to the plants they grow adjacent to but are often the
subject of frantic calls or emails to plant diagnostic labs and University Horticulture
Departments. Being able to identify these nuisance fungi is useful in educating
consumers as well as possibly preventing unnecessary chemical applications.
Literature Cited
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Significance to Industry: Boxwood is one of the most important woody ornamentals for
the nursery and landscape industry in the Southeast. In October 2011, boxwood blight
caused by Calonectria pseudonaviculata syn Cylindrocladium buxicola was identified in
Western North Carolina and Connecticut (4). Boxwood blight has been reported in
Western Europe since the 1990’s, however, these represented the first reports for
boxwood blight in the U.S. Since 2011, boxwood blight has been reported in many states
and a few Canadian provinces. In June, 2014, boxwood blight was identified on
boxwoods in a garden center in Chattanooga, TN. This represents the first report in
Tennessee. Additional reports in Tennessee followed in September and November,
2014, and April and May 2015.
Nature of the Work: Boxwood blight caused by Calonectria pseudonaviculata
represents the greatest threat to the culture of Buxus spp. in the United States. Boxwood
blight can cause severe blight and leaf loss on susceptible cultivars (3). Also, additional
plant taxa are susceptible to boxwood blight. Pachysandra terminalis and Pachysandra
procumbens (6) are hosts of C. pseudonaviculata, as is Sarcococca spp. The biggest
threat is the movement of infected plant material throughout the United States.
Results and Discussion: Boxwood blight was first identified in June 2014 in a garden
center in Chattanooga, TN on boxwood. In September 2014, boxwood blight was
identified on boxwood in a garden center in the Tri-Cities region of TN. In November,
2014, a landscape contractor in Nashville submitted boxwood specimens from a local
landscape planting to the Soil, Plant and Pest Center which was positive for boxwood
blight. In April and May, 2015, boxwood blight was found on boxwood in two garden
centers in Metropolitan Nashville. In all cases, the infected boxwoods were traced to outof-state wholesale nurseries. Infected plants were bagged and taken to local land fields.
Boxwood blight continues to spread. In 2015, boxwood blight was identified in garden
centers in Alabama and at least one wholesale nursery in Florida. There is a real need to
educate members of the green industry of the threat that boxwood blight poses; how to
identify boxwood blight and how to manage boxwood blight.
Boxwood blight was confirmed by placing symptomatic plant material (leaves with leaf
spots, and stems with black stem lesions) in moist chambers at room temperature. Plant
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material was examined microscopically for sporulation, typical, cylindrical-rod shaped
spores, and spear shaped vesicles.
Plants with symptoms associated with boxwood blight should be reported to your state
department of agriculture and/or to your local Extension agent. Best management
practices for boxwood blight include:
• Being familiar with signs and symptoms of boxwood blight. All incoming and
outgoing boxwood should be inspected.
• Quarantine newly acquired boxwood liners, plants, etc. for at least 1 month. Do
not place newly acquired boxwood near existing stock as they may all have to be
destroyed if boxwood blight is found.
• Follow a “systems approach” to managing plant diseases (1). This would include
looking at critical control points: incoming plants, substrate storage, propagation
areas, production areas, etc.
• Fungicides can protect boxwood from blight, but will not cure infected plants (5).
• Flaming has been used in areas where infected plants have been removed to kill
the boxwood blight pathogen in leaf litter (2). It is not 100% effective.
• Infected plants should be bagged and taken to a local land field.
• Contact your state department of agriculture regarding a boxwood blight
compliance agreement, which indicates your agreement to follow best
management practices in the production of boxwood.
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Significance to Industry: Arbuscular mycorrhizal (AM) symbioses are integral
components of root systems in most plants in natural settings. Their role in commercial
agriculture is uncertain because the relationship between the plant and its symbiont can
be, positive (mutualistic), neutral, or negative (parasitic); depending upon plant species,
fungal species, soil chemistry, and available nutrients (1, 2). Several potting media and
soil amendment products that contain AM are commercially available and are advertised
to increase plant growth and drought resistance. Carefully controlled research supports
the advertising claims of increased plant growth, drought resistance, and secondary
metabolite production (1, 2, 3), but little is known about these benefits outside the
research setting. There is generally increased expense associated with AM-augmented
media and use of these products are only cost effective if production or marketability is
increased.
Echinacea purpurea (Asteraceae) is a perennial plant marketed as an ornamental and as
a medicinal plant. Dried roots and plant material serve as the base for dietary
supplements associated primarily with stimulation of the immune systems (3, 4). Previous
studies by our research group determined that E. purpurea plants treated with AM had a
13-fold greater biomass than untreated plants and required significantly few fertilizer
inputs (most notably phosphorous) (3). Phytochemical profiles changed very slightly in
response to AM symbiosis so the enhanced biomass would yield increased profits for the
grower. The purpose of this study was to determine if the enhanced production achieved
in carefully controlled experiments with plants grown in clay-based artificial medium
(TurfaceTM) and inoculated with AM cultures that are routinely monitored by research staff
could be duplicated when relatively untrained personnel and resources available to
producers were used.
Nature of Work: Research was conducted at two greenhouse locations, University of
Tennessee (Knoxville, TN) (UT) and David Crockett High School greenhouses
(Jonesborough, TN) (DC). Locations used differed in personnel caring for the plants,
greenhouse types, water source, light, and amount of customer traffic in the greenhouse.
Plants were planted, inoculated, watered, and fertilized by undergraduate (UT) and high
school agriculture (DC) students with no specialized training in horticulture and no vested
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interest in the research. Three treatments were used in both studies: 1) ready-to-use
greenhouse growing medium with AM as purchased from a local vendor (none); 2) the
media described above sterilized by autoclaving at 240°F for 60 minutes twice (24 hours
apart) [autoclaved treatment (auto)]; 3) autoclaved treatment with commercially-available
AM fungi added (auto + AM). Echinacea purpurea seed (Johnny’s Selected Seed,
Winslow, Maine, USA) were chilled (4 C) for 48 hours then planted in one of the three
treatments (three seeds per container), watered, and fertilized (1/2 teaspoon Fertilome
and 1/8 teaspoon Micromax per container). The experimental design was a completely
random block design with three treatments and 45 replications repeated at two locations.
Potted plants were separated into random blocks and placed on drip irrigation. Growth
data (largest leaf and height measurements) were collected at 30, 60, 90, and 120 day
intervals. At 120 days, plants were removed from the pots, and the roots were washed
and cleaned. A root subsample (0.5 g fresh weight) was collected from each plant. Plants
from each pot were combined and dried in a drying oven; mean dry weight/plant was
calculated. Fungal colonization was determined by the method of McGonigle et al. (5).
Data were analyzed by PROC Mixed and analyzed for significance by a Tukey’s
Studentized Range Test at 5% confidence level for non-destructive measurements
(largest leaf and plant height). For data collected only at 120 days (e.g., weight and AM
colonization) means separation was by an F-protected ANOVA. All data was analyzed
using SAS (SAS Institute, Cary, NC, USA). Significance level of P < 0.05 was used for all
tests
Results and Discussion: There was a significant effect of treatment on fungal
colonization percentages among all treatments at both growing locations (P < 0.0001)
(Figure 1). Plants in the untreated media treatment (none) had approximately two-fold
greater fungal colonization than those planted in the autoclaved medium (auto) and fourfold greater fungal colonization than the plants in the autoclaved medium with additional
mycorrhizae (auto + AM) (P < 0.0001) (Figure 1). Increase in plant dry weight was
consistent with increased mycorrhizal colonization at DC, but not UT (Figure 2). At DC,
plants potted in autoclaved medium with added AM (auto + AM) weighed significantly less
than plants in the other two treatments (P < 0.0001) (Figure 2).
There were significant effects of time on both largest leaf and plant height (P < 0.0001, for
all times at both locations), but there was no effect of treatment or time x treatment
interaction for the largest leaf measurements for plants grown at either UT or DC. There
was no effect of treatment or time x treatment interaction on plant height at UT. At DC,
heights of plants grown for 120 days in media that were autoclaved and to which
mycorrhizae was added (auto + AM) were greater than those grown in autoclaved media
(auto) for 120 days (P = 0.0237), but plants grown in media that was not autoclaved
(none) were not different from any treatment at 120 days. Plants in the auto + AM
treatment were taller at 120 days, but their dry weight was significantly lower (Figure 2).
Crown measurements for the plants in auto + AM treatments were 20 - 25% less than
those for the other two treatments (data not shown).
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In this study, we attempted to duplicate results from a highly controlled research
experiment with materials available to commercial growers; however, the percentage
enhancement of growth in the previous study were not duplicated in this experiment. The
clay media used in the research study provided essentially no nutrients for plant growth
whereas in this study the plants were grown in a medium optimized for plant growth.
Following initial experimental setup, plants were tended by untrained students in a
commercial greenhouse setting (DC) and in an educational setting (UT). Subsequent
watering, fertilizing, and insect/disease scouting and eradicating were conducted by
students. Without trained personnel overseeing daily operations, the plants were relatively
neglected. UT greenhouse provided better light, space, and temperature conditions,
whereas the DC greenhouse provided a lower quality light source, less space due to
other plants being grown, and greater fluctuation of temperature due to customer/student
traffic. Seeds planted at DC germinated later and plants grew slower initially, possibly as
a result of lower light intensity and duration. After additional lighting was provided plants
grown at DC plants eventually accelerated in growth and surpassed the UT plants in
weight. Better trained, more diligent, and more experienced growers might see greater
effects than those that practice benign neglect, as in this study where plants were not
properly or timely fertilized.
Even though Echinacea purpurea growers using ready-to-use greenhouse growing
medium with AM may have mycorrhizal colonization, colonization in greenhouse growing
media does not have the impact that would have been predicted from the previous
research study. Growers have to consider both benefits and costs of growing media with
added mycorrhizae. If E. purpurea is transplanted into the field as is typical for production
of medicinal supplements, mycorrhizal colonization might enhance early growth of
transplants. The increase in weight in this study may be a result of increased root
production. Growers harvesting Echinacea roots for phytochemical extraction may benefit
more from these findings than growers harvesting/selling Echinacea as landscape plants
or cut flowers.
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Figure 1. Impact of mycorrhizal treatments on colonization of roots of Echinacea purpurea
in two greenhouse locations. Seed were planted in commercial greenhouse medium that
contained mycorrhizae (none), in the same medium that had been autoclaved (auto), or in
autoclaved media supplemented with a commercially available mycorrhizae inoculum (auto
+ AM). Plants were grown for 120 days; root subsamples were stained and colonization
evaluated as described by McGonigle et al (5). Data for each location were analyzed
separately. Means with the same letter are not significantly different at α = 0.05. DC =
David Crockett High School; UT = University of Tennessee.

Figure 2. Impact of mycorrhizal treatments on biomass of Echinacea purpurea. Seed were
planted in commercial greenhouse medium that contained mycorrhizae (none), in the same
medium that had been autoclaved (auto), or in autoclaved media supplemented with a
commercially available mycorrhizae inoculum (auto + AM). Plants were grown for 120
days; plants (root + shoot) were dried to a constant biomass. Data for each location were
analyzed separately Means with the same letter are not significantly different at α = 0.05.
DC = David Crockett High School; UT = University of Tennessee
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Table 1. Impact of mycorrhizal treatments on plant height of Echinacea purpurea grown at David Crockett High School.
Seed were planted in commercial greenhouse medium that contained mycorrhizae (none), in the same medium that had
been autoclaved (auto), or in autoclaved media supplemented with a commercially available mycorrhizae inoculum
(auto + AM). Plant height was measured every thirty days for 120 days. Tukey- Kramer adjusted P-values were used;
interactions were categorized as not significant (ns) or significant at P < 0.05 (*) or P < 0.0001 (**).

NONE

30
60
90
120
AUTO 30
60
90
120
AUTO 30
+ AM
60
90
120

30
ns

**
**
ns
ns
ns
ns
ns
ns

*
**

NONE
60
90
ns
**
*
*
ns
**
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

**

*

120

**
**
ns
-

*
ns
ns
ns
ns
ns
ns
ns

30
ns
ns
ns

*
ns

*
**
ns

*
*
**

AUTO
60
90
ns
ns
ns
ns
ns
ns
ns
ns
ns
*
ns
ns
ns
*
ns
ns
ns
ns
ns
ns

**

*
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120
ns
ns
ns
ns

ns
ns
ns
ns

30
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

*

**

**
*

AUTO + AM
60
90
ns
*
ns
ns
ns
ns
ns
ns
*
*
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
-

**

**

120

**
**
*
ns

**
**
*
*
**
**
**
-
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Significance to Industry: Soil-borne pathogens form a large group of microorganisms
causing losses in nurseries across Middle Tennessee (MTN), and nationwide that runs
into hundreds of millions of dollars, annually. Monitoring soil-borne plant pathogens at
regular intervals through field surveys in nurseries, will greatly help disease management
for new disease outbreaks that may occur such as sudden oak death (SOD); stem/root rot
and damping-off (Cook et al., 2007; De Boer, S. H., and Marıa M. Lopez, M. M. 2012).
Plant pathogenic fungi in the genera Cylindrocladium, Pythium, Phytophthora, Fusarium,
Rhizoctonia, and Thielaviopsis, are common soil inhabitants (Pal and Gardener, 2006).
Consequently, they have a potential to cause huge problems in containerized production
systems where contamination occurs during mixing, filling and planting. Plants brought
into the region from other states or international sources without adequate phytosanitation
and quarantines often increase the spread of these microorganisms. Simultaneously,
water used for irrigation also acts as a suitable medium and may be source of many soilborne pathogens.
Nature of Work: The survey was conducted during the 2014 growing season. Baiting
and recovery of pathogens and other microorganisms was done as outlined by
Mackasmiel and Mmbaga (2014). Three randomly selected creeks and a total of eight
nurseries were surveyed in 2014. The chosen creeks form part of the water supply
system and are often used for irrigation by a number of nurseries in the region.
Clean baits consisting of 6 leaves from each bait plant were placed in breathable
(pollination) bags and floated on creek water for 3 days. The leaves were then collected,
cleaned using sterile water, blotted dry using sterile tissue paper, then cut into 100 mm
diameter discs; these were plated on Phytophthora specialized medium (PARPH-V8) for
48 hr. Colonies of Phytophthora spp. and other fungal spp., were sub-cultured on V8
agar using hyphal tips. Water samples from nursery irrigation ponds were also collected
and placed in sterile 100 x 25 mm petri dishes to a depth of 15 mm; 100 mm diameter
discs from Rhododendron, and Pieris; and Pinus needles were then placed on water
surface for up to 72 h in a darkened laminar flow hood, at temperature of 20ºC. At the
end of the 72 h., leaf baits were plated in PARPH-V8 agar for 48 h. Fungi growing around
the edge of baits were then carefully lifted and plated on V8 agar and grown into pure
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cultures. In the case of soil, the samples were first thoroughly mixed in a clean tray, then
filled in 21.0 cm x 13.5 cm x 4.0 cm (L x W x H) sterilized plastic lunch boxes to a depth of
1.5 cm. Sterile water was then added up to a depth of 1.0 cm above the soil line and leaf
discs were floated on the water to bait for Phytophthora species. A total of 6 leaf baits per
plant (Rhododendron, Pieris and Pinus) per sample were used per container and
replicated three times. After placing leaf baits on the water, the samples were maintained
in the dark in a laminar flow hood at 12ºC as described above. Samples of plant
materials for the isolation of Phytophthora and other pathogens were collected from the
top 20cm soil, washed to remove soil particles and disinfected in 70% ethanol, rinsed in
sterile water and blotted dry on sterile tissue paper before plating on PARPH-V8 for 3
days, as described above. A total of four pieces of plant materials per plate for each
sample was replicated three times. Culturing and sub-culturing of fungal samples was
done on V8 agar, as described above.
Fungi isolated were identified using DNA sequence analyses of the internal transcribed
spacer (ITS) region, including the intervening 5.8S rRNA gene as described by White et
al. (1990), (Davis Sequencing, Davis, CA). Qiagen DNeasy Plant mini Kit was used for
DNA extraction of fungal isolates and DNA amplification was done using universal primer
pairs ITS1 and ITS4. Each PCR reaction included 10X PCR buffer, 25 mM of MgCl2,
10mM of dNTPs, Taq polymerase, and sterile double distilled water (ddH2O) in 50-µL
reaction mixes. The DNA was amplified using a Techne thermocycler and the PCR
products were analyzed by electrophoresis in a 1.5% agarose gel in 0.5X TBE (TrisBorate-EDTA) buffer. The gels were stained with ethidium bromide (0.5 µg/ml) and DNA
was visualized using UV light. The PCR products were purified using the Quiagen PCR
purification kit, DNA sequencing was done at Davis Sequencing
Inc.(http://www.davissequencing.com). The sequences were compared with information
available in the GenBank using Blast search; information was also compared with what is
documented in literature.
Results and Discussion: Pathogenic and non-pathogenic fungi isolated included
species of Phytophthora, Pythium, Fusarium, Mortierela, Epicoccum, Trichoderma and
Sordariomycetes. Out of 129 samples submitted for DNA analysis in 2014, approximately
19.38% were Phytophthora, and 32.71% were Pythium spp. The proportions of individual
species of Phytophthora are presented in Figure 1, and Pythium in Figure 2. Other
microorganisms isolated are shown in Figure 3. The 2014 survey recovered a total of
seven Phytophthora spp; compared to five in 2013. Our results show a number of similar
spp., collected during a survey conducted in Eastern Tennesse (Hulvey, et al. 2010).
Out of Phytophthora isolates, only P. hydropathica was isolated in both 2013 and 2014,
while all the remaining ones were different (Table 1). This is not surprising because
different locations were surveyed.
On evaluating ten Phytophthora spp., isolated in 2014 on dogwood seedlings, we found
that P. parasitica caused more damage on young dogwood than P. cinnamomi, a known
root rot pathogen of woody ornamentals (data not shown).
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Soil-borne pathogens can become a serious problem in containerized operation systems
since they are easy to spread in local, interstate and international commerce (Erwin and
Ribeiro. 1996). Water supply systems that go across state lines like creeks and rivers
can spread pathogens to growers in other states (Hong, et al., 2010). Notorious
pathogens like Phytophthora and Pythium usually gain higher priority in most disease
control plans/strategies, however, other pathogens have cumulative effects that may have
economic significance (Table 2).
Acknowledgements: The authors thank Terry Kirby and Terri Simmons for their
technical support during the season.
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Table 1: Phytophtora and related species (spp.) recovered during field survey in 2014
growing season. P. hydropathica was isolated in both 2013 and 2014 surveys.
Season
2014
2014
2014
2014
2014
2014
2014
2014

Pathogen
Phytophthora citricola
Phytophthora citrophora
Phytophthora hydropathica
Phytophthora nicotianae
Phytophthora parasitica
Phytophthora syringae
Phytophtora cactorum/ citricola
Phytopythium helicoides⃰

⃰ Phytopythium helicoides was not classified as
Phytophthora species.
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Table 2: Other soil-borne microorganisms isolated along with Phytophtora and Pythium,
species (spp.) during field surveys in 2014, and their economic importance.
Pathogen/Organism
Diplodia pinea
Epicoccum nigrum
Epicoccum spp
Fungal Endophyte
Fusarium oxysporum
Fusarium solani
Guignardia sp.
Mortierella
echinosphaera
Mortierella lignicola
Mortierella wolfii
Nigrospora oryzae
Paraphaeosphaeria
neglecta
Paraphoma radicina
Phytopythium helicoides
Pseudonectria buxi
Sordariomycetes sp.
Trichoderma hamatum
Uncultured Mortierella

Economic Importance
Plant pathogen - Diplodia tip
blight in Pines
Biocontrol agent; Flavipin
production (Antibiotics)
Biocontrol agents; Two spp
are opportunistic pathogens
Symbiotes
Plant pathogen; saprophytes
Plant pathogen - squash;
human pathogens
Plant pathogen - citrus/non
citrus, ericaceous plants
Soil inhabiting saprobic
Soil inhabiting saprobic
Soil inhabiting - Animal
pathogen
Plant pathogen - Date palm
May be a plant pathogen, or
saprophyte
Produces Isochromenones,
isobenzofuranone, and
tetrahydronaphthalenes
Plant pathogen - Begonia
Plant pathogen - Leaf and
stem blight in Buxus
(Boxwood)
Insect, human, and plant
pathogens
Biocontrol agent
Potential plant pathogens or
saprophytes
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Reference
Walis, C., et al. 2008
de Lima Favaro, et al.
2012
Bamford, P. C., 1961
Rodriguez, R. J., et al.
2009
Gordon, T. R., 1997
Zhang, N., et al., 2015
CABI and EPPO (EU);
Okane, I., et al. 2001
Hibbett, D., and Glotzer,
D. 2011
Hibbett, D., and Glotzer,
D. 2011
Petkovits, T., et al. 2013
Abass, H. A., and
Mohammed, N. H. 2014
Verkley, G. J. M., et al.
2014
El-Elimat T, et al., 2014
Yang, X., et al. 2013
Shi, F., and Hsiang, T.
2014
Zhang, N., et al., 2006
Studholme D. J., et al.
2013
Hibbett, D., and Glotzer,
D. 2011
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Figure 1: Proportion (%) of Phytopthora species that were analyzed and confirmed using
standard DNA protocols during 2014 growing season.
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Figure 2: Proportion (%) of Pythium species that were analyzed and confirmed using
standard DNA protocols during 2014 growing season.
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Figure. 3. Proportion (%) of other soil-borne species that were analyzed and confirmed
using standard DNA protocols during 2014 growing season.
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Diversity of Endophytes in Flowering Dogwoods and their Potential Applications
Asha Maheshwari, M. T. Mmbaga, J. Joshua, S. Gurung and A. Alyamani
Department of Agricultural and Environmental Sciences
College of Agriculture, Human and Natural Sciences
Tennessee State University
3500 John A. Merritt Blvd. Nashville TN-37209
amaheshw@my.tnstate.edu
Significance to Industry: Existence of endophytic microorganisms both bacteria and
fungi has been known for over a century. They are ubiquitous, geographically and
evolutionary diverse and have wide host range. However, they remain unexplored in most
plant species (4, 9), consequently, they are underutilized. These endophytes reside
internally in host vascular tissues and often remain asymptomatic and undetected for
entire or part of their life cycle. While some endophytes have symbiotic or other
relationships with their host plants, many endophytes are chemical synthesizer inside
plants and produce many bioactive metabolites which enhance growth, development and
host defensive mechanisms against diseases, pests and environmental stresses. These
bioactive secondary metabolites are beneficial and possess wide array of biological
applications in pharmaceutical use as anti-microbial, anti-cancer, anti-oxidant (3) and as
sources of agro-chemicals (1,4, 9).
Endophytic microorganisms have potential as biological control agents (BCA) antagonistic
to plant pathogens; they serve as important sources of natural and environmentally
friendly alternatives to conventional chemical fungicides. Previous studies on bacterial
BCA from dogwood endophytes show that they produce secondary metabolites that
suppress fungal growth and powdery mildew spore germination, subsequently leading to
plant disease control. Their role in conferring host defense by systemic induced
resistance and other mechanisms has been implied (2,5) as a biological-based integrated
disease management. The objective of this study is to identify the diversity of endophytic
microorganisms that colonize dogwood and explore their potential application in biological
control of fungal diseases and as a source of pharmaceutical compounds.
Nature of work: Flowering dogwood (Cornus florida L.) is native to southeastern region
of United States (6). It is of great significance in horticulture due to its spectacular and
showy blossom in spring; attractive foliage in summer and fall; brightly colored fruits and
bark in fall. It is also a very important understory plant and valuable source of food and
nutrients to more than 50 wildlife species. High Calcium content of foliage and oil content
of berries facilitate rapid growth of feeding wildlife (2, 7, 8,10).
Flowering dogwoods has a rich ethno-botanical history which may be related to resident
endophytes, but understanding the diversity of endophytes in them remain unanswered.
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Therefore the aim of this study was to explore endophytic populations that inhabit
flowering dogwoods and to screen them for their potential applications in agriculture and
pharmaceutical industry.
In November 2014, a total of 72 flowering dogwoods were randomly selected from 8
different locations in middle Tennessee (Otis L. Floyd nursery Research Centre,
McMinnville, Nashville and Murfreesboro). Healthy stem samples were collected in sterile
plastic bags and stored at 4°C until processed. Endophytes colonizing the plant
specimens internally were isolated from surface sterilized stem samples. Three sections
of each stem sample were surface sterilized using 10% Clorox bleach (6.15% Sodium
hypochlorite) for 3 minutes followed by three repeated washing with sterile water. Five
segments of vascular tissue per section were transferred on acidified potato dextrose
agar (APDA). A total of 1080 segments were plated. Plates were sealed and incubated at
room temperature. Pure isolates of fungi and bacteria were obtained by at least two
successive sub-culturing on potato dextrose agar (PDA) and nutrient agar (NA)
respectively. All pure isolates were stored at -20 °C for further studies.
Taxonomic identification of 110 endophytic fungi was done on the basis of internal
transcribed spacer (ITS) region which includes intervening 5.8s rDNA gene sequences as
described by White et al., 1990. Fungal cultures for DNA extraction were grown on PDA
for 15-21 days. About 150-200mg of fungal mycelium was scraped with sterile scalpel and
DNA was extracted using FastDNA kit (MP Biomedicals, Santa Ana, CA) as per
manufacturers’ instructions; spectrophotometer (NanodropLite, Thermo Fisher Scientific,
Wilmington, DE) was used for DNA quantification. PCR amplification of DNA was carried
out using ITS1 and ITS4 universal primers; PCR products were checked for amplification
using agarose gel. PCR products were purified using Exosap (USB-Affimetrix, Santa
Clara, CA) in order to remove excess primers, dNTPs and non-specific amplified products
and sent for DNA sequence analysis at Eurofin Genomics, Louisville, KY. The resulting
sequences were analyzed using BLASTn tool against the Genbank NCBI database and
identity of the organisms was based on closest match in Genebank database. DNA
sequence similarities of ≥ 99-100% identity was used for species identification while
similarities of ≤ 97% identity was used for genus identification (4). Identified endophytes
plant colonization frequency (CF) was calculated as the number of segments colonized by
fungi of particular taxon divided by the total number of segments investigated x 100, using
formula CF= Ntaxon/Ntotal x 100 (9). Morphological and cultural characterization of fungal
isolates will be done to support the molecular identification.
Few isolates were selected and tested for biological control activity (BCA) using in-vitro
dual culture technique against known fungal pathogens Fusarium oxysporium, Fusarium
solani, Macrophomina phaseolina, Cercospora cornicola, Cercospora capsici,
Phytophtophthora cinnamoni and Phytophtophthora capsici.
Results and Discussion Present study suggested that fungal endophytes were
abundant and diverse in fresh stems of flowering dogwoods. Out of 1080 segments
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investigated for the presence of endophytic microorganisms, 61% did not have any
growth and 39% had microbial growth (Fig. 1a). Out of the total microbial isolates
obtained, 381 were fungi and 23 were bacteria which comprised of 197 (95.16%) different
fungi and 10 (4.84%) different bacteria (Fig. 1b). Frequencies of isolation and mean
number of fungal and bacterial endophytes per sampled tree at the eight different
locations are presented in Table 1. Overall, there were differences in endophyte
frequency of colonization between locations that may be influenced by environmental
conditions, endophyte distribution or availability of endophyte inoculum. The source of
endophyte inoculum may be from soil or seed, but more studies are needed to better
understand factors that influence plant colonization with endophytes, such information will
be useful in utilization of endophyte to boost plant growth or plant protection against
diseases, insect pests and environmental stresses.
Taxonomic identification, GeneBank accession numbers and colonization frequency (%)
of endophytic fungal isolates obtained from flowering dogwoods based on ITS rDNA
sequence similarity using BLAST search is presented in Table 2. Out of the
identifications, Xylariales sp. was most dominant endophyte in this study. The majority of
fungal endophytes were under class of Dothideomycete and Sordariomycetes. Other
prevalent endophytes were Cytospora sp., Diaporthe sp., Dothideales sp., Phoma sp. and
several unidentified genera. Out of these endophytes some have been reported as
pathogens in other plant species. Although source plant material was healthy-looking,
some endophytes may be opportunistic and represent latent infections that may result in
sporadic disease outbreaks when environmental conditions become conducive.
Pathogenicity tests of the potential pathogens have not yet been done, but such tests are
important to identify unknown pathogens that impact dogwood production. One of the
bacterial endophytes and one fungus showed biological control activity against
Macrophomina phaseolina, Cercospora capsici, Fusarium solani and F. oxysporum in invitro dual culture method. Previous studies suggest bacterial endophyte produce bioactive
anti-fungal metabolites (2). Other studies are in progress to evaluate and confirm
bioactivity of the isolated endophytes against known plant fungal pathogens. Selected
fungal endophytes tested showed bio-activity against some fungal pathogens but not all.
Therefore, it is reasonable to assume that these microbial agents are attractive alternative
to chemical fungicides.
Endophytes play crucial roles in host plants physiology. Previously many studies were
carried out in order to screen fungal endophytes for production of bioactive compounds
(9). This study documents species richness and diversity of endophytic population in
flowering dogwoods stems. Future work will investigate the isolated endophytes for the
production of bioactive secondary metabolites; identify secondary metabolites for
agricultural and pharmaceutical use.
Literature Cited
1. Silva-Hughes A. F., D. E. Wedge, C. L. Cantrell, C. R. Carvalho, Z. Pan, R. M.
MoRaes, V. L. Madoxx and L. H. Rosa (2015). Diversity and antifungal activity of the
endophytic fungi associated with the native medicinal cactus Opuntia humifusa
(Cactaceae) from the United States. Microbiological Research, 175, 67-77.
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2. Rotich E., M. T. Mmbaga, M. Zheng and L. Mackasmeil (2013). Determining the
mechanism of action of bacterial biological control agents against powdery mildew in
Cornus florida. SNA, 58, 208-212.
3. Garcia A., S. A. Rhoden, J. Bernardi-wenzel, R. C. Orlandelli, J. L. Azevedo, J.A.
Pamphile (2012). Antimicrobial activity of crude extracts of endophytic fungi isolated
from medicinal plant Sapindus saponaria L. Journal of Applied Pharmaceutical
Science, 2(10), 35-40.
4. Raja H. A., A. Kaur, T. El-Elimat, M. Figueroa, R. Kumar, G. Deep, R. Agarwal, S. H.
Faeth, N. B. Cech and N. H. Oberlies (2015). Phylogenetic and chemical diversity of
fungal endophytes isolated from Silybum marianum (L) Gaertn. (milk thistle).Mycology,
6(1), 8-27.
5. Kiss L. (2003). A review of fungal antagonists of powdery mildews and their potential
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6. Mmbaga M. T., R. J. Sauve and F. A. Mrema (2008). Identification of microorganism for
biological control of powdery mildew in Cornus florida. Biological control, 44, 67-72.
7. Mmbaga M. T. and R. J. Sauve (2009). Epiphytic microbial communities on foliage of
fungicide treated and non-treated flowering dogwoods. Biological Control, 49, 97-104.
8. Cheng Q., A. S. Windham, W. E. Klingeman, H. F. Sakhanokho, A. M. Saxton, Y. Li
and M. T. Windham (2011). Histological investigation of infection processes of Discula
destructiva on leaves of Cornus florida. Canadian Journal of Plant Pathology, 33(4),
525-531.
9. Khan R., S. Shahzad, M. I. Choudhary, S. Khan and A. Ahmad (2010). Communities of
endophytic fungi in medicinal plant Withania somnifera. Pakistan Journal of Botany,
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Table 1: Isolation frequency of endophytic fungi and bacteria per tree from eight different
locations. Samples were collected in November 2014.
Total
Plot
A
B
C
D
E
F
G
H
Isolates
# of Trees
10
10
10
20
5
5
7
5
# of Fungal Isolates
42
45
44
96
39
26
50
39
381
# of Bacterial Isolates
5
2
1
2
1
8
3
1
23
Mean # /Tree
Fungi
4.2
4.5
4.4
4.8
7.8
5.2
7.1
7.8
Bacteria
0.5
0.2
0.1
0.1
0.2
1.6
0.42
0.2
Isolation Frequency/Tree
Fungi
28%
30% 29.30% 32.00% 52% 34.70% 47.60% 52%
Bacteria
3.30% 1.30% 0.60% 0.70% 1.30% 10.60% 2.80% 1.31%
* Plot A-D=McMinnville, E-G=Nashville and H= Murfressboro
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Table 2: Taxonomic identification, GeneBank accession numbers and colonization
frequency (%) of endophytic fungal isolates obtained from flowering dogwoods based on
ITS rDNA sequence similarity using BLAST search.
Species

GeneBank Accession
Number
KC806232

Acremoniula
sarcinellae
Bjerkandera adusta

Colonization
Frequency (%)
0.19%

KF176334

0.093%

Botryosphaeria dothidea

KF293916

0.093%

Camarographium koreanum

JQ044432

0.093%

Colletotrichum
gloeosporioides
Coniozyma sp.

JN887346

0.093%

KF646090

0.093%

Cytospora sophorae

KC880147

0.093%

Cytospora sp.

AY188991, KC342485

0.19%

Daldinia childiae

HM192905

0.19%

Diaporthe sp.

KC145880, KC763092

0.19%

Diplodia seriata

KF465697, KJ463386, KM280101

0.37%

Discostroma fuscellum

JF320818, JF320818

0.46%

Dothideales sp.

JX188157, JX188156

0.37%

Dothideomycetes sp.

GQ153256, JX188157

0.74%

Entonaema sp.

AB495010, AB495010

0.46%

Epicoccum nigrum

KF025954

0.093%

Hansfordia sp.

GQ906966

0.093%

Hypoxylon fuscum

JN979424

0.093%

Hypoxylon howeanum

HE774495

0.093%

Hypoxylon perforatum

JQ009306, KJ957773

0.19%

Hypoxylon submonticulosum

KC968923, JQ009316

0.19%

Leotiomycetes sp.

AB511812

0.093%

Marssonia populi

FJ238112

0.093%

Microdiplodia sp.

KF010841, KM877481

0.37%

Mycosphaerella sp.

HM751818

0.093%

Nemania sp.

HQ846572

0.093%

Nigrospora sphaerica

KM999230

0.093%
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Nigrospora sp.

KM513620

0.093%

Paraconiothyrium sp.

HQ999974

0.19%

Peniophora sp.

KP050603

0.093%

Pestalotiopsis clavispora

HM999902

0.093%

Pestalotiopsis hainanensis

KF551573

0.093%

Pestalotiopsis
mangiferae
Pestalotiopsis microspora

JX305692

0.093%

KM513583, KM041703, KM438014

0.46%

Pestalotiopsis sp.

KP217176

0.19%

Pleosporales sp.

KF636769

0.19%

Phoma fungicola

KF293764

0.74%

Phoma medicaginis

KF293990

0.27%

Phoma sp.

HQ856051

0.093%

Phyllosticta sp.

AB454329

0.093%

Rosellinia corticium

KC311485

0.093%

Seiridium sp.

GQ153256

0.093%

Sordariomycetes sp.

0.56%

Stereum sanguinolentum

JQ761615, JQ760983, JQ761406
JQ761738, JQ760265
AY089730

0.093%

Stereum sp.

KJ831872

0.093%

Whalleya
microplaca
Xylaria digitata

EF026129

0.19%

GU322456

0.093%
0.46%

Uncultured Peniophora

HQ608051, KM357308,
KC952872, AB495008
KC785588.1

0.093%

Fungal endophyte

KF293764

0.093%

Xylariales sp.

