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Root Hardiness and the Inﬂuence of DNA
Herbicides on Overwintered Containers
Michele M. Bigger and Hannah M. Mathers
Ohio State University,
Dept of Horticulture and Crop Science,
2001 Fyffe Court, Columbus Ohio, 43210
bigger.1@osu.edu
Index Words: Container Production, Cold Hardiness, Ornamentals,
DNA Herbicides
Signiﬁcance to Industry: It is a common practice to apply a preemergent
herbicide prior to overwintering ornamental container stock. Research presented
suggests speciﬁc dinitroanaline herbicides have varying effects on plant
hardiness and/or regrowth potential following winter storage. In order to assure
a viable crop in the spring and maximum economic returns, knowledge of proper
overwintering procedures is essential.
Nature of Work: A limiting factor of container production is cold temperatures.
Roots have critical temperatures that cause and result in damage, death, and/or
delayed growth. Young roots have been found to be signiﬁcantly less hardy than
their mature counter parts (2). Dinitroaniline (DNA) herbicides are the major
mode of action preemergent herbicides used in ornamentals. High absorptivity,
low solubility, and low levels of phytotoxicity, make this family of herbicides a
popular choice amongst nursery growers. Research has found variability in
species reactions to speciﬁc DNA herbicides (1). Knowledge of root hardiness for
commonly grown woody ornamentals is limited and effects of an application of
DNA herbicides prior to overwintering are unknown.
This research had three objectives. 1.) Determine young and mature root
hardiness values for containerized plants not treated with herbicides 30 days
after emergence (DAE) from overwintering. 2.) Determine young and mature
root hardiness values for containerized plants that did receive DNA herbicides
30 DAE from overwintering. 3.) Investigate the differences in regrowth potential
between untreated and DNA herbicide treated containers 30, 60, and 180 DAE
from overwintering. To achieve these objectives, four species of containerized
woody ornamentals were used: Golden Barberry Berberis thungbergii ‘Aurea’,
Variegated Dogwood Cornus alba ‘Argenteo-marginata’, Bailey’s Compact
Viburnum Viburnum trilobum ‘Bailey Compact’, and Magic Carpet Spirea Spirea
bumalda ‘Magic Carpet, which both did and did not receive herbicide treatments.
In April of 2003, 300 (each) bare root liners of Dogwood and Viburnum and 300
plugs of Barberry were potted in black plastic 3.8 liter (1 gallon) containers at
Ohio State University (OSU), Columbus, OH, in soilless media, with incorporated
Osmocote Pro 19N-5P-8K fertilizer. 300 plugs of Spirea were obtained in midJuly and potted in the same manner and media. Plants were placed in an uncovered Rutger’s style hoop house (full sun) on one-foot centers on gravel bed
with overhead irrigation and maintained in a completely randomized design
(CRD) for the entire experiment.
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A 5x5x4 factorial treatment arrangement was used with ﬁve levels of herbicide,
ﬁve levels of cold temperatures and four species. Plants were given their ﬁrst
herbicide treatments in August 2003. Sixty plants of each species received a
1x label rate of one of the following DNA herbicides Surﬂan, 2.0 lbs ai/ac, Treﬂan,
2.0 lbs ai/ac, Barricade, 2.0 lbs ai/ac, or Pendulum, 3.0 lbs ai/ac. The remaining
60 plants of each species did not receive any herbicide treatment. A second
replication of herbicide treatments was applied October 2003. November 12,
2003 a single layer (4 mil) of milky poly was installed over the hoop house,
and containers were consolidated from their one-foot centers to pot tight,
maintaining CRD.
Ten plants per species and herbicide were exposed to 32°F (0°C), 23°F (-5°C),
14°F (-10°C), 5°F (-15°C), -4°F (-20°C), which occurred on 2 sampling dates,
January 2004, and March of 2004. With the exception of the 32°F (0°C) treatment
(control), all plants were frozen using an ultra low chest freezer (Forma Scientiﬁc,
Inc. Marietta, OH.) equipped with a Series 982 Controller (Watlow Controls,
Winona, MN). Due to spatial and temporal constraints in the freezer only
24 bare-root plants cold be frozen each day. Freezing occurred consecutively
for 17 days. Soilless media was removed, roots were moistened and placed in
a freezer bags. Plants were then placed in the freezer, in groups according to
temperature treatment. Copper/constant thermocouples were attached to the
root masses of 12 plants and temperatures were recorded using a datalogger
(Campbell Scientiﬁc, Inc. Logan, UT.). The shoots and roots were misted with
clean water prior to freezing. The freezer was programmed to hold at -2.5°C
for 13 hours to establish equilibrium then ramped down 2.5° C/h. Plants were
removed every 2 hours, according to their temperature treatment, and allowed to
thaw for 24 hours in a 3-5°C walk in cooler (Bally Case & Cooler, Inc. Bally, PA.).
After thawing, three replications of the original ﬁve per herbicide treatment, per
temperature treatment were repotted in black plastic 3.8 liter (1 gallon) containers
ﬁlled with Metro-Mix® 510, watered to saturation and placed in a heated
greenhouse 68°F (20°C) at OSU, Columbus, Ohio. These plants were evaluated
30, 60, and 180 days after freezing. Viability was evaluated in two ways, percent
plant survival collected as binomial data 1 (alive) or 0 (dead) and subjective
rating 0 (no re-growth) to 10 (complete re-growth) as based against control
plants. Percentages of plant population survival were calculated by dividing the
number of plants given a binomial rating of one over the total number of plants
per species population. Re-growth was assessed by comparing (measurement)
of green stem to the total height of plant. The remaining two replications were
used in a second experiment (data not presented). The experiment was repeated
in 2004-05 (data not presented).
Results and Discussion: Over all species, Barricade signiﬁcantly increased
regrowth (24.48%) verses the control. Surﬂan increased regrowth (15.66%) and
Pendulum decreased regrowth (2.48%), although neither of theses differences
were signiﬁcant (Figure 1). Barricade increased in hardiness (23.24%) and
Treﬂan had a slight decrease (6.64%), although these were not signiﬁcant
(Figure 2). Regrowth potential was signiﬁcantly lower at the March sampling date
compared to the January evaluation (Figure 3). This suggests deacclimation had
probably occurred in the hoop house prior to freeze testing. Regrowth potential
was also signiﬁcantly less at the 60 day evaluation verses the 30 day evaluation
(Figure 3). This suggests root damage had occurred during freezing.
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Figure 1. Effect of DNA herbicide on regrowth. Heights pooled over all species,
temperatures, freezing dates and 30, 60, & 180 days after emergence (DAE)
from overwintering, 3000 plants total. Different letters represent signiﬁcant
differences by LSD p=0.05.