Uncultured fungus

GU174360, GQ999431,
KF800392, KF800545
*Isolates were grouped based on 99% sequence similarity.
* Frequency analysis based on 1080 segments plated.
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Figure 1: a) Showing the fraction of segments colonized by endophytic isolates.
b) Percentage of fungal and bacterial endophytes in total culturable isolates.
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Figure 2: Various endophytic fungi isolated from flowering dogwoods and their frequency
of occurrence in number of trees.
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A Best Management Plan for Rose Rosette
M. Windham1, F. Hale2, A. Windham2 and Q. Cheng1
1

Entomology and Plant Pathology Department., Knoxville, TN 37996
2
UT Extension, Soil, Plant and Pest Center, Nashville, TN 37211

Index words: rose, Rosa, Rose Rosette Virus, Phyllocoptes fructiphilus
Significance to Industry: Rose rosette has destroyed thousands of roses in retail
garden stores, commercial plantings and private and public gardens across the MidSouth. Early detection of rose rosette and rouging of symptomatic plants is an effective
strategy to reduce the rate of the epidemic within a rose garden. Plants should be
inspected at least every two weeks to prevent the build-up of populations of the vector of
Rose Rosette Virus, Phyllocoptes fructiphilus. Green barriers to the windward side of
rose plantings may also reduce the rate of increase of Rose Rosette in those plantings.
Nature of Work: Rose rosette is a serious threat to roses and has spread across much
of the Mid-South and North Central States. Recently the disease was detected in three
counties in Connecticut (4) and Florida (2). The disease is caused by Rose Rosette Virus
(3) and is transmitted by an eriophyid mite, P. fructiphilus (1). For the last six years, early
detection of plants symptomatic for rose rosette and immediate rouging of symptomatic
plants has been evaluated as a strategy for minimizing the effects of Rose Rosette in the
Beall Family Rose Garden (n=250 roses) located within the UT Gardens in Knoxville.
Early symptoms associated with rose rosette that were used to identify symptomatic
plants have been previously described (5). Plants were rouged by covering the plant with
a large garbage bag before cutting the plant away at the soil line. Once the plant was
removed, the root ball was also dug and discarded. Seven days later, weather permitting,
a new rose was transplanted into the same hole from which the rouged plant was
removed. Data were kept of the incidence of Rose Rosette for the roses next to the
removed plant and the newly transplanted plants.
At the Plateau Research and Education Center (Crossville, TN), roses were sprayed with
one of the following treatments at industry recommended rates: Akari, Avid + horticultural
oil, Forbid, horticultural oil, Kontos, Sevin, Talstar or water (control). A bed of roses with
symptoms of rose rosette was planted to the windward side of the plots to serve as an
inoculum source. Data were collected on incidence of rose rosette for two years. In
adjacent plots, roses (n=16 per plot) were surrounded with a green barrier (Miscanthus
sinensis). Roses were observed for two years for symptoms of Rose Rosette Virus.
Results and Discussion: In the Beall Rose Garden, no plant adjacent to a plant that
had been rouged for rose rosette or a plant transplanted into the hole of the rouged plant
has become symptomatic for rose rosette. From 2009-2014, 1-2% of the roses in the
garden have been removed due to rose rosette annually. Since the master plan for the
garden calls for up to 5% of the roses to be replaced each year, loss of roses in the
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garden has been minimal and not noticed by the general public. In similar gardens in the
Knoxville area, where inspections for early symptoms and rouging have not been done,
gardens have been destroyed by rose rosette.
In year 1 of the miticide study, no roses were detected with rose rosette. In year 2 roses
with rose rosette symptoms were limited to the water (control) and Sevin treatments.
However, incidence was low in both treatments and not statistically different from the
other treatments. In the barrier treatment, a green barrier reduced the rate of spread of
rose rosette symptomatic plants into the rose plots (Figure 1). It is still too early to
determine if miticides are effective in reducing incidence of rose rosette. However, a
green barrier to the windward side of the plants that intercepts ballooning mites may help
in reducing the rate of increase of rose rosette in a garden.
Literature Cited:
1. Amrine, J., Hindal, D., Stasny, T., Williams, R., and Coffman, C. 1988. Transmission
of the Rose Rosette Disease agent to Rosa multiflora Thunb by Phyllocoptes
fructiphilus Keifer (Acari:Eriophyidae). Entomological News 99:239-252.
2. Anonymous. 2014. Rose Rosette Disease confirmed in Florida. Nursery Management
Magazine. http://nurserymag.com/ros-rosette-confirmed-in-florida.aspx
3. Laney, A., Keller, K., Martin, R., and Tzanetakis, J. 2011. A discovery 70 years in the
making: characterization of the Rose Rosette Virus. J. Gen. Virol. 92:1727-1732.
4. Rowlands, W. 2015. New test confirms Rose Rosette Disease. Connecticut Gardner
Magazine. May/June: 1-4.
5. Windham, M., Windham, A., Hale, F., and Hitch, W. 2014. Rose Rosette: identification
and management. South. Nurs. Assoc. Proc. Res. Conf. 54:143-146.
Figure 1. The effect of a green barrier, Miscanthus sinensis, on rate of Rose Rosette
symptomatic plant increase in beds of roses (n=12).
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Genetic Variation of Magnolia sieboldii K. Koch ‘Colossus’ and Magnolia
grandiflora L. ‘Kay Parris’ F1 Seedlings Using ISSR Markers
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Index words: F1 variation, interspecific hybrid, ISSR markers, Magnolia sieboldii
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Significance to Industry: Magnolia species, cultivars, and hybrids have been revered
ornamental plants since cultivation began in the 1700’s. In particular, Magnolia
grandiflora cultivars are prevalent in the southeastern nursery industry with over 100
cultivars readily documented in popular reference literature. Recent taxonomic revisions
based upon morphological observation and molecular phylogeny derived from cpDNA
analysis have clarified relationships within Magnoliaceae. This has provided breeders
with new inspiration to attempt crosses once assumed futile. While an understanding of
taxonomic relationships, verification of ploidy levels, and genome size are clues to a
breeder about reproductive compatibility, more information is needed to better predict
reproductive fecundity and compatibility beyond the F1 generation. Inter Simple
Sequence Repeat (ISSR) markers can provide us with a more detailed view of genetic
content to verify parentage, measure variation among siblings of controlled crosses, and
potentially facilitate development of novel and desirable cultivars.
Nature of Work: Magnolia sieboldii K. Koch ‘Colossus’ is a diploid (2n=2x=38) cultivar
(9) derived from this deciduous species native to China, Japan, and Korea (2, 10).
Specimens of this cultivar produce slightly remontant, nodding white flowers with a
greater tepal count than the typical species. Red stamens provide an intriguing bullseye
appearance. M. sieboldii ‘Colossus’ is a multi-stem shrub or small tree adapatable to
USDA Zones 4-7. Magnolia grandiflora L. ‘Kay Parris’ is a cultivar selection of this
hexaploid species (2n=6x=114) (9), which is native from Virginia to Florida, and east to
Texas. It is a densely pyramidal evergreen tree, producing remontant white flowers from
an early age, and has demonstrated excellent hardiness north of the natural range of
the species. Each species has great breeding potential, evidenced by their incorporation
in a variety of interspecific, intersectional, and interploid hybrids (5, 9). Prolific magnolia
breeder Dennis Ledvina of Green Bay, Wisconsin, who passed away in May 2015, was
the first to select a cultivar worthy of commercial introduction (M. x ‘Exotic Star’) from a
cross of M. sieboldii with M. grandiflora. Inspired by the success of Mr. Ledvina, several
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controlled crosses were performed in May 2013 between a specimen of M. sieboldii
‘Colossus’ and M. grandiflora ‘Kay Parris’ located in the Spartanburg Community
College Arboretum to generate a controlled F1 population for evaluation. A total of 25
seeds were harvested from 2 fruits in August 2013 and subjected to a float test to
determine viability. Following 5 months cold stratification, 16 seeds germinated. Among
them, 12 seedlings survived during early production and were then transplanted into 1gallon containers. Leaf tissue of 9 individuals growing with adequate vigor had been
harvested for this study. Previously sampled accessions of this interspecific hybrid have
been verified as tetraploid (2n=4x=76) by flow cytometry (9). When the cross is
performed in this direction, verification of hybridity is clear as all seedlings possess
evergreen foliage favoring the hexaploid pollen parent, but some variation in vigor, leaf
size, shape, and color is evident. Due to the young age of this F1 population, growth
habit and floral characters are still unknown. Therefore DNA analysis is necessary to
reveal genotypic variations that may not yet be phenotypically apparent.
Molecular techniques, such as cpDNA analysis (1), had been applied for Magnoliaceae
for its phylogenic studies. ISSR markers is a useful new method in plant genetic
research (4, 11). They have been widely used in the study of plant genetic structure (7),
genetic diversity and genetic relationships (6). In this study, our goals are to analyze the
genetic variation between the parents and F1 seedlings, assess the genetic diversity of
these F1 siblings, and prescribe a series of crosses to generate a recombinant F2
population for further study with enhanced ornamental potential.
One fresh leaf per plant was selected from each of 9 seedlings of Magnolia sieboldii K.
Koch ‘Colossus’ × Magnolia grandiflora L. ‘Kay Parris’, and their parents. To prepare for
DNA extraction, sample tissue was ground under liquid nitrogen using a mortar and
pestle. Tissue not immediately subjected to extraction was stored at -80˚C. Genomic
DNA was extracted using the QIAGEN DNeasy Plant Mini Kit. The concentration and
purity of DNA were determined using a spectrophotometer (ThermoScientific NanoDrop
Lite) at A260 and A280 and stored at -20˚C until use (8). Nuclear DNA was then PCRamplified in an Eppendorf Mastercycler Pro with ISSR primers. Following an initial
screen of 100 primers, 10 were selected for further analysis (Table 1). The PCR
reaction mixture in each tube was 20µl containing 10 µl Ampli Taq Gold 360 Master Mix,
3 µl DNA, 1 µl primer and 6 µl ddH2O. The PCR program was initial denaturation for 5
min at 94˚C, followed by 40 cycles of 94˚C for 30 sec, annealing at 50℃-60˚C for 45 sec
(temperature dependent on recommendation per primer), extension at 72˚C for 1.5 min
and a final extension at 72˚C for 7 min. Tubes were held at 4˚C until removal. PCR
products were electrophoresed on 1.2% agarose gel in 0.5X Tris Borate Edta (TBE)
buffer with 2 drops of ethidium bromide per 120 ml solution at 120 V for 80 min. A 100
bp DNA ladder was used as a standard molecular weight for comparison to bands
produced from the parental and sibling DNA. Gels were photographed under UV light in
a UVP BioDoc-ItTM Imaging System.
Bands were scored manually. ISSR scores were recorded as either present (1) or
absent (0) to generate a binary matrix set. Bands with the same size were considered to
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be allelic according to the weight of the 100bp DNA ladder. Weak or ambiguous bands
were excluded from the analysis (3). Gene differentiation between parental and F1
samples were estimated by the coefficient of gene differentiation using PAUP version
4.0
Results and Discussion: Ten ISSR primers revealed 96 bands in sizes ranging from
200 to 1500bp in the 11 individuals of the two generations, among which 85 bands
(88.5%) were polymorphic. The number of bands varied from 7 to 15, with average of
9.6 bands per primer. The ISSR primer UBC 817 amplified the highest percentage of
polymorphic bands at 100.0%, while the primer UBC 807 produced the least number of
polymorphic bands among the 10 primers at 57.1% (Table 1). For each taxon, number
of bands was from 45 (XX) to 58 (SG and SI).
Pairwise distance between taxa varied from 0.167 to 0.604. Since M. sieboldii
‘Colossus’ (XX) had bigger deciduous foliage without red brown pubescences on the
back and M. grandiflora ‘Kay Parris’ (XY) had smaller evergreen foliage (Fig. 2), ISSR
markers revealed that they had significant genetic difference at 0.604. Among the
siblings, the smallest distance was between seedling H (SH) and seedling I (SI) at 0.167
(Fig. 3) and the largest between seedling A (SA) and seedling G (SG) at 0.396 (Fig. 4).
The average distance from the seed parent (XX) was 0.279, while to pollen parent (XY)
at 0.494. Obviously, the hexaploid pollen parent contributed much more genetic
diversity than that of diploid seed parent. All these 9 seedlings were verified interspecific
hybrids not only by polidy levels (9), but also by the ISSR markers.
The dendrogram based on ISSR data indicated that the UPGMA tree was composed of
two groups. The first one contained only the seed parent and the second one clustered
the pollen parent and all F1 siblings. The 2nd group was formed by four subgroups (Fig.
1). The pollen parent (XY) and seedling C (SC) was joined by genetic distance of 0.219.
Morphologically, SC had the most similar foliage shape and size to XY. SH and SI both
had small leaves, low vigor, and similar growth pattern (habit). It was understandable
that they were the closest siblings genetically. The above four taxa formed the first
subgroup (Fig. 2, 3 and 4) and with closer genetic makeup. The second subgroup
contained SA, the most vigorous plant, and the cluster SB and SF. They definitely
closer genetically, but no distinguished different at the current growing stage. The third
subgroup formed by SD and SE with almost identical appearance. The fourth subgroup
was seedling G (SG), the only sibling with distinctly lanceolate foliage (Fig. 3 and 4).
Unique bands and band patterns were important for further genetic studies (12). In this
ISSR evaluation, 17 unique bands were generated and 8 of them were from seed
parent and only one from the pollen parent. The recombination of DNA from this
controlled cross hybridization yielded four siblings with unique bands, 3 each from SE
and SG and one each from SC and SD. Since seedling G with distinguished lanceolate
foliage and 3 unique bands, it is possible that the gene(s) that controlled lanceolate leaf
shape might be from these unique band regions. Further studies should be conducted
to verify this hypothesis. It is too early to evaluate the band patterns in associated with
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plant growth and development at this early stage and the data will be utilized for future
studies.
The analytical results of ISSR showed seedling C has the closet relationship with the
pollen parent and all the seedlings are similar to the pollen parent validating the known
3:1 ratio of genetic contribution from M. grandiflora and M. sieboldii. Further evidence
was that all siblings shared 11 bands with pollen parent and only 3 from seed parent.
Plants will continue to be evaluated until reaching maturity for anticipated variation of
growth habit and floral characteristics. These results should be applied for our future
controlled Magnolia breeding.
Acknowledgement
Research reported in this publication was supported by The University of Georgia
Research Foundation Project #2521RC297295. Help and inputs from Dr. Richard Figlar
are highly appreciated.
Literature Cited
1. Azuma, H., L.B. Thien, and S. Kawano. 2000. Molecular phylogeny of Magnolia
based on chloroplast DNA sequence data and floral scent chemistry. Proc. Intl.
Symp. Family Magnoliaceae 219-227.
2. Callaway, D.J. 1994. The World of Magnolias. Timber Press, Portland..
3. Chen. L.Y., Chen. F.J., 2014. High genetic diversity and small genetic variation
among populations of Magnolia wufengensis (Magnoliaceae), revealed by ISSR and
ARAP markers. Electronic Journal of Biotechnology 17, 268-274.
4. Hua H.Y., Zhi, L.Y., 2011. Genetic diversity and relationship of endangered plant
Magnolia officialis (Magnoliaceae) assessed with ISSR polymorphisms. Biochemical
Systematics and Ecology 39, 71-78.
5. Figlar, R.B. and H.P. Nooteboom 2004. Notes on Magnoliaceae IV. Blumea 49:1-14.
6. Li, H., Ruan, C.J., Teixeira da Silva, J.A., 2009. Identification and genetic
relationship based on ISSR analysis in a germplasm collection of sea buckthorn
(Hippophae L.) from China and other countries. Science Horticulture. 123, 263-271
7. Li, J.M., Jin, Z.X., 2008. Genetic structure of endangered Emmenopterys henryi Oliv.
Based on ISSR polymorphism and implications for its conservation. Genetica 133,
277-234.
8. Lv. Y.P., Hu. Z.H., 2012. Analysis of genetic variation in selected generations of
‘Whole Red’ pattern Cyprinus carpio var. color using ISSR markers. Biochemical
systematic and ecology 44, 243-249.
9. Parris, J.K., Ranney, T.G., Knap, H.T., Baird, W.V. 2010. Ploidy Levels, Relative
Genome Sizes, and Base Pair Composition in Magnolia. J. Amer. Soc. Hort. Sci.
135(6): 533-547.
10. Parris, J.K., 2012. Magnolia grandiflora, a noble species with a complementary court
of cultivars. Royal Horticulture Society’s Rhododendron, Camellia, Magnolia
Yearbook. 75-89.

Plant Breeding and Evaluation

171

SNA Research Conference Vol. 60 2015

11. Yang, Yujie, Donglin Zhang, Xiaoling Jin, Mohua Yang, Jiwu Cao, and Zhihui Li.
2013. Genetic relationships of Michelia L. species revealed from ISSR markers.
HortScience 48(9):S258-S259.
12. Zhang, Donglin, Michael A. Dirr, and Robert A. Price. 2000. Discrimination and
genetic diversity of Cephalotaxus accessions using AFLP markers. Journal of the
American Society for Horticultural Science 125(4):404-412.
Table 1: Sequences of 10 primers successfully used in the ISSR analysis and number
of amplified bands per primer and their polymorphism.
Primer
Sequence (5’-3’)
Taa (℃)
UBC807
(AG)8T
52
UBC811
(GA)8C
52
UBC 812
(GA)8A
52
UBC 814
(CT)8A
52
UBC 815
(CT)8G
54
UBC 817
(CA)8A
54
UBC 827
(AC)8G
52
UBC 828
(TG)8A
52
UBC 834
(AG)8YT
56
UBC 835
(AG)8YC
56
Mean
a
Annealing temperature.
b
Total number of bands.
c
Polymorphic bands.
d
Percentage of polymorphic bands.

TBb
7
10
10
7
15
8
9
7
14
9
9.6

PBc
4
9
9
6
14
8
8
6
13
8
8.5

PPBd (%)
57.1
90.0
90.0
85.7
93.3
100.0
88.9
85.7
92.9
88.9
88.5

M. sieboldii ‘Colossus’
M. grandiflora ‘Kay Parris’
1

2

F1 Siblings

3

4

Figure 1. Dendrogram of Magnolia parents and F1 siblings based on ISSR data.
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M. sieboldii
‘Colossus’

Hybrid
Seedling B
M. grandiflora
‘Kay Parris’

Figure 2. Comparative image of parental foliage and intermediate foliage of hybrid (all
back sides).

Figure 3. Comparative image of F1 population after transplant to one gallon containers.
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Figure 4. Varying foliage characteristic representative siblings from each cluster of the
dendrogram during Spring 2015 flush.
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Inheritance of Floral and Plant Size Traits in Hydrangea macrophylla
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Significance to industry: Here we establish transgressive segregation as a favorable
method of producing novel and extreme phenotypes in Hydrangea macrophylla. All
inflorescence and plant size traits showed some level of transgressive segregation with
one family having 46% of full-siblings with phenotypes that were extreme relative to
either parent. These results will guide parental choice in experimental crosses with
Hydrangea and provide germplasm for continued species improvement.
Nature of Work: Five species of Hydrangea (H. macrophylla, H. paniculata, H.
quercifolia, H. arborescens and H. anomala subsp. petiolaris) are widely cultivated in
the U.S. as landscape plants (1). Hydrangea is the second most valuable woody
ornamental genus after Rosa with an estimated sales of over $73 million in 2007 (2).
Hydrangeas - prized for their large showy flowers and lush green foliage - are sold for
landscape use, patio and container use, and as cut flowers in the floral industry. By far
the most popular member of the genus is H. macrophylla, with over 1,200 cultivars
named world-wide (3). Although this species has a breeding history stretching
hundreds of years, room for improvement exists for a number of environmental and
ornamental traits.
Transgressive segregation occurs when trait values for offspring in experimental
crosses fall outside (either above or below) the range of values recorded for the
parents. Transgressive segregation is important to plant breeders as a source of novel
or extreme traits and is ubiquitous in plant hybrids, where an estimated 58% of traits
show transgression (4). While widespread, it is difficult to predict which traits or
parental combinations may be the most suitable for producing transgressive
segregants. The objective of this research is to evaluate the inheritance of
inflorescence characteristics and plant size in related full-sibling families, determine the
level of transgressive segregation present, and select full-sibling families for further
species improvement. Results will be compared to flow cytometry data to determine the
effect of ploidy on phenotype, be used inform future breeding and in vitro ploidy
manipulation experiments, and provide germplasm for further species improvement.
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Controlled pollinations in 2010 produced a series of three Hydrangea macrophylla fullsibling families with similar genetic backgrounds, where each family had at least one
parent in common. The Hydrangea macrophylla varieties ‘Princess Juliana’, ‘Trophee’,
and ‘Zaunkoenig’ were used in the following crosses: ‘Princess Juliana’ x ‘Trophee’,
‘Zaunkoenig’ x ‘Princess Juliana’, and ‘Trophee’ x ‘Zaunkoenig’. Controlled crosses and
seed germination were carried out in 2010 and 2011, respectively, following the method
of Reed (5). Plants were grown in 26.5 L containers under 60% shade and microirrigated using spray stakes. Growing media consisted of pine bark amended with 6.6
kg·m-3 19N-2.1P-7.4K Osmocote Pro fertilizer (Scotts-Sierra Horticultural Products Co.,
Maryville, Ohio), 0.6 kg·m-3 Micromax (Scotts-Sierra Horticultural Products Co.), 0.6
kg·m-3 iron sulfate, and 0.2 kg·m-3 Epsom salts.
The following variables were used to describe plant inflorescence and size: Number of
inflorescences, number of inflorescences with at least one fully expanded sepal,
inflorescence width (mean of three on each plant), sepal width (mean of three on each
plant), height, and stem width. Additional floral data included flower color (white, pink,
purple, or blue), sepal color (1 = white, 2 = light pink, 3 = pink, and 4 = dark pink), and
sepal margin wave (0 = no wave, 1 = little wave, 2 = moderate wave, 3 = very wavy).
Number of inflorescences and number of inflorescences with at least one fully expanded
sepal were measured on 5/22/2015; all variables were measured on 6/8/2015. All data
analysis was performed using the SAS 9.4® software system (6). The general linear
model procedure (PROC GLM) was used to partition variance in inflorescence and plant
size means into sources attributable to family and environment (error) and to estimate
variance components for calculation of narrow-sense heritability. For flower color data,
a chi-square test for association between family and flower color was performed using
PROC FREQ. The CORR procedure was used to produce correlations between
variables. Percent transgressive segregants was determined by counting the number of
siblings in each family with trait values above or below the range of parental values.
Results and Discussion: Mean values for flower and plant size variables are shown in
Table 1. A total of 81 plants in three Hydrangea macrophylla full-sibling families were
measured; 54 of these flowered during the data collection period. Variance in
inflorescence number was extremely large due to several 0 values in a single family,
‘Princess Juliana’ x ‘Trophee’. On 5/22/2015, ‘Princess Juliana’ x ‘Trophee’ had
significantly fewer flowers open than the other crosses; by 6/8/2015 the percentage of
flowers open was not significantly different between families (Figure 1). Between 5/22
and 6/8, full-sib families added an average of 1 inflorescence per plant with no
difference between families in the number of new inflorescences.
Full-sibling families differed significantly in sepal width, plant height, and stem width
(Table 2). ‘Princess Juliana’ x ‘Trophee’ was the tallest family and had the thickest
stems. Bi-modal pollen grain distribution was identified in the cultivar ‘Trophee’ (7),
indicating the possibility of unreduced gametes pairing with normal, haploid gametes to
produce triploid individuals. Work is ongoing to determine ploidy levels of full-sibling
families; the existence of triploids in the full-sibling family with ‘Trophee’ as a male
would establish a link between ploidy and phenotype.
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The majority of plants had white or pink flowers (Table 2). Chi-square analysis showed
no association between family and flower color (χ2 = 8.6 p = 0.19) though 13% of
‘Zaunkoenig’ x ‘Princess Juliana’ siblings had either blue or purple flowers. ‘Zaunkoenig’
x ‘Princess Juliana’ also had the largest inflorescences and the widest sepals (Table 2).
Because of this large inflorescence size and variability in flower color, the most
favorable individuals from the ‘Zaunkoenig’ x ‘Princess Juliana’ full-siblings will be used
as parents in further Hydrangea macrophylla improvement. ‘Trophee’ x ‘Zaunkoenig’
full-siblings had the darkest colored sepals and the waviest sepal margins due to two
unique individuals. These plants will be used to study inheritance of these traits and to
introduce them into superior germplasm.
The lacecap flower type appears dominant to the mophead flower type as demonstrated
by the lack of mophead flowers in the F1 families with ‘Zaunkoenig’ as a parent (Table
2). Heritability for floral and plant size traits ranged between 0.08 for margin wave and
0.62 for height. Narrow-sense heritability represents the portion of phenotypic variation
controlled by additive gene action and is crucial to predicting outcomes of plant
breeding. The higher the narrow sense heritability, the greater the response to
selection. The traits with the two highest heritabilities, plant height and sepal width, are
both desirable traits for improvement. As these traits are not significantly correlated
(Table 3), it should be possible to produce compact (or large) plants with large sepals
from this population.
Transgressive segregation is a major mechanism by which novel or extreme
phenotypes arise. In this study, the percentage of offspring with values more extreme
than their parents ranged between 7% for height and 42% for stem width (Table 4). (In
other words, 42% of all offspring had stem width values either above or below the range
of stem width values of their parents.) An analysis of variance was performed to
partition variation in transgressive segregation to sources attributable to trait and fullsibling family. While trait was not a significant source of variation (F = 1.3, p = 0.35),
family did explain a significant portion of the variation in transgressive segregation (F =
3.5, p = 0.051). These results indicate that predicting transgressive segregation for
specific traits is impractical; any trait may display transgressive segregation and the
level of transgressive segregation is unrelated to heritability. Instead, certain crosses
may be identified that increase the probability of seeing extreme traits in the offspring.
Specifically, the more similar the phenotypes of the parents, the greater the likelihood
that transgressive segregation will be observed (4). In this study, the full-sib family
‘Trophee’ x ‘Zaunkoenig’ had 46% of offspring with trait values more extreme than their
parents, significantly more than the other two families where 19% and 20% of offspring
showed transgressive segregation (Table 4). ‘Trophee’ and ‘Zaunkoenig’ are both
compact varieties with serrate sepal margins, and dark pink sepals. Recommendations
for observing extreme phenotypic values include using parents of the same species
(intraspecific crosses), using domesticated, self-compatible species, and using parents
with fixed genetic differences (4). While the genetic make-up of Hydrangea macrophylla
varieties is largely unknown, results herein indicate that transgressive segregation
should be a major source of novel and extreme traits for this species.
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Table 1. Overall range, mean (± standard error), and variance for seven inflorescence
and plant size variables for three 5-year old full-sibling Hydrangea macrophylla
families.
Variable
Inflorescences (no.)
Inflorescence width (cm)
Sepal width (cm)
Height (cm)
Stem width (mm)
Sepal color*
Margin**

n
81
54
54
81
81
54
54

Range
0 - 37
8.5 - 22.4
2.0 - 5.6
38 - 89
3.3 - 13.0
1-4
0-3

Mean±SE
7.4±1.1
13.7±0.4
4.1±0.1
64.3±1.2
7.1±0.2
1.9±0.1
0.7±0.1

Variance
88.3
8.16
0.6
113.2
2.85
0.6
0.8

* Sepal color was based on a qualitative scale where 1 = white, 2 = light pink,
3 = pink, and 4 = dark pink.
** Margin wave was based on a qualitative scale where 0 = no wave, 1 = little
wave, 2 = moderate wave, 3 = very wavy.
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Table 2. Mean (± standard error) inflorescence and plant size for three 5-year old fullsibling Hydrangea macrophylla families.
Flower color

parents
Princess Juliana
Trophee
Zaunkoenig
full-sib families
Princess Juliana
× Trophee
Zaunkoenig
× Princess Juliana
Trophee
× Zaunkoenig
Trait h

Inflorescence and plant size
Sepal
color*

Margin
wave**

Height
(cm)

Stem
Width
(mm)

Flower
type (M or
L)†

1
3
3

0
1
3

90.0±3.0
57.0±2.4
34

7.5±0.4
5.9±0.2
4.7

M
M
L

% sibs
No. with
White Pink Purple Blue

Inflor.
Sepal
width, cm width, cm

-------

-------

-------

-------

-------

12.0±0.8
12.5±1.1
11.6

19

67

33

0

0

13.8±0.8 a 3.3±0.2 b 1.7±0.2 a 0.5±0.3 a 71.4±2.2 a 7.9±0.4 a

M

45

45

42

6.5

6.5

14.3±0.5 a 4.3±0.1 a 1.9±0.1 a 0.6±0.2 a 64.1±1.4 b 7.0±0.2 ab

L

17

10

80

10

0

12.1±0.8 a 4.3±0.2 a 2.3±0.2 a 1.1±0.3 a 54.2±2.7 c 6.3±0.5 b

L

2

3.3±0.4
3.5±0.2
3.9

0.16

0.58

0.12

0.08

0.62

0.20

* Sepal color was based on a qualitative scale where 1 = white, 2 = light pink, 3 = pink,
and 4 = dark pink.
** Margin wave was based on a qualitative scale where 0 = no wave, 1 = little wave, 2 =
moderate wave, 3 = very wavy.
† M = Mophead, L = Lacecap
Tukey’s mean separation is shown in lower-case letters; for each variable, means with
the same letter are not significantly different at the α=0.05 level.
Table 3. Correlations between inflorescence and plant size variables measured on three
5-year old full-sibling Hydrangea macrophylla families. Values are Pearson
correlation coefficients; p values are reported below. (n = 54 plants).
Inflor.
width
Inflor.
width
Sepal
width
Height

1
0.5223
<.0001

Sepal
width

Height

Stem
width

0.5223 0.23588 0.06492
<.0001 0.086
0.6409
1

-0.0721
0.6044
1

Stem
width

-0.1089
0.4331
0.48884
<.0001
1
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Table 4. Percentage of transgressive segregants in three 5-year old full-sibling Hydrangea
macrophylla families.
Percent transgressive segregants
Full-sib family
Princess Juliana
× Trophee
Zaunkoenig
× Princess
Juliana
Trophee
× Zaunkoenig
Variable mean

Inflor.
Width

Sepal
width

Sepal
Color*

Margin*

Height

Stem
width

Family
mean

0.25

0.17

0.00

0.17

0.05

0.58

0.20 b

0.47

0.31

0.00

0.00

0.00

0.33

0.19 b

0.45

0.55

0.82

0.45

0.14

0.36

0.46 a

0.39 a

0.34 a

0.27 a

0.21 a

0.07 a

0.42 a

Tukey’s mean separation is shown in lower-case letters; for each family and variable, means with the
same letter are not significantly different at the α=0.05 level.
* Sepal color was based on a qualitative scale where 1 = white, 2 = light pink, 3 = pink, and 4 = dark pink.
** Margin wave was based on a qualitative scale where 0 = no wave, 1 = little wave, 2 = moderate wave,
3 = very wavy
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Figure 1. Percent inflorescences open on three 5-year old full-sibling Hydrangea macrophylla families on
two dates. Mean number of inflorescences for each cross was 13.7, 13.3 and 12.0 on
5/22/2015 and 14.6, 14.3, and 13.0 on 6/8/2015. Error bars represent standard deviation.
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In Vitro Polyploid Induction of Ophiopogon planiscapus
Dominic A. Gillooly, Darren H. Touchell and Thomas G. Ranney
North Carolina State University, Departement of Horticultural Science
Mountain Crop Improvement Lab
Mountain Horticultural Crops Research and Extension Center
455 Research Drive, Mills River, NC 28759
dagilloo@ncsu.edu
Index Words: chromosome doubling, flow cytometry, oryzalin, polyploidy, somatic
embryogenesis, tissue culture, whole genome duplication
Significance to Industry: Mondo grass (Ophiopogon spp.) are versatile and valuable
landscape plants with a variety of ornamental uses (2). The diversity of species and
traits in this genus provide opportunities for the breeding and development of new
cultivars. However, variations in ploidy levels complicate breeding systems.
Embryogenic callus derived from embryos of the diploid cultivar Ophiopogon
planiscapus ‘Nigrescens’ was subjected to in vitro ploidy manipulation to produce
tetraploids that will be evaluated for ornamental character, size and vigor, and for use
as breeding lines to hybridize with other naturally occurring tetraploid species.
Nature of Work: The genus Ophiopogon contains approximately 65 species, many of
which are popular as ornamental landscape plants due to their versatility and
adaptability (3). Of particular interest is the cultivar Ophiopogon planiscapus
‘Nigrescens’ which is characterized by dark, almost black, grass-like foliage and upright
flowers. Although ‘Nigrescens’ is highly valued for its unique foliage color its
propagation and production is typically hindered by its slow growth. Development of
tetraploid ‘Nigrescens’ may enhance vigor and facilitate hybridization with existing
polyploid species. Induced polyploids often show an increase in size and growth rate
with larger flowers and longer bloom periods (5, 8). These induced tetraploids may also
provide new opportunities for interspecific hybridization with naturally occurring
tetraploids of Ophiopogon japonicus and may be useful in intergeneric crosses with the
tetraploid Liriope species L. gigantea, L. muscari, and L. platyphylla (3, 8). The
dinitroanaline herbicide oryzalin (Surflan®) has been effectively used as a mitotic
inhibitor to induce chromosome doubling (6); however, the concentrations and exposure
times can vary according to species (1). The objectives of this study were to produce
tetraploid Ophiopogon planiscapus clones for future breeding work and to determine the
optimal concentration and duration of exposure to oryzalin for chromosome doubling.
Somatic embryogenesis: Embryogenic callus was induced from mature embryos
excised from open pollinated seeds of Ophiopogon planiscapus ‘Nigrescens’ collected
in September 2012. Callus induction and proliferation medium consisted of Murashige
and Skoog’s (MS) basal salts and vitamins (7) supplemented with 2% sucrose, 5 µM
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benzylamino purine (BAP), 5 µM naphthalene acetic acid (NAA), and 0.08 g/L adenine
hemisulfate. Medium was adjusted to a pH of 5.75 ± 0.03 and solidified with agar at
0.65%. Callus was subcultured onto fresh medium every 6 to 8 weeks and incubated in
the dark at 23 ºC (73.4 ºF) to allow callus proliferation.
Oryzalin Treatment: A liquid medium consisting of MS basal salts and vitamins and 2%
sucrose was prepared for chromosome doubling. Medium was adjusted to a pH of 5.75
± 0.03. A 3 mM stock solution of oryzalin was prepared in 95% ethanol. This stock
solution was added to flasks containing cooled autoclaved media to obtain the
concentrations of 7.5 µM, 15 µM, and 30 µM oryzalin. The control solution (0 µM
oryzalin) received the addition of 5 ml of 95% ethanol. Fifteen jars per solution
concentration were prepared.
The experimental design consisted of a completely randomized, four × three factorial,
with four oryzalin concentrations (0, 7.5, 15 and 30 µM) and three exposure durations
(3, 6 or 9 days). Each treatment combination consisted of five replications with each
replication containing five calli (subsamples).
On day zero of the experiment, five callus pieces were placed in each jar. Jars were
sealed with parafilm and placed on a rotary shaker in the dark. Five jars of each
concentration (0, 7.5, 15 and 30 µM) were removed from the shaker after 3, 6, or 9
days. Upon removal, calli were transferred to a liquid MS medium and replaced on the
rotary shaker for 24 hours to remove residual oryzalin. Calli were then transferred onto
embryogenic maintenance MS medium and incubated in the dark. After 8 weeks, data
was collected on the number of surviving calli.
Flow Cytometry: Calli were allowed to recover in the dark for a period of at least 28 days
and thereafter resulting shoots that arose from the callus were analyzed using flow
cytometry. Samples were prepared by placing leaf tissue in a petri dish with 400 µL of
nuclei extraction buffer and chopping finely using a razor blade. The resulting solution
was filtered and 1600 µL of a nucleotide staining buffer solution (CyStain UV Precise P
Staining Buffer, Partec, Munster, Germany), containing 4', 6-diamidino-2-phenylindole
(DAPI), was added to the solution. Stained nuclei were analyzed using a flow cytometer
(Partec, PA-II).
The mean relative fluorescence for each sample was compared with that of a confirmed
diploid Ophiopogon (3, 4) to determine if ploidy levels had been affected by treatment.
All tetraploid and any strongly mixoploid (>50% tetraploid nuclei) shoots were
subcultured into jars containing shoot maintenance medium consisting of MS basal salts
and vitamins supplemented with 2% sucrose and 10 µM BAP. Medium was adjusted to
a pH of 5.75 ± 0.03 and solidified with 0.65% agar. Cultures were placed under cool
white fluorescent lights (60 µmol m-2s-1) with a 16 h photoperiod at 23 ºC (73.4 ºF). After
a period of regrowth these shoots were retested to confirm their ploidy. Diploid shoots
were discarded and any strongly mioxploid or tetraploid shoots were subcultured. A
population of diploid O. planiscapus was also maintained in culture on a solidified MS
medium containing 10 µM BAP for use as a control for flow cytometry.
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Results and Discussion: Regression analysis showed there was no influence of
treatment duration or interaction between duration and concentration of oryzalin on
callus survival or shoot ploidy (Proc GLM, SAS version 9.4; SAS Institute, Cary, NC).
However, callus survival did decrease with increasing oryzalin concentration in a linear
fashion (y = -1.0108x + 90.933, R² = 0.9882, p < 0.0002) (Fig. 1). This reduction in
survival illustrates that the oryzalin was affecting the callus at these concentrations.
Oryzalin concentration also influenced the number of diploid and mixoploid shoots
recovered (Fig. 2). The mean number of diploid shoots recovered after treatment
followed a quadratic model (y = 0.2306x2 - 8.5134x + 98.373, R² = 0.9894, p < 0.0001)
where the percentage of diploid shoots decreased and then began to rise again as
concentration increased (Fig. 2). This trend was seen in reverse in the mean number of
mixoploid shoots recovered (y = -0.2002x2 + 7.7026x -0.6843, R² = 0.9979, p < 0.0001).
As the concentration of oryzalin increased the mean number of mixoploids increased
until it began to fall again at higher concentrations (Fig. 2). Although there was no
significant effect of concentration on the number of tetraploid shoots recovered, a
limited number of tetraploids were successfully recovered from treated callus (7.5 and
15 µM) evidencing that oryzalin is an effective agent for polyploid induction in
Ophiopogon planiscapus (Fig. 2). A number of mixoploid shoots that were kept in tissue
culture eventually stabilized as tetraploids at a later date. Due to variations in the rate of
cell division and cell fitness, lineages of different cell cytotypes may eventually
outcompete one another through this type of endocytotypic selection.
Clones of all tetraploids are currently being multiplied and will subsequently be rooted
on a half-strength medium consisting of Murashige and Skoog’s (MS) basal salts and
vitamins supplemented with 2% sucrose and 5 µM (NAA). Clones will be removed as
they root and placed in a greenhouse under intermittent mist to acclimate for use in
future breeding projects.
Acknowledgements: This work was funded, in part, by the North Carolina Agricultural
Research Service, Raleigh; the North Carolina Biotechnology Center, Research
Triangle Park, NC; and the Kenan Institute, Raleigh, NC. Thanks are also expressed to
Tom Eaker, Nathan Lynch, Joel Mowrey, Andra Nus and the staff at the Mountain
Horticultural Crops Research and Extension Center for their technical assistance.
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Figure 1: Percentage of callus surviving as a function of oryzalin concentration.
(y = -1.0108x + 90.933, R² = 0.9882, p < 0.0002).
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Figure 2: Percentage of diploid, mixoploid and tetraploid shoots recovered as a function
of oryzalin concentration.
(Diploid: y = 0.2306x2 - 8.5134x + 98.373, R² = 0.9894, p < 0.0001).
(Mixoploid: y = -0.2002x2 + 7.7026x -0.6843, R² = 0.9979, p < 0.0001).
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Fire Blight Resistance Among Interspecific and
Interploidy F1 Hybrids of Cotoneaster
Ryan N. Contreras, Mara W. Friddle and Virginia O. Stockwell
Department of Horticulture, Oregon State University, Corvallis OR, 97331
ryan.contreras@oregonstate.edu
Index words: Erwinia amylovora, disease resistance, Maloideae
Significance to the Industry: Cotoneaster is a common shrub or groundcover that
once was extremely popular in the Southeastern U.S., but has largely gone out of favor.
The decline in popularity of Cotoneaster is due, in part, to severe susceptibility of
popular cultivars to fire blight, as well as few releases of new cultivars from breeding
programs. With such diversity in this genus and its widespread adaptability to drought
and poor soil conditions, we believe that targeted breeding to develop new cultivars with
fire blight resistance could be a boon to the nursery and landscape industries.
Nature of Work: Five parents (two diploids and three tetraploids) were used in
controlled crosses in a glasshouse (Table 1). Crossing schemes were designed based
on phenotype, ploidy level, and disease resistance from the work of Rothleutner et al.
(2, 3). We used flow cytometry and morphology to confirm our hybrids, which was
feasible because all crosses, except C. ×suecicus ‘Coral Beauty’ x C. thymifolius, were
interploidy crosses with the sexual diploid ‘Coral Beauty’ as the seed parent. We
performed flow cytometry analysis of DAPI-stained nuclei using a CyFlow PA (Partec,
Münster, Germany) and Pisum sativum ‘Ctirad’ (2C = 8.76 pg) as an internal standard.
We speculate that progeny of three of our controlled crosses in the glasshouse were the
result of self-pollination; however, we had imperfect exclusion of potential pollinators,
therefore we refer to these progeny as resulting from open-pollination.
We screened 15 genotypes for disease resistance in a randomized complete block
design (RCBD) according to Rothleutner et al. (3). Briefly, selections (7 F1, 3 OP, 5
parents) were asexually propagated by stem cuttings and grown in a glasshouse. With
the exceptions of C. simsonii (1 clone/block), C. splendens (3 clones/block), and C.
thymifolius (4 clones/block), there were three blocks with five clones per block. The
youngest two leaves on actively growing shoots were bisected with scissors dipped in
109 CFU/mL of a virulent strain (Ea153) of Erwinia amylovora, the causal agent of fire
blight. Shoot lesions were measured weekly and we present the mean percent shoot
infection ± SEM eight weeks after inoculation as:
%  𝑆ℎ𝑜𝑜𝑡  𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 = (𝐿𝑒𝑠𝑖𝑜𝑛  𝑙𝑒𝑛𝑔𝑡ℎ)/(𝑇𝑜𝑡𝑎𝑙  𝑠ℎ𝑜𝑜𝑡  𝑙𝑒𝑛𝑔𝑡ℎ) ∗ 100
Results and Discussion: Flow cytometry was effective to determine which of our
attempted interploidy interspecific crosses were successful and which likely resulted in
self-pollination of our diploid parent (Table 1). In the case of the homoploid cross of
‘Coral Beauty’ x C. thymifolius, morphology was used to confirm that the progeny was a
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successful cross. This seedling had very small and narrower leaves similar to C.
thymifolius compared to its seed parent, ‘Coral Beauty’, and also compared to other
progeny we identified as OP seedlings from ‘Coral Beauty’ using flow cytometry.
Disease severity was variable among parents, interspecific progeny, and openpollinated seedlings (Fig. 1). Even though plants of a single accession were clonal, we
observed greater than expected variation in susceptibility; particularly notable in this
respect was C. divaricatus. However, this large variance was due to two plants in block
3 that had 100% shoot infection. Of the 15 clones of this species inoculated, seven
were asymptomatic with no visible signs of infection. Progeny of interspecific crosses
exhibited transgressive segregation. In some cases the progeny were more resistant
than their parents (‘Coral Beauty’ x C. divaricatus and ‘Coral Beauty’ x C. thymifolius)
and in other cases the progeny were more susceptible than either parent (‘Coral Beauty’
x C. splendens H2011-01-003, ‘Coral Beauty’ x C. simsonii).
To visualize trends among progeny we graphed percent shoot necrosis of full-sib
progeny and open-pollinated seedlings of ‘Coral Beauty’. There were two genotypes of
‘Coral Beauty’ x C. splendens, three genotypes of open-pollinated seedlings from ‘Coral
Beauty’, and three genotypes of ‘Coral Beauty’ x C. divaricatus (Fig. 2). The mean of
the two selections of ‘Coral Beauty’ x C. splendens (8.5%) was intermediate of its
parents, which were 11.1% (‘Coral Beauty’) and 0% (C. splendens), respectively. The
mean of the open-pollinated seedlings of ‘Coral Beauty’ was substantially lower (2.2%)
than ‘Coral Beauty’. It is unclear why these progeny showed nearly 10% lower shoot
necrosis than ‘Coral Beauty’. Inadvertent pollination with a resistant parent is very
unlikely because the leaf morphology and genome size is consistent with ‘Coral Beauty’.
The progeny that were most distinct from their parents were derived from ‘Coral Beauty’
x C. divaricatus. The mean shoot necrosis of the three genotypes from this cross was
1.2%, which was substantially lower than either parent (11.1% and 20.8%).
The unpredictable heritability of fire blight resistance is not uncommon and has been
observed in the progeny of several Asian pear species crossed with ‘Doyenné du
Comice’ (1). In their study, they recovered transgressive segregants in both directions,
similar to the results in our study with Cotoneaster. In crosses with various pear
species, they observed that resistance was inherited as dominant and monogenic,
polygenic, or contributed by a major gene (1). Due to similar variability of resistance
among different interspecific crosses of Cotoneaster and the limited number of progeny,
it is difficult to identify the mode of inheritance at this point and we continue to rely on
phenotypic screening of all progeny. However, with increased progeny number, we
hope to identify the mode of inheritance among various sources of resistance to fire
blight in Cotoneaster.
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Table 1. Relative holoploid (2C) genome size of Cotoneaster F1 interspecific hybrids
and seedlings resulting from open-pollination (OP); C. ×suecicus ‘Coral
Beauty’ was the seed parent of all seedlings.
Taxon/Cross
C. ×suecicus ‘Coral Beauty’
C. divaricatus
C. simsonii
C. splendens
C. thymifolius
‘Coral Beauty’ x C. splendens
‘Coral Beauty’ x C. splendens
‘Coral Beauty’ OPz
‘Coral Beauty’ OPy
‘Coral Beauty’ x C. divaricatus
‘Coral Beauty’ x C. divaricatus
‘Coral Beauty’ x C. divaricatus
‘Coral Beauty’ OPy
‘Coral Beauty’ x C. simsonii
‘Coral Beauty’ x C. thymifolius

Accession
10-0166
10-0089
09-0032
09-0024
10-0122
H01-002
H01-003
H01-004
H02-001
H02-002
H02-003
H02-004
H02-005
H03-001
H04-001

2C (pg)
1.53
3.05
3.18
3.03
1.55
2.42
2.61
1.66
1.84
2.35
2.42
2.43
1.62
2.63
1.68

Ploidy
2x
4x
4x
4x
2x
3x
3x
2x
2x
3x
3x
3x
2x
3x
2x

z

Attempted cross between ‘Coral Beauty’ x C. splendens that likely resulted in
accidental self-pollination.
y
Attempted cross between ‘Coral Beauty’ x C. divaricatus that likely resulted in
accidental self-pollination.
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Figure 1. Percent shoot necrosis eight weeks after inoculating five parents and 10 F1 or OP progeny selections with
Erwinia amylovora strain Ea153 at 109 CFU/mL. Plants were grown from rooted stem cuttings in a
glasshouse immediately before and during disease screening.
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Figure 2. Percent shoot necrosis eight weeks after inoculating three parents, F1, and OP progeny selections with
Erwinia amylovora strain Ea153 at 109 CFU/mL. Plants were grown from rooted stem cuttings in a
glasshouse immediately before and during disease screening. There were two selections of ‘Coral Beauty’ x
C. splendens and three selections of ‘Coral Beauty’ OP and ‘Coral Beauty’ x C. divaricatus pooled with means
and SEM presented.
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Genome Sizes and Ploidy Levels of Maples: Sample
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Significance to the Industry: Maples are important landscape trees that make up a
significant portion of the urban canopy. The genus is rich with diverse forms and there
are species broadly distributed—primarily in the temperate zone of the northern
hemisphere. In 2009, wholesale production of maples was valued at more than $190
million in the United States (11). Even though this genus is an important nursery crop
and significant breeding and selection has occurred, there is relatively little information
available on genome sizes; and there are many gaps in the literature on chromosome
numbers. Many plant breeders are inducing polyploidy in various species of maples to
develop sterile, or semi-fertile, triploids. However, there are known examples of natural
polyploids in the genus that could be used for breeding odd-ploidy selections that may
have reduced fertility. Using naturally occurring polyploids would reduce breeding time
by many years, and may provide growers with sterile selections not subject to regulation
or banning imposed on some species (e.g. Acer platanoides, A. ginnala syn. A.
tataricum ssp. ginnala). Due to the large number of species, cultivars, and hybrids in
the genus, it may take longer to conduct a genus-wide survey of genome sizes than
material will remain viable in cold storage. Therefore, in addition to making preliminary
genome size estimates we had a secondary goal to evaluate the use of dried plant
tissue that would enable long-term storage until sampling is possible.
Nature of Work: Genome sizes can be used to determine ploidy levels once calibrated
by chromosome counts. Genome size data is also a useful tool for identifying hybrids in
cases where genome size differences exist between parents. For example, plant
breeders use interploidy crosses to develop odd ploidy (e.g. triploid, pentaploid)
cultivars with reduced fecundity; therefore, resulting in selections with a reduced chance
of escaping cultivation. Today, ploidy analysis is primarily done using flow cytometry
(FCM) due to its reliability, convenience, and speed. Studies on best practices of flow
cytometry generally recommend measuring cellular DNA content using fresh plant
tissue (6,8). Fresh material has a limited shelf life; thus, completing large-scale surveys
of genome size can be problematic. This can also be an issue when sampling in
remote locations where there is limited cold storage (1). Use of dried plant tissue to
determine ploidy levels was first applied fairly recently (6, 10). Currently, there are few
studies using desiccated material and among these, both approaches and conclusions
have varied. Furthermore, there are no studies demonstrating this technique in maples.
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Plant material. Material from a total of 53 individuals (Table 1) was collected from two
Oregon nurseries (Heritage Seedlings, Stayton; J. Frank Schmidt and Sons, Boring)
including 27 species and 23 cultivars. We selected a subset of 10 taxa that included 2x,
3x, 4x, 5x, and 6x individuals to further test combinations of sample vs. standard
handling (Fig. 2). Fresh material, including newly expanded leaf tissue, vegetative
buds, and floral buds, was refrigerated for up to two weeks before sampling. Stem
cuttings were rooted and received an accession number (Table 1). These plants are
being maintained in containers. Samples from each individual were dried by placing
material in individual nylon mesh bags, which were placed in an airtight container
containing Drierite (W.A. Hammond DRIERITE Co. LTD, Xenia, Ohio) desiccating
anhydrous calcium sulfate. A preliminary study was done comparing different drying
methods (silica vs. oven) of Acer, and we determined that relative genome sizes were
not different between the different drying methods. We chose anhydrous calcium
sulfate because it is the simpler and more practical choice for material collected in the
field for long-term storage.
Flow cytometry. Flow cytometry was conducted according to Contreras et al. (3) with
the modification that when using dried tissue, 3 to 5 times more leaf or bud tissue was
used than with fresh. Three subsamples were measured for each taxon. At least 3000
cells were analyzed per sample and had a CV that was less than 10.0 with few
exceptions (<1% of samples). Data were subjected to mixed model analysis (PROC
MIXED; SAS Institute Inc., Cary, NC) and means were separated based on Tukey’s
HSD (α = 0.05). Data for holoploid genome size are presented as means ± SEM.
Cytology. Cytology was conducted according to Contreras et al. (2) and chromosomes
were viewed with a light microscope (AxioCam by Zeiss; Jena, Germany) using ×1000
oil immersion.
Results and Discussion: Our preliminary analysis of the 53 individuals sampled
indicated there were 40 diploids (2n = 2x = 26), four triploids (2n = 3x = 39), six
tetraploids (2n = 4x = 52), one pentaploid (2n = 5x = 65), and two hexaploids (2n = 6x =
78). Monoploid (1Cx) genome size ranged from 0.69 to 1.27 pg with a mean of 0.93 pg
(Table 1). We attempted to calibrate genome size and ploidy level by performing
chromosome counts and were successful with a diploid and triploid accession (Fig. 1);
but higher ploidy level counts were ambiguous and will require additional work.
However, we confirmed that the comparatively large monoploid genome size of A.
pseudoplatanus (1.14 to 1.27 pg) is not due to incorrect interpretation of data. Figure
1B shows that A. pseudoplatanus 14-139 is a triploid, which confirms the monoploid
genome size presented. Also of note in this species is the cultivar ‘Puget Pink’. This
cultivar has been reported to be apomictic due to homogeneity of seedling populations
(E. Hammond, personal communication); however, we tested two seedlings (‘Puget
Pink’ – 1 and ‘Puget Pink’ – 3) and identified that each were a different cytotype.
Therefore, we confirmed that ‘Puget Pink’ produces sexually derived seed. Our small
sample size is not conclusive, and more work is necessary to confirm our report of
triploidy, which differs from most reports of A. pseudoplatanus as a tetraploid (9).
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Another particularly interesting group is Series Rubra, which contains A. rubrum, A.
saccharinum, and their hybrid A. ×freemanii. Acer rubrum has most commonly been
reported as a diploid (9), hexaploid, and octoploid (2n = 8x = 104) (4); while A.
saccharinum has been reported only as a tetraploid (4, 9). However, Freeman (7)
reported in the original manuscript describing hybrids of red and silver maple that red
maple varies between 36, 54, or 72 somatic chromosomes while silver maple has 26. It
is not clear why his report differs from other literature, and he provided no
photomicrographs. Dirr (5) describes both ‘Autumn Blaze’ and ‘Celebration’ as having
an affinity with A. ×freemanii, and we identified both cultivars as tetraploids. This
supports that silver maple is diploid, and the red maple parent was hexaploid; however,
this is no more likely than if both parents were tetraploid. It is worth noting that
‘Brandywine’, which Dirr describes as a “true” red maple was identified as a hexaploid.
Further work is needed to resolve this group.
Overall, dry tissue provided acceptable results to provide genome size estimates and
ploidy analysis of maples. Our results are preliminary and there was instrument error
greater than generally acceptable. We expect to have coefficient of variation (CV%)
less than 7%, in this study some samples exceeded 10%. We are validating our
findings, but we were able to draw some conclusions. When all taxa were pooled
together there was a significant difference (p<0.001) between mean values of fresh vs.
dry material, with dry treatment resulting in higher genome size. However, when we
performed t-tests on individual taxa, only 9 of the 53 dry samples were significantly
different than the fresh (Table 1). On the other hand, some taxa could not be analyzed
when dry material was used, while fresh leaves or buds of all taxa produced clear
results except for A. miyabei ssp. miaotaiense, which was recalcitrant regardless of
material. However, more recently this taxon was run with no issue, so previous difficulty
may have been due to the age of material collected.
Other studies that have investigated using desiccated material appear to have used
fresh internal standard material, or fail to mention which type of standard material was
used. The subset of 10 taxa we tested using different combinations of sample and
standard handling included the entire ploidy range in the study, and we observed
greater variation among treatments of higher ploidy selections than in diploids (Fig. 2).
Sample treatment was not significant but we found that standard treatment was
significant and using dry standard resulted in a slightly larger genome size. This finding
is significant because it demonstrates that studies using desiccated sample material
with fresh internal standards may not be providing the most accurate estimate and
should be interpreted cautiously.
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Table 1. Calculated relative genome sizes and ploidy levels of 53 individuals from 10 sections, 14 series, and 27
species of genus Acer. Genome sizes were estimated using flow cytometry analysis of DAPI-stained nuclei
and Pisum sativum ‘Ctirad’ (2C = 8.76 pg) as an internal standard. Ploidy levels were inferred from genome
size calibrated by chromosome counts performed using light microscopy of root tip squashes.
Taxon
Sourcez
Section Acer
Series Acer
A. pseudoplatanus - (green-leaved)
H.S.
A. pseudoplatanus - (purple-leaved) H.S.
A. pseudoplatanus ‘Puget Pink’ - 1
H.S.
A. pseudoplatanus ‘Puget Pink’ - 3
H.S.
Series Saccharodendron
A. grandidentatum
J.F.S.
A. nigrum
J.F.S.
A. saccharum 'Sugar Cone'
J.F.S.
A. saccharum
H.S.
Section Ginnala
Series Ginnala
A. ginnala 'Flame' -A
J.F.S.
A. ginnala 'Flame' -B
J.F.S.
A. ginnala 'Ruby Slippers'
J.F.S.
A. tataricum
J.F.S.
Section Indivisa
Series Indivisa
H.S.
A. carpinifolium
Section Macrantha
Series Macrantha
A. davidii
H.S.
A. micranthum
J.F.S.
Section Negundo
Series Cissisfolia
A. henryi
H.S.

Acc.y
14-139
14-138

14-0147

14-161

1Cx (pg)

1Cx (pg)
Freshx

2C (pg)
Dryx

2C (pg)
Freshw

Ploidy
Dryw

1.15
1.14
1.14
1.27

1.12
1.16
1.14
1.26

3.44±0.09a
3.42±0.02a
3.43±0.02a
5.09±0.06a

3.36±0.07a
3.36±0.07a
3.42±0.02a
5.06a

3xv
3x
3x
4x

0.90
0.84
0.85
0.82

0.88
0.82
0.90
0.95

1.79±0.08a
1.69±0.04a
1.70±0.01a
1.63±0.09a

1.76±0.02a
1.65±0.04a
1.79±0.02a
1.90±0.10b

2x
2x
2x
2x

0.76
0.75
0.77
0.83

0.77
0.85
0.79
0.85

1.52±0.01a
1.51±0.02a
1.54±0.04a
1.66±0.15a

1.54±0.01a
1.69±0.01b
1.58±0.06a
1.69±0.03a

2x
2x
2x
2x

0.78

0.84

1.55±0.06a

1.69±0.04a

2x

1.26
1.11

1.15

2.51±0.01
2.22±0.03a

2.31±0.00b

2xv
2x

0.74

0.71

1.48±0.07a

1.43a

2x
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Series Negundo
A. negundo 'Sensation'
Section Palmata
Series Palmata
A. circinatum 'Pacific Sprite'
A. circinatum
A. japonicum 'Ed Wood #2'
A. japonicum 'Green Cascade'
A. palmatum 'Ara Kawa'
A. palmatum 'Butterfly'
A. palmatum 'Emperor 1'
A. palmatum 'Fireglow'
A. palmatum 'Karasu gawa'
A. palmatum 'Kiyo hime'
A. palmatum 'Mikawa Yatsubusa'
A. palmatum 'Ukigumo'
A. pseudosieboldianum
A. shirasawanum 'Aureum'
Series Sinensia
A. campbellii
A. campbellii
Section Pentaphylla
Series Trifida
A. buergerianum
Section Platanoidea
Series Platanoidea
A. miyabei ssp. miaotaiense-A
A. miyabei ssp. miaotaiense-B
A. platanoides 'Columnare'
A. platanoides 'Crimson King'
A. platanoides 'Princeton Gold'
A. truncatum
Section Rubra
Series Rubra
A. ×freemanii 'Autumn Blaze'
A. ×freemanii 'Autumn Blaze'

J.F.S.
14-0165
14-0154

0.69

0.73

1.38±0.03a

1.46±0.04a

2x

0.95
1.08
1.04
0.99
1.07
0.99
1.02
1.07
0.96
1.05

1.75±0.03
1.68±0.05a
1.95±0.02a
1.85±0.02a
1.79±0.02
1.87±0.02a
1.94±0.03
1.88±0.07a
1.90±0.07a
1.94±0.07a
1.91±0.05a
1.82±0.01
1.79±0.04a
1.85±0.02a

1.90±0.02b
2.17±0.02b
2.07a
1.99±0.12a
2.15±0.09a
1.98a
2.05±0.06a
2.15a
1.92a
2.10±0.04b

2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x
2x

H.S.
H.S.
J.F.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.
H.S.

14-0167
14-0170
14-0156
14-0169

0.88
0.84
0.97
0.93
0.90
0.94
0.97
0.94
0.95
0.97
0.95
0.91
0.89
0.92

H.S.
H.S.

14-0140
14-142

0.96
1.02

1.08

1.92±0.01
2.03±0.08a

2.16±0.02a

2x
2x

H.S.

14-0157

0.95

1.02

1.91±0.08a

2.03±0.06a

2x

H.S.
H.S.
J.F.S.
J.F.S.
J.F.S.
H.S.

14-0159

0.93
0.86
0.92
0.89
0.90
0.87

0.90
0.94
0.99
0.95
0.94
0.89

1.87±0.02a
1.73±0.02a
1.83±0.03a
1.77±0.02a
1.80±0.04a
1.74±0.09a

1.81±0.01a
1.88±0.00b
1.98±0.07a
1.89±0.03b
1.87±0.15a
1.78±0.04a

2x
2x
2x
2x
2x
2xv

J.F.S.
J.F.S.

14-0181
14-0182

0.96
0.98

0.96
1.01

3.85±0.03a
3.91±0.05a

3.82a
4.04±0.06a

4xv
4x

14-0171
14-0179
14-168
14-166
14-0180
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A. rubrum 'Brandywine'
A. rubrum 'Brandywine'
A. rubrum 'Celebration'
A. rubrum 'Celebration'
A. rubrum KW 191u
A. rubrum
A. saccharinum 'Silver Queen'
Section Trifoliata
Series Grisea
A. maximowiczianum
A. triflorum
A. triflorum
Series Mandshurica
A. mandschuricum

J.F.S.
J.F.S.
J.F.S.
J.F.S.
J.F.S.
H.S.
J.F.S.

14-0185
14-0186
14-0183
14-0184

0.84
0.86
0.96
0.98
0.92
0.93
0.85

0.85
0.85
0.99
0.96
0.97
0.92
0.90

5.03±0.02a
5.17±0.03a
3.86±0.02a
3.92±0.06a
4.58±0.05a
3.73±0.04a
2.55±0.08a

5.09±0.09a
5.07±0.12a
3.97±0.01b
3.86±0.02a
4.83±0.05a
3.67a
2.70±0.05a

6x
6xv
4xv
4xv
5x
4xv
3x

H.S.
H.S.
H.S.

14-150
14-145

0.91
0.94
0.94

1.02
0.96
0.97

1.82±0.08a
1.87±0.08a
1.88±0.07a

2.03±0.05a
1.92±0.15a
1.93±0.03a

2x
2x
2x

H.S.

14-152

0.90

1.02

1.81±0.05a

2.05±0.07a

2x

14-0163

z

H.S. = Heritage Seedlings, Stayton, OR; J.F.S. = J. Frank Schmidt and Sons, Boring, OR.
Accession number from the Ornamental Breeding Program, Oregon State University, Corvallis, OR. Those with
accession numbers were maintained as rooted cuttings or container plants.
x
Monoploid genome size.
w
Holoploid genome size presented as mean ± SEM; there is no SEM value for taxa that only had one successful
replicate. Means followed by the same letters within row are not significantly different.
v
Indicates ploidy was confirmed with cytology.
u
Putative hybrid accession received from Keith Warren of J. Frank Schmidt and Sons Nursery.
y
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Fig. 1. Photomicrographs of chromosome spreads prepared using meristematic root tips of (A) Acer truncatum 14-0159
(2n = 2x = 26) and (B) A. pseudoplatanus 14-0139 (2n = 3x = 39) used to calibrate monoploid genome size.
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Dry material/Dry standard
Dry material/Fresh standard
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Relative 2C genome size (pg)

Fresh material/Dry standard

4
Fresh material/Fresh standard

3
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0

Fig. 2. Genome size estimates of 10 taxa calculated using flow cytometry analysis of
DAPI-stained nuclei using Pisum sativum ‘Ctirad’ as an internal standard.
Samples and standards were prepared as follows: dry sample/dry standard, dry
sample/fresh standard, fresh sample/dry standard, or fresh sample/fresh
standard.
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‘Pam’s Mountain Bouquet’, ‘Empire’ and ‘Red Steeple’:
Three Cornus kousa Introductions by the University of Tennessee
R. N. Trigiano, P. A. Wadl and M. T. Windham
Department of Entomology and Plant Pathology, University of Tennessee
2505 E. J. Chapman Drive, Room 374, Knoxville, TN 37996-4560
rtrigian@utk.edu
Index Words: Chinese dogwood, columnar form, disease tolerance, exfoliating bark,
fused bracts, selection
Significance to Industry: Cornus kousa or Chinese dogwood is a large-bracted
dogwood native to Asia and a closely related sister species of C. florida (flowering
dogwood). Cultivars of this species generally flower about one month after flowering
dogwood, although some accessions may delay flowering for even longer periods.
Many C. kousa cultivars and lines exhibit better tolerance to diseases, such as powdery
mildew and dogwood anthracnose, than most C. florida cultivars, and are not plagued
with boring insect problems. Here, we introduce three new cultivars of C. kousa, which
have unique horticultural characteristics as well as exceptional tolerance to dogwood
anthracnose and powdery mildew.
Nature of Work: We aimed to select accessions of C. kousa with superior horticultural
characteristics from a collection of related seedlings. Three accessions were selected
and released by the University of Tennessee.
Results and Discussion: The remainder of the report is a condensed and abbreviated
version of Wadl et al. 2014 published in HortScience 49(9):1230-1233 (1) and used with
permission from the American Society for Horticultural Science. For additional details
including color and shape of leaves, color of bark, etc., please consult the HortScience
publication listed above.
We received a collection of about 400 open-pollinated seeds from Ms. Polly Hill,
Barnard’s Inn Farm, MA in 1989. Seeds were stratified, germinated and grown in
containers and eventually planted at the Tennessee Forest Resources AgResearch and
Education Center, Oak Ridge, TN in 1994. The plants were rated for dogwood
anthracnose and powdery mildew susceptibility/tolerance over the next five years and
plants that exhibited signs and symptoms of the two diseases were rogued from the
plot. The remaining plants were observed for horticultural characteristics over the next
15 years. Three plants were selected to be released by Tennessee AgResearch and
named ‘Pam’s Mountain Bouquet’, ‘Empire’ and ‘Red Steeple’. We have included a
brief cultivar description for each of the three cultivars.
‘Pam’s Mountain Bouquet’ (PP 25,575) has a spreading form that prolifically flowers,
and prominently features fused bracts (Figure 1A; Table 1). Eighty-three percent
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of the bracts of individual inflorescences were fused along one or more sides
(Table 1). The ovate bracts are pure white with an inflorescence diagonal mean
length 7.4 cm (2.9 inches); a mean width of 5.3 cm (2.1 inches) and a mean
peduncle length of 6.8 cm (2.7 inches). The mean number of flowers per
inflorescence was 34. The completely fused bracts (Figures 1B and C) remain
encircling the peduncle after senescing. Dogwood anthracnose and powdery mildew
were not observed on this cultivar.
‘Empire’ (Figure 2A) is a very narrow columnar form growing to 10.0 m (about 32 feet)
tall by 1.2 m (about 4 feet) wide after 20 years. It possesses brilliant, non-fused, ovate
white-bracts (Figure 2B), which are slightly overlapping. Outside mean bract length is
3.2 cm (1.3 inches) and outside bract mean width (widest point) is 3.1 cm (1.2 inches).
Inside bract mean length is 3.2 cm (1.3 inches) with the inside bract mean width (widest
point) of 3.1 cm (about 1.2 inches). The peduncle is stiff with a mean length of 3.7 cm
(1.5 inches) and there are about 25 flowers per inflorescence. Another notable feature
of the cultivar is the exfoliating bark (Figure 2C), which adds year-around interest.
Dogwood anthracnose and powdery mildew were not observed on this tree.
‘Red Steeple’ has a columnar-shaped canopy and grows to about 13 meters (about 15
feet) after 20 years (Figure 3A) with red foliage (Figure 3B) that fades to green with
warmer temperatures. The white bracts have a red tint along the margins in cool
temperatures, but fades with heat. The bracts slightly overlap (about 30% at widest
point; Figure 3C). Outside bract mean length is 3.4 cm (1.3 inches) and a mean width of
2.0 cm (about 0.8 inches ); whereas inside bracts have mean length of 3.3 cm (about
1.2 inches) and a mean width of 1.9 cm (about 0.75 inches). The mean number of
flowers per inflorescence is 26. The peduncle is stiff with a mean length of 4.5 cm (1.8
inches). Dogwood anthracnose and powdery mildew were not observed on this tree.
These three cultivars are well-suited to the warmer temperatures found in the southern
United States (US) and should be easily adaptable to the cooler northern US. A limited
amount of budwood has been distributed to wholesale nurseries in Tennessee and
Japan and trees are now available.
Acknowledgement: The authors gratefully acknowledge the financial support of the
project through USDA/ARS grant number: 5864041637 and AgResearch.
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Table 1. Cornus kousa ‘Pam’s Mountain Bouquet’ fused bract characteristics for 2008,
2009 and 2011.
Year

Not fused

One side fused

Two sides fused

All sides fused

2008 (n = 50)

7 (14%)

3 (6%)

12 (24%)

28 (56%)

2009 (n = 50)

10 (20%)

1 (2%)

4 (8%)

35 (70%)

2011 (n = 50)

9 (18%)

5 (10%)

9 (18%)

27 (54%)

17%

6%

17%

Mean

60%

Figure1. Cornus kousa ‘Pam’s Mountain Bouquet’. A. Original tree after 20 years.
(B-C) Close-up of bract display.

Plant Breeding and Evaluation

202

SNA Research Conference Vol. 60 2015

Figure 2. Cornus kousa ‘Empire’. (A) Original tree after 20 years of growth. (B) Brilliant
white bracts that slightly overlap. (C) Exfoliated bark.
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Figure 3. Cornus kousa ‘Red Steeple’. (A) Original tree after 20 years of growth. (B)
Red foliage that fades with high temperatures. (C) Bract display.

Plant Breeding and Evaluation

204

SNA Research Conference Vol. 60 2015

Developing Non-Invasive Callery Pears:
Fertility and Reproductive Biology of Triploid Cytotypes
Whitney D. Phillips, Thomas G. Ranney, Darren H. Touchell and Thomas A. Eaker
North Carolina State University, Department of Horticultural Science
Mountain Crop Improvement Lab, Mountain Horticultural Crops Research and
Extension Center, 455 Research Drive, Mills River, NC 28759
wdphilli@ncsu.edu
Index Words: aneuploidy, flow cytometry, genome size, invasive, plant breeding, Pyrus
spp., seedless, unreduced gametes
Significance to Industry: Pyrus calleryana has become a popular landscape tree in
the United States and is grown in USDA hardiness zones 5 to 8(9). It is valued for its
abundance of white flowers, fall color, broad adaptability, and pest resistance. As a
species, P. calleryana is not without problems and can be susceptible to fireblight,
splitting and breakage of trunks and branches in older trees, and most recently the
concern of invasiveness (1, 3). Birds readily eat the fruits and spread the seeds of the
species into areas near where it is planted. In many areas, P. calleryana has naturalized
in old fields and along highways. Pyrus calleryana is a diploid species (2n = 2x = 34)
(4). Development of triploid plants could result in seedless, low fertility cultivars of P.
calleryana and related hybrids that would be desirable as an alternative for those in the
current landscape. Triploids typically have low fertility due to unbalanced chromosome
segregation in meiosis. However, triploids can have limited fertility resulting from
formation of apomictic embryos, unreduced gametes and the union of aneuploid
gametes (3). The objective of this study was to evaluate fertility and reproductive
pathways in selected triploids of Pyrus calleryana.
Nature of Work: A population of triploid Pyrus calleryana was established at the
Mountain Horticulture Crops Research and Extension Center (MHCREC) in Mills River,
NC. Fourteen triploids were selected from the population based on desirable traits
including precociousness, heavy flowering, desirable forms, resistance to fire blight, and
limited fruit set. Female fertility was determined based on fruit set (%), seeds per fruit,
germination (%), and overall fertility expressed as the number of seedlings per flower
from open pollinated trees. At flowering, three branches were selected on each tree and
number of flowers were counted. Fruit was collected and seed were extracted and
stratified for 90 days at 40°F (4°C) then moved to a greenhouse at 65-75°F (18-21°C)
for 90 days to determine the number of viable seedlings. The experiment was
completely randomized with three diploid and 14 triploid clones (Table 1).
Flow cytometry was used to determine the 2C genome sizes of parents and seedlings.
Approximately 0.5 cm2 of plant material was placed in a 55 mm plastic Petri dish, along
with 0.5 cm2 Pisum sativum L. ‘Citrad’, an internal standard with a known genome size
of 2C = 8.75 pg. Four hundred µl of extraction buffer (CyStain UV Precise P Nuclei
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Extraction Buffer, Partec, Munster, Germany) was added to the Petri dish. Tissue was
chopped with a razor blade for 30 to 60 seconds and incubated for approximately 30
seconds (no more than five minutes). The suspension was then filtered through Partec
50 µm CellTrics disposable filter into a sample tube. Nuclei were stained with 1.6 mL
4’,6-diamindino-2-phenylindole (DAPI). Nuclei were analyzed using a flow cytometer
(PARTEC PAII, Partec) to determine the mean sample nuclei florescence relative to that
of the internal standard. Approximately 5,000 nuclei were measured per sample.
Genome sizes of samples were calculated as: mean florescence value of sample x
nuclear DNA content of standard / mean fluorescence value of standard.
Results and Discussion: Female Fertility. Fruit set, seeds per fruit, germination,
seedlings per flower, and relative fertility all varied considerably among individual triploid
clones (Table 1). Relative female fertility represents the number of seedling germinated
per flower relative to the most fertile diploid control and ranged from 0.00 to 73.00%
among the triploids. Of the 14 triploids used in this research, five accessions had a
relative fertility of <2%. Three accessions, H2008-047-008, H2008-048-010, and H2008049-015, had no measurable female fertility (Table 1). These results demonstrate that
the impact of triploidy on female fertility in Callery pear varies on a case-by-case basis
and needs to be evaluated for individual clones.
Reproductive Pathways. The mean 2C genome size of the three diploid cytotypes was
1.25 ± 0.05 (SEM) pg, whereas the mean for the fourteen triploid cytotypes was 1.88 ±
0.12 (SEM) pg (Table 1), thereby confirming their ploidy levels. The progeny from
triploid maternal parents varied in genome size ranging from 1.35 to 3.11 pg with a
mean of 1.70 pg (Fig. 1). The majority of the progeny from the maternal triploids had 2C
genome sizes near a triploid level or between diploid and triploid levels which indicates
that these parents are producing predominantly aneuploid gametes. Aneuploids
typically have reduced fitness and fertility and can suffer from abnormal development
(2). However, a few progeny from maternal triploids had genome sizes near diploid
levels indicating that a generational reversion to a diploid cytotype may be possible in
limited instances. Also, a limited number of progeny also had genome sizes greater
than triploid, including near tetraploid and above, indicating fertilization from unreduced
gametes from one or both of the parents (2).
This study documented that some triploid Callery pears display substantial reductions in
fertility (as much as 100%) and that most of the seedlings derived from triploid maternal
parents were abnormal aneuploids with the infrequent production of some apparent
isoploids (2x and 4x). Selections of highly-infertile triploid cultivars should be a viable
approach to reduce or eliminate self-sowing of Callery pears in the landscape.
Acknowledgements: This work was funded, in part, by the North Carolina Agricultural
Research Service, Raleigh; the J. Frank Schmidt Family Foundation, Boring OR; the
North Carolina Biotechnology Center, Research Triangle Park, NC; and the Kenan
Institute, Raleigh, NC. Thanks are also expressed to Nathan Lynch, Joel Mowrey,
Andra Nus and the staff at the Mountain Horticultural Crops Research and Extension
Center for their technical assistance.
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Table 1. Ploidy level, 2C genome size, fruit set, number of seeds per fruit, germination,
number of seedlings per flower, and relative fertility based on diploid controls
of selected Pyrus calleryana cytotypes.
Accession
Number

Ploidy
(x)

2C Genome
Sizez

Fruit Set
(%)

Seeds/Fruit

Germination
(%)

Seedlings/
Flower

Relative
Fertilityx
%

H2008-047-008
H2008-048-010
H2008-048-019
H2008-048-046
H2008-048-056
H2008-049-009
H2008-049-015
H2008-049-047
H2008-049-054
H2008-049-066
H2008-049-076
H2008-049-118
H2008-049-135
H2008-049-145
Diploid 1
Diploid 2
Diploid 3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
2
2
2

1.75 ± 0.00y
1.95 ± 0.05
1.83 ± 0.00
1.92 ± 0.01
1.96 ± 0.02
1.86 ± 0.11
1.81 ± 0.02
1.87 ± 0.04
1.92 ± 0.04
1.84 ± 0.02
1.93 ± 0.01
1.89 ± 0.03
1.83 ± 0.00
1.93 ± 0.01
1.26 ± 0.02
1.22 ± 0.01
1.23 ± 0.01

0.30 ± 0.01
4.84 ± 0.14
32.90 ± 0.10
21.63 ± 0.17
33.94 ± 0.17
13.90 ± 0.09
0.45 ± 0.01
14.08 ± 0.04
11.74 ± 0.18
5.83 ± 0.05
45.68 ± 0.22
56.93 ± 0.11
16.06 ± 0.25
3.46 ± 0.07
9.80 ± 0.07
11.06 ± 0.11
46.76 ± 0.22

1.33 ± 4.53
1.36 ± 3.33
2.61 ± 0.57
2.53 ± 1.27
2.53 ± 1.27
2.24 ± 0.10
0.33 ± 1.13
1.98 ± 0.56
2.08 ± 2.59
2.95 ± 0.36
3.07 ± 0.34
3.16 ± 0.81
2.18 ± 0.32
2.05 ± 3.48
3.89 ± 2.93
3.24 ± 0.52
3.16 ± 0.72

0.00 ± 0.00
2.04 ± 0.11
12.32 ± 0.14
18.79 ± 0.16
19.89 ± 0.03
18.03 ± 0.09
33.33 ± 1.13
18.53 ± 0.15
10.48 ± 0.24
28.40 ± 0.13
20.66 ± 0.17
32.02 ± 0.07
3.56 ± 0.08
5.22 ± 0.11
38.61 ± 0.11
25.45 ± 0.49
52.83 ± 0.15

0.00 ± 0.00
0.00 ± 0.01
0.10 ± 0.12
0.12 ± 0.22
0.19 ± 0.08
0.06 ± 0.05
0.00 ± 0.15
0.05 ± 0.02
0.03 ± 0.09
0.05 ± 0.07
0.27 ± 0.13
0.58 ± 0.33
0.02 ± 0.03
0.01 ± 0.01
0.13 ± 0.08
0.13 ± 0.35
0.80 ± 0.62

0.00
0.00
13.05
14.94
23.21
6.97
0.00
6.13
4.22
6.59
33.63
73.00
1.91
0.86
16.73
16.32
100.00

z	
  

2C	
  DNA	
  values	
  represent	
  the	
  mean	
  value	
  of	
  four	
  subsamples	
  conducted	
  for	
  each	
  taxon.	
  