Figure 2. Effects of DNA herbicide on hardiness. Ratings pooled over all species,
temperatures, freezing dates and 30 DAE from overwintering, 1000 plants total.
Different letters represent signiﬁcant differences by LSD p=0.05.
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Figure 3. Effect of date and time on re-growth. Heights pooled over all species
temperature and herbicides, 500 plants were examined at each date & time.
Different letters represent signiﬁcant differences by LSD p=0.05.
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Growth and Flowering Response of
Crapemyrtle to Tree Shelters
Kevin M. Brooks, Gary J. Keever, Jeff L. Sibley and James E. Altland
Auburn University, Department of Horticulture, Auburn, AL 36849
brookkm@auburn.edu
Index Words: Tree Shelter, Container Production
Signiﬁcance to Industry: Our research shows that the use of tree shelters
in the production of tree-form crapemyrtles can increase height growth while
minimally affecting caliper growth. ‘Dynamite’ and ‘Potomac’ were 124% and
61% taller at the end of the season when grown in tree shelters, while height
growth of ‘Tuscarora’ was not affected by tree shelters. Caliper of sheltered and
non-sheltered ‘Tuscarora’ and ‘Dynamite’ were similar at the end of the season,
while caliper of ‘Potomac’ was 35% less when grown in shelters. Tree shelters
may provide growers with a low-input way to accelerate production of tree-form
crapemyrtles.
Nature of Work: Crapemyrtle are vigorous growers under nursery conditions;
however, most cultivars begin ﬂowering by early summer, resulting in a
reduction in vegetative growth rate, particularly growth in height. This problem
is often compounded by heavy fruit set later in the growing season. Pruning of
inﬂorescences is labor-intensive and results in rapid re-bloom. For production of
standard (single trunk) or multi-trunk (usually 3) tree-forms of crapemyrtle with a
central leader and four to six feet of clear trunk, pruning exacerbates the problem
by stimulating new shoot formation, often from the main trunk. Flowering and
heavy fruit set can result in longer production cycles.
Tree shelters, translucent tubes placed around tree seedlings, create a beneﬁcial
microclimate within the shelter of increased humidity and CO2 levels and
reduced drying and mechanical damage from wind (1). Growth increases of 60 to
600% from using tree shelters have been reported (2). Shelters can typically
increase height growth but reduce the rate of trunk diameter growth which may
result in trees without enough structural support to stand upright. Tree shelters
have been broadly used in Great Britain and other countries to cut costs of
establishing small forest and landscape trees (2).
Blue-X tree shelters (McKnew Enterprises, Elk Grove, CA) are fabricated from
partially transparent blue-tinted polyester ﬁlm and are reported to give them
the unique characteristic of amplifying blue light and reducing UV light within
the shelter. According to the manufacturer, the ampliﬁed blue light increases
photosynthetically active radiation resulting in increased trunk diameter in
addition to accelerated growth in height and enhanced transplant survival. Our
objective was to determine the effects of Blue-X tree shelters on height and
caliper growth of crapemyrtle, with a goal of shortening the production time of
tree-form crapemyrtles.
Liners of 3 cultivars of commonly grown crapemyrtles, Lagerstroemia
indica x fauriei ‘Tuscarora’ (23 cm tall) and Lagerstroemia indica ‘Dynamite’
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(10 cm tall) and ‘Potomac’ (8 cm tall), were transplanted on February 16, 2004
into 11.4 L (3 gal.) pots containing an amended 7:1 pinebark: sand substrate.
Plants were spaced in full sun and irrigated as needed. All trees were held
upright by bamboo stakes, and lateral branches of all trees were removed prior to
placing 122 cm (48 in.) tall Blue-X tree shelters over one half the plants of each
cultivar on March 26, 2004. The two treatments were completely randomized
within cultivar and replicated with 10 single plants. Height and caliper were
measured monthly from April until October. Caliper was measured 7 cm above
the substrate surface. Flowering characteristics of each cultivar in response to
the tree shelters were also recorded.
Results and Discussion: ‘Dynamite’ grown in Blue-X tree shelters were
consistently taller than non-sheltered trees (Figure 1). ‘Dynamite’ grown in
shelters were 118%, 128%, and 124% taller in August, September, and October,
respectively, than controls. Calipers of ‘Dynamite’ in shelters and controls differed
in early to mid season but not at the end of the season. In July, 30% of the
‘Dynamite’ controls were ﬂowering while none of the trees grown in shelters had
begun ﬂowering. Height growth of ‘Potomac’ was also promoted by shelters, with
trees grown in shelters 61% taller than the controls at the end of the season.
Caliper growth for non-sheltered ‘Potomac’ was 35% greater than those with
shelters at the end of the season. By August the ‘Potomac’ controls had ﬂowered
but not the sheltered trees. Height of ‘Tuscarora’ was not inﬂuenced by the BlueX tree shelters, whereas caliper was 47% less in July when grown in shelters.
However, by the end the season, calipers were similar for trees in the two
treatments. ‘Tuscarora’ exhibited similar ﬂowering characteristics as the other two
cultivars in response to the treatments, with trees grown in the shelters ﬂowering
later than the controls. No cultivar had any ﬂowering inside the tree shelters.
Blue-X tree shelters signiﬁcantly increased height growth in two of the three
cultivars tested without affecting caliper at the end of the season. Growing
crapemyrtles in Blue-X tree shelters may shorten production time by enhancing
height growth.
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Figure 1. Height of 3 crapemyrtle cultivars in October after being grown with or
without Blue-X tree shelters.

Z

Mean separation within cultivar by ANOVA, p=0.05.
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Chemical and Physical Properties of Douglas
Fir Bark Used in Container Production
Gabriela Buamscha, James Altland, Dan Sullivan and Donald Horneck
Oregon State University, 15210 NE Miley Rd, Aurora, OR 97002
M.Gabriela.Buamscha@oregonstate.edu
Index words: Aged Bark, Fresh Bark, Douglas Fir, Nitrogen
Signiﬁcance to the Industry: Douglas ﬁr bark is the primary component in
container substrates of Oregon nurseries. Little is currently known about the
chemical and physical properties of fresh or aged Douglas ﬁr bark with respect
to container production. The data herein supports the use of dolomitic lime and
micronutrient additions to container substrates using either fresh or aged bark as
the primary component. Douglas ﬁr bark presented high phosphorous content.
After one month Pelargonium x hortorum growing in aged bark were 13% larger
than those in fresh bark.
Nature of Work: Douglas ﬁr bark is available to Oregon nurseries either aged or
fresh. The term aged bark refers to bark that has been placed in large piles and
allowed to sit undisturbed for several months. Little is known about the chemical
and physical properties of Douglas ﬁr bark with respect to its use as a container
substrate, or how these properties might change with the aging process.
Most information in the literature refers to the chemical properties of soluble
components that might be extracted for pulpwood or other industrial chemical
purposes (3). Bollen (1) described some of the properties of Douglas ﬁr bark with
respect to how surplus supplies could be disposed of in an agricultural setting.
A study comparing fresh and aged pine (Pinus taeda) bark as a substrate for
Cotoneaster sp. found no need in adjusting fertilizer practices when using either
bark type. However, container capacity and available water were signiﬁcantly
higher in aged than in fresh pine bark (4). The objectives of the study were;
(i) document baseline chemical and physical properties of Douglas ﬁr bark that
have relevance to container producers; (ii) and compare fresh vs. aged bark for
use in container production to determine if fertilizer practices should be changed
depending on bark type.
On April 5, 2005, samples of coarse fresh and aged bark (screened to be less
than 7/8 inch particles) were collected from one of the two major local suppliers.
Samples were analyzed for extractable nutrients with the saturated media extract
method (6), water holding capacity, air space, total porosity, and bulk density
were determined with an aluminum porometer as described by Fonteno and
Bilderback (2). An experiment in a completely randomized design was installed in
the greenhouses facilities of Oregon State University, Corvallis. The two factors
analyzed were substrate type (fresh and aged bark) and nitrogen fertilizer rate
(50, 100, and 200 ppm). Each unique treatment combination was replicated
7 times. Uniform geranium (Pelargonium xhortorum ‘Maverick Red’) plugs were
transplanted to one-gallon containers ﬁlled with either fresh or aged (5-7 months)
Douglas ﬁr bark, and amended with 0.89 kg·m-3 (1.5 lb/yd3) Micromax (The
Scotts Co., Marysville, OH) and 1.78 kg·m-3 (3.0 lb/yd3) dolomite. Containers
Container-Grown Plant Production Section
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were fertilized with 60 ppm phosphorous (P) and 150 ppm potassium (K) using
a potassium phosphate (K2HP04) solution. Nitrogen treatments of 50, 100, or
200 ppm N were applied using an ammonium nitrate (NH4N03) solution. Plants
received 500 mL of NPK fertilizer solution as needed. After 3 fertilizations, the
same volume of tap water was applied to reduce salt build-up. Heat and vent
greenhouse temperatures were set at 60 and 70°F, respectively. One month after
starting the experiment all plants were measured for foliar color using a SPAD
502 Chlorophyll Meter (Minolta Camera Co., Ramsey, NJ) and growth index
(mean of stem height and width).
Results and Discussion: Aged bark had higher macronutrients, micronutrients,
and EC compared to fresh bark (Table 1). Phosphorous levels in fresh and aged
bark were above the adequate range deﬁned by Warncke and Krauskopf (7).
Potassium content of both bark types were within the recommended range.
With the exception of manganese and iron in aged bark, all secondary (Ca, Mg,
and S) and micronutrients were lower than levels recommended by Warncke
and Krauskopf. This preliminary data supports the use of dolomitic lime and
micronutrient additions to container substrates using Douglas ﬁr bark as the
primary component. Aged bark was slightly more acidic than fresh bark, and both
pH values were below the target range recommended for container production
(5). However, this would also be corrected with additions of dolomitic lime.
There was no interaction between N rate and bark type on geranium foliar
color or growth, therefore only main effects are discussed. Foliar color and
plant growth increased linearly with increasing N rate (Table 2), although this
is a typical plant response to N rate. Foliar color was not affected by bark
type; however, bark type did inﬂuence growth of geraniums with those in aged
bark approximately 13% larger than those in fresh bark. Signiﬁcantly larger
plants indicate that those grown in aged bark may have had more available
N than those grown in fresh bark. However, water holding capacity of aged
bark was higher than that of fresh bark (Table 1). All plants were irrigated with
the same volume of water and fertilizer solution. While plants were monitored
carefully to avoid water stress, plants in aged bark may have grown larger on
account of more available water. This was the conclusion made by Harrelson
et al. (4) in a similar study comparing fresh and aged pine bark. Future studies
will compensate for differences in water holding capacity by irrigating to a
predetermined leaching fraction.
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Table 1. Chemical and physical properties of Douglas ﬁr bark used in
container production.
Name
Screen Size