Values	
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  ±	
  1	
  SEM.	
  
x	
  
Calculated	
  as	
  (seedlings/flower)/(0.80),	
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  0.80	
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  of	
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  of	
  the	
  most	
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Figure 1. Frequency distribution of 2C genome sizes of seedlings derived from open
pollinated diploid and triploid Pyrus calleryana cytotypes. Gate width for
columns was based on a 95% prediction interval for diploid, triploid, and
tetraploid parents calculated as the mean ± 1.96 (SEM)
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Chemical Mutagenesis of Galtonia candicans Decne. Results in Altered
Morphology and Reduced Fertility
Kim Shearer Lattier and Ryan Contreras
Oregon State University, Department of Horticultural Science, Ornamental Plant
Breeding Program, 4017 Ag and Life Sciences Building, Corvallis, OR 97331
Kim.Shearer-Lattier@oregonstate.edu
Index words: ethyl methane sulfonate, EMS, cape hyacinth, summer hyacinth
Significance to Industry: Galtonia candicans, cape hyacinth, is a cold hardy bulb
species native to South Africa. While it is a relatively low input summer flowering bulb
that produces flowers from early summer through frost, there has been little cultivar
development. This species is also of interest to gardeners because its flowers attract
pollinators throughout the summer season; however, once the racemes of blooms
become laden with open flowers, the plant lodges. Additionally, this species produces
very large quantities of seed and may have the potential to become a nuisance in the
garden or perhaps escape cultivation. In this study, we sought to induce variation in the
species through the application of ethyl methane sulfonate (EMS) in order to produce
improved forms through reduced height that would decrease lodging and reduced
fertility that would alleviate concerns over weediness. A cape hyacinth cultivar with
reduced height and fertility will provide a nursery crop that is potentially drought tolerant
and can fit on shipping carts in wholesale nurseries and be attractive to consumers in
garden centers. Additionally, results from this study will provide further insight into the
effects of EMS on the morphology and fertility of related species in Asparagaceae,
which could further aid in cultivar development.
Nature of Work Galtonia candicans is a self-pollinating crop with little variation. The
species has a Royal Horticulture Society Award of Garden Merit due to the ease with
which it performs in the garden. It requires little watering and is relatively pest and
disease resistant. When planted in the Willamette Valley of Oregon, G. candicans
flowers from June-July until frost providing season long interest. As observed by the
authors, pollinators are drawn to G. candicans throughout the blooming period.
Season-long blooming, attraction of pollinators, drought tolerance, and disease and pest
resistance are all desirable traits in an herbaceous perennial, yet there has been little
targeted breeding to improve form. The only reported cultivar found as of this writing is
the double flowering form G. candicans ‘Moonbeam’ (4) found in New Zealand. As
reported by Armitage (2), the species grows to 4’ tall (personal observation in field was
up to 5’ tall). Due to both height and weight of the flowers, the plant is prone to lodging
unless planted in mass.
EMS is a chemical mutagen used by breeders to induce variation in relatively
homogeneous populations. Through the application of EMS to seeds during the
imbibition period, the chemical can be taken up by the embryo resulting in genome wide
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point mutations. Resulting mutations include reduced height and fertility and changes in
floral morphology (1,3,5).
Mutagenesis Seeds of Galtonia candicans were collected from a single plant at the
Oregon State University (OSU) North Willamette Research and Extension Center during
September, 2011. In early winter of that year, a factorial arrangement of treatments
was applied to the seeds. The first factor of the treatment was a 24-hour imbibition
treatment prior to EMS application (pre-soak or no pre-soak). The second factor was
EMS concentration (0%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%). This factorial arrangement of
treatments produced 12 total treatments. Each treatment was replicated three times on
experimental units of seed lots containing 300 seeds. After EMS treatment, the seed
lots were sown in separate 1.33 L mum pots for germination. Mum pots were kept in
greenhouse in completely randomized design.
Germination and Field Planting Germinated seedlings were counted and transplanted
to 0.6 L pots in February, 2012. Potted seedlings remained in containers until field
planting in May, 2013 at the OSU Lewis-Brown Farm, Corvallis, OR (USDA Hardiness
Zone 8b). Treatments were planted in rows (not randomized), and the replications for
each treatment were kept separate (Fig. 1).
Field Evaulation Quantitative and qualitative phenotype data were collected from M1
plants in summers 2013 – 2014. Quantitative data collected included first flower date,
leaf length/width, peduncle height, scape height, overall plant height, number of flowers
per inflorescence, and number of scapes per plant at first flower. Qualitative data
collected included lodging, flower form, flower markings/color, foliage texture, and
foliage yellowing. Fruits were collected from randomly selected open-pollinated control
and M1 plants for fertility assessment. Number of fruits and seeds were recorded.
Preliminary M2 Germination Study Open-pollinated seed was used in a preliminary
germination study to determine seed viability. The germination study was conducted in
a controlled greenhouse maintained at ~24 ℃ Families of control and M2 seeds were
sown in 1.33 L mum pots in arranged in a randomized block design. Only seed from the
0%, 0.2% and 0.4% were used. Only one M2 seed from the 0.4% treatment was
recovered. There was no 0.6% M2 seed available for this germination study.
Results and Discussion: Germination percent of M1 seed is reported in Table 1. The
pre-soak treatment had a detrimental effect on the germination of M1 seed resulting in
high fatality. Of the seeds that were pre-soaked, only seeds in the control treatment
(0% EMS) and the 0.2% EMS treatment germinated. None of the germinated seedlings
from the pre-soak + 0.2% EMS survived for field planting. An ANOVA for completely
randomized design was performed for germination data of the no-soak group of
treatments. These results indicated that there was a significant effect due to EMS
treatment. Fisher’s LSD was applied for means separation. This effect on germination
can also be observed in Figure 2. As the concentration of EMS was increased, the
germination percent decreased. Due to the effects of the pre-soak treatment on
germination, this method is not a viable approach for EMS induced mutation in G.
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candicans using the rate and duration we applied. It should be noted that the
germination of M1 seed lots (300 seed per lot) may have been affected by the sowing
method. These were sown one seed lot per 1.33 L mum pot which may have resulted
in decreased germination of the control lots. When M2 seed were sown, seed lots were
no greater than 30 seed per 1.33 L mum pot. As seen in Table 2, germination percent
of the control was much higher than found in the M1 generation. An ANOVA of M2 found
no block effects, and did show a significant difference due to EMS treatment. A means
separation using Fisher’s LSD found that all three treatments (0%, 0.2%, and 0.4%)
were significantly different.
As noted in previous studies (3, 5), an effect on plant height can be expected after
treatment with EMS. This study found that the application of EMS does affect the height
of cape hyacinth (Fig. 3). Height data were analyzed using ANOVA, and means
separation was conducted using Fisher’s LSD. We observed that with an increase in
EMS concentration, there was a significant decrease in mean overall plant height. In
addition to a decrease in height, we observed a decrease in fertility. As shown in Table
2, there was a significant decrease in the average number of seed produced per
capsule.
Other morphological mutations noted in the field were changes in inflorescence
structure. In some cases, additional branching of the inflorescence was noted. There
was also the observation of green markings on petals that resembled markings found
on Leucojum spp. There were few mutations that resulted in changes to reproductive
organs. In one case, there was the separation of the three carpels that resulted in an
increase in flower size; however, this character was not consistent over the whole plant.
A phenotype that was observed on a number of plants was a change in the orientation
of the corolla. Usually, the corolla is pendulous and points toward the ground, but our
mutants had flowers that were oriented toward the apex of the plant.
It should also be noted that the field planted M1 generation withstood freezing
temperatures the first winter they were in the ground. The Willamette Valley
experienced an extreme winter with temperatures much colder than usual. In
December 2013, the temperature reached a low of -18 ℉ and freezing temperatures
were maintained for at least a week. These temperatures were uncharacteristically
early and severe for the Willamette Valley. This supports the zone designation (USDA
Hardiness Zone 6 – 9) stated by Armitage (2).
The results presented here support the use of EMS treatment as a viable method to
reduce plant height and fertility in Galtonia candicans. In future efforts to use this
treatment on G. candicans, there should be no pre-soaking with water or the imbibition
duration should be reduced along with a reduction in duration and rate of EMS. We will
continue to explore the phenotypic effects of EMS on G. candicans, and the heritability
of these mutations in later generations.
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Table 1. Mean seedling germination percent of the seed treatments of Galtonia
candicans not receiving the 24-hour imbibition treatment.
EMS Concentration
Mean germination
(%)
(%)
0
39.56 ± 1.09 a1
0.2
36.78 ± 1.25 b
0.4
36.56 ± 0.68 b
0.6
11.78 ± 3.90 c
0.8
0.89 ± 0.89 d
1.0
0.00 ± 0.00 d
No pre-soak treatment was kept dry at room temperature until EMS
treatment application.
1
Values followed by different letters within a column are significantly
different, LSD, P ≤ 0.05.
Table 2. Mean number of seed per capsule collected from field planted M1 Galtonia
candicans and germination percent of Galtonia candicans M2 seed.
EMS Concentration (%)

Average seed per
Mean Germination (%)
capsule
0
17.15 ± 0.68 az
89.44 ± 2.42 a
0.2
3.06 ± 0.65 b
57.93 ± 4.56 b
0.4
0.00 ± 0.00 c
0 ± 0.00 c
z
Values followed by different letters within a column are significantly different, LSD, P ≤
0.05. Data were analyzed using ANOVA, means separation using Fisher’s LSD.
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Figure 1. Field layout of M1 population of seedlings from EMS seed treatment of
Galtonia candicans. Spacing between individual plants at planting was 0.3 m.
Turf is planted in all areas outside of rows. All rows are on drip irrigation.
Strip between rows ~0.9 m. Rows are planted in direction of arrow along
bottom of figure.
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A

B

Figure 2. Germination of Galtonia candicans seedlings 10 weeks after treating seed in
0, 0.2, 0.4, 0.6, 0.8, or 1.0% EMS for 24-h following a 24-h pretreatment in
water (A) or no pretreatment (B).
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Figure 3. Scape height of Galtonia candicans plants treated with varying concentrations
of EMS measured at first flower. Increase in EMS concentration resulted in
significant reduction in mean scape height. Data were analyzed using
ANOVA, mean separation using Fisher’s LSD.
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Thirty years of Plant Evaluation at SFA Gardens: A Retrospective
David Creech
Stephen F. Austin State University (SFA), SFA Gardens
1924 Wilson Drive, Nacogdoches, TX 75962-3000
dcreech@sfasu.edu
Index words: Plant evaluation, woody ornamental trials, SFA Gardens, trees, shrubs.
Significance to Industry: SFA Gardens has prospered because of a mix of funding
sources, an enthusiastic staff, and good luck. For nurserymen, landscapers and
academics, SFA Gardens is an opportunity to absorb the breadth of landscape diversity
we can enjoy in our region. It’s an opportunity to acquaint oneself with many interesting
and rarely encountered trees and shrubs, all planted in a landscaped venue. Visitors
can make on-the-ground comparisons of similar varieties in side-by-side trials which will
help to make informed decisions on what to grow. SFA Gardens is a dawn-to-dusk open
public garden which means University students, the local population, and visitors from
afar walk the collection. Building enthusiasm for gardening, farming, forestry and
environmental science is one of our main responsibilities and SFA Gardens facilitates
that.
Nature of Work: Since 1985 tree and shrub evaluation at SFA Gardens has been a key
focus. Diversity for the sake of diversity is a major goal. In design, there’s the benefit of
repetition and massing to create a certain landscape effect. For the collector, this is
space wasted. Plant evaluation at SFA Gardens can be separated into two general
arenas. Trees, shrubs, and herbaceous perennials are planted into the landscape with
some attention to plant exposure and drainage needs. The earliest plantings date back
to the 1980s. The second strategy is a range of plantings that feature a “collection”
based strategy, basically numerous varieties in side-by-side trials (crapemyrtles,
azaleas, hydrangeas, Acer, Camellia, etc.) with the intention of collecting performance
data and making rational observations (3, 4, 5, 6, 9). The goal of both strategies is the
same: reaching a conclusion on what performs well and what doesn’t.
Location: Nacogdoches is in the Pineywoods vegetation region of East Texas, about
two hours northeast of Houston, 3 hours southeast of Dallas and 50 miles east of the
border with Louisiana. Nacogdoches is the oldest town in Texas, a small city of 30,000
citizens with a University student population of about 13,000. We are the Lumberjacks.
Soils in East Texas are generally well drained, slightly acidic, and the native flora is
dominated by pine, oak, river birch, sweetgum, sycamore, Florida maple, hornbeam,
elm, hackberry, pecan and hickory.
SFA Gardens: SFA Gardens comprises 128 acres (58 ha) of on-campus property at
Stephen F. Austin State University (SFA), Nacogdoches, Texas. SFA Gardens is the
umbrella organization responsible for the activities, growth and development of five
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theme gardens. Representing the oldest plantings, the 10-acre (4.5 ha) SFA Mast
Arboretum was initiated in 1985 and includes the horticulture facility of the Agriculture
Department. Second, the Ruby M. Mize Azalea garden is an 8-acre (3.2 ha) garden of
primarily azaleas, camellias and Japanese maples that was dedicated in April, 2000.
Third, the 42-acre (19 ha) Pineywoods Native Plant Center (PNPC) was dedicated by
Lady Bird Johnson in April 2000. A relatively new land resource, SFA’s Recreational
Trail and Gardens (SFARTG) was dedicated in March 2010 and comprises 68-acre (31
ha) acres of mostly undisturbed forest. As the result of a donor with a vision, a portion of
the SFARTG has been set aside as the 8-acre (3.2 ha) Gayla Mize Garden, which is
directly across University Drive from the Ruby M. Mize Azalea Garden. This new garden
has allowed SFA Gardens to expand ornamental tree and shrub evaluation. SFA
Gardens enjoys five full time employees and two half-time employees, all funded by a
combination of state and external grant funding.
Climate: Nacogdoches is in Zone 8B of the Pineywoods region in East Texas with an
average annual rainfall of 48 in (122 cm). June through August is characteristically hot
and dry. 1 Sept 2000 was the record high, 112 F (44.4 C), and 23 Dec 1989 was the
record low 0 F (-17.8 C). In 2010 and 2011, Nacogdoches experienced all-time record
drought and heat. Total precipitation in 2010 was 22.3 in (56.6 cm) and 2011 was 35.4
in (89.9 cm), with one third of that that coming late in the fall. Because much of SFA
Gardens lies in the floodplain of LaNana creek, flooding is a reality. A June 17-18, 2015
flood because of Tropical Depression Bill forced the creek out of its banks into the
garden. While the author can recount three flooding events of this severity in thirty
years, we have reached the conclusion that flooding, while shocking, hasn’t been a long
term tragedy.
History of Plant Evaluation at SFA: The beginning of the SFA Arboretum in 1985 as a
student-driven project of the first Landscape Plant Materials class created a small
garden on the south side of the Agriculture building. Generous donations from the
nursery industry filled out a small .25 acre (.1 ha) plot. The first plant trials on the south
side of the Agriculture building included a large petunia variety collection in raised beds.
This was soon followed by a fascinating collection of fifty-two varieties of creeping
Juniper, Juniperus horizontalis (2). ‘Blue Chip’ remains one of our favorites. In fact, the
1988 gift of a creeping juniper collection from J.C. Raulston, of the North Carolina State
University Arboretum, Raleigh, North Carolina, may have stimulated, more than
anything, our early interest in plant evaluation. As the garden grew, the focus remained
on diversity. We envisioned the garden as a germplasm repository, as well as a long
term ornamental evaluation program. Plants were accessioned, planted, and mapped.
After thirty years, SFA Gardens is now home to many interesting and rare plants that
have survived the test of time in a Pineywoods landscape.
Trees and Shrub Evaluation: SFA Gardens is home to a wide range of trees and
shrubs scattered across gardens and landscapes. In most cases, plants have been
placed in what is hoped to be an appropriate environment. For the most part, the
azaleas, camellias and Japanese maple are under high pine canopy shade. Dry loving
shrubs and small trees are placed in full sun locations, often on a mild berm to improve
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drainage. Because much of the garden is bottomland, we pay particular attention to
drainage. Not everything is perfect. In too many cases, shrubs brilliantly placed 20
years ago are now swamped by their neighbors. Many never reveal their full potential,
something we deal with by pruning, moving the plants to a better location, or just letting
them languish. The following represents a portion of our evaluation work. For any
evaluation program, it would be imprudent to ignore the major market movers in the tree
and shrub arena. SFA Gardens has done that. While the list of trees and shrubs in the
collection numbers in the thousands, this paper focuses on those that have performed
well, are well known in the market place, or have merit suggesting much greater use.
Aceraceae: Maples have long been a focus of SFA Gardens. The collection of
Japanese and Full Moon maples exceeds three hundred varieties with the first planting
dating back to 1988. SFA Gardens includes three evergreen Asian species that have
performed well here for over 20 years. An interest in “western” genotypes led to an
extensive planting of Acer saccharum ssp. skutchii, the Mexico mountain sugar maple.
This species can be characterized as more alkaline and drought tolerant than the
species (6). In December, 2010, 277 seedlings of the skutch maple were planted at the
University’s Science Research Center near SFA. We are entering the first phases of
selection, cutting propagation and distribution of superior forms.
Cercis: In the Deep South, redbuds are major trees in the small flowering tree category.
Thirty years ago there were few varieties available. In 2015, the market place is seeing
an increase in new introductions. Varieties in our trials include ‘Ace of Hearts’, ‘Ruby
Falls’, ‘Merlot’, ‘Rising Sun’, ‘Alley Cat’, ‘Oklahoma’, ‘Solar Eclipse’, and ‘Hearts of
Gold’. Two new recent releases from North Carolina State University are ‘Pink Pom
Poms’ and ‘Carolina Sweetheart’, both breakout redbuds in an ever increasing market.
Taxodium distichum: SFA Gardens has a long history evaluating baldcypress.
Baldcypress is in the cypress family, Cupressaceae, one of several ancient genera in
the family commonly known as cypresses. Once three separate species under the
genus Taxodium, we are currently accepting Taxodium as one species with three
botanical varieties: 1) Taxodium distichum (L.) Rich.var. distichum (Baldcypress), 2)
Taxodium distichum var. imbricarium (Nutt.) Croom (Pondcypress), and 3) Taxodium
distichum var. mexicana Gordon (Montezuma cypress). SFA Gardens has collected
Taxodium varieties and genotypes since the 1980s. The collection includes single
representatives or multiples of over 92 varieties or selections representing the diversity
in the three botanical varieties. In addition, the collection includes China-bred “hybrids”
from the breeding and improvement program of the Nanjing Botanical Garden (NBG),
Nanjing, China. The 2014 joint release with NBG of ‘LaNana’, tested as T-406,
introduces a cross of baldcypress and Montezuma cypress with good leaf blight
resistance, fine form, alkalinity tolerance, and fast growth rate (13). SFA Gardens
Taxodium bulletins, planting plans, research reports and updates can be retrieved at the
SFA Gardens Plants Webpage. A review article published in 2011 summarizes the
breadth of Taxodium research at SFA Gardens (8).
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Quercus: SFA Gardens has a wide collection of native and exotic oak species.
However, a primary emphasis has been placed on “western” genotypes that harbor
superior heat, drought, and alkalinity tolerance (7). Proven performers include Quercus
rysophylla, Q. canbyi, Q. polymorpha, Q. germana, Q. glaucoides, Q. tarahumara and
Q. grisea. The most recent introduction is Quercus insignis, a very rare Mexico species
that features the largest acorns in the genus.
Rhodoendron: Azaleas are major nursery and landscape shrubs in the South. Since the
first plantings thirty years ago, the SFA Gardens collection has grown to include over
8000 azalea plants, which is comprised of more than 550 species and/or varieties. In
the last decade, nothing has stirred the azalea industry more than the phenomenon of
repeat blooming. While the major spring azalea bloom show at SFA Gardens is midMarch to mid-April, there have long been varieties that bloom at other times of the year.
Since the late 1990s, reblooming azaleas have grown from only six to over 80 varieties
that are part of various branding programs. First to impact the market and now with 29
varieties, EncoreTM is the oldest brand, perhaps one of the best known brands in all of
Horticulture. All begin with the word ‘Autumn’, which also imprints the plant into the
buying public’s mind. More recent participants include 1) the Proven Winners® brand,
the BLOOM-A-THON® group (six varieties) , 2) Garden Debut’s® REBLOOMTM group
(nine varieties), 3) the Gardener’s Confidence Collection, BLOOM-N-AGAIN®, which
features 28 varieties, 4) HGTV’s Always AzaleasTM (five varieties), and, finally, 5) JBerry
Nursery’s Dejavu BloomTM series (five varieties) released in 2014. Deciduous azaleas
are now a major focus at SFA Gardens and our goal is simple: to have the best
collection of deciduous azaleas in the South. This is a more coherent group to work with
and our collection now includes over 162 varieties or seedling selections on trial. They
are characteristically truly fragrant, lose their leaves during the winter and feature
blooms before the leaves emerge. We have long promoted deciduous azaleas as
worthy of greater use. Once fully established after several years, we find them to be
very drought and heat tolerant and rarely devastated by the impact of lacebugs, a
common pest in southern USA landscapes.
Hydrangeas: In 1997, SFA Gardens began an effort to collect a wide range of
Hydrangea varieties and place them in a side-by-side trial. By 2005, we had
accumulated over 250 varieties. With our usual enthusiasm, we measured plant height
and width, number of blooms, size of blooms and date of the bloom show. We used
groups of three visitors to rank their top picks, came up with a “top ten”, and thought we
had the situation nailed. The best varieties included ‘Ami Pasquier’, ‘Blue Wave’, ‘Nikko
Blue’, ‘All Summer Beauty’, ‘Frillibet’, ‘Europa’, ‘Goliath’, ‘Bluebird’, ‘Preziosa’, ‘Beaute
Vendemoise’, ‘Souvenier Pres. Doumer’, ‘Endless Summer’, ‘Blushing Bride’, and
‘David Ramsey’. Then in 2007, we listed those varieties producing blooms later in the
season: ‘All Summer Beauty’, ‘Decatur Blue’, ‘Endless Summer’, ‘Penny Mac’, ‘David
Ramsey’, ‘Blaumeise’, ‘Fuji Waterfall’, and ‘Twist n Shout’. In 2006, a virtual flood of
new varieties entered the market picture, most patented and trademarked to one brand
or another. In 2012, Michael Dirr provided a fine treatment of hydrangea breeding and
advancement (8) and remarked at the increased pace of varietal releases. In 2013,
Allen Owings of Louisiana State University, Hammond, Louisiana, and I decided to
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evaluate only the new varieties that celebrate “reblooming”. This cooperative project is
under way and it hasn’t taken long to realize that the market is packed with even more
new varieties than our original estimate. At last count, there are over 95 new varieties
of lacecap and mophead hydrangeas since 2006 that tout reblooming as a key attribute,
and most fall under the umbrella of a major brand. Brands include Endless Summer®
(Bailey), Forever & Ever™, Cityline™, Edgy™, Everlasting ™ (Plants Nouveau),
Mystical™, Hovaria® (Kaleidoscope®), Japanese Lady Series (Halo™, Frau™, and
Angel™), Let’s Dance™ (Spring Meadow), Next Generation™ (Ball Ornamentals), and
Showstopper Hydrangeas™, a series promoted by HGTV which includes eight varieties.
With brands, trademarks and patents making a stronger presence every year and
nomenclature questions increasing, it’s easy to understand variety overload (1). While
it’s hard to imagine improvements, future breeding projects might include better flower
shedding, stronger stems, more reblooming, and burgundy foliage color (15).
Vitex agnus-castus, chaste tree, is a large shrub or small tree that has been much
maligned across the southern USA for many years. The main feature is a summer
bloom of bright blue, pink, or white blooms. The species is woody in the southern USA
and an herbaceous perennial in more northern regions. We have six blue flowered
varieties in our collection and find all of them to be good performers. ‘Montrose Purple’
and ‘LeCompte’ are most attractive. The first light pink-flowered variety, ‘Salinas Pink’,
was introduced several years ago by Greg Grant, Research Associate at SFA Gardens.
That variety was used as the foundation for finding the first true pink flowered form,
‘Flora Ann’, which is becoming more common in the trade. L.E. Cooke has introduced
four new chaste tree varieties, and one, ‘Cooke’s Pink’™, features pink flowers. At this
stage, the plant looks very similar to ‘Flora Ann’. Breeding goals would include dwarf
forms, dense branching and more flowers (9, 10).
Lagerstroemia: Crapemyrtles are a major commodity in the southern USA with receipts
exceeding 50 million dollars at the wholesale level. I remember when the Texas market
only included red, pink and white, period. The “red” was usually a variety called
‘Watermelon Red’ which wasn’t quite red, but nearly so. Everything changed in the
1950s with the introduction of Lagerstroemia faurei by John Creech. Many of those
early seedlings are still with us. One patriarch, now named ‘Bayou View’, rests on a
Timberline Avenue in Shreveport and is a magnificent single trunk specimen of
100”circumference at breast height. This specimen is derived from the first seed
distribution from the U.S. National Arboretum. ‘Townhouse’ and ‘Fantasy’ originated at
the JCR Arboretum in Raleigh, NC. Many Texas horticulturists contend that Lynn
Lowrey introduced the first hybrid, ‘Basham’s Party Pink’, which was found as a
seedling near a L. faurei. This superseded the introductions by Donald Egolf of the U.S.
National Arboretum’s breeding program. That program resulted in 25 excellent
introductions, the Indian Tribe Series, with ‘Natchez’ and ‘’Muskogee’ the first
introductions, that are still fine trees in the landscape. Later, ‘Chickasaw’ and
‘Pocomoke’ were introduced as the first true genetic dwarfs. In Oklahoma, Dr. Carl
Whitcomb, Stillwater, bred Dynamite® (true red) and Red Rocket® (true red), which are
both 10’ to 15’ upright large shrubs, or small multi-stem trees. The last decade has seen
a proliferation of varieties under the ever increasing presence of branding. The compact
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Dazzle® series, a Filligree™ Series from Fleming’s, an Early Bird™ series, a Barnyard
Collection™ introduced through McCorkle Nurseries and Plant Introductions, Inc., and
Plant Introductions Inc. has introduced the Magic series, Coral, Plum, Purple, and Red.
Purple Magic may be the best purple flower on the market. In 2012, Dirr provided a
thorough and comprehensive treatment of the history of Lagerstroemia breeding to
2012 (9). Since 2012, nothing has excited the crapemyrtle industry more than dark
burgundy foliage cultivars. Since the introduction of Lagerstroemia Delta Jazz™
(‘Chocolate Mocha’) (PP 21,540) there have been thirteen new varieties with burgundy
foliage that lasts throughout the season. ‘Chocolate Mocha’ features small flower heads
of bubblegum pink, an upright stature, and leaves best described as often cupped and
less than attractive. In full sun, the variety is relatively free of disease, but in part shade
conditions we have observed significant powdery mildew. The genes of this cultivar led
to five Black Diamond™ varieties (JBerry Nursery) with flower colors ranging from red to
white to blush. To confuse things a bit, Ebony Crapemyrtles and Black Diamond
Crapemyrtles are the same clones under different names. Black Diamond ‘Pure White’
is 'Ebony & Ivory', ‘Best Red’ is 'Ebony Flame', ‘Blush’ is 'Ebony Glow', ‘Crimson Red’ is
'Ebony Fire', and ‘Red Hot’ is 'Ebony Embers'. That was followed by the release of four
dark-foliaged Delta™ varieties by PDSI, Loxley, Alabama. Plant Introductions, Inc. has
introduced two patented dark-foliaged varieties ‘Midnight Madness’ and ‘Moonlight
Madness’. These are in the first year of trials at SFA Gardens and at LSU, Hammond,
Louisiana. Future improvements might include dark foliage color on superior dwarf
forms like ‘Cherry Dazzle’. The recent advent of Lagerstroemia scale, beginning in north
central Texas a few years ago and now found elsewhere in the South, suggests a
research focus on variety resistance and pest control. In November 2013, as part of a
USDA scientific exchange team, we viewed the impact of Lagerstroemia scale in
Beijing, Nanjing, and Kunming, China. In some cases, plants were reduced to pitiful
specimens. Scientists at one location remarked that they had long had the scale, but the
impact had gotten worse in the last two or three years. Some of my colleagues in China
even speculated that this was a new form of scale brought in on USA hybrids cultivars.
Chilopsis: Desert willow, Chilopsis linearis, is a popular small landscape tree in central
Texas and parts West. It’s drought hardy, alkaline tolerant and durable in the landscape.
In more eastern USA locations, where it is rarely encountered, the tree demands very
well drained soils and a full sun site. SFA Gardens is home to a wide range of varieties
that have performed well over many years. ‘Bubba’, a Paul Cox, San Antonio, Texas,
introduction remains a favorite. SFA Gardens is home to the world’s largest tree of this
variety (9).
Vaccinium: Blueberries are a popular southern fruit and SFA has evaluated new
selections and varieties since the early 1980s. We cooperate with USDA and other
University breeding programs. Our primary University blueberry plot is located at the
Pineywoods Native Plant Center and Mr. Louis Duffield, a local grower, serves as an
on-farm cooperator. Over 100 selections and standard varieties are included. SFA
introduced Earlibirdblue as a cooperative release with the USDA in 2013 (12).
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Vitis rotundifolia: Muscadine grape evaluation is relatively new at SFA Gardens and our
evaluation garden is located at the Pineywoods Native Plant Center. The collection
includes most of the standard varieties, new releases, and, most recently, advanced
selections from the breeding program of Stephen Stringer, USDA, Poplarville,
Mississippi.
Actinidia: While many enthusiasts have successfully grown Actinidia chinensis vines in
Texas, no one has successfully produced a good fruit crop until 2014. A trial planting of
two varieties, ‘Golden Dragon’ and ‘Golden Dragon’ that are both Auburn University
introductions, was established in 2011 at SFA Gardens. ‘Golden Dragon’ successfully
fruited in 2014 and, at this writing, is poised for a second full crop in 2015. Kiwi trials are
being expanded.
Single Plant Standouts: In most cases, it’s imprudent to base ornamental plant
recommendations on a single plant in one garden setting. However, SFA Gardens is
home to many one-of-a-kind species or varieties that have performed well here, been
multiplied and performed well in other locales. They deserve further testing across a
wider range of the South.
Magnolia species. The Asian magnolias deserve greater marketing. While seen in
botanical gardens and the occasional home landscape, there are many well adapted
Asian magnolias that fail to make a big presence in southern landscapes.
Cornus angustata. The Asian evergreen dogwood is an underutilized small tree or large
shrub. It is durable, drought resistant, and pest free. Foliage is lustrous and the May
blooms in our region are always appreciated. Edible fruit is another attribute. SFA
Gardens has a good number of seedlings of ‘Empress of China’ under evaluation, now
in their fourth year.
Celtis sinensis ‘Green Cascade’ is a strongly weeping form of Chinese hackberry that
has made an impact at SFA Gardens. Introduced by Clifford Parks in the 1980s, SFA
Gardens has one of the original distributions. Visitors and professionals always remark
on its uncommon grace and form. It’s a durable and unique tree that improves with age.
Cornus florida ssp. urbiniana , Mexican dogwood, is a unique dogwood from the San
Madre oriental mountain range in Mexico is relatively untested across the South. While
individual specimens exist, there hasn’t been a market push. The white lantern-shaped
blooms are stunning. With bracts that never separate, the anthers and stigma are
somewhat protected from rain and wet forest humidity. Seed production on our trees
has been disappointing. However, over the last few years we have made a good
number of distributions to other gardens in the South.
Prunus X ‘Purple Pride’ is SFA Gardens sole patented plant is a chance seedling of a
Chickasaw plum, Prunus angustifolia ‘Guthrie’, which was introduced by Charles Webb
of Superior Trees in Florida. Key attributes of ‘Purple Pride’ include fast growth rate,
nice natural form, burgundy foliage in full sun with red new growth, and resistance to
early leaf drop in the autumn.
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Araucaria angustifolia, Monkey puzzle tree or Parana Pine, is represented at SFA by a
1989-planted specimen over 30’ tall. The tree survived being replanted early in its life, a
0oF event in 1989 and the ravages of Hurricanes Rita and Ike in 2005 and 2008,
respectively.
Edgeworthia chyrsantha, paperbush plant, is rarely encountered in the Deep South and
deserves greater use. This deciduous shrub typically reaches 8’ or taller and is usually
slightly wider than tall. Large strappy leaves lend a tropical look to the plant. The key
feature is winter bloom which occurs after the leaves have fallen. The foliage drops in
mid December to reveal attractive bark and the large terminal flower buds. The flower
buds open steadily from mid December to early March and produce a fragrant show of
pendent white or yellow flowers. The orange-red form, Edgeworthia 'Akebono' (aka 'Red
Dragon') on the market is less fragrant. Mike Dirr reports that a hybrid of the large
tetraploid form and the shorter diploid form exist and should be entering the market in
the future (14). One obscure fact associated with the plant is cultural. The author
learned in several Chinese public gardens that the branches of paperbush are very
pliable and young people can easily tie them into “love knots” which continue to grow
unabated. This is evidently a favorite practice for young people in love and newlyweds.
Conclusions: After thirty years, SFA Gardens remains focused on finding, acquiring,
growing, planting and enjoying as many new and different ornamental plants that we
can plant, display and maintain. Whether that effort is sustainable is a matter of
conjecture. I’ve concluded that side-by-side variety trials continue to be valuable to the
nursery and landscape industry and popular with home horticulturists. However, I
suspect the impact may be less than in years past. It’s apparent an ever-increasing
flood of new woody ornamental introductions will continue to define the state of
horticulture. By the time a final evaluation can be made, the list of varieties in the market
will be a new one. Items will be dropped, new ones added and the cycle repeated. It’s a
hyper competitive market. However, I remain convinced for those gardens with the
space, enthusiasm, and will, there’s great opportunity to trial new varieties, advanced
selections, rare plants, or interesting seedling populations, the latter holding great
promise for the future of University woody ornamental introduction and promotion
programs.
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Effects of Auxins, Propagule Size, and Wounding on Adventitious Root Formation
of Echinopsis rodotricha K. Schum. (Cactaceae) Cuttings
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Significance to Industry: The plant propagation industry stands benefit from the
establishment of new and efficient commercial methods of propagation, especially for
species with ornamental potential or high value. Vegetative propagation of Echinopsis
rhodotricha can be performed through rooting stem sprouts. However, the
establishment of propagation protocols for large-scale production of this cactus needs
scientific study to determine the factors controlling the process of adventitious root
formation (ARF) to further improve and increase efficiency. Therefore, the objective of
this research was to determine the effects of propagule size, various concentrations of
K-IBA, and wounding of propagules to optimize ARF and overall plant growth during
propagation. We found from this study that Echinopsis rodotricha is an easy-to-root
plant species because ARF can take place without any auxin solution; however, the
window of time for producing a response is reduced and an enhancement in root
number and total root growth are produced by exposure to K-IBA at a range of
concentrations. However, elevated concentrations (10,000 mg/L-1) produced the highest
values and positively affected other experimental variables tested. A wounding pretreatment to the cuttings had no effect on most variables tested. With this study, we set
up a reliable and efficient clonal propagation system for this cactus species, which could
have commercial application for mass production and sustainable schemes.
Nature of Work: Echinopsis rodotricha is also classified as Echinocactus forbesii,
Echinopsis forbesii, and Echinopsis chacoana. This Cactaceae member is native to
South America in a region including Northern Argentine, Bolivia, South Brazil, Uruguay
and Paraguay (1, 2, 3). Echinopsis rodotricha is a columnar cactus with a green body
that branches into numerous stems, each of which reach 5-6 cm in diameter and up to 2
m tall. The stems have 8 to 12 ribs with yellow areoles including 1 to 3 central golden
spines 12 mm long. White flowers emerge in late spring, have a nocturnal habit, and
reach up to 20 cm long and 15 cm in diameter (3, 4). This cactus grows in altitudes
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ranging from 0 to 500 m in grasslands, forests, and open sites on sandy soils with
shrubs and small plants (3). The Maka natives use Echinopsis rhodotricha for medicinal
purposes to treat chicken pox and measles (3). Echinopsis rodotricha has been
dispersed around the world and has become popular because of its high adaptability to
different climates, soil conditions, and rapid growth rate. As an ornamental, it is
commonly cultivated as a pot or rockery plant (4).
We conducted a series of experiments to study the effects of several factors affecting
ARF of Echinopsis rodotricha cuttings. Initially, we ran an experiment with a factorial
design including 12 treatments with a combination of three levels of cutting size [small
(10 mm in diameter), medium (20 mm in diameter), and large (more than 40 mm in
diameter)] and four concentrations of indole-3-butyric acid potassium salt (K-IBA) [0,
1000, 3000, and 10000 mg/L-1]. For this experiment we used a previously sterilized
artificial substrate prepared with peat moss (Premier®), sand (1:1 v:v), and 1% lime.
Each treatment was represented by 20 cuttings (replications).
Secondly, we set up a simple experiment with a completely randomized design to test
the effect of propagule wounding on ARF. The two treatments tested included nonwounded (control) detached sprouts from stock plants and wounded sprouts in which 1
cm or about 25% of the basal portion was dissected to increase the surface cut. Each
treatment was represented by 60 cuttings (replications).
For these experiments, the propagules or sprouts were obtained from 3-year-old healthy
plants. The propagules of each experiment were detached from stock plants and
suberized for 8 days under shaded conditions prior to transplant or application of any
treatment. The stock plants and experimental cultures were grown in a greenhouse with
maximum photosynthetic photon flux density (PPFD) of 1,000 µmol/m2/s-1 at plant
height, an average of day/night temperature of 27/20 ± 3° C, irrigation supplied as
needed, and fertilization provided once a month (100 ppm N) with Peters Professional
20-20-20 (Scotts-Sierra Horticultural Products Co., Marysville, OH, USA). The
propagules for all experiments were planted in plastic germination trays (5-kg capacity).
The K-IBA solutions were prepared with water and 0.1% of Tween-20 was added. We
used the quick-dip technique to apply the auxin treatments, with the base of cuttings (10
mm) submerged for 60 sec and immediately planted. Experimental variables included
root number, total root length (mm), average root length (mm), plant height (increase in
cutting height during the period of experimentation) (mm), plant diameter (increase in
cutting diameter during the time of experimentation) (mm), and root dry weight (DW) (g).
All data obtained from each experiment were subjected to an analysis of variance and a
mean separation test (Duncan, α = 0.05) (XLSTAT, 2014).
Results and Discussion: Propagule size and concentration of K-IBA significantly
affected root and plant growth; however, even the control treatment was able to induce
ARF. In regards to propagule size, large cuttings produced the highest values in all data
measuring root growth: root number (11.6), root dry weight (1.65 g), and total root
length (117.5 cm) as compared to the medium and small size cuttings (Table 1). The
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plant growth variables showed the same trend with records for stem diameter (19.1 mm)
and plant height (44.4 mm) (Table 1).
Increasing concentrations of K-IBA resulted in higher values for most root growth
variables. In particular, 10,000 ppm K-IBA produced the highest values of root DW (1.14
g), root number (10.7), and total root length (99.3 cm) as compared with other
treatments. The control produced the lowest values of root dry weight (0.75 g), root
number (6.3), and total root length (75.4 cm).
A similar trend was obtained for the plant height data; however, 3,000 ppm (39.8 mm)
resulted in greater height than 10,000 ppm (35.8 mm); however, this difference was not
significant. In contrast, 10,000 ppm of K-IBA treatment produced the lowest root length
(10.0 cm) in comparison to 3,000 ppm (10.6 cm), 1,000 ppm (11.3 cm), and the control
(12.0 cm). A similar situation was obtained in plant diameter (Table 1). In general, the
control treatment was able to induce ARF regardless the size of the propagule.
Data from the second experiment in which we tested the wounding of cuttings showed
that most variables related to root growth (including root number, total root length,
average root length and stem diameter) showed no significant differences when
compared with the control treatment. In contrast, root dry weight was the only variable
showing significance differences. Plant height was comparable among treatments
(Table 2).
Acknowledgements: Authors express appreciation for the economic support provided
by the Universidad De La Salle Bajío through the Office of the Research Council and
CINVESTAV-IPN at Irapuato, Gto., Mexico for allowing the use of greenhouses and
other facilities to run this study.
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Table 1. Effect of propagule size and K-IBA concentration on adventitious root formation
and growth of Echinopsis rodotricha K. Schum. cuttings after 8 months of greenhouse
culture.
Propagule size
Small
Small
Small
Small
Medium
Medium
Medium
Medium
Large
Large
Large
Large
Significance:
Propagule Size
K-IBA level
Propagule Size
× K-IBA

K-IBA
Root dry
-1
(mg/L ) weight (g)
0
0.33
1,000
0.29
3,000
0.53
10,000
0.58
0
0.56
1,000
0.68
3,000
0.75
10,000
1.02
0
1.37
1,000
1.55
3,000
1.79
10,000
1.91
***
***
NS

Roots
(no.)
4.65
5.00
5.90
7.55
5.70
7.60
7.30
10.30
8.50
11.90
11.80
14.30

Total root
length
(mm)
49.58
54.36
66.34
83.29
70.05
86.11
76.88
93.10
106.70
124.73
117.15
121.41

***
***
NS

***
***
NS

Root
Stem
length diameter
(mm)
(mm)
10.85
15.64
10.80
14.31
11.42
16.59
11.54
10.49
12.47
17.90
11.78
16.81
10.10
20.31
9.22
18.98
12.77
19.86
11.17
17.20
10.33
22.60
9.26
16.69
NS
***
***

***
***
NS°

Plant
height
(mm)
25.56
24.32
32.98
27.20
23.00
30.89
37.60
34.73
34.91
48.21
48.87
45.53
***
***
NS

NS = Non significant; *, **, *** = Significant at 0.05, 0.01, or 0.001, respectively (n= 20).
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Table 2. Effect of wounding on adventitious root formation and plant growth of
Echinopsis rodotricha K. Schum. cuttings after 8 months of greenhouse culture.

Treatment
Wounded
Non-wounded
Significance

Root dry
weight
(g)
1.04
0.84

Roots
(no.)
8.62
8.13

Total root
length
(mm)
86.27
88.68

***

NS

NS

Root
length
(mm)
10.80
11.13
NS

Stem
diameter
(mm)
17.90
16.66

Plant height
(mm)
34.34
34.63

NS

NS

NS = Non significant; *, **, *** = Significant at 0.05, 0.01, or 0.001, respectively (n= 60).
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Significance to Industry: Camellia sasanqua Thunb. (Christmas or yuletide camellia),
native to China and Japan, is a popular ornamental plant and has been widely planted
around the world. It offers an aesthetic growth habit, fine texture, glossy evergreen
foliage, and many fragrant pink flowers. To better propagate this beautiful plant for
market demand, hardwood stem cuttings were collected in April 2014 and treated with
rooting hormones and magnetized water. Hardwood stem cuttings of C. sasanqua
rooted well and hormones significantly affected rooting percentage and quality. With
increasing hormone concentration, rooting rate and root volume increased using both a
K-IBA quick dip and Hormondin powder (talc). For 8,000 mg•L-1 treatments, liquid (KIBA) resulted in significantly better rooting (100%) and root volume (41.8 cm3) than did a
double dip in 5,000 mg·L-1 K-IBA + 3,000 mg·L-1 talc (93.8%, 26.5 cm3) and Hormodin
powder (87.5%, 21.8 cm3). Cuttings treated with magnetized water and K-IBA at 3,000
mg·L-1 showed the greatest root volume (43.2 cm3) and a high rooting rate (93.8%).
Without magnetized water, cuttings treated with 8,000 mg·L-1 K-IBA had the highest
rooting rate of 100% and root volume of 30.8 cm3, which was 11.02 cm3 less than that
of magnetized water. Magnetized water did promote the growth of roots, but not root
initiation. Cuttings at 10 cm long rooted better (100%) than 20-cm cuttings (89.0%)
using a double dip, but also rooted within 2 months instead of 4 months. Hardwood
cuttings of C. sasanqua should be collected in April at 10cm long, treated by liquid KIBA at 3,000 or 8,000 mg·L-1 for enhancing root initiation. Magnetized water is highly
recommended after root initiation, but not before.
Nature of Work: During the winter season, the lustrous dark green leaves and heavy
flowering of Camellia sasanqua make this plant very attractive (1). Growers like the
plant not only for its popularity, but also wide adaptation, sun tolerance, and cold
hardiness (compared with Camellia japonica) (2). The species and its many cultivars
are very versatile and can be used for hedges or screens; espaliered on walls or over
arches; trained as standards; grown in containers; or employed as dense feature shrubs
at garden entrances or in mixed shrubbery (3).
To better propagate this plant and improve production quality, stem cuttings of Camellia
sasanqua was collected on April 10, 2014 and treated with both liquid and powder
rooting hormones (Table 1). Cuttings were 10 or 20 cm long, depending on the
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treatment (Table 2). All cuttings were inserted into 32-cell flats with rooting medium of
perlite and perlite mix (1:1 by vol.) and placed under a mist system. Misting frequency
was 20 seconds every 10 minutes for the first 2 weeks, and then reduced to 20 seconds
every 20 minutes from 7:00 AM to 9:00 PM daily. Magnetized water was obtained by
soaking a 500-g magnet in a 5-gallon bucket of water for more than 24 hours, then
using the water to topdress cuttings once every other day.
A randomized complete block design was employed and each treatment was replicated
4 times (4 blocks/replicates) with 8 subsamples per replicate. Rooting percentage and
rootball volume were collected after 70 and 130 days, respectively. All data were
analyzed using the GLM procedure of SAS (version 8.1; SAS Institute Inc., Cary, NC).
Mean separation was carried out using LSD (α = 0.05)s.
Results and Discussion: Growers can propagate C. sasanqua using hardwood stem
cuttings right before new growth initiation in April and hormones can significantly
improve rooting percentage and quality. Generally, hormone concentration at 1,000
mg·L-1 did not work effectively and 8,000 mg·L-1 is recommended (Table 1). Hormone
application methods did not show significant differences. Using 8,000 mg·L-1
treatments, liquid K-IBA resulted in 100% rooting, while other treatments prodused
87.5% and 93.8% rooting. Root quality (as indicated by rootball volume) increased
significantly as the hormone concentration went up. Once again, 8,000 mg·L-1 liquid KIBA treatment yielded a significantly higher rootball volume (30.80 cm3) than did other
treatments (ranging from 0.37 to 6.98 cm3).
Magnetic water affected plant growth and development. Magnetic fields are known to
induce biochemical changes and could be used as a stimulator for plant growth.
Irrigation with magnetic water increased seed germination and yield of broad bean (4).
Cuttings treated with magnetized water and K-IBA at 3,000 mg·L-1 yielded the greatest
rootball volume (43.2 cm3) and higher rooting rate of 93.8%. Under tap water, cuttings
treated with 8,000 mg·L-1 K-IBA had the highest rooting rate of 100% and root volume of
30.8 cm3, which was 11.02 cm3 lower than that of magnetized water. With the same
hormone treatment, all cuttings irrigated with magnetized water had significantly higher
rootball volumes (Table 1). Magnetized water did promote the growth of roots, but not
root initiation. Actually, irrigation with magnetized water significantly reduced the rooting
percentage (Table 1 and 2).
A significant effect on stem cutting length (10 vs 20 cm) was observed in this
experiment (Table 2). Short (10-cm) cuttings produced greater rootball volumes and a
higher rooting percentage, especially using magnetized water. Furthermore, short
cuttings initiated roots significantly faster than the longer cuttings. Cuttings at 10 cm
long not only rooted better (100%) than 20-cm cuttings (89.0%) using a double dip, but
also rooted within 2 months instead of 4 months. Growers could double their capacity
for rooting Camellia sasanqua stem cuttings at 10 cm long and produce a significantly
better quality of rooted cuttings Since we did not record the type of cuttings (1-year or 2year hardwood stems), further studies should address this issue.
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Table 1: Effect of hormone and magnetized water on rooting of Camellia sasanqua (20cm-long cuttings and data taken after 130 days).
Magnetized water
Non-magnetized water
Rooting Root volume
Root volume
Treatment
Rooting (%)
3
(%)
(cm )
(cm3)
Control
50.00 bc
1.49 cd
68.75 cde
0.37 c
–1
1,000 mg·L IBA (powder)
12.50 c
0.31 d
59.38 de
0.43 c
–1
3,000 mg·L IBA (powder)
68.75 ab
2.68 cd
50.00 e
0.95 c
–1
8,000 mg·L IBA (powder)
68.75 ab 21.83 bc
87.50 abc
4.31 bc
–1
1,000 mg·L K-IBA (liquid)
56.25 ab
1.55 cd
75.00 bcd
1.91 c
–1
3,000 mg·L K-IBA (liquid)
93.75 a
43.19 a
75.00 bcd
1.92 c
8,000 mg·L–1 K-IBA (liquid)
93.75 a
41.82 ab
100.00 a
30.8 a
5,000 mg·L–1 K-IBA (liquid)
71.85 ab 26.48 ab
93.75 ab
6.98 b
+ 3K mg·L–1 IBA (powder)

Table 2. Effect of cutting length and magnetized water on rooting of Camellia sasanqua
using a 5,000 K-IBA liquid + 3,000 K-IBA powder double dip.
Magnetized water
Non-magnetized water
Root
Cutting
Root volume
Days
Rooting (%)
Rooting (%) volume
length (cm)
(cm3)
(cm3)
10
70
98.44 a
56.57 a
95.31 a
47.35 a
20
70
0.00 c
0.00 c
0.00 b
0.00 c
20
130
71.85 b
26.48 b
93.75 a
6.98 b
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Germination of Beach Primrose Seeds In Response to Light Exposure
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Texas A&M University, Department of Horticultural Sciences, 2133 TAMU
College Station, TX 7743-2133
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Significance to Industry: This study with seeds of Oenothera drummondii Hook.
examines the need for light for germination to occur. The information obtained from this
study provides growers with the most successful means of germinating O. drummondii
from seed and will assist breeders with germination of controlled crosses. Seedpropagated O. drummondii may reduce the chances of virus transmission during
propagation and may fit more readily into plug growing operations than would vegetative
propagules.
Nature of Work: Ensminger and Ikuma (1) reported that Oenothera biennis L. required
light for germination. They report that maximal germination occurs in O. biennis under
extended light conditions, stating that Oenothera seeds are photosensitive and
phytochrome is the photoreceptor. They also noted that maximal or near maximal
germination results from prolonged (36-48 h) exposure to red or white light at 24 °C.
Ensminger and Ikuma (1) tested several temperatures, including 22 to 24 °C as used in
the present experiment.
Seeds of Oenothera drummondii were germinated under controlled conditions with light
and under light exclusion to determine if light exposure or darkness were needed for
germination to occur. A sample of 200 freshly harvested seeds were separated evenly
between eight petri dishes with 25 seeds per petri dish.
Four petri dishes were placed under white light consisting of four 60 watt compact
fluorescent (CFL) bulbs mounted one foot above the bench. The lights were set on a
timer to turn on at 8 am and turn off at midnight to provide 16 hours of direct light. The
remaining four petri dishes were wrapped in aluminum foil and placed under a metal
pan to ensure no light penetration. The seeds used in this treatment were freshly
harvested from O. drummondii plants two days prior to initiation of the study. The seeds
within each petri dish were placed on top of white filter papers moistened with distilled
water to ensure maximum hydration of the seeds. Treatment began on 22 October 2014
and the water and germination status was checked on a daily basis. Germination was
defined as the point when the radicle visibly began to protrude from the seed.
Germination of the seeds were determined using a dissecting microscope and
documented pictorially utilizing a compound microscope (Fig. 1). The study was
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replicated in time on February 7, 2015, using the same methods and materials as in the
previous study. The one change in this study was the length of time the seeds were
allowed to dry out. The second replication consisted of seeds which had been dried at
room temperature (approx. 24 °C) for 60 days.
Results and Discussion: The seeds began to germinate on day nine when the first
germinated seed was discovered in the light treatment (Fig. 1). Germination was rapid
with the first seed to germinate showing no visible signs on day eight of germination and
on day nine had germinated, producing two cotyledon leaves. After the first seed
germinated in the light treatment, other seeds continued to germinate in the light
treatment for the next thirteen days (Fig. 2). On the twelfth day of the study, germination
of one seed was discovered in the dark treatment. The seed that germinated was pale
in color (almost translucent) with no visible leaves and had a very elongated stem. After
germination began in the light treatment, more seeds followed on a daily basis with a
peak of nine seeds in one day. Germination was slow and erratic with seeds placed
under light exclusion (Fig. 2). The study was continued a full eight weeks to ensure all
seeds had adequate time for all viable seeds to germinate.
Interestingly, results differed with stored seed from the first replication using fresh seed
(Fig. 3). Unlike the previous replication, seeds in the dark treatment began germination
simultaneously with the light treatment; however, with stored seed, the dark-germinated
seeds emerged much faster, showing the highest germination in both treatments on day
five. While light exposure resulted in the greatest percent germination with fresh seeds
(light 91%, dark 59%), stored seeds germinated at similar levels in light and dark
conditions (light 90%, dark 87%) (Fig. 2 and 3). Our data suggests that fresh and stored
seeds may have differential germination requirements. Greiner and Kohl (2) reported for
Oenothera that seed quality, age, and/or strain can affect germination capacity and rate
substantially up to the point of extreme delays. They also noted that large differences
can be observed even between different sowings of the same seed lot. Although light
may not be required for germination of O. drummondii seed, it was not harmful and was
advantageous with fresh seed, suggesting be germinated under light conditions.
Literature Cited:
1. Ensminger, P.A. and H. Ikuma. 1987. Photoinduced seed germination of Oenothera
biennis L.: III. Analysis of the postinduction period by means of temperature. Plant
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Fig. 1. Radicle emergence and germination of seeds of Oenothera drummondii as seen
using a Canon Eos Rebel T3i camera (Melville, NY) mounted to an Olympus compound
microscope (Shinjuku, Tokyo). Radicle emergence can be seen from the base of the
seed. Root hairs are present on the radicle.
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Fig. 2. Germination of Oenothera drummondii over time using fresh seeds.
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Fig. 3. Germination of Oenothera drummondii over time using stored seeds.
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Water Quality Variability in Two Creeks of the Collins River Sub-Watershed
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Significance to Industry: Collins River watershed is located in Middle Tennessee and
drains parts of Cannon, Coffee, De Kalb, Grundy, Marion, Sequatchie, Van Buren and
Warren Counties. Among these counties Warren County represents about fifty percent
share of the Collins River Watershed (6). Also Warren County, sales from nursery,
greenhouse, floriculture and sod commodities contributed $58,321,000.00 to the States’
economy in 2012 and was ranked 1st among the 95 counties in the State (1). In 2014,
Warren County had a 0.3% increase in population, resulting to an increase from 39,840
in 2010 to 39,969 in 2014 (9). Likewise, the city of McMinnville also had a 0.5%
increase in population about the same period (2010 to 2013) (8).
Increasing population growth and the impact of global climate change continue to place
heavy demands on water quality and quantity. These conditions are driving consumers’
attention to drinking water source availability and its vulnerability to contamination. The
source of our drinking water includes surface water (e.g. streams, rivers, lakes) and
groundwater sources (e.g. springs and wells). As water travels over the landscape, it
dissolves natural minerals and sometimes picks up contaminants from agricultural
production such as nursery and greenhouse operations. These contaminants may
include sediments that may have resulted from runoff due to plowing and disking of
fields, fertilizer and pesticides residue. The long-term suitability of both surface and
groundwater resources for drinking water are been threatened by non-point source
pollution from agricultural production systems (7). Other threats include microbial
contaminants that may come from sewage treatment plants, agricultural livestock
operations, septic systems, industrial or domestic wastewater discharges, (5). In
retrospect, polluted water can reduce the amount of water needed for drinking purposes
as well as for agriculture and industrial uses (6).
Nature of Work: Hills Creek and Mountain Creek in Warren County, Tennessee are
tributaries of the Collins River. Nursery and greenhouse crops are the primary
agricultural operation in the area. These two creeks were sampled because of their
location in the Collins River sub-watershed. Rainfall supplied almost all of the crop
production water demand.
Grab water samples were collected weekly for eight weeks during 2013 fall season with
weighted bailers from corresponding bridges. The water samples were collected during
base flow (normal stream flow) and in very few instances after rainstorm events.
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Rainfall events occurred in week 2 and 6 during the sampling period. Samples were
collected at two different locations (upstream and downstream) of each creek. During
each creek 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. The following cations: sodium, potassium, magnesium and calcium were also
analyzed (2). Standard methods for water sample analyses were used to analyze all
the nutrients of interest (6). In order to determine the water quality parameters of
interest (dissolved oxygen, total dissolved solids, specific conductance, turbidity,
temperature and pH); a DataSonde or data logger unit called Eureka Manta™ (Eureka
Corp Austin TX), interfaced with the applicable sensors was used. The data logger was
deployed in the creeks to at least a 45-cm depth and real-time water quality data of the
parameters mentioned above was recorded in situ. The Manta data logger was
calibrated according to instrument specifications and programmed to record
measurements every 10 minutes. The Manta was used at each creek and was cleaned
before taken to subsequent site(s) for data logging. 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 parts per million
(ppm) are presented in (Table 1). The nitrogen data represents the summation of the
water nitrate –nitrogen and ammonia- nitrogen; nitrite was highly negligible and was not
included in the summation. 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 bloom in water and as such may support eutrophication in surface
water. On the other hand, there was no visual incidence of eutrophication in both
creeks.
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, except for calcium and
magnesium. Due to the hydro-geologic conditions of Middle Tennessee, limestone
rocks is of abundance and 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. Figure 2a and 2b
represents selected water quality parameters of Hill 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, bacteria etc.) in the water increases.
Turbidity relates to 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 2a). 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 non-polluted water. Crayfish were observed in Mountain Creek during our
sampling period. Crayfish presence indicates moderately clean water. Thus, they are
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seldom found in polluted waters (3). Several fishes 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 (4). Based on the number of fish observed in both Creeks, Mountain Creek
tends to have a better water quality characteristic than the Hills Creek. In general, the
creeks monitored didn’t seem to be much polluted during base flow conditions.
However during storm events, large volume of sediments was added to the streams
from surface runoff, especially in areas where the landscape has been disturbed. While
growers are being viewed as contributors to surface water quality degradation, a good
BMP of individual nursery fields could enhance water quality and total maximum daily
loads (TMDL) of essential nutrients at the watershed scale.
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Table 1. Selected nutrient parameters - Hills Creek and Mountain Creek.
Concentration-(ppm)
Nitrogen

Week
1

HC*

Phosphorus

MC*

HC

9.99

15.18

2

6.96

3

Sodium

Magnesium

Calcium

Potassium

MC

HC

MC

MC

HC

MC

HC

MC

HC

0.03

0.04

3.59

1.86

15.07

8.55

45.65

38.10

1.57

1.33

5.42

0.02

0.04

8.16

2.00

35.10

6.27

72.60

27.45

3.81

0.87

7.08

8.20

0.03

0.02

6.85

2.84

26.45

6.09

56.60

27.20

2.78

0.80

4

9.31

10.26

0.05

0.02

7.96

2.65

32.05

6.14

87.25

27.05

3.24

0.75

5

2.06

8.20

0.08

0.05

7.39

1.69

31.30

9.08

93.50

36.20

3.18

0.94

6

5.67

2.21

0.05

0.03

6.39

2.00

27.66

4.88

68.65

24.35

2.50

1.41

7

3.13

10.49

0.02

0.02

6.72

1.33

33.10

5.48

81.50

25.45

2.64

1.08

8

12.53

11.91

0.02

0.03

6.71

1.39

33.85

4.48

83.25

23.40

2.70

1.46

*HC= Hills Creek, MC= Mountain Creek

Figure 1a. Warren County, Tennessee Map http://www.un.org/waterforlifedecade/quality.shtml

Figure 1b. Map of Collins River Watershed
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Figure 2a. Selected Water Quality Parameters - Hills Creek and Mountain Creek.
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Figure 2b. Selected Water Quality Parameters - Hills Creek and Mountain Creek.
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Index Words: environmental impact, graywater, reclaimed water, plant growth and
aesthetics, water quality
Significance to Industry: The use of alternative irrigation water sources is now an
imperative foundation to the sustainability of green industry activities. Severe and
lengthy droughts and stiff competition from other extensive food production and human
uses/allocations, and scrutiny on the environmental impact of green industry activities is
leaving them with restricted access to good quality irrigation water sources. Most nontraditional water sources have relatively high salinity and concentration of undesirable
ions, which are very challenging for the production and maintenance of ornamental
plants. We have initiated short- and long-term studies on use and management of
alternative irrigation waters, targeting use of reclaimed water for nursery-greenhouse
production and graywater for landscape irrigation. Our preliminary results indicate that
laundry graywater could be used satisfactorily, over the short term, to irrigate landscape
plants, except when containing bleach, which reduces plant growth and aesthetic quality
compared to irrigation with good quality potable or well water. In addition to plant growth
and quality responses, our studies will provide much needed insights into the long-term
effects of irrigation with graywater on the chemical and biological properties of
landscape soils.
Nature of Work: Nursery/greenhouse crop production and urban landscape
management are very intensive activities, associated with large applications of water,
fertilizers and agrichemicals (3, 4, 8). Water availability and quality, and their
management, are therefore essential issues to the sustainability of the green industry as
a whole. Climate change (i.e. severe and prolonged droughts) and fierce competition for
water have placed these industries under a scenario of diminished availability of good
quality irrigation water. The aesthetic (non-edible) nature of ornamental crops and
landscape plants will likely limit or restrict their access to high-quality water sources (5).
Therefore there is a need to earnestly consider major usage of alternative, poor-quality
irrigation water sources, and the best management practices that can lead to their
successful use.
Among these alternative water sources, some viable candidates include brackish water,
reclaimed water and graywater (Table 1). Brackish groundwater, from naturally saline

Water Management

245

SNA Research Conference Vol. 60 2015

aquifers or those affected by coastal saltwater intrusion-aquifers are abundant in some
areas of the country (1, 5, 11). Their salinity, however, exceed the maximum levels
recommended for most nursery and landscape plants, in addition to surpassing the
thresholds for toxic concentrations of Na and Cl (7, 9). Municipal reclaimed water is
another viable alternative for irrigation, already being used in golf courses and municipal
landscapes and parks in western parts of the US. Depending on the degree of
treatment, however, reclaimed waters could have similar drawbacks as brackish water,
with moderate to relatively high levels of total salinity and undesirable specific ions like
Na, Cl, B (6). Availability and supply of reclaimed water is unfortunately limited, as its
collection, treatment and distribution are strictly regulated, employing a separate
pipeline system accessible to only few large end-users. Usage of reclaimed water for
irrigation requires the use of modified sprinklers or drippers to minimize contact with
plant foliage and people, the latter due to concerns about pathogenic microorganisms
that could still be present in undesirable concentrations (5, 6). As with brackish water,
successful use of reclaimed water call for the use of salt-tolerant plants (7, 9), suitable
irrigation equipment and management, leaching requirements, and short- and long-term
management of urban soils and their associated watersheds to minimize salt
accumulation and undesirable effects on the urban ecosystem (6).
Graywater, defined as residential wastewater from laundry, showers and bathtubs, is an
additional alternative water source with potential for residential landscape irrigation.
Graywater can constitute as much as 50-60% of the total wastewater from a household,
and might yield up to 65,000 gallons per year from an average US family (10). Laundry
effluents are the largest graywater fraction from a household, and could provide ≥5
inches per year of supplemental irrigation to an average-sized (5,000 ft2) landscape (5,
10). The routing of the drain hose from washing machines to a simple drip irrigation setup is a relatively inexpensive option to reuse laundry graywater compared to plumbing
retrofits to use graywater effluent from bathtubs and showers. Among the issues that
discourage an extensive and permitted use of graywater for landscape irrigation is a
lack of documented (research-based) knowledge on the short and long-term effects of
graywater and its constituents (significant levels of detergent surfactants, plus nitrogen,
phosphorous, boron and other elements) on plants and soils. Furthermore, as with
reclaimed water, there is the need to identify their associated microorganisms and
chemicals that are of concern for public health, plus the irrigation equipment
considerations and practices needed to successfully manage and apply graywater (5,
10).
Results and Discussion. We have initiated a series of studies addressing the use and
management of alternative irrigation water sources. Next we present preliminary results
from our studies with graywater irrigation.
A greenhouse study was conducted, evaluating the effects of short-term irrigation with
graywater of varying composition on the growth and quality of several ornamental plant
species growing in #3 containers with a peat moss: bark: sand (2:1:1 by volume)
substrate. The substrate had been amended with dolomitic limestone (5 lb/yd3) and
OsmocoteTM 14-14-14 (6 lb/yd3). The four treatments used were tap water (control; pH
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7.0, 0.4 dS/m), water with detergent (TideTM), water with detergent plus fabric softener
(DownyTM), and water with detergent, softener and bleach (ChloroxTM). The graywater
treatments were made with a conventional washing machine (generating 40-gallons per
combined wash/rinse cycle) using the detergent, softener and bleach at the
manufacturers’ suggested rate for a large laundry load. Results after 18-weeks of
irrigation with these graywaters indicate that overall plant growth and aesthetic quality in
yaupon holly (Ilex vomitaria), agave (Agave angustifolia), yucca (Yucca filamentosa)
and juniper (Juniperus horizontalis) was comparable with plants irrigated with the
control tap water. Similar results were observed in other species, but their growth and
quality were negatively affected in plants irrigated with graywater containing bleach.
Mexican heather (Cuphea hyssopifolia), lantana (Lantana camara), mondo grass
(Ophiogon japonicus) and garden carnations (Dianthus chinensis) had the worst effects
with the graywater containing bleach, exhibiting significant browning and necrotic leaf
tissues (carnations, mondo grass) and/or chlorosis (lantana and Mexican heather).
These undesirable growth responses and symptoms are attributed to the high total
chlorine levels (>60 ppm) found in this graywater containing bleach, compared to the
other graywaters and the tap water control (all averaging 0.4 ppm total chlorine). While
total and free chlorine levels in water containing bleach (i.e. sodium hypochlorite) will be
reduced significantly over short periods of time (i.e. 24 hours) due to chemical reactions,
breakdown and volatilization (1), most, if not all, existing ordinances permitting use of
graywater for landscape irrigation require an immediate use these effluents (as they are
produced). In addition to chlorine, there are other byproducts of the breakdown of
sodium hypochlorite, such as sodium (Na+) and chloride (Cl-) ions (1), that will be
deleterious for plant growth and aesthetic quality (6, 7, 9).
A long-term study has been initiated to evaluate the long-term effects of graywater
irrigation on landscape plants and soils. A replicated landscape study on a silty-clay
loam soil has been established, irrigating a dozen species of herbaceous perennials,
shrubs and trees with two graywater treatments and one control (well water: EC ~0.45
dS/m; pH~7). The graywater treatments are water with detergent (TideTM) plus fabric
softener (DownyTM), and water with detergent and softener plus bleach (ChloroxTM).
These treatments are being produced by injecting the ingredients with inline pressuredriven proportioners into the irrigation system, delivering final concentrations, at the
drippers, similar to those generated by a conventional laundry machine. Preliminary
results after 3 months of irrigation (treatments applied 2X/week, 1gallon/plant/irrigation)
have, in general, not produced differential growth responses in graywater-irrigated
plants compared to plants irrigated with the high-quality well water (control). Plants of
lantana (Lantana ×hybrida), rosemary (Rosmarinus officinalis), cedar elm (Ulmus
crassifolia) and live oak (Quercus fusiformis) irrigated with graywater containing bleach,
however, are showing a consistent trend towards lower foliage chlorophyll index (SPAD)
readings and quality scores compared to those irrigated with detergent+softener
graywater and the well water controls. We have collected leaf tissue and soil samples
and they are being processed for nutrient and chemical analyses. Composite soil
samples (1” diameter x 6” deep cores) are also being collected 12 inches from the
trunks of rose (Rosa × KnockoutTM) plants and submitted for microbiological analyses,
to characterize soil biological diversity and activity in the rootzone of these treatments.
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Based on the results from the previous greenhouse study, we are hypothesizing that
irrigation with graywater, particularly that containing bleach, bleach will reduce soil
biological diversity and activity values compared to irrigation with well water.
We are projecting that our studies will yield results that will help growers and landscape
managers appraise the quality – and assess the benefits-risks associated with intensive
and extensive use – of alternative irrigation waters. It is further envisioned that these
results will assist in the development of management practices and solutions that permit
safe, cost-effective and sustainable large-scale use of these non-traditional water
sources.
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Table 1. Main chemical quality parameters in suitable irrigation water for ornamental
crop and landscape plants, contrasted with slightly brackish and reclaimed
water (Data from 1, 5, 6, 7).
PARAMETER

Suitable Water

Slightly Brackish

Reclaimed

6.0 – 8.0

7.3 – 8.3

7.0 – 8.0

EC (ds/m)

<1.0

1.6 – 4.7

1.0 – 2.0

Na (mg/L)

<70

50 – 560

90 – 120

Cl (mg/L)

<110

30 – 510

120 – 160

B (mg/L)