Fresh Bark
0-7/8 in

Aged Bark
0-7/8 in

Sufﬁciency
Rangey

pH

4.3

3.9

5.5-6.0

EC(mS/cm)

0.41

0.66

0.75-2.0

Phosphorus

10.0

14.5

3-5

Potassium

119.0

162.0

30-149

Calcium

16.9

31.7

80-199

Magnesium

7.2

20.7

30-69

Chemical
Properties

Nutrients (ppm)

Sodium

6.1

11.4

-

Copperz

0.19

0.30

-

4.31

32.3

15-40

Iron

z

Manganese

11.90

16.8

5-30

Zincz

1.76

2.3

5-30

Boron

0.11

0.27

0.7-2.5

Bulk Density
(g/cm3)

0.16

0.19

-

Porosity (%)

77

70

-

Water Holding
Capacity (%)

27

37

-

Air Space (%)

50

33

-

z

Physical
Properties

z

Determined with DTPA extraction.

y

Warncke and Krauskopf (7).
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Table 2. Foliar color (SPAD readings) and growth of potted geraniums potted in
fresh or aged bark and fertilized with three nitrogen (N) rates.
Main effects
N rate
(ppm)

SPAD Readings

Growth Index (cm)

50

29.3

11.1

100

31.5

13.7

200

38.6

19.7

L

***

L***

Signiﬁcancez
Bark

Aged

32.6 ay

15.7 a

Fresh

33.7 a

13.9 b

z

Indicates the level of response to fertilizer rate

y

Means within the same column with differnet letters are signiﬁcantly different, Duncan’s multiple range
test (α = 0.05).
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Cultivar Selection and Species Affect the Salinity
Tolerance of Crape Myrtles (Lagerstroemia spp.)
Raul I. Cabrera
Texas A&M University Agricultural Research and
Extension Center, 17360 Coit Rd., Dallas, TX 75252
r-cabrera@tamu.edu
Index Words: Interspeciﬁc Hybrids, Irrigation, NaCl, Salinity, Water Quality
Signiﬁcance to Industry: The results from this study indicate that while growth
of crape myrtles in general is affected by increasing salinity in the irrigation
water, the genetic makeup of the cultivar inﬂuences its qualitative response (i.e.
aesthetic value) and tolerance to this stress. The common crape myrtle, L. indica,
is generally more susceptible to salt damage than the Japanese L. fauriei and the
interspeciﬁc hybrids L. indica x L. fauriei. It is hypothesized that the geographic
and evolutionary origin of the various Lagerstroemia species (i.e. continental
versus island origin) has shaped the genetically intrinsic response of the cultivars
to salt stress.
Nature of Work: Crape myrtles (Lagerstroemia spp.) have been a favorite
nursery and landscape plant for the southern US since the late 1700’s (2, 6, 7).
Up until the mid-late 1970’s cultivars of the common crape myrtle, L. indica
have been the most widely cultivated by the green industry, and this era saw the
introduction of interspeciﬁc hybrids of this species with the Japanese L. fauriei
(2, 6). These hybrids have incorporated the spectacular ﬂower display of L. indica
with the cold hardiness, powdery mildew and insect (beetle) resistance of
L. fauriei (2, 3, 6, 7). Green industry concerns with irrigation water quality and
availability in southern states (actually a nationwide issue) are leading to an
evaluation of ornamental plant tolerance to salinity and water stress (4, 5). While
older literature suggested that crape myrtles are salt sensitive the observation
was limited to a few L. indica cultivars (1, 4). Recent preliminary research
suggests that L. fauriei and its insterspeciﬁc hybrids with L. indica may be more
salt tolerant (4). The present study was conducted to conﬁrm these observations
by evaluating the salt tolerance of a wider range of Lagerstroemia species
and cultivars.
Rooted liners of 13 crape myrtle cultivars were transplanted on June 1-10 into
15.2 liter (4 gallon) containers ﬁlled with a peat: pine bark: sand (2:1:1 v/v)
medium amended with dolomitic limestone (5.0 lbs/yd3), Micromax (1.0 lbs/yd3)
and the wetting agent Aquagro (1.0 lbs/yd3). Following transplant the pots were
topdressed with 10 lbs/yd3 of the controlled-release fertilizer Osmocote 18-6-12
(The Scotts Co.). There were ﬁve L. indica cultivars (‘Carolina Beauty’, ‘Country
Red’, ‘Dallas Red’, DynamiteTM and Red RocketTM; three L. fauriei cultivars
(‘Fantasy’, ‘Kiowa’ and ‘Townhouse’), four L. indica x fauriei hybrids (‘Basham’s
Party Pink’, ‘Biloxi’, ‘Natchez’ and ‘Tuscarora’) and the tropical L. speciosa.
The plants were placed in gravel beds lined with weed barrier fabric. There
were a total of 6 replications per cultivar X salt level treatments, arranged in a
completely randomized block design. The plants were irrigated for 11 weeks
(July 30 to October 14) with tap water containing 0, 3.5, 7, 14 and 28 mM
M NaCl.
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Each container was provided with an individual Roberts spitter and the solutions
delivered from 100-liter (26.3 gallon) tanks ﬁtted with submersible pumps
connected to standard 1⁄2 inch polyethylene tubing. Applied water volumes
were based on evapotranspiration measurements done (gravimetrically) in
control plants (2-3 times a week), with enough water applied to produce a target
leaching fraction of 25%. On October 12-14 the plants were evaluated for growth
(height, width) and quality (leaf chlorophyll concentration, salt burn ratings), and
destructively harvested, dried and weighed. Leaf Cl and Na analyses were done
in house, and the rest of essential elements at the Agricultural Analytical Services
Laboratory of Penn State University.
Results and Discussion: Evaluation of ﬁnal dry weight (DW) and plant height
data indicates that both salinity and cultivar type affected plant growth. While on
an overall basis salinity reduced plant DW and height in a linear fashion in most
cultivars (Figure 1A), it was interesting to observe that four cultivars of L. indica
and two of the hybrids (L. indica x fauriei) had their best DW at the ﬁrst level
of applied salinity (3.5 mM
M NaCl), above the growth observed in non-salinized
controls (data not shown). These responses are similar to those made on roses
(5), where low to moderate levels of salinity actually increase dry weight yields
with respect to non-salinized controls. Regarding plant height, the L. fauriei
cultivars showed decreases only after salinity surpassed 7 mM
M (Figure 1B).
In contrast to the DW results, analyses of data on plant quality indicated that
cultivars within L. indica where the most salt sensitive as they had the highest
salt burn (leaf injury) ratings with increasing salinity (Figure 1C). The L. fauriei
cultivars and L. speciosa showed the lowest salt burn symptoms in their foliage.
Regarding plant nutrient status, leaf Na concentrations were signiﬁcantly different
among species, reﬂecting differences in plant Na uptake and accumulation
(Figure 2). The L. indica plants had the lowest Na accumulations (<2,000 ppm),
whereas L. fauriei and L. speciosa had the highest (up to ~12,000 ppm). The
L. indica x fauriei hybrids had leaf Na concentrations intermediate to those of
their parent species. These differential accumulations of Na among species
groupings showed distinct correlations with relative dry weights and leaf salt burn
(scorching) ratings (Fig. 2 A, C), with L. indica and L. fauriei cultivars being the
most and least responsive (i.e. negatively affected), respectively. The patterns
of leaf Cl accumulation across species were not as differentially expressed as
for Na, but nevertheless showed higher and lower concentrations in L. indica
and L. fauriei cultivars, respectively (Figure 2 B, D). Plotting of plant dry weight
data against leaf Cl concentrations revealed that plant growth is not signiﬁcantly
affected, or remains relatively constant, until average leaf Cl concentrations
exceed 1.0% (although it stretches to about 1.5% in the hybrid cultivars;
Figure 2B). Salt burn symptoms in L. fauriei cultivars were not observed until leaf
Na concentrations exceeded 1.7% (Figure 2D), but in L. indica this relationship
was linear and positive (i.e. higher salt burn symptoms with increasing leaf Cl
accumulations).
Literature Cited:
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Figure 1. Relative dry weight (A), height (B) and salt burn ratings (C) in crape
myrtle cultivars representing three species and interspeciﬁc hybrids irrigated with
salinized irrigation water.
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Figure 2. Relative dry weights and foliage salt burn ratings in crape myrtle
cultivars from several species and hybrids as a function of sodium (A, C) and
chloride (B, D) concentrations found in their leaves after 11 weeks of irrigation
with increasing NaCl salinity.
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Incorporated Substrate Amendments
Reduce Water Use in Poinsettias
Christopher J. Catanzaro and Sarabjit M. Bhatti
Tennessee State University,
Institute of Agricultural and Environmental Research, Nashville, TN 37209
ccatanzaro@tnstate.edu
Index Words: Calcined Clay, Water Management, Container Production,
Euphorbia pulcherrima
Signiﬁcance to Industry: Calcined clay and composted municipal waste
incorporated into a peat-based substrate reduced the volume of water required to
produce greenhouse-grown poinsettias. Composted municipal waste could be a
particularly useful amendment to reduce water useage in open irrigation systems.
Nature of Work: Many types of inorganic and organic products have been used
as amendments to soilless substrates, since heterogeneous substrates offer
the combined advantages of their components. Ideally, these amendments are
relatively inexpensive and readily available, and offer beneﬁts such as increased
nutrient- and water-holding capacity. Calcined clays and composted municipal
waste are two amendments that can offer these beneﬁts.
When arcillite, a montmorillonite and illite clay, was added to gravel/vermiculite
and pine bark substrates, container capacity, available water, bulk density and