<1.0

---

0.5 – 1.0

120 - 180

80 –250

180 – 200

pH

HCO3 (mg/L)
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Significance to the Industry: As concerns about water scarcity increase, minimizing
water consumption is becoming a priority in many parts of the US and abroad.
Agriculture is a large consumer of freshwater in the US. Efforts to refine and reduce
water use during the production of nursery crops allow growers to expand without
requiring additional water resources and positions them to compete in a national
market. This research developed a sensor that measures irrigation application and
container leachate in real time. The data collected using this sensor can help inform
irrigation scheduling decisions, potentially reducing water use and input costs, and
improving yields.
Nature of Work: Irrigation management is an essential aspect of container nursery crop
production. Measuring leachate and determining leaching fraction (leachate
volume/total irrigation volume) are effective ways to determine the appropriate volume
of irrigation water to apply and can be used to improve irrigation scheduling and to
conserve water (4, 8). Determining the leaching fraction of one plant during one
irrigation cycle is typically done by manually capturing and measuring the volume of
irrigation water and the leachate (effluent) coming out of the bottom of the container.
Other methods include weighing the leachate and irrigation water (7), and aggregating
leachate on a collection pad from multiple plants before measuring (6). However,
manual methods of leachate measurement are time and labor intensive and therefore
difficult to perform at a nursery on a scale suitable to capture day-to-day and plant-toplant variation. Furthermore, these methods are only functional at a small scale; they
would be difficult to adapt to a large-scale outdoor nursery environment under overhead
irrigation.
Overhead irrigation is the most commonly used delivery type for containers smaller than
5-7 gallons (3). Under typical nursery conditions, the volume of water to reach the
surface of the substrate varies due to the lack of 100% distribution uniformity (3) and the
varying capture factor of the different species and individual plants (5). The fact that
varying amounts of water reach the top of a container paired with likely variation in
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rehydration capacity of the substrates and water use by individual plants will likely lead
to container-to-container variation in leachate and leaching fraction. An improved
understanding of leachate and leaching fraction can be used to make irrigation
application decisions and improve irrigation efficiency (7). Therefore, an automated
system to capture leachate and irrigation in real time that would function in an outdoor
nursery under overhead irrigation was developed. The leachate gauge described here is
based on a tipping bucket mechanism, which is an effective way to measure a relatively
small amount of flowing water in real time. Our objective was to design and develop
leachate gauges that would function in an outdoor nursery setting with overhead
irrigation and deliver accurate, real time data using a tipping bucket mechanism and
readily available materials.
To be fully functional and useful in an outdoor nursery setting, the ideal leachate gauge
would satisfy these criteria: 1) be designed to support the weight of a container with
substrate and a plant, unlike using an off-the-shelf rain gauge, 2) have a base that
allows for leveling on uneven surfaces, 3) have a customizable funnel-shaped fitting to
fit a range of nursery container sizes, and 4) prevent rain and overhead irrigation from
entering the gauge except through the top of the container. The leachate gauges should
also be capable of serving as irrigation/rainfall gauges. By using at least two: an
irrigation gauge with a second serving as a leachate gauge, leaching fraction can be
calculated without the need for unit conversion.
Leachate gauges were constructed from five major components: base, housing, funnel,
irrigation shield, and tipping bucket mechanism as shown in figure 1.
Base. The base was constructed from an 8 inch (203 mm) x 7 inch (178 mm) x 0.5 inch
(13 mm) aluminum plate. Ten holes were drilled into the base: two for attaching the
tipping bucket frame; two to allow access to the tipping bucket adjustment screws; three
for the housing attachment; and three for leveling bolts (Figure 2). The holes for the
tipping bucket adjustment and for attaching the housing were drilled using a #18 (0.169
inch; 4.3 mm) bit, and the holes for the leveling bolts were drilled using an F (0.257 inch;
6.5 mm) size bit. The holes for the leveling bolts were drilled at two corners and in the
center of the opposite side for a three point leveling design. They were then tapped
using a 5/16-18 HSS tap to allow the leveling bolts to thread into the holes. The holes to
attach the tipping bucket and to allow access to the tipping bucket calibration screws
were positioned to center the tipping bucket frame on the base. The three holes that
were drilled to attach the housing were also located to center the housing on the base.
The tipping bucket frame was attached to the base using two stainless steel #6-32 1.24inch (32 mm) machine screws. The base was attached to the housing using three 1.25inch (32 mm) self-tapping fine threaded wood screws (Kreg®, Kreg Tool Co., Huxley,
IA), which allowed attachment to the PVC pipe housing without pre-drilling.
Housing. A 6-inch (152 mm) tall length of 6-inch (152 mm) schedule 40
polyvinylchloride (PVC) pipe [inner diameter 6 inches (152 mm), outer diameter 6.625
inches (168 mm)] was used for the housing of the assembly. A 2.5 inch (64 mm) round
hole was cut in the side of PVC pipe to allow viewing of the tipping bucket mechanism
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and visual alignment of the funnel. The hole was covered in fiberglass window
screening attached with Velcro to keep small animals from entering the housing yet
allow easy removal for inspection. A 3/16-inch (4.8 mm) hole was drilled two thirds of
the way up the housing to allow the lead wire to pass into the housing. A second 3/16inch (4.8 mm) hole was drilled in the bottom of the housing to allow water (and leachate)
to escape after measurement.
Funnel. Funnels were made from a 0.055-inch (1.4 mm) thick sheet of a copolymer
consisting of 15% polyethylene and 85% polypropylene. Acrylonitrile butadiene styrene
(ABS) plastic and polycarbonate were also considered; however, the above-mentioned
copolymer was available locally, cost effective and functioned well during prototyping.
Funnels were made by cutting a circle from the plastic material, drilling a 3/16 inch (4.8
mm) hole in the center and making a cut from the edge to the center. The material was
then overlapped and fastened using pop rivets and backing washers (3/16 inch; 4.8
mm) thus creating a low profile funnel. A wood burner was used to weld the overlapping
plastic material together near the funnel tip and the hole was drilled to 3/16 inch (4.8
mm) creating a uniform hole in each funnel. Brackets to attach the funnel were made
from 0.5 inch (12.7 mm) x 2 inch (50.8) x 0.05 inch (1.3 mm) aluminum that was bent at
an angle to match that between the housing and the funnel. Pop rivets (3/16 inch; 4.8
mm) were used to secure the funnels to the brackets. Silicone was used to seal the
holes left by the pop rivets and the joint where the plastic sheeting was overlapped to
create funnels. Self-tapping screws (#8 x 0.75 inch; 19 mm) were used to attach the
aluminum brackets to the housing (PVC pipe).
The funnel size must be specific to the container size used if using the irrigation shield
method described below and therefore should have an outer diameter slightly smaller
than the inner diameter of the container being used. As the outer diameter of the funnel
is a function of the funnel angel and the diameter of the pre-formed funnel material it
may be necessary to create a slightly oversized funnel prototype and remove material
until the desired size is achieved. Once the funnel’s radius is determined a compass is
used to mark the material for additional funnels.
A standard fiberglass window screen material was placed over the funnel to keep loose
substrate and debris that come out of the container drain holes from clogging the funnel.
Holes 0.25 inch (6.4 mm) in diameter were drilled around the extreme edges of the
funnel. This allowed airflow around the irrigation shield and to the container drain holes.
Since the funnels were sized to match the inner diameter of the top of the container and
thus are larger than the base of the container, the air holes do not influence the capture
of leachate or irrigation.
Irrigation Shield. For the leachate gauges to function properly, they must measure only
the water that drains from the container while excluding irrigation water that falls outside
the container. An empty container of the same size as the target container was used to
create an irrigation shield (Figure 3). The container was cut approximately in half and
the bottom portion removed. The top half was inverted and placed over the funnel. The
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planted container was placed inside the empty container. As containers typically have a
larger top diameter and a smaller bottom diameter, a seal is created where the two
containers come together preventing overhead irrigation from entering the funnel from
the side of the container.
Tipping Bucket Assembly. A tipping bucket assembly (Texas Electronics, Dallas,
Texas) formed the basis of the sensor. For use with containers up to #3, tipping bucket
assemblies that were designed for 0.16 fl oz (4.73 ml) per tip were used. For containers
above #3, tipping bucket assemblies designed for 0.28 fl oz (8.25 ml) per tip were used.
The volume per tip represents the minimum resolution of the leachate gauges. Based
on use in rain gauges, a tipping bucket calibrated to 0.16 fl oz (4.73 ml) per tip has a +/1% accuracy at flow rates below 15.9 fl oz/hr (473 ml/hr) and a +0, -3% accuracy at flow
rates between 15.9 fl oz/hr (473 ml/hr) and 32.0 fl oz/hr (945 ml/hr). A tipping bucket
calibrated to 0.28 fl oz (8.25 ml) per tip has a +/-1% accuracy at flow rates below 27.8 fl
oz/hr (823 ml/hr) and a +0, -3% accuracy at flow rates between 27.8 fl oz/hr (823 ml/hr)
and 55.7 fl oz/hr (1647 ml/hr). At greater flow rates, accuracy drops to +0 to -5% up to
47.8 fl oz/hr (1418 ml/hr) and 83.6 fl oz/hr (2471 ml/hr) for the tipping buckets calibrated
to 0.16 fl oz (4.73 ml) per tip and 0.28 fl oz (8.25 ml) per tip, respectively (1, 2). An 18
gauge stranded, shielded, two conductor lead wire was stripped, tinned and attached to
the tipping bucket assembly to connect the leachate gauges to a data logger.
Tools Used. Constructing the tipping buckets required the use of specialized tools.
Although many of the tools listed here are not strictly necessary, the time necessary to
perform a given operation will like increase by using less specialized tools or home
owner quality tools. All the tools used were available at the University of Tennessee
Department of Biosystems Engineering and Soil Science Machine Shop (Knoxville, TN).
Table 1 lists the specialized tools used during the production process and their purpose.
Results and Discussion:
Cost of Materials and Production. The following is based on producing 20 or more
leachate gauges, building fewer will require more time per unit and possibly result in
higher per unit supply costs (Table 2). The time to produce is in person-hours and does
not include time to build a prototype or experiment with different production techniques
(Table 3).
Leachate and irrigation gauges were successfully built from readily available supplies
and a rain gauge tipping assembly. The total supply cost and the time to build each
gauge was estimated at $107.80 and 1.5 hours, respectively. Compared to a high
quality commercially available rain gauge ($300-$400 each), this was an economical
way to equip a research project and provided added benefits over adapting a rain gauge
as described in the Nature of Work section. The cost estimates provided here do not
include the purchase cost of the relatively specialized tools used during construction.
The leachate gauges, when paired with a standard rain gauge for measuring natural
precipitation, have the ability to measure leachate resulting from irrigation and rainfall.
Furthermore, when an empty container the same size as the containers used in
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production is placed on the leachate gauge, irrigation can be effectively measured at a
given location/container. When using the leachate gauge as an irrigation or rainfall
gauge remove the bottom of the empty container to allow water to flow unimpeded into
the funnel. The leachate gauges are strong enough to support large containers; they
were used with #4 containers for tree production without failures. Two rebar stakes
placed on either side of the plant and fastened to the container sidewall with cable ties
can be used to secure the potted plant.
In conclusion, a custom designed and built leachate gauge was constructed
economically with the ability to measure irrigation, rainfall and leachate in an outdoor
nursery setting with overhead irrigation. The leachate gauges can be easily adapted to
fit the wide range of container sizes used in nursery production. Data collected using
these gauges will lead to a greater understanding of irrigation requirements in an
outdoor nursery setting where data collection is challenging but of great value to nursery
crop production research and extension professionals. This information can be used to
refine irrigation practices and thus improve the environmental and economic
sustainability of the green industry.
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Table 1. Specialized tools and equipment used to develop the leachate and irrigation
gauges.
Tool
Drill Press
Drill Press Vice

Drill Bits: 3/16 inch, 5/16 inch,
#12 (0.159 inch) and 2.5 inch
Hole Saw
Metal Cutting Band Saw
DoALL Model C-916
Tap and Die Set
Sheet Metal Shear
Battery Operated Drill
Pop Rivet Tool
Adjustable Square
Various hand tools including
wrenches, screwdrivers,
hammers, saws, tin snips, and
clamps

Function
Drill holes at a 90o angle to the material. Used to drill
the holes in the aluminum plate.
Hold material while drilling. Used to hold material at
a specific and repeatable location. Allowed accurate
and repeatable drilling of holes in the aluminum plate
by using a template, eliminating repeated measuring.
Drill holes in funnel, aluminum plate, aluminum
brackets and PVC pipe.
Used to square cut the 6-inch PVC pipe into 6 inch
lengths.
Tap (cut threads) the holes in the aluminum plate,
allowing bolts to be threaded through the plate for
leveling.
Cut 0.050 inch aluminum sheeting into 0.5 inch x 2
inch rectangles for use as brackets.
Drill holes in the plastic sheeting to make the funnel
and for attaching the brackets. Also used for screw
attachment.
Used for pop riveting the funnels and attaching the
funnels to the brackets.
Measure and mark aluminum plate and pipe.
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Table 2. Cost of materials per leachate or irrigation gauge (based on a bulk purchase of
materials for 20 gauges).
Item
Aluminum Plate
Leveling Bolts
Tipping Bucket Attachment Bolts
6 inch PVC Pipe
PVC Attachment Screws
Aluminum Funnel Brackets
Funnel Material
Pop Rivets
Pop Rivet Backing Plates (Washers)
Self-Tapping Screws
Silicone Sealant
Screen
Tipping Bucket Assembly
Wire Lead [15 feet (4.6 m) based on cost of a 1000 ft
(305 m) roll]
Nursery Container
Total Materials Cost (one leachate gauge)

Water Management

Material Cost
(US $)
11.25
4.98
0.51
1.53
0.08
0.25
0.72
0.55
0.12
0.17
0.20
0.69
85.00
1.50
0.25
107.80
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Table 3. Person-hours used to build one leachate or irrigation gauge, based on the
economies of scale of building 20.
Leachate Gauge Production Task
Drilling Aluminum Plate
Tapping Aluminum Plate for Leveling Bolts
Cutting PVC and Drilling Viewing Hole
Cutting Funnel
Shaping Funnel Including Pop Riving and
Sealing Overlap
Making Funnel Mounting Brackets
Attaching Aluminum Base Plant to PVC
Attaching Aluminum Brackets
Attaching Tipping Bucket
Stripping and Tinning Wires
Attaching Wires
Aligning and Mounting Funnel
Cutting and Attaching Screen
Screen to Cover Viewing Hole
Cutting Irrigation Shields from Containers
Misc. Troubleshooting, Tool Calibration and
Clean Up
Total

Water Management

Person-Hours per Gauge
0.2000
0.0625
0.1500
0.0500
0.1000
0.0250
0.1250
0.1000
0.0875
0.0500
0.0750
0.1250
0.0500
0.0500
0.0500
0.2000
1.5000
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Figure 1. Exploded view of the leachate gauge. A. Debris screen (fiberglass window
screen), B. Pop rivet (3/16 inch), C. Funnel, D. Funnel attachment bracket
(aluminum; 2 x 0.5 x 0.05 inch), E. Self-tapping screws for attaching bracket to
housing (#8 x 0.75 inch), F. Housing (6 x 6 inch schedule 40 PVC), G. Screen
covering viewing hole (fiberglass window screen), H. Lead wire (18 gauge
stranded shielded 2 conductor), I. Tipping bucket assembly, J. Self-tapping
screws for attaching base plate to housing (1.25 inch), K. Screws to attach
base to tipping bucket frame (#6 x 1.25 inch; stainless), L. Leveling bolts (5/1618 x 2.5 inch; stainless), M. Aluminum base plate (7 x 8 x 0.5 inch).
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Figure 2. Leachate gauge base: 7 x 8 x 0.5 inch aluminum plate.
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Figure 3. Leachate gauge with #3 (11.4 L) container and irrigation shield. A. #3 (11.4 L)
container (white used for illustration purposes), B. Cut away for illustration
purposes. C. Union of container and irrigation shield made from the inverted
top half of a #3 container, D. Irrigation shield fits over the funnel, E. Leachate
gauge.
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Significance to Industry: Container grown nursery crops generally require daily
irrigation applications, and potentially more frequent applications during the hottest part
of the growing season. With recent advances in switchgrass production and its use for
natural gas and electricity production, a carbon rich byproduct of pyrolysis, known as
biochar, is becoming increasingly available for use in agriculture. Incorporating biochar
into nursery substrate could increase the water holding capacity and reduce water and
nutrient leaching. Additionally, the progression of substrate moisture sensor-based
irrigation has made this technology a practical tool for monitoring substrate moisture.
By irrigating only the amount of water required to support plant growth, sensor-based
irrigation can reduce water needed for irrigation. A precision irrigation system in
combination with a readily available, low cost substrate amendment that increases
water holding capacity may reduce the water requirement for high-value crops and
mitigate leaching, benefitting nursery growers who are trying to conserve water or
expand production on existing and/or limited water supplies.
Nature of Work: Pine bark is the most common container substrate component in the
Eastern US. It has high porosity and relatively low water holding capacity, therefore,
plants must be irrigated frequently compared to field grown crops in order to supply
adequate water. Frequent irrigation can contribute to leaching dissolved nutrients (1).
However, the amount and frequency of water applied by irrigation can be adjusted to
offset leaching nutrients (2). Refining irrigation to prevent leaching is particularly
important because pine bark has low cation and anion exchange capacities (1).
Developing management practices that use irrigation water more efficiently is important
for improving sustainability of nursery crop production. Substrate moisture sensors can
be an important component of sustainable irrigation practices. Moisture sensors have
been effectively used in both manual (2) and automated irrigation systems (3, 4, 5, 6) to
use water more carefully by conservatively estimating the amount of water needed to
support growth and reducing water wastage due to excess application (6).
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In field cropping systems, plant water uptake is a function of soil as well as plant
hydraulic properties and this likely extends to soilless substrates too (7). O’Meara et al.
(2014) showed that container substrate hydraulic conductivity as well plant species
maybe an important mechanism to control water uptake by plants. Moreover, they
showed that the commonly accepted threshold for plant available water, 0.20 m3·m-3,
may not define all soilless substrates as G. jasminoides ‘Radicans’ and H. macrophylla
‘Fasan’ extracted water until 0.12 m3·m-3 and 0.16 m3·m-3, respectively. While recent
research is encouraging for developing conservative irrigation scheduling with a low
volumetric water content set point to trigger irrigation (5), water retention characteristics
of soilless substrates are inherently prone to and greatly influenced by hydrophobicity
(8) and thus, warrant more investigation. Appropriate use of sensors can provide
quantitative indicators of crop water needs that improve irrigation decision-making and
also enhance water use efficiency in soilless substrates (9) while taking into
consideration hydrophobic tendencies of substrate components.
Biochar is a carbon rich byproduct of pyrolysis, which is thermochemical decomposition
of organic materials in the absence of oxygen and at low temperatures. During
pyrolysis, carbon, hydrogen, and oxygen are burned off and the nutrient concentration is
increased in comparison to the original feedstock (10). Biochar can be used as soil
conditioner in agriculture (10). For example, biochar has been described as a means to
enhance soil nutrient retention (11). In addition, there is great potential to enhance soil
fertility in the long term via increase of cation exchange capacity and surface area, and
also increase water retention, which can reduce nutrient leaching (12, 13). Biochar has
also been reported to increase soil pH in acid soils (14) and plant nutrient availability
(15). These factors, either individually or in combination, may increase yields of
agricultural crops as well as benefit horticultural crops (15, 16, 17).
The effect of biochar depends on type of feedstock, the pyrolysis conditions, and the
ecosystem or cropping systems to which it is applied (18). Biochar has a large impact
on release and retention of all macronutrients but each macronutrient responds in a
different way (19). Because ion species’ movement through a pine bark substrate is
heterogeneous, biochar as a component to pine bark-based substrate may differentially
influence nutrient retention. Solute movement also depends on distribution of ions
through macro-pores and micro-pores, their diffusion across concentration gradient, and
interaction with bark particle exchange sites (1). Therefore, biochar may influence
nutrients leaching from a soilless substrate and characterizing these distinctions would
benefit nursery growers.
Benefits of biochar have been also reported in container and greenroof systems.
Addition of 7% biochar to greenroof substrate reduced total nitrogen and phosphorus,
nitrate, phosphate and organic carbon in leachate (20). Biochar retained nitrate and
phosphate and release those gradually over time in plantless columns. The nutrient
release curve peaks occurred later with higher residual nutrient release over time by
increasing the biochar rate. (21). Altland and Locke (19) reported that amending a
standard commercial soilless substrate with 10% gasified rice hull biochar increased
container capacity and reduced unavailable water. Given the potential to improve
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irrigation scheduling and conserve water and nutrients by using substrate moisture
sensors and addition of biochar to soilless container substrates, our objective was to
determine the effect of amending a pine bark substrate with switchgrass biochar or
composted switchgrass biochar on crop growth, irrigation requirements, and nutrient
leaching for two plant species with disparate water requirements, Buxus sempervirens
×B. microphylla ‘Green Velvet’ boxwood and Hydrangea paniculata Pinky Winky® hardy
hydrangea.
Buxus sempervirens ×B. microphylla (‘Green Velvet’ boxwood) and Hydrangea
paniculata (Pinky Winky® hardy hydrangea) grown in 2.25 inch containers (Spring
Meadow Nursery (Grand Rapids, MI) were potted into 3.8 L containers on 8 May 2015.
Containers were filled with pine bark and amended with 10% and 25% by volume
biochar or composted biochar. Containers were irrigated by hand for 4 weeks before
initiating the automatic sensor-based irrigation program. One week after transplanting,
plants were top-dressed with 18N-6P-12K controlled release fertilizer with
micronutrients (Osmocote, Everris, Marysville, OH) at 24 grams per container.
Substrate moisture levels are controlled by EC-5 capacitance sensors (ECHO-5,
Decagon Devices Inc., Pullman, WA) connected to a multiplexer (AM16/32, Campbell
Scientific Inc.) wired to a data logger (CR1000, Campbell Scientific Inc., Logan, UT)
programmed to read and convert mV output from the EC-5 sensors to volumetric water
content based on a substrate-specific calibration for each sensor. A 16-channel relay
controller (SDM-CD16AC, Campbell Scientific Inc., Logan, UT) connected to the data
logger operates solenoid valves. For this experiment, the volumetric water content set
point that triggers irrigation is 0.25 m3·m-3, slightly greater than 0.20 m3·m–3, a
commonly accepted value for plant available water, in order to prevent the bark from
becoming hydrophobic. The upper set points (optimum volumetric water contents) are
the in situ container capacity values, which were based on EC-5 probe measurements
following irrigation and drainage of free water. Substrates were treated twice with a
surfactant before determining in situ container capacity values. The container capacity
values were 0.54 m3·m-3 for 100% pine bark treatment with hydrangea, 0.52 m3·m-3 for
100% pine bark treatment with boxwood, 0.49 m3·m-3 for 10% biochar treatment with
hydrangea, 0.44 m3·m-3 for 10% biochar treatment with boxwood, 0.55 m3·m-3 for 25%
biochar treatment with hydrangea, 0.45 m3·m-3 for 25% biochar treatment with boxwood,
0.29 m3·m-3 for 10% composted biochar with hydrangea, 0.31 m3·m-3 for 10%
composted biochar treatment with boxwood, 0.37 m3·m-3 for 25% composted biochar
with hydrangea and 0.35 m3·m-3 for 25% composted biochar with boxwood.
Ten independent irrigation zones, one per treatment combination, were constructed with
one irrigation line per treatment combination. There are 5 probes per treatment, 50
probes in total. Probes were installed so that the bottom of each probe is 3.5 inches
below the substrate surface. Each container is irrigated with a 4 inch dribble ring
(Dramm Corp., Manictowoc, WI) to achieve uniform irrigation on surface of the substrate
by 4 gallon per hour emitters. Leaching traps were built from 12 inch wide clear vinyl
saucers and 0.25 inch clear PVC tubing (Thermo Fisher Scientific, Pittsburgh, PA) and
were placed beneath each container. Leachate drains into 500 ml graduated
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rectangular bottles (Thermo Fisher Scientific, Pittsburgh, PA) under the greenhouse
benches. PVC cut into 1.5 inch long sections were placed in clear saucers under each
container to prevent containers from sitting in leachate.
Growth index will be determined at initiation and termination of the experiment using the
formula (plant width 1 + plant width perpendicular to width 1 + plant height /3). For dry
weight measurements, the above ground portion of plants will be harvested and roots
will be hand-washed of substrate. Root and shoot growth will be dried at 55 °C until
there is no change in mass. Leaching fraction, water use efficiency, and change in
growth index will be calculated. Water application efficiency will be calculated as
[(volume of applied water – volume of water leached)/volume applied] x 100.
Leachate will be collected from 50 containers, half of the containers, each week
for eight weeks. Leachate volume, pH, electrical conductivity, N-NO3, N-NH4,
P-PO4, and K concentrations will be measured.
Experiments are being conducted at the University of Tennessee North Greenhouse
Complex, Knoxville, TN. The experimental design is a randomized complete block in a
2 x 5 factorial arrangement with 10 replications. Factors are are two plant species
(Buxus and Hydrangea) and 5 substrates [100% pine bark, pine bark with biochar (10%
and 25% v/v) and pine bark with composted biochar (10% and 25% v/v)].
A precision irrigation system in combination with a readily available, low cost substrate
amendment that increases water holding capacity may reduce the water requirement for
high-value crops and mitigate leaching. The research described here is investigating
the role of switchgrass biochar and conservative sensor-based irrigation scheduling with
set points predicated on plant available water on reducing both water consumption and
nutrients in leachate. Results of this research will help nursery growers conserve water
and use nutrient resources more cost effectively.
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Significance to the Industry: Florida’s landscape industry employed over 100,000
people and generated over $6 billion in sales in 2010, with a majority of these sales
coming from the landscape maintenance sector (7). One of the most costly and time
consuming aspects of landscape maintenance is weed control, specifically in
ornamental planting beds and other non-turf areas. While numerous studies have
shown the benefits of using organic mulch and herbicides for weed control in
landscapes, less research has focused on the expected annual cost of these practices
and their effectiveness throughout the year. The objective of this research is to evaluate
common landscape weed control methods in terms of long-term efficacy and estimate
annual cost by measuring all labor and material inputs.
Nature of Work: Currently there are few chemical options for weed control around
desirable ornamentals, and the diversity of species in any one landscape planting bed
make finding safe and effective herbicides very difficult for landscapers. In most cases,
homeowners or landscapers will use mulch (organic or inorganic), geotextile fabric,
herbicides, or a combination of these methods to control weeds. The advantages and
disadvantages of each method in terms of weed control have been well documented.
Organic mulches have been shown to reduce weed seed germination (2; 9) and
improve plant growth (6), but can degrade quickly and may attract unwanted pests (3; 4;
5). Inorganic mulches (gravel/stone) will not degrade but are associated with much
higher upfront costs and do not improve soil quality. Multiple geotextile fabrics have
been evaluated and most are only effective for a short time and ineffective on perennial
weed species (1; 8). Landscape fabrics are designed to be installed at the time of
planting, and proper installation in an existing landscape is very difficult. The use of
landscape fabric also requires mulch to be applied over the material, increasing the
cost. Further, weeds can root through the fabric making hand-weeding difficult and more
time consuming. Pre-emergent herbicides are effective when properly timed and can be
applied to new or existing landscapes, but options are limited for homeowners and
landscapers are becoming more concerned over potential liability issues concerning
plant damage.
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While many different strategies have been thoroughly evaluated for landscape weed
control efficacy, research is lacking on which method or combination of methods is most
economical from a homeowner or landscape contractor perspective on a yearly or multiyear basis, and remains one of the most common questions. For example, pine straw is
commonly used as mulch in the southeastern U.S. because it is affordable and widely
available, but it decomposes quickly (10; 3) and must be replaced more frequently,
decreasing the cost advantage. In order to estimate the annual yearly cost and efficacy
of common landscape weed control methods, multiple landscape beds (5 ft. by 5 ft.)
were constructed at two locations in Florida (Apopka and Wimauma, FL). On
September 9, 2014, a shrub species [Schilling’s holly (Ilex vomitoria ‘Schilling’s Dwarf’)
(holly)] and a groundcover species [Asiatic jasmine (Trachelospermum asiaticum
‘Minima’) (Asiatic jasmine)] were transplanted from #3 (11 L) and trade gallon (3.0 L)
containers, respectively, into prepared landscape beds in Wimauma, FL containing a
sandy soil (2.2% organic matter, pH 7.2). Each 5 ft. by 5 ft. landscape bed was made by
placing 5 ft. sections of 2 in. (thickness) × 6 in. (width) lumber around the outside edge
of each bed to prevent bed contents (soil, mulch, etc.) from being washed or blown
away. Each bed contained either two hollies or three Asiatic jasmine plants (plots were
separated by species) on 1.5 ft. spacing. On September 11, weed control treatments
were applied (Table 1) to weed-free plots. Treatments consisted of pinestraw alone
(PS), pinebark nuggets alone (PB), herbicide alone (H), pinestraw + herbicide (PS+S),
pinebark + herbicide (PB+H), and a bare soil (no herbicide) control treatment. Each
mulch was applied at a depth of 2 in. (approximately 4.2 cu. ft. per plot) and herbicide
[Snapshot®, (trifluralin + isoxaben), Dow AgroSciences, Indianapolis, IN] was applied at
the highest recommended label rate [200 lbs. product/acre (5 lbs active ingredient/acre)]
after mulch was applied. After treatments were applied, 0.5 inches of irrigation was
applied using portable overhead sprinklers to activate the herbicide and drip irrigation
was used thereafter to water plants as needed. All plots were fertilized and maintained
according to standard industry practices. The experiment was also conducted in
Apopka, FL using similar methods with only the following exceptions: On September 23,
plants were transplanted into landscape beds containing a sandy soil (1% organic
matter, pH 6.2) and weed control treatments were applied on September 25.
Weed coverage data (visual rating scale from 0 to 100, 0 = no weeds, 100 = complete
weed coverage), weed species, and mulch depth measurements were taken biweekly.
When weed coverage exceeded 20% in any plot, plots were hand weeded to remove all
weeds and time needed to hand-weed each plot was recorded. When average mulch
depth dropped below 2 in., mulch was added to increase the depth to 2 in. and the
amount of mulch added to each plot and application time was recorded. At both
locations, herbicide applications were made to herbicide treated plots once every four
months so that the manufacturer’s maximum annual usage rate (600 lbs. product/acre)
was not exceeded. Plots receiving a herbicide treatment were hand weeded prior to
application (regardless of weed coverage rating) and watered in as described above.
Costs for labor and materials (hand weeding, mulch application, herbicide, mulch) were
calculated using average prices in central Florida. Uniform soil characteristics and
maintenance history allowed for a completely randomized design in Wimauma while a
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completely randomized block design was used in Apopka as the experimental site was
newly tilled and prepared prior to study initiation (previously fallow). Each treatment was
replicated six times at each location for each bed type (groundcover or shrub). Data was
analyzed separately for each site and each bed type (shrub and groundcover) bi-weekly
(not shown), monthly (not shown), and overall using the PROC GLM procedure in
SAS® (SAS Institute, Cary, NC ) and means separated using Tukey’s HSD (p = 0.05).
Results and Discussion: In Apopka, PB + H provided the best weed control in shrub
beds but performed similarly to PS + H in groundcover beds (Table 1). The PB + H
treatment provided better weed control than PB alone in both bed types while PB
outperformed H. The PS treatment provided similar control to PS + H and H, both in
terms of weed control and hand-weeding time needed in both bed types. Fewer
differences were noted in Wimauma which had less overall weed pressure than
Apopka. In general, the best weed control was achieved with PB + H and PS + H.
Herbicide alone was similar to both PB and PS in both beds. Again, no differences were
observed between PS and PS + H; however, PB + H provided better control than PB
alone in the shrub beds. When data was analyzed bi-weekly, results showed that PB +
H provided the lowest weed coverage and required less hand-weeding in both bed
types at both locations on most evaluation dates (data not shown). In general, H alone
resulted in higher weed coverage and more hand-weeding time than any other weed
control method. Lower control from the herbicide was likely due to high populations of
Florida pusley (Richardia floridana) and several perennial species which are only
partially controlled by most preemergence herbicides. Cost estimates show that use of
mulch reduced expected hand-weeding labor costs by 39% (PS) and 73% (PB)
compared to when H was used alone (Table 2). However, even with a high population
of difficult-to-control-weeds, H reduced hand-weeding costs by approximately 48%
when compared with the non-mulched non-treated control and the addition of H
decreased hand-weeding costs by 55 and 62% for PS and PB, respectively. When
estimating total maintenance costs throughout the year, PB + H costed less than any
other method, illustrating that the best results will usually be achieved by combining
both chemical and non-chemical control methods. Further research will be conducted to
evaluate additional weed control methods (organic, inorganic, etc.) and herbicide-mulch
combinations in terms of both cost and effectiveness.
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Table 1. Mean bi-weekly weed coverage and hand-weeding time for common weed control methods at two locations in Florida.
Location:
Bed type
(species):

Apopka
Shrub
Weed

Treatment

z

Coverage

y

(Holly)
Handweeding Time
(min.)

Wimauma

Groundcover
(Asiatic jasmine)
Handweeding
Weed
Coverage Time (min.)

Shrub
(Holly)
Handweeding
Weed
Coverage Time (min.)

Groundcover
(Asiatic jasmine)
Handweeding Time
Weed
(min.)
Coverage

2

per 25 ft Landscape Bed
x

11.4 bc
PS
1.0 bc
11.9 bc
0.9 bc
9.3 bc
0.6 b
9.4 bc
1.0 bc
PB
9.4 c
0.5 c
9.5 c
0.6 c
8.5 bc
0.2 b
8.7 bcd
0.3 c
Herbicide
13.8 b
1.7 b
14.1 b
2.0 b
9.8 b
0.8 b
11.3 b
1.3 b
PS + Herbicide
9.8 bc
0.5 c
8.9 cd
0.4 c
7.5 cd
0.3 b
7.5 cd
0.4 c
PB + Herbicide
4.9 d
0.2 c
5.4 d
0.2 c
5.9 d
0.1 b
5.7 d
0.1 c
Control
19.2 a
3.3 a
18.8 a
3.4 a
12.4 a
1.8 a
14.5 a
2.6 a
z
PS = pinestraw (multiple species); PB = Pinebark nuggets; Both at 2 in. depth; Herbicide = Snapshot® (trifluralin+isoxaben) at 200
y
Weed coverage taken on a scale of 0 to 100 (0 = no coverage, 100 = complete coverage). Ratings were taken bi-weekly. Plots were handweeded when weed coverage exceeded 20%.
x
Means separated using Tukey's HSD (p = 0.05). Means followed by the same letter within each column are not significantly different.
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Table 2. Installation, hand-weeding time, and estimated annual maintenance costs of common weed control methods.
Total
Hand
Maintenance
Labor
Mulch
Added
Mulch
Herbicide
Installation +
weeding
z
y
x
w
v
u
t
Cost
Cost
(bags or bales)
Cost
Cost
Maintenance
Treatment
Materials
Time (hr)
2

---------------------------------------------------per 1,000 ft Landscape Bed-------------------------------------------------PS
$96
15.2
$175
8
$49
$0
$224
$320
PB
$258
6.9
$79
6
$23
$0
$102
$360
Herbicide
$8
25.1
$289
0
$0
$16
$305
$313
PS + Herbicide
$104
6.9
$79
8
$49
$16
$144
$248
PB + Herbicide
$264
2.6
$30
6
$23
$16
$69
$333
Control
$0
48.2
$555
0
$0
$0
$555
$555
z
PS = pinestraw (multiple species); PB = Pinebark nuggets; Both at 2 in. depth; Herbicide = Snapshot® (trifluralin+isoxaben) at 200
y
Materials cost = cost of mulch and herbicide.
x

Labor cost includes time needed to handweed each treatment using average hourly rates for Florida.

w

3

3

Mulch added includes the number of bags of pinebark (2 ft ) or bales of pinestraw (2.84 ft baled) to keep mulch depth at 2 in.

v

Mulch cost based on average retail price for suppliers in central Florida and includes labor cost for application.

u

Herbicide cost includes chemical and application cost of two maintenance applications (in addition to initial application) made throughout
the year (total of 600 lbs/acre/year) plus .
t
Total maintenance cost = sum of labor, mulch, and herbicide costs.
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Mulch Type and Depth Influences Weed Control on Three Major Weed
Species in Nursery Container Production
Paul Bartley III, Glenn Wehtje, Anna-Marie Murphy and Charles Gilliam
Auburn University, Department of Horticulture, Auburn, Alabama 36849
pcb0004@auburn.edu
Significance to Industry: A number of factors over the past several years have forced
container-grown plant producers to alter production practices. Increasing labor cost and
new immigration laws have forced growers to rely more on herbicides for weed control.
Problems associated with herbicide use in container production include non-target loss,
achieving correct calibration, and the expense of repeat applications a year (Case and
Mathers, 2006). Nonchemical weed control methods could diminish non-target herbicide
loss and reduce potential environmental concerns. Data from this study reveals that one
application of various mulch species at a depth of at least 5 cm (2 in.) will provide longterm control of spotted spurge, phyllanthus, and eclipta.
Indtoduction: Weeds have been noted to cause major problems in container crop
production by reducing the crop value through competitive effects (Berchielli-Robertson
et al., 1990) and reducing marketability due to demands for weed free plants (Walker
and Williams, 1989). Numerous researchers have reported that only one weed in a
small container (trade gal. or 1-gal.) could affect the growth of a container crop
(Berchielli-Robertson et al., 1990; Fretz, 1972; Walker and Williams, 1989) but this is
highly variable depending on both the crop and weed species. Fretz (1972) reported
that one planted red-rooted pigweed (Amaranthus retroflexus) resulted in 47%
reductions in growth of a trade-gallon container-grown Ilex crenata ‘Convexa’ and onetrade-gallon container-grown I. crenata ‘Convexa’ and one crabgrass (Digitaria
sanguinalis) reduced the growth of I. crenata ‘Convexa’ up to 60% when compared to
the weed free control. One eclipta plant (Eclipta prostrata) was observed to have the
ability to reduce the shoot dry weight of Rhododendron ‘Fashion’ (Berchielli-Robertson
et al., 1990). With the extent of loss from weeds plainly observed and researched, it
comes without questioning why concerned nurseries sometimes spend as much as
$4000 per acre to control weeds (Pellet and Heleba, 1995). This seems like an
egregious amount of money; however, marketability for container crops can be directly
associated with the demand for weed-free plants (Simpson et al., 2002).
The necessity to control weeds in container production has driven two practices in
container production, hand pulling and herbicide applications. Hand weeding is an
increasingly expensive option to do increasing labor cost (Gilliam et al., 1990) and
further complicated by new immigration reforms. To reduce the need for hand pulling,
nursery growers typically apply preemergence herbicides 3 to 5 times annually.
Problems associated with herbicide applications in container production include nontarget herbicide loss (Case and Mathers, 2006). This problem is further convoluted with
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increased container spacing at the time of application. Porter and Parish (1993) showed
12 and 23% non-target loss on trade-gallon containers when configured in a hexagonal
pot-to-pot configuration and square pot-to-pot configuration, respectively. Gilliam et al.
(1990) reported similar results in that non-target losses ranging from 51 to 80% when
herbicides were applied to trade-gal containers spaced 18 to 30 cm on center.
Increasing demand for instant landscapes and large container production has led to
many growers to begin producing more crops in 7-gal containers and larger. Weed
control practices differ from that used in smaller container production. Increased
herbicide non-target loss between the large spacing required for large container
production renders herbicide applications inefficient and raises environmental concerns.
Mulches have proven to be an effective non-chemical alternative for weed control in large
containers. Several criteria must be met in order for a mulch to be considered effective.
Effective mulches must be readily available, inexpensive, and acceptable to consumers.
Waste products were a focus for many years in mulch research. Products that would
normally be sent to a landfill such as newspaper or tires have been evaluated as mulches
(Pellet and Heleba, 1995). Smith et al. (1997) reported that newspaper pellets at 2 in.
depth controlled spurge in the landscape for at least 60 days. However, waste paper has
been shown to reduce available nitrogen when applied to a container’s surface as mulch
(Glenn et al., 2000). Ground tires were used in a separate study to provide good initial
control, but weeds gradually began to penetrate the barrier after 2 months (Calkins et al.,
1996). Fabric disk over various materials have also been researched but have found
limited success do to voids around the seams or being blown away by winds (Appleton
and Derr, 1990). For the most part, waste product mulches have been deemed ineffective
due to limited availability and consumer acceptability.
Tree derived mulches such as chipped cedar, pine-bark mini-nuggets, and Douglas fir
have widespread availability, reasonable consistency, and acceptable by consumers
(Llewellyn et al., 2003). Pine-bark mini-nuggets, as with other tree-derived mulches,
create an environment that is not conducive to weed germination due to low fertility,
large particle size, and hydrophobic properties (Richardson et al., 2008). Case and
Mathers (2003) reported good long container term weed control mulched with Douglas
fir and pine-bark nuggets in combinations with either acetochlor applied at 2.5 lbs ai/A,
flumioxazin at 2.0 lbs ai/A, or oryzalin at 2.0 lbs. ai/A. Neither oryzalin nor flumioxazin
provided long term control when applied alone, but pine-bark nuggets did provide good
long term control. Other readily available tree-derived mulch species such as Chinese
privet, sweetgum, and eastern red cedar could be used as mulch in container
production in lieu of commercialized pine bark mini-nuggets.
The objective of this study was to evaluate four readily-available mulch species at
multiple depths for long term weed control and phytotoxicity in nursery crops grown in
large containers. The four species tested were Eastern red cedar (Juniperus virginiana),
ground whole loblolly pine (Pinus taeda), Chinese privet (Ligustrum sinense), and
sweetgum (Liquidambar styraciflua). Mulch treatments were evaluated with and without
dimethenamid-p herbicide (Tower®).
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Materials and Methods: This study is currently being observed at the Paterson
greenhouse complex of Auburn University in Auburn, AL. The experiment was initiated
19 April 2014, Eastern red cedar, loblolly pine, Chinese privet, and sweet gum trees, 10
to 20 cm (4 to 8 in.) in diameter measured at 30.5 cm (12 in.) from the soil, were
harvested. Only the trunk portions of these trees were used to provide mulch. Harvested
trees were chipped with a chipper on 23 April 2014. Along with these four mulches, pine
bark mini-nuggets were included (Pine Bark Mini-Nuggets Landscape, Garick, LLC.
Cleveland, Ohio) to provide a commercially comparative mulch treatment. Particle size
distribution was determined with a series of screens (Fig. 1). Treatments consisted of a
factorial arrangement of five mulches (eastern red cedar, loblolly pine, Chinese privet,
sweetgum, and pine-bark minnuggets), three mulch depths (1, 2, and 4 in.), and two
herbicidal treatments [No herbicide and dimethenamid-p (Tower)]. Two additional
treatments were a nontreated control (no mulch with no herbicide) and a no mulch with
herbicide for a total of 32 treatments. Three weed species (long-stalked phyllanthus
(Phyllanthus tenellus), eclipta (Eclipta prostrata), and spotted spurge (Euphorbia
maculata)) were tested, each receiving all 32 treatments. Each treatment was replicated
five times for a total of 60 pots per weeds species (note: there are three mulch depth
treatments within each mulched container). The study was arranged in a complete
random design within each weed species.
On 26 May 2014, 15-gal containers were filled 12.7 cm (5 in.) from the top with a
substrate that was 6 pine bark and 1 sand (v/v) amended per cubic yard with 2.3 kg (5
lbs.) dolomitic lime, 6.4 kg (14 lbs.) of Polyon® 18-6-12 (Pursell Technologies,
Sylacauga, Alabama) and 0.7 kg (1.5 lbs.) Micromax® (Scotts Co., Maryville, Ohio).
Pots were placed on the nursery pad and irrigated twice daily for 3 days with 2.5 cm (1
in.) of water to allow for settling and accurate adjustment of substrate depth. Tower was
then applied at 30 fl. oz./A to the herbicide designated pots as a liquid application (30
gal/A) with a CO2 pressure backpack sprayer. The space at the top of the pots was to
allow space for dividers. These dividers consisted of untreated plywood cut, grooved,
and glued to divide the pots into thirds. Each third of the pot was seeded with 10 seeds
of long-stalked phyllanthus, eclipta, or spotted spurge applied to the surface of the
media on 31 May 2014. The three partitions of each pot were designated one of the
three mulch depths so that each pot contained 2.5, 5.1, and 10.2 cm (1, 2, and 4 in.) of
mulch. Mulch was spread also on 31 May 2014.
Weeds were allowed to grow for exactly 30 days after seeding. At this time, weeds, if
any, were counted, clipped at the mulch or substrate surface, and fresh weights were
taken. These data were expressed as percent reduction relative to the non-treated
control. Thus, a “0” control indicated equivalency to the control (100 = no weed growth).
One week after weed harvest, the containers were sprayed with paraquat dichloride
(Gramoxone® Inteon by Syngenta) to kill any remaining weeds. One week after this
treatment, pots were reseeded accordingly on top of the mulch with 10 seeds of the
designated weed species. To test the longevity of weed control, this process was
repeated three times during the summer of 2014.
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An analysis of variance was performed on all responses using PROC GLIMMIX in SAS
version 9.3 (SAS Institute, Cary, NC). Each weed species and experimental rounds
were analyzed as separate experiments, and the experimental design was a split plot
with mulch type and herbicide application in the main plot and mulch depth in the subplot. Where residual plots and a significant COVTEST statement with the
HOMOGENEITY option indicated heterogeneous variance among treatments, a
RANDOM statement with the GROUP option was used to correct heterogeneity for
weed fresh weight. Weed counts were analyzed using the Poisson distribution. Single
degree of freedom orthogonal contrasts were used to test linear and quadratic trends
over mulch depth. Differences between herbicide treatments were determined using the
Shaffer Simulated method. All reported means are least squares means. All
significances were at α = 0.05.
Results and Discussion: Data for the first round of this study was taken 30 June 2014.
Mulch depth, herbicide (yes or no), and the herbicide by mulch depth interaction were
shown to have the most influence on both weed counts and weed fresh weights. Means
comparisons on fresh weights and weed counts of phyllanthus showed significant
differences in herbicide application by mulch depth interaction (Table 1.). Both eclipta
and spotted-spurged showed similar results as phyllanthus did in Round 1. Tower
treated containers showed excellent control on all three weed species with perfect
control spotted spurge and eclipta. Long-stalked phyllanthus was 99% controlled when
compared to the no herbicide, no mulch control.
After the data were collected from Round 1 of the experiment, all containers received a
burn down treatment of Gramoxone (paraquat) to kill any non-target or remaining
weeds. The containers were then reseeded with 10 seeds per partition of each
container with seeds scattered on top of the mulch on 18 July 2014. Thirty one days
after seeding, the weeds were counted and fresh weights were taken. Round 2 of the
experiment showed that the preemergent herbicide, Tower, had seemingly lost all
activity and showed no significant reduction in weed count or fresh weight in
comparison to the control treatment. Depth of the mulch treatments, across all species,
showed significance in both weed count and fresh weight. Treatments with 2.5 cm (1
in.) of mulch reduced the weed fresh weight of spotted spurge by 80.3% when
compared to the treatments of no mulch with no herbicide and the treatments of no
mulch with herbicide. Treatments with 5.1 cm (2 in.) of mulch reduced the foliage fresh
weight of spotted spurge by 99.7% and treatments with 10.2 cm (4 in.) of mulch were
observed showing complete control of spotted spurge.
Round 3 of the experiment began on 8 September 2014 with 10 weed seed being sown
in each partition of the designated weed species. Weeds were counted and fresh
weights were taken on 10 October 2014. The final round of the experiment showed
similar results of those recorded in Round 2. Tower did not have any effect on weed
count or fresh weight in any of the three weed species. Means comparisons on fresh
weight and weed counts of spurge showed significant differences with only mulch depth
as the main effect (Table 2.). Other weed species showed similar results during Round 3.
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Our results have shown that mulch depth, not species, is the main effect for weed
control in nursery containers. Tower treated containers lost efficacy after Round 1 most
likely due to dimethenamid-p’s short half-life of approximately 21 days (Senseman,
2007). Microbial activity coupled with the herbicide’s high adsorption to the high levels
of organic matter found in soilless growing media presumably rendered the herbicide
ineffective by Round 2 (45 Days after treatment). It can be suggested from these data
that 2 inches of mulch with particle size distribution similar to that found in study will
provide safe, substantial, and long-term weed control in container crop production.
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Figure 1. Particle size distribution by mulch species
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Table 1. Round 1. Means comparisons on fresh weight and weed counts of Phyllanthus.

Fresh weight
no
yes

Depth
0
9.28a
0.04b

1
1.68ns
0.02

2
0.09ns
0.00

Weed count
no
yes

4
0.00ns
0.00

Sign.
Q***
NS

4
0ns
0

Sign.
Q***
Q***

Depth
0
4a
2b

1
1ns
1

2
0ns
0

Data was collected for Round 1 on 20 June 2014, 30 days after seeding on 30 May.
The herbicide application by mulch depth interaction was significant at α = 0.05.

Table 2. Round 3. Means comparison on fresh weight and weed counts of spotted spurge.

Fresh weight

Depth
0
12.83

1
4.46

0
5

1
2

Weed count

2
1.00

4
0.03

Sign.
Q***

2
1

4
1

Sign.
Q***

Depth

Data was collected for Round 3 on 10 Oct. 2014, 32 days after seeding on 8 Sep. 2014.
Only the Depth main effect was significant at α = 0.05.
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Influence of Substrate Type on Weed Seed Germination
James E. Altland
Application Technology Research Unit, USDA-ARS, Wooster, OH
James.altland@ars.usda.gov
Index words: weed control, substrate, porosity, herbicide, weed germination, irrigation
Significance to Industry: Container nursery substrates are composed primarily of
softwood tree bark, with pine (Pinus taeda) bark being the predominant type used in the
central and eastern United States. Bark is typically amended with various components
including, but not limited to, sphagnum peatmoss, sand, compost, and other locally
available agricultural or industrial byproducts. Sphagnum peatmoss is one of the most
commonly used amendments, and is often incorporated at rates from 10% to 40% of the
substrate volume. Sphagnum peatmoss can hold up to 20 times its weight in water, and
thus is often used to increase the water holding capacity of pine bark substrates. The
objective of this research was to determine how pine bark substrate amended with
sphagnum peatmoss affects creeping woodsorrel (Oxalis corniculata) germination in
containers. This research shows that amending pine bark with increasing rates of
sphagnum peat moss from 0% to 40% (by vol.) increases the water holding capacity of
the substrate, however, water availability on the substrate surface where weed seedlings
germinate and establish was the same in all substrates. Substrates with varying levels
of sphagnum peatmoss only slightly affected weed germination. While sphagnum peat
moss can be used to vary the water holding characteristics of a substrate in order to
provide an optimum growing environment, changes in bulk substrate physical properties
will not affect herbicide performance on the substrate surface.
Nature of work: Black nursery containers (#3, approx. 3 gal.) were filled with either
100% pine bark, 80 pine bark : 20 peatmoss, or 60 pine bark : 40 peatmoss (v:v). All
substrates were amended with 12 lb/yd3 controlled release fertilizer to supply all macro
and micronutrients (Osmocote 15-9-12 Northern, The Scotts Co., Marysville, OH). After
potting, half of the containers were treated with 200 lb/A Pendulum 2G (pendimethalin,
BASF) and the other half were left untreated. A group of treated and untreated
containers were seeded with 40 creeping woodsorrel seed the day following herbicide
application (week 0) and a separate group of containers were seeded every 2 weeks
thereafter for 8 weeks. Established creeping woodsorrel were counted 4 weeks after
seeds were applied. Containers were placed within an overhead irrigation system and
irrigated daily with approximately 0.25 in of water. There were six single-pot replications
per treatment and seeding date, arranged in a completely randomized design.
A portion of each substrate type was measured for physical properties using substrate
porometers to determine air space (AS), container capacity (CC) and total porosity (TP).
Moisture characteristic curves (MCC) were also generated to determine the volumetric
water content of each substrate throughout the container profile.
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Results and Discussion: Increasing the ratio of sphagnum peatmoss in containers
affected the bulk substrate physical properties. Air space decreased and CC increased
with increasing peat moss level. Using MCC-generated data, substrates with 20% or
40% peat moss also had higher easily available water. However, MCC were also used
to calculate the volumetric water content on the substrate surface. On the surface, all
substrates had 40% water content at saturation.
Regardless of substrate type, Pendulum reduced creeping woodsorrel numbers in
containers when seeds were applied up to 4 weeks after herbicide application. Among
containers in which seed were applied 8 weeks after application, creeping woodsorrel
numbers were similar in herbicide and non-treated containers. This suggests the
herbicide barrier may have degraded to an ineffective concentration on the substrate
surface in as little at 5 to 6 weeks.
Substrate type had an inconsistent and relatively minor effect on creeping woodsorrel
numbers. Among containers not treated with Pendulum, 100% bark had greater
creeping woodsorrel numbers than the 60 : 40 substrate when seeds were applied 4 or
8 weeks after potting. Among containers treated with Pendulum, weed counts were
similar in all substrate types. Little or no effect from substrate type on creeping
woodsorrel establishment is probably due to the similar volumetric water content on the
substrate surface. While peat moss amendments can have a large effect on bulk
substrate physical properties, it had no effect on volumetric water content at the
substrate surface.
Table 1. Physical properties of three substrates comprised of
varying ratios of pine bark: peat moss.
Easily
Vol.
Air
Container
avail.
water at
Pine bark : peat moss
space
capacity
water
30 cm
100 : 0
37.2
44.0
11.2
40.0
80 : 20
29.8
53.4
19.4
40.0
60 : 40
21.1
62.0
20.6
40.6
LSD0.05
ND is not determined.

4.6
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Table 2. Creeping woodsorrel (Oxalis corniculata) numbers
in containers with varying ratios of pine bark : peat, and
either treated with Pendulum 2G herbicide or not. Weed
seeds were applied either 0, 4, or 8 weeks after herbicide
application.
Weed seed application datez
Herbicide Substrate
0
4
8
None

100:0
80:20
60:40

10.8
11.3
13.7

11.3
8.2
7.2

10.8
9.7
5.5

Pendulum 100:0
80:20
60:40

1.2
1.8
0.8

1.3
4.8
2.8

7.2
7.7
5.0

4.2

4.1

4.4

LSD0.05
Main effects
Herbicide
Substrate
Interaction

0.0001 0.0001
0.6895 0.5254
0.4487 0.0576

0.1065
0.0347
0.5386

z

Weed seeds were applied either 0, 4, or 8 weeks after
herbicide application.
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Cultivars of Native Plants Can Support Biodiversity in Landscapes
J.C. Poythress and James M. Affolter
Department of Horticulture, University of Georgia, Athens, GA 30605
jpoythre@uga.edu
Index Words: Native plants, cultivars, wildlife value, biodiversity, herbivorous insects
Significance to Industry: Native plants are an important food resource for wildlife in
landscapes. Concerns over declining biodiversity in suburban areas have prompted some
homeowners to incorporate more native plants into their landscapes. However, it is
unknown whether the native plants that are available through the nursery trade, typically
cultivated varieties (cultivars) of a single genotype, are the ecological equivalents of the
local, wild-type plants in terms of supporting wildlife. We compared the hemipterans (a
group of predominantly herbivorous insects that are an important component of food
webs) associated with cultivars and seed-propagated wild-type plants of five species of
native ornamental plants. Our results suggested that the source of the plant material can
affect organisms that depend on the plants for food, but overall, cultivars fulfill similar
ecological roles as wild-type plants. This research also provided insights into which
characteristics of plants should be avoided when developing new cultivars of native plants
and identified other characteristics as potential targets for selection that may actually
improve the wildlife value of cultivars relative to the wild type.
Nature of Work: Residential development can result in homogenization of the vegetation
found in landscapes. The naturally-occurring native vegetation is often replaced by a
relatively small number of species of mostly exotic ornamentals and lawn grasses, and this
homogenization at the first trophic level (i.e. at the plant level) may be associated with the
recent trend of declining biodiversity at higher trophic levels (e.g. birds) in suburban areas
(5). Here, exotic means plant species that are introduced into a region in which they did
not evolve. One reason that exotic vegetation would be associated with declines in overall
wildlife diversity is that exotic plants are a poor food resource for native herbivores, and
herbivores fulfill the key ecological role of transferring energy from plants to higher trophic
levels (7). For example, one group of herbivores that makes up a large portion of food
webs is native herbivorous insects. Plant-insect interaction theory predicts that insects are
adapted to eat plants with which they share a coevolutionary history (3). Because native
insects have not coevolved with exotic plants, exotic plants should represent an inferior
food resource for native insects versus the native plants that the insects are adapted to
eat. A substantial amount of empirical evidence supporting this prediction has
accumulated in recent years [see (1) and (2) for examples]. Consequently, gardeners
concerned about declining biodiversity in suburban areas are attempting to improve the
ecological functioning of their landscapes by incorporating more native ornamental plants.
By providing plants in landscapes that native insects are adapted to eat, gardeners hope
to enhance the insect abundance and diversity supported by their landscapes, which will
then translate to higher overall wildlife diversity.

Landscape

285

SNA Research Conference Vol. 60 2015

One question gardeners have asked is: Are the native plants available commercially,
typically cultivated varieties (cultivars) of a single genotype, equally effective as the local,
wild-type plants for providing food for native herbivorous insects? Many cultivars are
propagated asexually (e.g. by division, cutting, or tissue culture), and therefore contain
less genetic diversity than most plants propagated from seed. Several studies have shown
that insect diversity is positively correlated with the genetic diversity of the host plants [e.g.
(4) and (8)], so clones may support less diverse insect communities than seedpropagated, wild-type plants. In addition, cultivars are usually selected for some
characteristic that distinguishes them from the wild form. Popular characteristics to select
for include compact form, altered leaf or flower color, sterility, etc. Insects are highly
sensitive to changes in their host plant material, especially changes that alter leaf
chemistry, so selecting for any of these traits could affect the ability of insects to feed on
the plants. We investigated whether these theoretical consequences of selecting cultivars
actually affect the ability of cultivars to serve as a food source for native insects. We
compared the herbivorous hemipteran communities associated with cultivars and wild-type
plants of five species of native perennials that are commonly used as ornamentals in
landscaping. We focused on hemipterans instead of other groups of herbivorous insects
because preliminary data suggested they were the most abundant and species diverse
group associated with herbaceous plants in our area.
The study was conducted at the State Botanical Garden of Georgia, a public garden in
Athens, Clarke Co., GA. The five plant species used in the study were eastern bluestar
(Amsonia tabernaemontana), large-flowered coreopsis (Coreopsis grandiflora), wild
bergamot (Monarda fistulosa), southern sundrops (Oenothera fruticosa), and little
bluestem (Schizachyrium scoparium). The wild-type plants were propagated from seed
collected in natural populations occurring within Clarke County (except those of bluestar,
which were collected in Stephens Co., GA). The cultivars were purchased as liners from
North Creek Nurseries in Landenberg, PA (except the little bluestem cultivars, which were
donated by Hoffman Nursery in Bahama, NC). The cultivars used in the study and the
characteristics that distinguish them from the wild forms are summarized in Table 1.
The experiment followed a fully-randomized two-way analysis of variance (ANOVA)
design. The first factor was plant species with five levels (i.e. the different plant species
used in the study were the levels). The second factor was plant source and included two
levels: cultivar and wild-type. There were five replicates for each treatment, giving a total
of 50 experimental units. Each experimental unit was a 2 m x 2 m plot containing 16 plants
evenly spaced, and plots were placed 1.5 m apart. The planting density per plot was
chosen to be 16 individuals so that percent cover would be close to 100% by the time
insects were collected. Plots were kept weed-free throughout the growing season and
wood mulch was used in-between plots.
Insects were vacuumed from plots on three dates in 2014: 8 July, 15 August, and 20
September. We recorded two types of data for each sampling date: counts of each adult
hemipteran species and total hemipteran biomass (which included both adults and
nymphs). The counts were used to calculate total abundance of adult hemipterans for
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each date. We analyzed total abundance and total hemipteran biomass as a repeated
measures two-way ANOVA. We also divided the insects into four feeding guilds based on
information about their life histories, allowing species to belong to multiple guilds if they
were recorded as feeding from multiple plant tissues. The guilds were xylem-feeding
insects, phloem-feeding insects, stem/leaf mesophyll-feeding insects, and fruit-/seedfeeding insects. We pooled the counts across the three sampling dates, calculated the
total abundance of adult hemipterans for each guild, and analyzed the data as a two-way
ANOVA. Dividing the insects into guilds allowed us to investigate whether a treatment
affected one group of insects more than the others. To assess hemipteran diversity, we
pooled the counts across the three sampling dates and calculated the species richness
(i.e. the total number of insect species collected) for each treatment over the entire
growing season. We analyzed species richness as a two-way ANOVA.
Results and Discussion: Over the entire study, we collected almost 12,000 individuals of
adult hemipterans representing 130 different species. However, for 65 of these species, 5
or fewer individuals were found. Because these species made such a small relative
contribution to the insect community and placed so little feeding pressure on the plants, we
removed them from all of our analyses. In addition, only a single insect species, the broadheaded sharpshooter (Oncometopia orbona), was found feeding on Amsonia. Only nine
total individuals of the sharpshooter were found, so we also removed the Amsonia cultivar
and wild-type treatments from the analyses.
For both total abundance and total hemipteran biomass, repeated measures ANOVA
indicated a significant three-way interaction between plant species, plant source, and time,
hence we broke up the analyses at each level of plant species and compared the cultivar
and wild-type treatments at each sampling date (Fig. 1). Generally, there was a strong
correspondence between total abundance and total biomass. The major exception was for
the Monarda treatments, where insect abundance was consistently higher on the wild-type
plants, but insect biomass never differed between cultivars and wild-type plants. The plots
of insect abundance and biomass suggest two primary conclusions. First, the insect
community is dynamic over time. For most treatments, the insect community associated
with the plants either decreased in size (e.g. Oenothera wild-type plants) or increased (e.g.
Coreopsis cultivars); there were few treatments where the size of the insect community
appeared static throughout the growing season (e.g. Oenothera cultivar). Second, there
was no consensus with regard to the effect of plant source; in some instances, the cultivar
of a given plant species supported more insects, and in other instances the wild-type
plants supported more insects. Moreover, when there was a difference between cultivars
and wild-type plants, the effect usually did not persist over all three sampling dates.
Overall, these data suggest that cultivars are not inherently inferior to wild-type plants as a
food sources for herbivorous insects.
When we divided the insects into different feeding guilds, there was an effect of plant
source for some plant species (Fig. 2). For xylem-feeding insects, there was no evidence
that insect abundance differed between cultivars and wild-type plants for any plant
species. However, for phloem-, mesophyll-, and fruit-/seed-feeding insects, there was
strong evidence that insect abundance differed between cultivars and wild-type plants for
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several plant species. For phloem feeders, abundance was higher on the Oenothera wildtype plants than the cultivars; there were no differences between cultivars and wild-type
plants for the other plant species. For mesophyll feeders, abundance was higher on the
Monarda wild-type plants than the cultivars, but higher on the Coreopsis cultivars than the
wild types; there were no differences for the other plant species. For fruit/seed feeders,
abundance was higher on the Coreopsis and Oenothera wild-type plants than their
respective cultivars; there were no differences for the other two plant species.
We did not measure characteristics of the plants (e.g. nitrogen content, leaf chemistry,
degree of leaf pubescence, etc.) that might help us explain why cultivars and wild-type
plants of some plant species differed in their abilities to support insects belonging to
particular feeding guilds. Hence, there are no obvious explanations for why cultivars and
wild-type plants of several plant species supported different numbers of phloem- and
mesophyll-feeding insects. However, the two cultivars that supported fewer fruit-/seedfeeding insects than their wild-type counterparts were both sterile. Oenothera ‘Cold Crick’
was specifically selected for sterility and Coreopsis ‘Tequila Sunrise,’ while not marketed
as sterile, apparently was (at least in the setting of this study). The cultivars of Monarda
and Schizachyrium both produced viable seeds, and neither differed from the respective
wild-type plants in terms of the number of fruit-/seed-feeding insects they supported.
These data provide a clear example of selection for a trait that removes an essential food
resource of a large group of insects, and hence causes strong negative consequences for
that group of insects.
While sterility appears to be an undesirable trait in the context of developing cultivars that
are beneficial for wildlife, our results suggest there are also traits that plant breeders could
select for to develop cultivars that are actually superior to the wild-type plants in terms of
their abilities to support insect diversity. For example, both the Coreopsis cultivar and
Schizachyrium cultivar supported more insect biomass than their respective wild-type
plants on at least one sampling date (Fig. 1). One trait that may affect a plant’s ability to
support herbivorous insects is architectural complexity. Generally, plants with more
structural complexity support higher insect diversity (6), possibly because there are more
niches available or because there are more areas for insects to feed (e.g. higher
surface/area to volume ratio). Although we did not measure structural complexity
quantitatively, the Schizachyrium cultivar clearly had finer vegetation structure (i.e. thinner
stems and culms) and higher stem/culm density than the wild-type Schizachyrium, which
may explain why the cultivars supported more insects than the wild-type plants by the last
sampling date. Additionally, the wild-type plants of several plant species exhibited
significant variation in the degree of branching, size of stems, and stem/culm density,
suggesting there is ample opportunity to breed for
these traits and create improved selections. Although many other traits are likely
influencing the insects that feed on the plants, and hence represent potential breeding
opportunities, plant architecture is at least a clear place to start.
More people are becoming aware of the connection between wildlife diversity in suburban
areas and the plants that are used in landscaping. Consequently, there is a growing
demand for ornamental plants that are both aesthetically pleasing and fulfill an ecological
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role. One of the most important ecological roles a plant can fulfill is serving as a food
source for other organisms. At first glance, this appears at odds with a goal of many plant
breeders: selecting plants for pest resistance (including resistance against herbivorous
insects). The results of this study, however, show that native plants can support diverse
insect communities without suffering noticeable feeding damage that would detract from
their aesthetic value. We captured 130 different insect species over the course of this
study, and the few species we collected that have been recorded as serious pests (e.g.
the tarnished plant bug, Lygus lineolaris) never became so abundant that they damaged
the plants. Though there are certainly insect species that cause extensive damage to
plants, these species are the exception, not the rule. The vast majority of insects cause
negligible damage when they feed on plants, and hence go unnoticed. Despite their nearly
invisible existence, these species make up much of the base of food webs and should be
encouraged rather than exterminated if the goal is to create landscapes that sustain
wildlife.
Native ornamental plants have proven to be better food sources for herbivorous insects
than exotic ornamentals, and this implies natives are superior to exotics in the context of
sustaining wildlife. However, a concern of some conservation-savvy gardeners is that
herbivorous insects may not recognize the native plants available commercially (i.e.
cultivars) as suitable host plants because cultivars have been selected to be so distinct
from the wild form. Our results show that altering a plant’s form to improve its horticultural
value does not necessarily diminish its ecological value. Particular traits may be
detrimental to some groups of insects (e.g. sterility and seed-feeding insects), but overall,
cultivars are just as effective food sources for insects as wild-type plants are. Moreover,
our results suggest the possibility of new opportunities in plant breeding. Just as plants
can be selected for traits such as flower size, foliage color, etc., it appears they can be
selected for traits that improve their value to wildlife as well. Future research should
investigate which of these traits are the highest priorities to target. Plant breeders can then
use this information to develop cultivars that are superior both from a horticultural and
ecological perspective.
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Table 1. Plant species and cultivars used in this experiment and summary of the
characteristics that distinguish the cultivars from the wild form.

Cultivar

Amsonia
tabernaemontana

Eastern
bluestar

‘Blue
Ice’

Apocynaceae

Interspecific
hybrid1

Longer
bloom, darker
flowers,
compact form

Coreopsis
grandiflora

Largeflowered
tickseed

‘Tequila
Sunrise’

Asteraceae

Interspecific
hybrid

Variegated
leaves,
compact form

Monarda
fistulosa

Wild
bergamot

‘Claire
Grace’

Lamiaceae

Straight
species

Powdery
mildew
resistant,
darker
flowers

Oenothera
fruticosa

Southern
Sundrops

‘Cold
Crick’

Onagraceae

Interspecific
hybrid1

Sterile,
compact form

Schizachyrium
scoparium

Little
bluestem

‘Prairie
Blues’2

Poaceae

Straight
species

Blue-green
foliage
turning winered in fall

Plant Species

1
2

Family

Cultivar
Origin

Difference
from Wildtype

Common
Name

purported hybrid
propagated from seed
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Figure 1. Plots of (a) total abundance of adult hemipterans and (b) total hemipteran
biomass for cultivars and wild-type plants of each plant species at three sampling dates.
Asterisks indicate significant differences in means between cultivars and wild-type plants
for a given plant species on a given date. Three asterisks represent differences that were
significant after a Bonferroni correction for multiple comparisons with an experiment-wise
α=.05 (p-value<0.00417). One asterisk represents differences that were significant after a
Bonferroni correction with an experiment-wise α=.10 (p-value<0.00833). Error bars are
SD.
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Figure 2. Total abundance of adult hemipterans in four feeding guilds for cultivars and
wild-type plants of each plant species pooled across three sampling dates. There were
strong violations of the normality and homogeneity of variances assumptions of parametric
ANOVA, so differences in means were tested with permutation-based two-way ANOVA
with 1000 permutations. Asterisks represent significant differences in mean abundance
between cultivars and wild-type plants for a given plant species after a Bonferroni
correction with an experiment-wise α=.05 (p-value<0.0125). Error bars are SD.
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Figure 3. Species richness for cultivars and wild-type plants of each plant species pooled
across three sampling dates. Species richness was used as a measure of diversity of adult
hemipterans for each treatment. Different letters denote means of plants species that were
significantly different at α=.05 after correcting for multiple comparisons with Tukey’s HSD
test. Oenothera had higher average species richness than the other three plant species.
There was no evidence for a difference in richness between wild-type plants and cultivars
for any plant species. Error bars are SD.
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Rain Garden Systems
Elizabeth D. Riley1, Helen T. Kraus1, James S. Owen Jr.2 and Julie Brindley2
1

Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
2
Deparment of Horticulture, Hampton Roads Agricultural Research and Extension Center
Virginia Tech, Virginia Beach, VA 23455
edbridge@ncsu.edu
Index words: remediation efficiency, bioretention cells, stormwater runoff
Significance to the Industry: The engineered filter bed substrate of a rain garden system
is a critical component for stormwater runoff remediation (11) in order to prevent
preferential flow paths, detain peak flows, and retain stormwater runoff volumes (20). This
study had one engineered filter bed substrate (sand), two organic matter amendments
[composted yard waste (CYW) and pine bark (PB)], two combination methods (banded
and incorporated), and four amounts (v/v; 1in/5%, 2in/10%, 3in/15%, and 4in/20%). Total
nitrogen (NO2-+NO3-+NH4+) and phosphate (PO43-) remediation efficiency in the sand
engineered filter bed substrate was highest when the organic matter amendments were
banded instead of incorporated regardless of organic matter amendment utilized (CYW or
PB). The amount of organic matter amendment did not impact total nitrogen (TN)
remediation efficiencies; however for PO43- the remediation efficiency was greatest when
the organic matter amendments were added as a 1in band or incorporated at 5%. The
cumulative TN concentration in the effluent was highest with the banding combination
method while PO43- concentration was lowest with banding.
Nature of Work: With an increase in urbanization, there are more impervious
infrastructures (roads, driveways, parking lots, sidewalks, and rooftops) that reduce
infiltration of precipitation through native vegetation and soils, leading to surface runoff (1).
As water moves along these impervious surfaces it picks up pollutants, such as nitrogen
(N), phosphorus (P), zinc (Zn), copper (Cu), cadmium (Cd), lead (Pb), and total suspended
solids (TSS), that degrade the quality of water (3,10). Rain gardens (bioretention cells or
bioinfiltration devices) are one of the most commonly utilized stormwater control measures
(SCMs) in the country (4,8). Rain gardens can be installed into various types of residential
or commercial landscapes. After excavation of the existing landscape soil, rain gardens
are generally refilled with 2-3 ft of a sand/soil/organic matter engineered filter bed
substrate (4).
The engineered filter bed substrate is a crucial component of a rain garden system
because remediation occurs primarily as polluted stormwater runoff moves through and is
stored within (11). Wardynski and Hunt (20) emphasized the importance of the correct
engineered filter bed substrate, as it can prevent preferential flow, to detain peak flows,
retain stormwater runoff volumes, as well as achieve remediation of pollutants and
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proper drainage in between events. Engineered filter bed substrates also need to support
plant growth, which can have a positive impact on remediation of pollutants from
stormwater runoff (2,5,7,12,13,16,17,18).
Turk et al. (18) reported that a slate engineered filter bed substrate had better remediation
of N (86% initially and 99% finally) than a sand and soil engineered filter bed substrate. It
was also reported that slate and sand engineered filter bed substrates had better P
removal (99% and 96%, respectively) when compared to a soil engineered filter bed
substrate (18). Fewer remediation differences were reported between the sand, slate, and
soil substrates during the second season, indicating that plant uptake was impacting
remediation more than the engineered filter bed substrates (18). Also, Hatt et al. (6) found
similar results where there was moderate N and high P reduction by a sand filter while a
soil filter leached N and P.
Compost utilization in engineered filter bed substrates may provide benefits, such as plant
growth enhancement, pollutant removal, and a carbon source for the creation of an
anaerobic zone. There is concern over the amount of pollutants that may be exported out
of the rain garden system when compost is utilized within the engineered filter bed
substrate. Liu et al. (11) found that there was not an extensive amount of pollutants
exported when there was an addition of 25% yard waste compost added to an engineered
filter bed substrate in combination with 3% spent alum sludge, 15% saprolite, and 57%
sand. These researchers reported that with the addition of the 25% yard waste compost, N
removal increased, possibly due to denitrification (11). In contrast, other researchers found
that an increasing volume of compost in a sand engineered filter bed substrate caused a
significant export of P (15). Also, layering of various engineered filter bed substrate
components can cause an anaerobic zone within the rain garden system (9). Hsieh et al.,
(9) reported that by placing a permeable sand layer over a less permeable soil layer
resulted in increased stormwater retention time within the engineered filter bed substrate,
allowing nitrification in the well-aerated sand portion and denitrification in the low
permeable soil layer. Therefore the objectives of this study were to evaluate the impact of
(1) different organic matter amendments, (2) varying amounts of organic matter
amendments, and (3) two combination methods for adding the organic matter
amendments on remediation of nitrogen and phosphors in a rain garden system.
The experimental design was a randomized complete block design with a factorial
treatment arrangement of sixteen substrates that resulted from combinations of one filter
bed substrate, two organic matter amendments, two combination methods, and four
amounts. The engineered filter bed substrate used was sand (80% washed sand, 15%
clay and silt fines, and 5% pine bark v/v/v) (Wade Moore Equipment Company, Louisburg,
NC). Sand was amended with two different organic matter amendments, pine bark (PB) or
composted yard waste (CYW) (City of Raleigh Yard Waste Recycling Center, Raleigh,
NC). PB and CYW were added as either a band in the depths of 1, 2, 3, or 4 inches or by
incorporation using approximately the same amounts of organic matter in the amounts of
5, 10, 15, and 20% (v/v) (Figure 1). For the banded treatments, four inches of sand was
added to the bottom of the container. Next, a 1, 2, 3, or 4 inch band of CYW or PB was
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added and the container was topped off with sand to within one inch from the top of the
container to allow for irrigation ponding. Black Pecan King 1020 containers (6.06 gallons)
(Haviland Plastic Products, Haviland, OH) were filled with the sixteen filter bed substrate
compositions and Panicum virgatum L. ‘Shenandoah’ was planted on June 1, 2012. The
plants were watered without added nutrients for the first two weeks daily to allow
establishment. Thereafter, plants received simulated stormwater runoff applications with
an average of 1.6 mg.L-1 of P (supplied by diammonium phosphate, 18-46-0) and 5.1 mg.L1
of N (supplied by ammonium sulfate 21-0-0-24) (14). One inch of simulated polluted
stormwater runoff was applied once a week (June 2012 – October 2012), once a month
(November 2012 – March 2013), and every two weeks (April 2013 – May 2013) using a
low-volume spray stake (PC Spray Stake, Netafim, Ltd., Tel Aviv, Israel) to mimic rainfall
patterns for Raleigh, NC. Pots were placed into five gallon buckets with a hole drilled into
the bottom sitting on bricks to allow for the collection of effluent from simulated polluted
stormwater runoff applications. Three replications had volume of effluent measured and
samples collected for nutrient concentration analysis on June 19, July 3, August 29,
September 26, October 24, November 19, December 18, 2012, January 18, February 21,
March 21, April 19, and May 2, 2013. Samples collected were analyzed for PO43-, NO2-,
NO3-, and NH4+ using an ICS-1600 ion chromatography system (Thermo Scientific,
Madison, WI). All nitrogen species were combined (NO2-+NO3-+NH4+) to estimate total
nitrogen (TN). Cumulative totals over all sample dates were used for analyses.
Remediation efficiency (%) = [(Influent Content – Effluent Content) ÷ Influent Content] x
100. This study was conducted at North Carolina State University’s Horticultural Field
Laboratories, Raleigh, NC (longitude: 35o47’29.57”N; latitude: 78o41’56.71”W; elevation
136 m). Regression analyses and Tukey’s honestly significant difference means
separations procedures were used where appropriate (P≤0.05) (19).
Results and Discussion: The cumulative TN concentration in the effluent had no
significant interactions between combination method, amount, and organic matter
amendment with only the main effect of combination method being significant (P=<.0001).
Banded treatments had higher amounts of TN present in the effluent than incorporated
treatments (Figure 2). Cumulative total of PO43- concentration in the effluent also had no
significant interactions, while the main effects of amount (P=0.0248) and combination
method (P=0.0005) were significant while organic matter amendment was not. There were
higher amounts of PO43- in the effluent of incorporated treatments than banded treatments
(Figure 3). There was also a linear increase in the total amount of PO43- concentration in
the effluent with increasing amounts of organic matter amendment (Figure 4).
TN remediation efficiency did not have a significant interaction among organic matter
amendment x combination method x amount. However, the two-way interactions
combination method x amount and organic matter amendment x combination method were
significant. When analyzed by combination method and averaged over organic matter
amendment, the main effect of amount was not significant for TN remediation
efficiency. However, when analyzed by organic matter amendment and averaged over
amount, combination method was significant for both CYW (P=0.0097) and PB
(P=0.0001). For both CYW and PB, banded treatments had higher TN remediation
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efficiencies than incorporated treatments (Figure 5). Remediation efficiency factored in the
volume of water for both the influent and effluent. This can explain why cumulative TN had
greater amounts in the effluent with banding (Figure 2). PO43- remediation efficiency results
varied from TN remediation efficiency. There were no significant interactions for PO43remediation, however the main effects of amount (P=0.0038) and combination method
(P=<.0001) were significant. Increasing amounts of organic matter amendments caused a
linear decrease in PO43- remediation efficiency (Figure 6). For PO43- remediation efficiency,
similar to TN remediation efficiency, banded treatments had higher remediation
efficiencies than incorporated treatments (Figure 7). Riley et al. (17) reported that P.
virgatum ‘Shenandoah’ had no significant differences between shoot dry weights for
banding or incorporating treatments when grown in a sand engineered filter bed substrate.
However, shoot growth was greatest for P. virgatum ‘Shenandoah’ when the organic
matter amendment utilized was CYW compared to PB (17). This may explain why banding
had lower PO43- in the effluent and higher PO43- and TN remediation efficiencies.
In conclusion, banding with either CYW or PB increased TN and PO43- remediation
efficiencies compared to incorporation method. However, the PO43- the remediation
efficiency was best when the organic matter amendments were added as a 1 inch band or
incorporated at 5%. The cumulative TN was lowest with the incorporation combination
method while PO43- was highest with incorporation. It is important to take into
consideration the main pollutants to be remediated within a rain garden system. Different
locations may have different pollutants of concern and the rain garden system can be
designed to specifically target pollutants of concern.
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Figure 1. Schematic of different filter bed substrate combination methods and organic
matter amounts. The two organic matter amendments were added as either a band in the
depths of 1, 2, 3, or 4 inches or by incorporation at 5, 10, 15, and 20% (v/v). A:
Combination method of banding with combination amount of 1 inch, B: Combination
method of banding with combination amount of 2 inches, C: Combination method of
banding with combination amount of 3 inches, D: Combination method of banding with
combination amount of 4 inches, E: Combination method of incorporation with combination
amount of 5%,F: Combination method of incorporation with combination amount of 10%,
G: Combination method of incorporation with combination amount of 15%, and E:
Combination method of incorporation with combination amount of 20%.