nutrient retention were increased (3,6). Shoot dry weight of Dendranthema x
grandiﬂorum was unchanged when arcillite (10% v/v) was incorporated into a
peat-based substrate (1). Fuller’s earth, a 2:1 clay, reduced nutrient discharge
without negative effects on growth of poinsettia (Euphorbia pulcherrima
Willd. ex Klotzsch) (2). Attapulgite, another 2:1 clay, decreased water useage
of Cotoneaster dammeri ‘Skogholm’ when added to pine bark at 8-11% by
volume (4,5).
The objective of this study was to determine whether calcined clay and
composted municipal waste as amendments to a peat-based substrate
decreased water useage during poinsettia production. Rooted cuttings of
‘Freedom Red’ poinsettia were grown in 15 cm (6 inch) standard containers in
a glass greenhouse during autumn 2004. A peat-based commercial substrate
(Fafard 2, Conrad Fafard Inc., Agawam, MA) was used alone or incorporated
with 10% (v/v) Terra-Green (an attapulgite-type calcined clay mined in Georgia,
24/48 mesh size, Oil-Dri, Chicago, IL), 10% (v/v) composted Fluff (a celluloselike material produced by recycling household garbage through a patented
process, Bouldin Corp., McMinnville, TN), or both materials at 5% each. Plants
were otherwise grown according to standard commercial practices. Plants were
arranged in a randomized complete block experimental design with 6 two-pot
replicates and 4 treatments. Plants were topdressed with Osmocote (Scotts
Co., Marysville, OH) 19N-2.6P-10K (19-6-12, 3-4 month release, 9.3 g/pot)
and then irrigated by treatment each time container weight decreased by
50% of container capacity. Water loss was determined gravimetrically, and
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predetermined irrigation volumes of tap water were applied to attain a leaching
excess near 20%. Leachate volumes were also recorded at each irrigation. Plant
heights were collected weekly, and irrigation data was collected for 11 weeks.
Final growth data, which included plant height, width and weight data fresh and
dry, were collected. Shoot tissue analysis was performed to determine nutrient
concentrations. Growth and nutrient concentration data were analyzed using
SAS, and means separated (lsd=0.05) where appropriate.
Results and Discussion: Plant growth and tissue nutrient concentrations were
generally unaffected by the substrate amendments (data not shown). Reductions
in total water useage in comparison with peat-based substrate alone ranged
from 1.0% with clay to 5.8% with Fluff, while the reduction in water useage was
intermediate (3.7%) with the clay+Fluff amendment.
Water savings in this experiment with clay were lower than the 9-18%
decrease in mean daily irrigation volume found in a previous study with pine
bark+sand+clay (4). However, methodologies were considerably different
between these studies. Results of this study suggest that Fluff results in
signiﬁcant reduction in water useage for poinsettias grown in an open
irrigation system.
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Nitrogen and Phosphorus Levels in
Leachate from Container-Grown
Willow Oak and Sweetbay Magnolia
Donna C. Fare
USDA-ARS,
U.S. National Arboretum McMinnville, TN 37110
Index Words: Quercus phellos L., Magnolia virginiana L., nursery production,
container production, nitrate-nitrogen, phosphate
Signiﬁcance to Industry: Environmental concerns with nitrogen and
phosphorus use at container nursery facilities and the subsequent effects of
nutrient-laden irrigation efﬂuent prompted this study. Nutrient management
and potential nutrient loading into the environment from container nursery
facilities must be addressed with all inputs in the production system. Substrate
components and irrigation practices can affect the amount of nitrate-N and orthophosphate that is leached from the growing container which can ultimately affect
the environment. Nutrient uptake is species dependent, thus fertilizer source and
rate of fertilizer must be tailored to meet the plant needs.
Nature of Work: Container grown nursery facilities in the US have current
inventories of over 2 billion containers. While the majority of this inventory
consists of small containers from 1 to 5 gallon (3.8 to 18.9 liter), there is
increasing interest and demand for ornamental crops in larger containers, sized
38, 56.8, and 94.6 liter (10, 15, and 25 gallon). Plant responses to fertilizer
treatments for small containers have been researched extensively. However,
research on fertilization requirements for large container grown ornamentals
is lacking and its environmental impact unknown. Production of high quality
landscape and greenhouse container plants necessitates the use of signiﬁcant
quantities of water, fertilizers and pesticides (1, 2). With current environmental
concerns, research efforts need to be more inclusive with inputs from irrigation
application, irrigation efﬁciency, and substrate source as well as monitoring
plant response (1, 3). Plants that are known to need and metabolize high
levels of nutrients can help reduce elements of environmental concern such
as phosphorus and nitrogen, as well as add aesthetic value to the landscape.
Therefore, the objectives of this project will address nutrient management,
nutrient loading, and uptake of nitrogen and phosphorus under controlled
irrigation applications for container-grown plants using two popular native
landscape trees.
Uniform bare root liners of Magnolia virginiana L., sweetbay magnolia and
Quercus phellos L., willow oak were potted on 2 June 2002 into 18.9 liter
(5 gallon) nursery containers. Prior to potting, the pine bark substrate or pine
bark:peat substrate (4:1 by vol) was amended with 0.6 kg (1.0 lb) Micromax
(O.M. Scotts Co., Maryville, Ohio). Controlled release fertilizer from Harrell’s
17-5-12 (17N-2.2P-10.0K) (Purcell Industries, Sylacauga, Ala.) or Osmocote
Pro 19-5-9 (19N-2.2P-7.5K) (O.M. Scotts Co., Maryville, Ohio) was contained
in ﬂuoropolymer bags (DelStar Technologies, Inc., Middletown, Del.) at a
rate of 17 grams (0.6 ounces) nitrogen per container, and then placed in the
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middle of the substrate in the nursery container. Irrigation was applied as cyclic
with 3 applications made one hour apart during predawn or one application
(traditional) with equivalent water volume as cyclic. Irrigation was applied with
micro spray stakes and was increased to maintain a 20% leaching fraction as
water use increased. Nursery containers were suspended in 18.9 liter (5 gallon)
buckets to contain all leachate from irrigation and rainfall. The leachate was
collected twice weekly, volumes measured and analyzed for pH, electrical
conductivity, nitrate-N, ammonium-N, and ortho-phosphate. Plant height and
caliper were measured at the onset of the test and at the end of the growing
season. In Nov 2002, a sub sample was harvested to determine root and shoot
dry weight and fertilizer residue. On 11 June 2003, plants were shifted up from
18.9 liter (5 gallon) to 56.8 liter (15 gallon) nursery containers. New ﬂuoropolymer
bags that contained 63 grams (2.2 ounces) nitrogen of either fertilizer were
placed in the center of the container during potting. Nursery containers were
suspended in plastic tubs that were designed to collect leachate but prevent
rainfall from diluting leachate. Leachate was pumped from plastic tubs twice
weekly then followed analytical procedures as described above. During both
growing seasons, plants were arranged by species in a split plot design with
fertilizer and media as subplots, and irrigation as the main plot. Data presented
will only include partial nitrate-N and ortho-phosphate results
Results and Discussion: Leachate volumes from containers with oaks were
15% greater with a traditional irrigation than a cyclic irrigation regime during
year 2. Leachate volumes were similar from all treatments with sweetbay
magnolia. Magnolia required less irrigation for plant growth than oaks, but growth
was not affected with either species by irrigation application method. Container
substrate affected leachate volume. The bark:peat substrate has a higher water
holding capacity than 100% bark and consequently during year 2, the pine bark:
peat substrate (80:20, v:v) had 18% less container leachate than the 100% pine
bark substrate.
Fertilizer source inﬂuenced leachate nutrient levels which resulted in signiﬁcant
differences of cumulative amounts (mg/year) of ammonium-N, nitrate-N and
ortho-phosphate. During year 1, cumulative ortho-phosphate was 12% greater
from container-grown magnolia with Osmocote 19-5-9 compared to Harrell’s
17-5-12 (Figs. 1 & 2). During year 2, ortho-phosphate averaged about 65%
greater in leachate from both sweetbay magnolia and willow oak containers
when grown with Osmocote 19-5-9 compared to Harrell’s 17-5-12 fertilizer
(Figs. 3 & 4).
During year 1, nitrate-N and ammonium-N from Harrell’s 17-5-12 were each
about 20% higher in the container leachate from sweetbay magnolia than
Osmocote 19-5-9. In the case of the willow oak, the differences were 32% and
19%, respectively. At the end of year 2, nitrate-N and ammonium-N levels in
container leachate from sweetbay magnolia, was about 20% higher from Harrell’s
17-5-12 fertilizer compared to levels from Osmocote 19-5-9 fertilizer. About
32% more nitrate-N and 19% more ammonium-N was leached from containers
of willow oak with Harrell’s fertilizer compared to the Osmocote fertilizer
(Figs. 5 & 6). By the end of year 2, height and caliper growth with both plants
were similar among treatments.
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Figure 1. Cumlative ortho-phosphate leached from container grown Magnolia
virginiana with Harrell’s 17-5-12 fertilizer, year 1.

Figure 2. Cumulative ortho-phosphate (mg) leached from container-grown
Magnolia virginiana with Osmocte 19-5-9 fertilizer, year 1.
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Figure 3. Cumulative ortho-phosphate leached from container-grown Quercus
phellos with Harrells 17-5-12 fertilizer, year 2.

Figure 4. Cumulative ortho-phosphate leached from container-grown Quercus
phellos with Osmocte 19-5-9 fertilizer, year 2.
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Figure 5. Cumulative NO3-N leached from container-grown Quercus phellos with
Harrells 17-5-12 fertilizer, year 2.

Figure 6. Cumulative NO3-N leached from container-grown Quercus phellos with
Osmocte 19-5-9 fertilizer, year 2.
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Shading Effects on Growth and Leaf Gas
Exchange of Some Container-Grown Shrubs
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fraseri ‘Red Robin’, Camellia x williamsii ‘Debbie’, Viburnum tinus ‘Eve Price’
Signiﬁcance to the Industry: The effects of reduced light intensity on plant
growth and leaf characteristics of the leaves were investigated on three shrubs
species, widely grown in the Italian nursery industry. Some differences in growth
and leaf gas exchanges were found according to the species and the time of
sampling. Based on our results, Photinia x fraseri ‘Red Robin’ and Camellia x
williamsii ‘Debbie’, though classiﬁed as facultative shade species, performed
better in full sun spots, while Viburnus tinus ‘Eve Price’, a typical Mediterranean
shrub, showed higher growth under shade.
Nature of the Work: The growing environment inﬂuences quality, size,
and scheduling of nursery crops, thereby establishing production costs and
proﬁtability. Improper light levels in the production environment may negatively
affect plant growth and physiology. However, adjustments to the light regime
of the production environment must be made carefully, because changes may
not always be cost-effective. As shown in previous research projects conducted
on woody ornamentals (1,2,5), sun- and shade-acclimation responses can
vary according to the species and information regarding sun/shade tolerance
of the most widely grown species may be beneﬁcial for nursery and landscape
industries. Therefore the objective of this study was to determine the effects of
different light levels on containerized shrubs, by assessing leaf gas exchanges
and plant growth characteristics under three levels of irradiance (100% full sun,
70% and 40% of full sun).
Plant Materials, growing conditions and shading treatment: One-year-old uniform
cutting propagated plants of container-grown Photinia x fraseri ‘Red Robin’,
Viburnum tinus ‘Eve Price’ and Camellia x williamsii ‘Debbie’, were selected for
the experiment. At the end of April 2003, 240 plants (40 per species and per two
shading levels) were put under shade in an experimental center (Fondazione
Minoprio) located in the Lombardy Region (North of Italy). Light intensity was
reduced by using commercially available shade material consisting of black
woven polypropylene fabric that acted as a neutral ﬁlter and reduced to about
30% (70% of full sun) and about 60% (40% of full sun) the photosynthetically
active radiation. 120 additional plants (40 plants per species) were exposed
to full, natural light as a control. Standard commercial nursery production for
fertilization, irrigation and pest control were followed. Water requirement was
provided by sprinkle irrigation with different timing and amount according to the
different needs of the plants.
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After the ﬁrst year of growth, before repotting in bigger pots (3 liter, about
0.9 gallon), root and canopy fresh and dry weight were determined on a
5-plants sample following the procedure described later. Instantaneous net
photosynthesis (Pn), transpiration rate (E), water use efﬁciency (WUE, calculated
dividing Pn by E) were measured 6 times during the growing season using
the CIRAS-2 portable infrared gas analyzer (PP Systems, Hertfordshire, UK).
The readings were taken on 15 fully expanded leaves per thesis per species
repeating them twice between 800 and 1400 hours; the leaves were chosen
from the outer part of the crown and at different heights, under conditions of light
saturation (PAR > 1000 µmol*m-2*s-1). Biomass production was monitored at
the beginning (May 26th), during (July 14th) and at the end (December 6th) of
the growing season. Tops of 5 plants per shading level and per species were
removed and biomass production was determined. Roots were washed free
from the media, roots and shoot excised, to determine root and shoot growth,
leaf area, fresh and dry weight. Fresh and dry weights were recorded (for the dry
weight, the vegetative material was oven-dried at 80°C until constant weight was
achieved). Leaf area was determined by scanning all the leaves on a A3 scanner
and image analysis was performed with the free software for image processing
Image Tool 1.3 – UTHSCSA. LAI was calculated as leaf area per unit ground
area. RGR was calculated as dry weight increase per unit of biomass and per
unit of time. LAR was calculated as the ratio of leaf area and total plant weight;
NAR was calculated as the ratio between RGR and LAR (4). All the data were
subjected to one-way analysis of variance (SPSS Statistical Package, Release
11.5 for Windows). Treatment means were separated using the Duncan test
at 0.05.
Results and Discussion: Photinia x fraseri ‘Red Robin’. At the end of the
growing season (6th of December) plants grown in full sun showed a higher
biomass production (Table 1) compared to the most shaded ones which showed
a higher shoot/root ratio and increased leaf area, though these plants were of
acceptable quality despite their more open appearance as previously shown by
Norcini et al. (3). No inﬂuence was found on LAI. Leaf gas exchanges (Table 2)
were generally higher under 30% shading though statistical differences were only
found in two dates. NAR was higher and LAR lower in the plant grown in full sun
compared to the most shaded ones.
Viburnum tinus ‘Eve Price’. No differences were found in terms of biomass
production, shoot/root ratio and leaf number at the end of the growing season,
while leaf area and LAI were higher under 60% shading. Leaf gas exchanges
showed no appreciable differences among the different thesis. Similarly to
what found in fraser photinia, LAR was higher and NAR lower in the most
shaded leaves.
Camellia x williamsii ‘Debbie’. Plants in heavy shade (60% of full sun reduction)
appeared normal throughout the experiments, but plant appearance was