Landscape

299

SNA Research Conference Vol. 60 2015

Cumula9ve	
  Total	
  Nitrogen	
  (mg.L-‐1)	
  

12	
  
10	
  

a	
  

8	
  
Banded	
  

6	
  

Incorporated	
  

4	
  

b	
  

2	
  
0	
  

Figure 2. Effect of combination method (banded and incorporated) of organic matter
amendments to sand filter bed substrate on cumulative (June 2012 - May 2013) total
nitrogen (NO2-+NO3-+NH4+) in effluent. Means between combination methods with different
letters are significantly different from each other based on Tukey’s honestly significant
differences means separation procedures (P<0.05).
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Figure 3. Effect of combination method (banded and incorporated) of organic matter
amendments to sand filter bed substrate on cumulative (June 2012 - May 2013) total
phosphate (PO43-) in effluent. Means between combination methods with different letters
are significantly different from each other based on Tukey’s honestly significant differences
means separation procedures (P<0.05).
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Figure 4. Effect of organic matter amendment amount to sand filter bed substrate on
cumulative (June 2012 - May 2013) total phosphate (PO43-) in effluent. The two organic
matter amendments were added to the sand engineered filter bed substrate as either a
band in the depths of 1, 2, 3, or 4 inches or by incorporation using approximately the
same amounts or organic matter in the amounts of 5, 10, 15, and 20% (v/v). Linear line
(R2=0.86) represents fitted linear regression (P≤0.05) with positive trend of increasing
organic matter amounts.
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Figure 5. Effect of combination method (banded and incorporated) for two organic matter
amendments, composted yard waste (CYW) and pine bark (PB) to sand filter bed
substrate on cumulative (June 2012 - May 2013) total nitrogen (NO2-+NO3-+NH4+)
remediation efficiency (%). Remediation efficiency = [(Influent Content – Effluent Content)
÷ Influent Content] x 100. Means between organic matter amendments with different
letters are significantly different from each other based on Tukey’s honestly significant
differences means separation procedures (P<0.05).
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Figure 6. Effect of organic matter amendment amount to sand filter bed substrate on
cumulative (June 2012 - May 2013) phosphate (PO43-) remediation efficiency (%).
Remediation efficiency = [(Influent Content – Effluent Content) ÷ Influent Content] x 100.
The two organic matter amendments were added to the sand engineered filter bed
substrate as either a band in the depths of 1, 2, 3, or 4 inches or by incorporation using
approximately the same amounts or organic matter in the amounts of 5, 10, 15, and 20%
(v/v). Linear line (R2=0.85) represents fitted linear regression (P≤0.05) with negative trend
of increasing organic matter amounts.
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Figure 7. Effect of combination method (banded and incorporated) of organic matter
amendments to sand filter bed substrate on cumulative (June 2012 - May 2013)
phosphate (PO43-) remediation efficiency (%).Remediation efficiency = [(Influent Content –
Effluent Content) ÷ Influent Content] x 100 Means between combination methods with
different letters are significantly different from each other based on Tukey’s honestly
significant differences means separation procedures (P<0.05).
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Summer Evaluation of Wax Begonias for Full Sun Landscape Use in
Southern Mississippi
Eugene K. Blythe1, Cecil Pounders2, and Michael Anderson1
1

Coastal Research and Extension Center, Mississippi State University,
South Mississippi Branch Experiment Station, Poplarville, MS 39470
2
USDA-ARS, Thad Cochran Southern Horticultural Laboratory, Poplarville, MS 39470
blythe@pss.msstate.edu
Index Words: Begonia ×sempervirens-cultorum, Begonia ×benariensis, wax begonia,
fibrous-rooted begonia, bedding begonia
Significance to Industry: Wax begonias are popular, warm-season annuals for the
landscape. Some newer varieties have been bred for heat tolerance, a distinct benefit in
warm summer areas of the southeastern U.S. A study was conducted to evaluate 32
(mostly red/scarlet-flowered) varieties of wax begonias for landscape performance under
full sun conditions in southern Mississippi. The best performance over 6 months was
exhibited by 'BIG Bronze Leaf Red Improved', 'BIG Green Leaf Red', 'Dragon Wing Red',
'Whopper Bronze Leaf Red', and 'Whopper Green Leaf Red', making these varieties a
good choice for long-term color in warm summer climate.
Nature of Work: Wax begonia are popular in gardens as they tend to exhibit a compact
growth habit, display almost continuous flowering during the growing season, and are
available in an assortment of leaf and flowers colors (1). In mild winter regions, wax
begonias may be planted in late winter for spring display or early fall for fall display (2). In
commercial production, wax begonia seed is most commonly sown in the winter for spring
bedding plant sales (3). In the warmer areas of the southeastern U.S., summer
performance of wax begonias can vary from poor to good, depending upon variety (4). The
present study was conducted to examine survival and landscape performance of selected
varieties of wax begonia (including some newer heat-tolerant varieties) in full sun in
southern Mississippi.
Plants of 32 (mostly red/scarlet-flowered) varieties of wax begonia were propagated from
seed in 72-cell trays during winter 2012, transplanted into 4-inch pots when seedlings
were large enough to handle, and planted into the ground on May 31, 2012. Plants were
grown in field rows in a sandy loam soil with 1 Tbsp. of Osmocote 15-9-12 (3-4 month)
fertilizer worked into the bottom of each planting hole. Plants were irrigated daily with drip
tubing and no mulch was used. The study was conducted at the South Mississippi Branch
Experiment Station in Poplarville, Mississippi with 12 replicates per variety in a completely
randomized design. Plants were evaluated for overall appearance (foliage quality and
flower display) on August 13, 2013 and November 20, 2013 using a 0 to 5 rating scale:
0=dead; 1=poor, 2=minimal, 3=fair, 4=good, 5=excellent.

Landscape

303

SNA Research Conference Vol. 60 2015

Results and Discussion: Summer conditions during the summer were notably warm with
regular rainfall (Table 1). By mid-August, over one-half of the varieties had died, whereas
'Cocktail Vodka', 'Dragon Wing Red', 'Eureka Bronze Leaf Scarlet', and 'Harmony Scarlet'
were still in acceptable condition (Table 2). 'BIG Bronze Leaf Red Improved', 'BIG Green
Leaf Red', 'Whopper Bronze Leaf Red', and 'Whopper Green Leaf Red', varieties bred for
heat tolerance, were showing good or excellent performance in mid-August. By midNovember, only plants of 'BIG Bronze Leaf Red Improved', 'BIG Green Leaf Red', 'Dragon
Wing Red', 'Whopper Bronze Leaf Red', and 'Whopper Green Leaf Red' remained alive
and were still showing good to excellent performance (Table 2), making these varieties
good choices for long-duration landscape performance under full sun conditions in
southern Mississippi.
Literature Cited:
1. Gilman, E.F.and T Howe. 2014. Begonia × semperflorens-cultorum fibrous begonia,
wax begonia. University of Florida, IFAS Extension, FPS63.
2. Howe, T.K., and W.E. Waters. 1995. Evaluation of fibrous-rooted begonia cultivars for
the landscape in west-central Florida. Proc. Fla. State Hort. Soc. 108:396-402.
3. Kessler, R., A.M. Armitage, and D.S. Koranski.1991. Acceleration of Begonia ×
semperflorens-cultorum growth using supplemental irradiance. HortScience 26:258260.
4. Kessler, Jr., J.R., B.K. Behe, D. Quinn, and J.S. Bannon.1998. 1997 summer trial
garden results. Ala. Agr. Expt. Sta. Circular 320.

Table 1. Average minimum and maximum temperatures and rainfall from June 1, 2012 to
November 20, 2012 in Poplarville, MS.
Month
Avg. minimum
Avg. maximum
Rainfall (in.)
temp. (ºF)
temp. (ºF)
June
70
90
5.2
July
72
90
10.8
August
71
89
21.0z
September
67
86
5.7
October
54
77
2.3
November 1 to 20
45
67
1.4
z
Includes 16.2 in. of rainfall from Hurricane Isaac in late August.
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Table 2. Landscape ratings for 32 varieties of wax begonias grown in full sun in a sandy
loam soil in Poplarville, MS. Plants were planted in the ground from 4-inch pots on May
31, 2012.
Cultivar
Median rating
Median rating
(Aug. 13, 2012)z
(Nov. 20, 2012)z
Ambassador Green Leaf Scarlet
0
0
Baby Wing Pink
2.5
0
Bada Bing Scarlet
0
0
Bada Boom Scarlet
0
0
Bayou Scarlet
0
0
BIG Bronze Leaf Red Improved
5
5
BIG Green Leaf Red
5
4
Braveheart Rose Bicolor
2
0
Cocktail Vodka
3
0
Dragon Wing Red
3
3.5
Emperor Red
2
0
Encore Red
1
0
Eureka Bronze Leaf Scarlet
3
0
Eureka Green Leaf Scarlet
2
0
Harmony Scarlet
3
0
Havana Pink
0
0
Inferno Red
2
0
Lotto Scarlet
0
0
Monza White
0
0
Nightlife Red
0
0
Party Bronze Leaf Red
4
0
Party Green Leaf Scarlet
0
0
Pizzazz Red
0
0
Prelude Scarlet
0
0
Senator Bronze Leaf Scarlet
0
0
Sprint Red
0
0
Super Olympia Red
0
0
Volumia Scarlet
0
0
Whopper Bronze Leaf Red
5
4
Whopper Green Leaf Red
4
3
Yang Red
0
0
Yin Red
0
0
z
Rating scale for overall appearance (foliage quality and flower display): 0-dead; 1-poor,
2-minimal, 3-fair, 4-good, 5-excellent (n = 12).
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Evaluation of Camellias in Zone 6b
Donna C. Fare
US National Arboretum, 472 Cadillac Lane, McMinnville, TN 37110
Donna.fare@usda.ars.gov
Index Words: Cold hardiness, winter damage, camellias, Camellia japonica, C. sasanqua,
C. cuspidata, C. chekiangoleosa, C. crassissima
Significance to Industry: Recent hybridization of camellias has yielded several
selections recognized as cold hardy to USDA Hardiness Zone 6. Several of the cold hardy
camellias, in an established camellia evaluation since 2004, were damaged with foliar
bronzing and stem dieback after a severe freeze in November 2013 in McMinnville, Tenn.
Though these selections are recognized as cold hardy in Zone 6, a quick temperature drop
before plants were acclimated, affected plant hardiness and reduced or eliminated the
flower display.
Nature of Work: Camellias are one of the most desirable winter flowering shrubs for
southeastern US (4). There are over a thousand selections available in the trade of both
deciduous and evergreen foliage and over 400 new registrations with the American
Camellia society since 2000 (2, 6). With flowering primarily during late fall, winter and early
spring, camellias can be used to extend the period of colorful flowers in landscape from
October to May. In the past years, the northern boundaries have been challenged and
more plants historically recommended for USDA Hardiness zones 7a and 7b (1, 3) have
been planted in zone 6. However, middle Tennessee which is zone 6b, is considered a
transition zone between zones 6 and 7 and marginal plants often have winter damage
associated with rapid temperature drop. An anecdotal comment is not how low the
temperature goes, but how quickly the temperature drops. In the past 20 years, camellia
breeders have concentrated on improving cold hardiness and several selections hardy to
zone 6 have been released (1). The objective of this research was to evaluate winter
hardiness, growth and flowering of twenty selections of Camellia in zone 6b (Table 1).
Camellia selections including C. japonica, C. cuspidata, C. crassissima, C.
chekiangoleosa, and inter-specific hybrids of C. japonica, C. sasanqua, and C. oleifera
were planted in full sun in a field plot at the Otis Floyd Nursery Research Center in
McMinnville, TN in April 2002 (5). Original plantings were made in April 2002 to evaluate
cold hardiness in USDA Plant Hardiness zone 6 and AHS Plant Heat-Zone 7 and thus
plants were well established in the field setting. Height and width was measured each fall
to obtain growth indices (GI) [GI=(height+width at widest point+width perpendicular to
widest point)/3]. The flowering period was recorded each week from the onset of flowering
in the fall to the latest flowering in the spring.
In the fall of 2013, there were very few frosts or temperatures below 32F to promote winter
dormancy. On November 12, 2013 an extremely hard freeze occurred (November 12 and
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13, low temperature 19F; November 27 and 28, low temperature 14F). On April 24, 2014,
winter damage was accessed using the following scale: foliar damage: 1= no damage,
2=brown/bronzed leaves on one third of the plant, 3=brown/bronzed leaves on two-thirds
of plant, 4= brown/bronzed leaves on entire plant, 5=defoliation. Stem dieback was
assessed by the following scale: 1=no dieback, 2= tip dieback (< 6 inches), 3= stem
dieback (> 6 inches), and 4 = dead. On June 25, 2014, the foliar rating as described
above was used and stem recovery was rated with the following scale: 1= no damage,
2=regrowth from stems, 3= regrowth only from base of plant, 4= dead. Three evaluators
independently rated the damage and their ratings were pooled due to no statistical
differences. The statistical design was a randomized block design with 5 single plant
replications. Data were analyzed using PROC GLM of SAS statistical package (SAS
Institute, Cary NC). Means were separated using Fisher’s Protected LSD at α = 0.05.
Results and Discussion
Growth. Most cultivars were increasing in growth from 2009 until 2013 (Table 1). Arctic
Snow and Pink Icicle, both C. oleifera hybrids, were the only two selections with fastigiate
growth habit and had the greatest growth indices compared to other selections. However,
camellias with a large globe shape that had similar growth indices to the C. oleifera
hybrids during 2009 to 2012 were C. cuspidata and April Remembered. By November
2013, C. chekiangoleosa and many of the Ackerman hybrids, April Dawn, April Kiss, and
April Tryst had similar growth indices as C. cuspidata and April Remembered. CM Hovey,
a small statue upright selection, was the smallest cultivar in the evaluation.
Winter damage. On April 24, 2014, C. chekiangoleosa, C. crassissima and April Snow had
the least leaf and stem damage after the 2013-2014 winter; however, statistically Artic
Snow, CM Hovey and Kumasaka had similar damage (Table 2). April Blush, April
Remembered, Bernice Boddy, Pink Icicle, Spring’s Promise and Turandot had the most
leaf and stem damage. The plants response to this winter’s fluctuating temperature is in
contrast to a spring freeze in 2007, when April Remembered, Berenice Boddy, Pink Icicle,
Spring’s Promise, and C. cuspidata had the least freeze damage and Kumasaka and C.M.
Hovey had the most stem dieback (5). By June 25, 2014, the winter damage was
imperceptible due to the new flush of growth and the natural shedding of the old damaged
leaves with several cultivars (Table 2). However, it was obvious that April Blush, April
Remembered, Bernice Boddy, Pink Icicle, Spring’s Promise and Turandot had branches
that died as a result of the freeze. Renewal pruning was conducted after the rating.
Flowering. With the exception of Artic Snow, which blooms in the fall, this collection of
camellias flower in late winter or early spring. Pink Icicle, Kumasaka, and C.
chekiangoleosa have the best overall flowering displays, with blooming periods in March
and April. Many of the other selections have had sporadic flowering with an occasional
display of color, but often flower buds will bull nose without opening completely or flowers
that do open are located on the inside of the canopy or low on the plant. C. cuspidata has
fine textured leaves and flowers are not as large or showy as previously mentioned
selections; however, the fragrant, pendulous white flowers cover the entire plant in spring.
Camellia selections that do not flower well will not be popular in Zone 6 due to other hardy
broadleaf evergreens.
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Table 1. Growth index of camellia selections evaluated in McMinnville, TN from 2009-2014.
Camellia Selections
April Blush
April Dawn
April Kiss
April Remembered
April Snow
April Tryst
Arctic Snow
Berenice Boddy
Betty Sette
Blood of China
CM Hovey
Kumasaka
Paulette Goddard
Pink Icicle
Prof. Charles S. Sargent
Spring's Promise
Turandot
C. chekiangoleosa
C. crassissima
C. cuspidata
LSD

2009
140
177
170
194
158
168
211
182
141
169
138
145
166
213
140
181
152
167
148
204
25

gY
cd
cde
abc
d-g
de
a
bcd
fg
cde
g
efg
def
a
g
bcd
efg
de
efg
ab

2010
160
200
194
212
183
190
238
219
170
194
161
169
187
248
160
199
176
196
183
232
28

g
cde
c-e
bcd
efg
def
ab
cd
fg
c-e
g
fg
d-g
a
g
cde
efg
c-f
efg
ab

Growth index, cmZ
2011
2012
178
214
202
230
193
201
254
227
185
198
168
173
197
270
178
208
184
218
204
250
25

h-k
def
e-h
bcd
f-k
f-h
ab
cde
g-k
f-i
k
jk
f-j
a
ijk
e-g
g-k
def
efg
abc

181
220
217
228
206
217
282
231
194
193
178
182
213
286
180
219
201
233
214
253
25

h
b-e
b-f
bcd
d-g
b-f
a
bc
fgh
fgh
h
gh
c-f
a
h
b-e
e-h
bc
c-f
a

2013
187
229
221
240
215
226
285
233
198
192
184
201
217
288
215
229
212
243
215
251
32

gh
b-e
b-f
bc
c-h
b-e
a
bcd
e-h
fgh
h
d-h
c-g
a
c-h
b-e
c-h
bc
c-h
b

2014
132
220
221
220
219
234
300
100
190
195
174
197
215
283
196
153
201
246
227
239
34

hi
b-e
b-e
b-e
b-e
bc
a
i
ef
def
fg
def
b-e
a
def
gh
c-f
b
bcd
b

Z

Growth index, measured in late fall each year, is calculated using the following formula: [height+width1 (widest
point)+width2 (perpendicular to width1)]/3.
Y
Means in the column followed by the same letters are not significantly different at α = 0.05, Fisher's protected LSD.
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Table 2. Foliar and stem damage assessment of camellia selections from winter 2013-14
in McMinnville, TN.

Camellia Selections

Rating, April 2014
Foliar
Stem
Z
damage
damageY

April Blush
April Dawn
April Kiss
April Remembered
April Snow
April Tryst
Arctic Snow
Berenice Boddy
Betty Sette
Blood of China
CM Hovey
Kumasaka
Paulette Goddard
Pink Icicle
Prof. Charles S. Sargent
Spring's Promise
Turandot
C. chekiangoleosa
C. crassissima
C. cuspidata
LSD

3.4
2.8
3.5
3.4
1.9
2.3
2.2
4.7
2.2
2.8
2.0
2.6
2.3
3.2
2.0
4.2
2.9
1.6
1.8
2.5
0.7

X

Z

bcW
c-f
b
bc
hij
e-i
f-j
a
e-i
c-f
g-j
d-g
e-i
bcd
g-i
a
b-e
j
ij
d-h

2.4
1.9
1.9
2.5
1.7
1.7
1.9
3.6
1.8
2.1
2.2
1.7
1.7
2.0
1.7
2.9
2.2
1.2
1.0
2.9
0.4

cd
e-h
e-h
c
gh
gh
e-h
a
fgh
def
cde
gh
gh
d-g
gh
b
cde
i
i
b

Rating, June 2014
Foliar
Stem
Z
damage
recoveryX
2.3
2.0
2.0
2.0
1.3
2.0
1.0
3.0
2.0
2.0
2.0
1.5
1.3
2.0
2.0
2.3
2.0
1.5
1.0
2.0
0.5

b
bc
bc
bc
de
bc
e
a
bc
bc
bc
cd
de
bc
bc
b
bc
cd
e
bc

3.0
2.8
2.2
3.0
1.3
2.0
1.0
3.8
2.5
2.8
2.5
2.0
1.3
3.0
2.0
3.0
3.0
1.3
1.0
2.7
0.7

b
bc
cd
b
ef
de
f
a
bcd
bc
bcd
de
ef
b
de
b
b
ef
f
bcd

Rating scale for stem recovery: 1= no damage, 2=regrowth from stems, 3= regrowth only
from base of plant, 4= dead.

Rating scale for foliar damage: 1= no damage, 2=brown/bronzed leaves on one third of
the plant, 3=brown/bronzed leaves on two-thirds of plant, 4= brown/bronzed leaves on
entire plant, 5=defoliation.

Y

Rating scale for stem dieback: 1=no dieback, 2= tip dieback (< 6 inches), 3= stem dieback
(> 6 inches), and 4 = dead.

W

Means in the column followed by the same letters are not significantly different at
α = 0.05, Fisher's protected LSD.
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Plants with Potential 2015: Ornamentals for Industry Consideration
Allen Owings, Gina Hebert and Jason Stagg
LSU AgCenter, Hammond Research Station
21549 Old Covington Hwy, Hammond, LA 70403
jstagg@agcenter.lsu.edu
Index Words: ornamental plants, plant introductions, landscape performance potential,
wholesale and retail nurseries, landscape professionals
Significance to Industry: This is the inaugural year of a new LSU AgCenter program to
introduce unfamiliar, non-patented plants to wholesale growers, retail garden centers and
landscape professionals in Louisiana. Plant species or varieties selected for the program
currently have limited or no distribution and use in the state, but evidence suggests they
have excellent landscape performance potential in our challenging climate. The industry
may benefit from learning about and receiving these stock plants for evaluation of growth
characteristics or customer interest. Nurseries may be able to broaden their product lines
and landscapers could diversify their plant material palettes to enhance profitability. Use of
non-patented plant material free from propagation restrictions can present a significant
cost savings and lower risk of offering these new selections.
The LSU AgCenter’s Hammond Research Station benefits from an extensive network of
plant professionals, allowing us to discover and acquire underutilized plants that may
already be performing well under our demanding growing conditions. This program is
designed only to increase awareness and distribution of such plants and is therefore not
an official trial study, but instead is an additional support mechanism offered to the
industry. The station is already an engaged industry partner and trusted source of reliable
landscape performance information for ornamentals, and the industry can now plan for an
annual “Plants with Potential” introduction at our spring industry open house and lecture
series held each May.
Nature of Work: Nine plant species or varieties were chosen in fall 2014 to be included in
the program’s launch the following spring. Choices were generally made based on
observed landscape performance of unfamiliar plant material previously acquired by the
Hammond Research Station. Plant sources range from “pass along” or heirloom plants to
varieties offered for sale on a very limited commercial basis. Some plants in the program
will perform only as annuals while others are true herbaceous perennials in Louisiana’s
climate. Future years’ introductions will diversify to include grasses and woody
ornamentals. No patented plant materials are considered for the program.
Vegetative propagation of plants began in late fall and continued through early winter and
spring. Plugs or liners of some selections were ordered due to lack of sufficient
propagation material. The goal was to produce 100 trade gallon or quart size propagules
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for all nine plants. Production space was limited, but propagation targets were achieved
except for one tropical copper plant that struggled in the greenhouse during the winter.
The names of the nine plants are provided below along with a brief description of growth
characteristics and background source information (if known).
1. Acalypha wilkesiana ‘Kapioloni Bronze’ EUPHORBIACEAE (Kapioloni Bronze Copper
Plant) – Tropical shrub producing a dense mass of small reddish-bronze leaves. Plant in
full sun for best performance. Upright growth habit to 5’ x 3’. Commercially available from
Kartuz Greenhouses in California. Propagated by cuttings. Usually not winter hardy in
Zone 8. May over-winter in warmer regions of Zones 8 and 9. The LSU AgCenter
provided this plant to the Louisiana Society for Horticultural Research (LSHR) for its 2014
annual plant release.
2. Acalypha wilkesiana ‘Musaica’ EUPHORBIACEAE (Musaica Copper Plant) – Tropical
shrub with very large multi-colored leaves in shades of orange, bronze and green with red
to orange markings. Performs best in full sun. Upright growth habit to 3-4’ x 3’.
Commercially available from Kartuz Greenhouses in California. Propagated by cuttings.
Usually not winter hardy in Zone 8. May over-winter in warmer regions of Zones 8 and 9.
The LSU AgCenter provided this plant to the LSHR for its 2015 annual plant release.
3. Begonia ‘Barbara Rogers’ BEGONIACEAE (Barbara Rogers Begonia, possibly
Friendship Begonia) – Believed to belong to the semperflorens group of begonias, this
vigorous upright garden begonia collected from South Carolina can grow 2-3’ x 2’.
Glossy/waxy, dark green foliage is enhanced by flowers of very light-pink to white from
spring to fall. Landscape performance is comparable to the BabyWing series. Can be
planted in full sun, but prefers part sun. Limited availability commercially (Georgia, Florida,
Carolinas). Sold at retail by Tallahassee Nurseries. Propagated by cuttings. Perennial in
Zones 8 and 9.
4. Lantana camara ‘Belle Starr Gold’ VERBENACEAE (Belle Starr Gold Lantana) – Vibrant
yellow and gold flower clusters bloom from spring to frost. Plant in full sun. Grows to 2’x 23’. Excellent butterfly attractant. Propagated by cuttings. Available from Southwest
Perennials in Dallas, TX. Reliable perennial in Zones 8 and 9.
5. Pelargonium ‘Mary Helen’ GERANIACEAE (Mary Helen Geranium) – Drought-tolerant
heirloom variety from south Texas. Produces medium-red to orange-red flowers spring to
fall. Prefers good drainage and protection from the afternoon sun. Plants are vigorous (3-4’
with support). Currently being considered for Texas Superstar plant trials. Brought to the
university system by Texas A&M horticulturist Jerry Parsons. Not available commercially.
Propagated by cuttings. Has shown varied over-wintering potential in Zones 8 and 9. The
LSU AgCenter provided this plant to the LSHR for its 2015 annual plant release.
6. Pentas lanceolata ‘Nova’ RUBIACEAE (Nova Pentas, Nova Pink Pentas, Egyptian Star
Flower, Egyptian Star Cluster) – This 1999 Georgia Gold Medal Winner is reportedly one
of the hardiest and most vigorous Pentas varieties. Grows to 3’x 2’ in full sun. Large
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clusters of 3-4” rose-pink, star-shaped flowers appear atop dark green leaves from late
spring through fall. Excellent butterfly attractant. Limited commercial availability. Grown in
small numbers by Cindy Moran, Moran’s Nursery, Baton Rouge, LA. Propagated by
cuttings. Perennial in warmer regions of Zone 9. The LSU AgCenter provided this plant to
the LSHR for its 2014 annual plant release (named the top 2014 LSHR trial plant).
7. Portulaca oleracea ‘Florida Dwarf Rose’ PORTULACACEAE (Florida Dwarf Rose
Purslane) – Trailing/creeping prostrate growth habit forms a dense mat of succulent
foliage which bears fuchsia/ magenta-colored flowers. Pass along annual that prefers full
sun and well-drained soil. Use as a border or in containers. Propagated by cuttings. Grown
by one wholesale nursery in Texas. Retail availability from Arbor Gate, Tomball, TX. Not
winter hardy. The LSU AgCenter provided this plant to the LSHR for its 2014 annual plant
release (named the second highest LSHR 2014 trial plant).
8. Salvia ‘Silke’s Dream’ LAMIACEAE (Silke’s Dream Salvia) – Beautiful perennial salvia
found in Texas from a cross of S. darcyi x S. microphylla. Produces 15” long spikes of dark
orange-red flowers. Attracts hummingbirds and butterflies. Blooms from summer to frost
and performs best in full sun. Prefers good drainage and will grow 2’ x 3’. Propagated by
cuttings. Commercially available from limited sources, including Southwest Perennials in
Dallas, TX. Winter hardy in Zones 8 and 9.
9. Turnera ulmifolia ‘Trailing Yellow’ TURNERACEAE (sometimes also listed in
PASSIFLORACAEA) (Trailing Yellow Turnera, Creeping Buttercup Turnera, Trailing or
Creeping Yellow Alder) – Trailing/creeping form of the yellow-flowering tropical shrub
turnera. Bright yellow flowers bloom mid-spring through fall atop small, serrated, dark
green leaves. Needs protection from the afternoon sun. Prostrate growth habit up to 8” tall
and 2’ wide making it great for hanging baskets, containers or borders. Propagated by
cuttings. Poor winter hardiness below 40°F. Limited commercial availability. Grown in
Louisiana by Cindy Moran, Moran’s Nursery, Baton Rouge, LA. The LSU AgCenter
provided this plant to the LSHR for its 2015 annual plant release.
Results and Discussion: After propagation was complete, sample plants were
assembled and made available for the industry to inspect at the May 8, 2015 industry open
house and lecture series at the Hammond Research Station. Three to five examples of
each plant type were also planted in display beds at the station to help industry members
visualize possible landscape applications.
Interest surveys were given to over 90 industry members attending, with 20 surveys being
returned expressing various levels of interest in the plants. Based on those surveys, it is
expected that a minimum of three plants of each selection will made available to interested
partners. Additional plants might be offered of the most popular selections, including
‘Silke’s Dream Salvia,’ which received the highest level of interest according to survey
responses. Recipients of these first-year plants may be asked to complete a brief survey
at the end of the 2015 growing season to measure their impressions, customer interest
and overall satisfaction with the plants.
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Significance to Industry: Crape myrtle, Lagerstroemia, trees are a staple in municipal
and residential landscapes. New cultivars are available every year that possess many
desirable attributes of small urban trees. This long term field trial evaluated the plant size,
bloom period, bloom size, and disease resistance of crape myrtles.
Nature of Work: Thirty three crape myrtle cultivars were planted at the North Mississippi
Research & Extension Center in Verona, Mississippi in 2004. Field beds were prepared in
a Quitman silt loam soil. The rows were spaced 15 feet apart and the crape myrtles were
spaced 15 feet between plants. Weeds were controlled by pre-emergence and postemergence herbicides. Water was supplied by drip irrigation the first growing season to
ensure survival. In the subsequent growing seasons of the trial no supplemental irrigation
was supplied. Plants were fertilized one time a month (April- September) at the rate of 1 lb.
per plant using 13-13-13.
The experimental design was a randomized complete block with six replications. The
experimental unit was one plant. The data recorded in this experiment was the growth of
the plants for the year. Data were analyzed by SAS PROC GLM (SAS Institute Inc, Cary,
NC). Mean separation was conducted with Fisher’s Protected LSD at the 0.05 significance
level.
Results and discussion: The crape myrtle cultivars were grown at NMREC from 2004 to
2010. The plant size and bloom descriptions are shown in Tables 1 and 2. ‘Choctaw’,
‘Muskogee’, ‘Sarahs Favorite’, ‘Sioux’, and ‘William Toovey’ were in bloom from June
through August 2008 – 2010 (Figure 1). ‘Raspberry Sundae’ was consistently at the top of
for powdery mildew susceptibility ratings; but was not significantly different from several
other cultivars. On the low end of powdery mildew susceptibility ratings were ‘Townhouse’,
‘Kiowa’, and ‘Acoma’; but again there were several cultivars that were not statistically
different
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Table 1. Height, width, bloom length, bloom width of crape myrtle cultivars on September
1, 2010 at Verona, MS.
Cultivar
Woodlanders Chocolate
Soldier
Kiowa
Fantasy
Muskogee
Tuskegee
Townhouse
Sioux
Miami
Sarah’s Favorite
Tuscarora
Osage
Country Red
Red Rocket
Raspberry Sundae
Carolina Beauty
Natchez
Twilight
Apalachee
Centennial Spirit
Dynamite
William Toovey
Tonto
Catawba
Burgundy
Choctaw
Arapaho
Velma’s Royal Delight
Christiana
Siren
Powhatan
Splash of Pink
Acoma
Cheyenne

Tree
height
(feet)

Tree width
(feet)

17.8
16.2
14.7
14.4
13.3
12.8
12.4
12.0
11.5
11.4
11.2
11.1
10.9
10.3
10.3
10.2
9.7
9.5
8.4
8.3
8.2
8.1
7.8
7.2
7.0
6.7
6.6
6.2
6.0
6.0
5.9
5.8
5.2

18.9
18.1
16.7
18.6
18.6
17.1
13.4
15.6
18.5
14.8
15.3
13.3
12.6
9.5
12.4
17.8
13.7
13.4
8.7
8.9
15.3
12.2
10.6
9.6
11.3
7.3
8.2
8.8
6.4
6.6
8.5
13.7
6.9
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Bloom
length
(inches)
5.2
8.5
5.8
4.3
6.6
6.5
6.6
7.5
7.2
9.6
8.1
8.1
7.5
8.0
6.8
5.6
7.6
6.4
7.6
8.5
7.4
5.9
6.2
6.8
8.9
10.3
4.9
6.1
8.1
7.2
5.6
5.4
8.9

Bloom width
(inches)
4.8
6.6
5.3
3.8
6.3
5.7
6.5
5.9
7.6
8.4
7.4
5.9
5.1
5.9
4.6
4.7
6.5
5.2
5.6
5.6
5.4
4.5
5.5
5.7
5.9
7.4
4.4
4.7
5.9
5.1
4.5
4.0
6.8

314

SNA Research Conference Vol. 60 2015

Table 2. Description of crape myrtle cultivars
Cultivar
Acoma
Apalachee
Arapaho
Burgundy Cotton
Carolina Beauty
Catawba
Centennial Spirit
Choctaw
Christiana
Country Red
Dynamite
Fantasy
Kiowa
Miami
Muskogee
Natchez
Osage
Powhatan
Raspberry Sundae
Red Rocket
Sarah's Favorite
Sioux
Siren Red
Splash of Pink
Tonto
Townhouse
Tuscarora
Tuskegee
Twilight
Velma's Royal Delight
William Toovey
Woodlander's Chocolate
Soldier

Description
low spreading
upright,dense growth
broad vase shape
broad ,upright
upright
upright,dense shrub
upright
tree form,rounded
upright
upright
upright
narrow, vase shaped
tall ,arching tree
upright
broad tall tree form, rounded
broad tall tree form, rounded
low globose
compact globose, upright rounded
upright
upright
upright
upright
compact globose, upright rounded
wide, spreading
broad vase
broad spreading
broad upright
compact
vase shaped

Color
white
lavender
red
white
dark red
violet purple
red
bright pink
deep red
red
deep red
white
white
dark pink
lavender
white
medium pink
medium purple
dark pink, white
cherry red
white
dark pink
dark red
white, pink
red
white
dark pink
dark pink
medium purple
vivid magenta
pink-red

upright

white
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Table 3. Powdery mildew ratings 2006, 2008, and 2009
Cultivar
Raspberry Sundae
Carolina Beauty
Red Rocket
Tuscarora
Velma’s Royal Delight
Christiana
Catawba
Tuskegee
Centennial Spirit
Siren
Splash of Pink
Burgundy Cotton
Tonto
Dynamite
Twilight
Arapaho
Country Red
Miami
Powhatan
Apalachee
William Toovey
Sioux
Muskogee
Natchez
Osage
Sarah’s Favorite
Woodlanders Chocolate
Delight
Cheyenne
Choctaw
Townhouse
Kiowa
Acoma

Late
August
3.0 a
2.6 ab
2.6 ab
2.6 ab
2.3 a-c
2.3 a-c
2.3 a-d
2.2 a-d
2.2 a-d
2.2 a-d
2.2 a-d
2.1 b-d
2.0 b-d
1.8 b-e
1.8 b-e
1.8 b-e
1.7 b-e
1.7 b-f
1.7 c-f
1.5 c-f
1.5 c-f
1.3 d-g
1.1 e-h
1.1 e-h
0.8 f-i
0.7 f-i

Early
August
1.9 a
1.5 ab
1.3 a-c
1.2 a-d
0.6 c-f
1.3 a-c
1.1 b-e
0.6 c-f
1.3 a-c
0.2 f
1.3 a-c
1.3 a-c
0.9 b-f
0.7 b-f
0.4 d-f
0.8 b-f
0.7 b-f
0.6 c-f
0.6 c-f
0.7 b-f
0.3 ef
0.2 f
0.2 f
0f
0.3 ef
0f

Late
July
2.1 a
1.4 b
1.0 b-f
1.2 b-d
0.8 c-i
1.0 b-g
0.3 i-l
0.6 e-k
0.9 b-h
0.4 h-l
1.3 bc
0.8 c-i
1.0 b-g
0.7 d-i
0.3 j-l
0.4 l
0.7 e-k
0.4 g-l
1.1 b-e
1.4 b
0.6 f-l
0.4 i-l
0.2 j-l
0.1 l
0.2 kl
0.2 j-l

Early
July
1.8 a
0.8 bc
0.9 b
0.8 bc
0.7 b-d
1.0 b
0.5 b-e
0.3 c-e
1.1 b
0.3 c-e
1.0 b
0.9 b
0.9 b
0.6 b-d
0.3 c-e
0.2 de
0.6 b-d
0.8 bc
1.0 b
0.2 de
0.3 c-e
0.3 c-e
0.1 de
0e
0e
0.2 de

Late
June
1.6 a
0.8 b
0.9 b
0.3 de
0.6 b-d
1.6 a
0.3 de
0.3 c-e
0.7 bc
0.6 b-d
0.3 de
0.6 b-d
0.1 e
03. c-d
0.2 de
0.04 e
0.9 b
0.3 c-e
0.8 b
0.3 c-e
0.3 de
0.2 de
0.05 e
0.05 e
0.05 e
0.1 e

Early
June
1.1 a
0.6 bc
0.3 c-e
0.2 de
0.1 de
0.8 ab
0.2 de
0.2 de
0.2 de
0e
0.4 cd
0.2 de
0.05 de
0e
0e
0.1 de
0.05 de
0.3 c-e
0.4 cd
0.05 de
0.1 de
0.05 de
0.2 de
0.05 de
0e
0.1 de

0.5 g-i
0.4 ih
0.2 ih
0.2 i
0.2 i
0i

0f
0.1 f
0.3 ef
0.1 f
0f
0.3 ef

0l
0.2 j-l
0.2 j-l
0l
0l
0.05 l

0.2 de
0e
0.1 de
0e
0e
0e

0e
0.2 de
0.05 e
0e
0e
0e

0.1 de
0.1 de
0.05 de
0.05 de
0.1 de
0e
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June

July

August

Townhouse
Woodlander’s
Chocolate Soldier
Fantasy
Kiowa
Cheyenne
Natchez
Tuscarora
Choctaw
Muskogee
Osage
Sarah’s Favorite
Sioux
William Toovey
Catawba
Splash of Pink
Tonto
Velma’s Royal Delight
Miami
Apalachee
Dynamite
Acoma
Arapaho
Burgundy Cotton
Carolina Beauty
Centennial Spirit
Christiana
Country Red
Powhatan
Raspberry Sundae
Red Rocket
Siren Red
Tuskegee
Twilight
Figure 1. Average bloom period 2008 - 2010
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