more satisfactory in full sun and mild shade (30% of full sun). Plant growth
characteristics (biomass production, leaf number, LAI) showed no statistical
differences except for leaf area which was higher in the shaded leaves. Pn
was generally higher under 70% of full sun, than under 100% and 40%, except
for the September sampling, when Pn was superior in full sun grown plants.
No appreciable effects were also detected on NAR and LAR.Based on our
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results, Photinia x fraseri and Camelliax williamsii ‘Debbie’, though classiﬁed as
facultative shade species, performed better in full sun spots while Viburnus tinus,
a typical Mediterranean shrub, showed higher growth under shade.
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Table 1. Effect of different light regime (% of full sun) on biomass accumulation,
leaf area, leaf number, LAI (Leaf area index) on Photinia x fraseri ‘Red Robin’,
Viburnum tinus ‘Eve Price’ and Camellia x williamsii ‘Debbie’ containerised plants.
Photinia x fraseri ‘Red Robin’
Light
regime

Dry Weight
(g)

Shoot/root
ratio

Leaf Area
(cm2)

Leaf
Number

LAI

100%

144.94 az

4.07 c

14.26 b

351 a

4.73 a

70%

123.94 b

5.36 b

20.10 a

275.6 b

4.99 a

40%

63.60 c

6.15 a

20.96 a

202.40 c

4.73 a

Viburnum tinus ‘Eve Price’
Light
regime

Dry Weight
(g)

Shoot/root
ratio

Leaf Area
(cm2)

Leaf
Number

LAI

100%

47.16 a

1.61 a

3.88 c

453 a

1.74 c

70%

58.58 a

2.36 a

6.55 b

483 a

3.04 b

40%

51.02 a

2.57 a

8.22 a

388 a

4.80 a

Camellia x williamsii ‘Debbie’

z

Light
regime

Dry Weight
(g)

Shoot/root
ratio

Leaf Area
(cm2)

Leaf
Number

LAI

100%

135.46 a

3.46 b

12.91 b

236.60 a

3.39 a

70%

105.36 a

5.21 a

15.17 a

177.40 a

2.73 a

40%

119.32 a

5.44

15.68 a

228.00 a

2.73 a

Values within colums differ signiﬁcantly when followed by different leaders at p ≤ 0.05 (Duncan Test).
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Table 2. Effect of different shading level on leaf gas exchanges (Pn - µmol m-2 s-1
of CO2; Evaporation rate – mmol m-2 s-1 of H2O; WUE – Pn/Evaporation rate, data
are the average of 6 sampling dates), on Leaf Assimilation Rate (LAR) and on
Net Assimilation Rate (NAR).
Photinia x fraseri ‘Red Robin’
Light
regime

Pn
(µmol*m-2*s-1
of CO2)

E
(mmol m2*s-1*of
H2O)

W.U.E.
(Pn/E)

LAR

NAR

100%

4.34 az

2.83 a

70%

4.87 a

2.89 a

1.53 b

29.36 c

0.33 a

1.69 ab

42.06 b

0.16 b

40%

4.39 a

2.42 a

1.81 a

70.63 a

0.07 c

Viburnum tinus ‘Eve Price’
Light
regime

Pn
(µmol*m-2*s-1
of CO2)

E
(mmol m2*s-1*of
H2O)

W.U.E.
(Pn/E)

LAR

NAR

100%

3.72 b

2.28 a

1.63 a

33.15 c

0.20 a

70%

4.58 a

2.42 a

1.89 a

46.72 b

0.22 a

40%

4.50 a

2.16 a

2.08 a

84.69o

0.12 b

Light
regime

Pn
(µmol*m-2*s-1
of CO2)

E
(mmol m2*s-1*of
H2O)

W.U.E.
(Pn/E)

LAR

NAR

100%

5.07 b

2.08 a

2.44 a

22.55 a

0.20 a

70%

5.56 a

2.19 a

2.54 a

23.32 a

0.13 a

40%

4.38 c

1.84 b

2.38 a

20.58 a

0.18 a

Camellia x williamsii ‘Debbie’

z

Values within colums differ signiﬁcantly when followed by different leaders at p ≤ 0.05 (Duncan Test).
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Comparison of Controlled-Release and WaterSoluble Fertilizers for Greenhouse Production of
Impatiens, Dianthus and Pansy
Derald A. Harp, Kenneth Byrd, Lonna Jochetz, and Demorise Smith
Texas A&M University - Commerce,
Dept. of Agricultural Sciences, Commerce, Texas 75429
Derald_Harp@tamu-commerce.edu
Index Words: Viola x wittrockiana, Impatiens wallerana, Dianthus chinensis,
Osmocote, Ferti-Sorb, Fertilizer
Signiﬁcance to Industry: Controlled-release fertilizers may be an effective
means of delivering plant nutrients in greenhouse production of annuals,
eliminating the need for fertigation, expertise, and labor associated with the use
of water-soluble fertilizers.
Nature of Work: Research was conducted to compare the growth of impatiens
(Impatiens wallerana), dianthus (Dianthus chinensis), and pansies (Viola x
wittrockiana) under controlled-release and water-soluble fertilization programs in
a greenhouse at Texas A&M University – Commerce, Commerce, Texas. Plugs
for each species were planted into 1801 trays using Berger BM-7 35% bark
soilless potting media (Berger Horticulture, Quebec, Canada) and grown with the
following treatment regimens: 1) No fertilizer (control), 2) water-soluble fertilizer
only (Peters 20-10-20 General Purpose at 250 ppm N), 3) slow-release fertilizer
(SR1) (Ferti-sorb 12-12-12 at 5.0 lbs/yd3 (2400 g/M3)), and 4) slow-release (SR2)
(Scotts Osmocote 15-9-12, 7 to 9 month at 5.0 lbs/yd3 (2400 g/M3)) fertilizers.
Water-soluble fertilizers were mixed at each watering and applied using an 8 liter
watering can. Controlled-release fertilizers were incorporated into the media prior
to planting. Treatments consisted of 5 reps of 18 plants each in a randomized
complete block design. Plant measurements included plant height and width,
and root and shoot fresh and dry weights. Electrical conductivity and pH were
monitored and maintained within recommended ranges (1,2). Data for each
species were analyzed using PROC GLM (SAS Institute, Cary, NC). Treatment
means were separated using Duncan’s.
Results and Discussion: Growth patterns were mixed across the different
species. Impatiens responded best to controlled-release fertilizers (Table 1),
though results are mixed. Osmocote plants were shorter, but wider than other
treatments. Ferti-sorb treatments were consistently amongst the largest plants in
this trial.
Dianthus appear to respond more effectively to water-soluble fertilizer (Table 2).
Dianthus were taller, wider, and had a larger root system when compared to
other treatments. Ferti-sorb treatment were taller than other treatments, but more
narrow and did not develop as much root tissue as other treatments, even having
signiﬁcantly less dry root matter than did the control.
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Pansies fertilized with Ferti-sorb were signiﬁcantly taller and had a higher fresh
shoot weight than other treatments (Table 3). Fertilization with water-soluble
or Osmocote did not seem to affect plant growth as these did not differ from
the control.
In this study and previous (3), controlled-release fertilizers can be an effective
means of providing proper plant nutrition. However, the job of the manager
becomes understanding which species respond best to which fertilizer and at
what rates.
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Table 1. Plant size measurements of impatiens (Impatiens wallerana) under
fertilization treatments.
Treatment

Average
Plant
height
(cm)

Average
Plant
width
(cm)

Average
Fresh
shoot
weight
(g)

Average
Fresh
Root
weight
(g)

Average
Dry
Shoot
weight
(g)

Average
Dry Root
Weight
(g)

Control
(0 ppm N)

26.56az

12.89a

28.49a

4.50a

1.17a

0.24a

Watersolubley

26.86a

14.50a

32.04a

3.55b

1.16a

0.03c

CR1x

27.11a

19.22b

31.17a

4.72a

1.22b

0.25a

CR2w

23.36b

22.08c

28.62a

3.61b

1.22b

0.16b

z

Means with the same letter within a column are not signiﬁcantly different.

y

Peters 20-10-20, 250 ppm N

x

Ferti-sorb 12-12-12, 5.0 lbs/yd3

w

Osmocote Plus 15-9-12, 5.0 lbs/yd3
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Table 2. Plant size measurements of dianthus (Dianthus chinensis) under
4 fertilization treatments.
Treatment

Average
Plant
height
(cm)

Average
Plant
width
(cm)

Average
Fresh
shoot
weight
(g)

Average
Fresh
Root
weight
(g)

Average
Dry
Shoot
weight
(g)

Average
Dry Root
Weight
(g)

Control (0
ppm N)

21.94az

18.72a

7.97a

1.29a

1.23a

0.22a

Watersolubley

26.89b

21.89b

19.34b

2.64b

1.58b

0.21a

CR1x

25.61ab

18.94a

10.93c

1.57a

1.41ab

0.16b

CR2

24.00a

19.22a

13.29c

1.93c

1.15a

0.22a

w

z

Means with the same letter within a column are not signiﬁcantly different.

y

Peters 20-10-20, 250 ppm N

x

Ferti-sorb 12-12-12, 5.0 lbs/yd3

w

Osmocote Plus 15-9-12, 5.0 lbs/yd3

Table 3. Plant size measurements of pansy (Viola x wittrockiana) under
4 fertilization treatments.
Treatment

Average
Plant
height
(cm)

Average
Plant
width
(cm)

Average
Fresh
shoot
weight
(g)

Average
Fresh
Root
weight
(g)

Average
Dry
Shoot
weight
(g)

Average
Dry Root
Weight
(g)

Control (0
ppm N)

12.18az

11.65a

6.29a

0.74a

0.07

0.08

Watersolubley

12.03a

10.59a

5.30a

0.58a

0.52

0.05

CR1x

16.21b

12.36a

10.15b

0.65a

0.44

0.04

CR2

13.49ab

10.67a

6.95a

0.62a

0.58

0.05

w

z

Means with the same letter within a column are not signiﬁcantly different.

y

Peters 20-10-20, 250 ppm N

x

Ferti-sorb 12-12-12, 5.0 lbs/yd3

w

Osmocote Plus 15-9-12, 5.0 lbs/yd3
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Effects of Fall Fertilization on Cold Hardiness
of Deciduous Versus Evergreen Azaleas
Frank P. Henning, Tim Smalley, Orville Lindstrom and John Ruter
University of Georgia,Department of Horticulture, Athens Georgia 30602
fhenning@uga.edu
Index Words: Azalea, Rhododendron, Fall, Fertilization, Cold, Hardiness,
Freeze, Frost, Evergreen, Deciduous, Nitrogen
Signiﬁcance to Industry: Fall fertilization is an efﬁcient way to build nutrient
reserves in woody plants and increase spring growth (1). However, evergreen
plants that maintain their leaves throughout fall and winter may respond
differently to fall fertilization than deciduous plants. By retaining their leaves,
evergreen plants maintain higher transpiration rates and may maintain higher
photosynthate production and a greater ability to absorb N (2). Previous studies
investigated the effects of fall fertilization on the freeze hardiness of evergreen
and deciduous plants in separate experiments. In this study, fall fertilization
and taxa treatments were included together in order to determine if extending
the application of fertilizer in fall affects the cold hardiness of evergreen and
deciduous plants differently.
Nature of Work: Beginning in spring 2003, a 2 x 3 factorial experiment was
conducted in Athens, Georgia on container plants grown outdoors under nursery
conditions involving 2 taxa and 3 fall fertigation regimes. On 1, May 2003 uniform
seedlings, 300 each of Rhododendron canescens (a deciduous azalea) and
Rhododendron x satsuki ‘Wakaebisu’ (an evergreen azalea) were transplanted
into 2.2 liter (trade 1 gallon) containers. Prior to the initiation of fertility treatments
on August 1, all plants were fertilized daily with a 0.5 liter solution of 75 ppm
16 N-3.5 P-6.6 K liquid fertilizer. Fertility treatment consisted of daily liquid feed
application of diluted 0.5 liter solutions of the same liquid fertilizer. Beginning
August 1, 2003 plants of each Rhododendron species were grown under
3 different fall fertility regimes: (1) Aug.-Sept., 75 ppm N, (2) Aug.-Nov., 75 ppm
N and (3) Aug.-Nov., 125 ppm N. On 15 Nov. and 17 Dec. 2003 and 16 Jan.,
18 Feb., and 19 Mar. 2004 plant stem tissue was harvested and exposed to 10
progressively lower temperature intervals between -3 and -30oC (26.6o and -22oF)
under laboratory conditions in order to estimate azalea freeze hardiness. Taxa,
fall fertilizer, time, and interaction effects were analyzed using repeated measures
analysis of variance (3). Tukey’s HSD was used to test for differences between
treatment means variance.
Results and Discussion: This study was designed to determine if fall fertilization
affects evergreen versus deciduous plants differently. Interactions among time,
taxa and fall fertility treatment were analyzed, but no signiﬁcant interactions
were present. The timing of freeze hardening/dehardening was not signiﬁcantly
different among the two species over time (P = 0.17), different fall fertilizer
treatments did not affect the timing of hardening (P = 0.65) and there was no
interaction between species and fall fertilizer treatment (P = 0.14). In contrast
with interaction analysis, time of harvest (P<0.01), taxa (P<0.01) and fertilizer
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(P<0.01) treatments affected freeze hardiness of azaleas. Freeze hardiness of
azaleas was affected by the time of year when plant tissue was harvested for
freeze hardiness analysis. As expected, freeze hardiness increased from fall to
winter and decreased with the approach of spring. In addition, freeze hardiness
of the two taxa was signiﬁcantly different as R. canescens developed greater
freeze resistance than R. x satsuki in November, December and February
(Table 1).
Along with taxa, fertilizer treatment had a signiﬁcant effect on azalea cold
hardiness. Compared to the industry standard (Aug.-Sept., 75 ppm), the high
rate of extended fertilization (Aug.-Nov., 125 ppm) reduced freeze resistance
of azaleas in November, December, January and February (Table 2). However,
the low rate of extended fertilization (Aug.-Nov., 75 ppm) only reduced freeze
hardiness of azaleas in December (Table 2).
While high rates of extended fertilization may allow growers to build nutrient
reserves in woody plants and increase growth. Results from this study indicate
that extending fall fertilization at a high rate may reduce freeze hardiness of
azaleas. Extending fertilization at a lower rate (75 ppm N through November)
only decreased azalea freeze hardiness in December, indicating that lower rates
of extended fertilization in fall may be less likely to reduce the freeze resistance
of azaleas. The design of this study included fall fertilization and taxa treatments
in order to determine if extending the application of fertilizer in fall affects the
cold hardiness of evergreen and deciduous plants differently. One possible
explanation for the absence of interaction between fall fertilizer treatment on
deciduous versus evergreen plants may be leaf retention. The leaves of the
deciduous R. canescens that received extended fall fertilization remained
green and persisted for more than a month after fertilization was terminated
in November. Active green leaves may have provided the photosynthates and
transpirational pump needed for this deciduous plant to maintain nutrient uptake
throughout the period of fall fertilizer application. The absence of interaction
between fall fertilizer treatment and plant taxa is an indication that nursery
growers and landscape managers may not need different fertilizer schedules for
managing the freeze hardiness of evergreen versus deciduous azaleas.
Literature Cited:
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Table 1. Difference in species freeze hardiness (T50) between deciduous R.
canescens and evergreen R. x satsuki with stem tissue harvested 15 November
and 17 December, 2003 and 16 January, 18 February and 19 March, 2004.
-------------------------T50 (oC)-------------------------

z

Species

Nov. 12

Dec. 11

Jan. 14

Feb. 18

Mar. 19

R. canescens

-6.33 b

-19.0 b

-22.67 a

-23.92 b

-18.25 a

R. xsatsuki

-3.83 a

-14.83 a

-21.25 a

-20.83 a

-17.5 a

z

Species treatment means within each fertilizer treatment row for each date column that are not followed
by the same letter are signiﬁcantly different at P≤0.05.

Table 2. Effects of 3 fall fertilization treatments on freeze hardiness (T50) of
azalea stem tissue harvested November 15 and December 17, 2003 and
January 16, February 18 and March 19, 2004.
N Fertilizer ---ppm---

z

-------------------------T50 (oC)-------------------------

Aug. Sept.

Sept.
- Nov.

Nov. 12

Dec. 11

Jan. 14

Feb. 18

Mar. 19

75

0

-6.3 b

-20.4 c

-23.8 b

-24.8 b

-15.4 a

75

75

-5.6 b

-16.8 b

-22.3ab

-22.6ab

-18.6 a

125

125

-3.4 a

-13.6 a

-19.9 a

-19.8 a

-19.6 a

Species treatment means within each fertilizer treatment row for each date column that are not followed
by the same letter are signiﬁcantly different at P≤0.05.
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Effect of Cotton Gin Compost and Pine
Bark Substrate Blends on Root Growth
of Two Horticulture Crops
Brian E. Jackson, Amy N. Wright and Jeff L. Sibley
Auburn University, Dept. of Horticulture, Auburn, AL 36849
jacksonb@vt.edu
Index Words: Agricultural Waste, HorhizotronTM, Establishment, Media, Ficus
benjamina, Lantana camara ‘Hot Country’
Signiﬁcance to Industry: ‘Hot Country’ lantana and weeping ﬁg were grown in
PB substrates containing 0, 40, 60, and 100% CGC. Results suggest that PB
can be replaced or amended with CGC for an increase in root growth rate when
compared to root growth in 100% PB. Utilizing CGC as a substrate or substrate
component with PB can provide a reliable and beneﬁcial substrate option for
production of horticultural crops.
Nature of Work: Pine bark (PB) and peat (P) are two of the most common
substrate components currently used in horticultural crop production. The supply,
consistency, and cost of these materials has often been a concern for growers
throughout the United States. These concerns have prompted the search for
alternative substrates and substrate components that can be successfully utilized
for quality crop production. Cotton is a major agronomic crop grown in the
southeast United States. Cotton gin trash (CGT) is the term used to describe the
by-products of the cotton ginning process that includes the leaves, stems, hulls,
and some lint (2). Composted cotton gin trash (CGC) has been shown to be a
useful substrate component for production of bedding plants, ﬂoral crops, and
woody ornamentals (1, 3).
Frequently excluded from horticultural research, root growth and root system
architecture are important factors inﬂuencing plant performance and survival
(6). A healthy, functioning root system increases the surface area available for
the uptake of water and nutrients. In addition, roots provide physical support,
storage, and anchorage needed by plants (4, 5). Understanding root growth and
development is important to improving plant quality and production success.
The objective of this study was to utilize the HorhizotronTM to evaluate root
growth of weeping ﬁg (Ficus benjamina L.) and ‘Hot Country’ lantana (Lantana
camara Mill. ‘Hot Country’) when grown in various blends of PB and CGC. The
Horhizotron provides a simple, non-destructive method for measuring root growth
and development in various root environments and substrates, and it allows
roots to be observed and quantiﬁed as they grow from the original root ball and
penetrate into the surrounding substrate (6).
Treatments were four substrate blends of milled PB and CGC that included by
volume: 100:0 PB:CGC, 60:40 PB:CGC, 40:60 PB:CGC, and 0:100 PB:CGC.
Pine bark substrate was used as the control for comparison to the CGC amended
treatments. Based on initial pH values varying rates of dolomitic limestone were
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added to substrates to achieve pH levels of 6.0. 100:0 PB:CGC was amended
with 2.1 kg.m-3 (3.6 lb.yd-3), and 60:40 PB:CGC was amended with 1.1 kg. m-3
(1.8 lb.yd-3). No amendment was made to 40:60 PB:CGC and 0:100 CGC
substrates where pH was already near the desired range of 6.0. Weeping ﬁg and
‘Hot Country’ lantana were removed from 11.3 liter (3 gal) containers and placed
in separate Horhizotrons on greenhouse benches at the Paterson Greenhouse
Complex, Auburn University. Root balls of all plants were positioned in the center
of each Horhizotron. Each of the Horhizotron’s four quadrants were randomly
ﬁlled with one of the substrate blends to the height of the root ball. Horhizotrons
with weeping ﬁg and ‘Hot Country’ lantana were hand watered daily and fertilized
once weekly with a solution of 20N-8.8P-16.6K (Pursell Industries, Sylacauga,
AL) applied at the rate of 200 ppm N. This study was a randomized complete
block design with each Horhizotron representing an individual block. There were
ﬁve blocks per species.
Root length and location in the quadrant proﬁle were measured as newly formed
roots grew out from the root ball and along the face of the glass quadrants.
A transparent grid placed on the two glass sides of each quadrant allowed
observation and measurement of the ﬁve longest roots on each side of the
quadrant. Roots of weeping ﬁg and ‘Hot Country’ lantana were measured
7 days after planting (DAP) and then once weekly using the same method.
Over the course of the study root measurements were discontinued when roots
reached the end of the Horhizotron quadrant. At the conclusion of the study root
development in each quadrant was evaluated visually using a rating scale of
0-5 (Table 1). Data were analyzed using GLM procedures. Regression analysis
of root growth over time was performed for all species within each substrate
treatment. Fisher’s Least Signiﬁcant Difference (P = 0.05) was used to separate
means of the visual root evaluation at the end of the experiment.
Results and Discussion: Both species exhibited linear rates of root growth
over the course of the experiment in all four substrates (Figures 1 and 2). At all
measurement dates there was more root growth in CGC amended substrates
than in 100% PB for weeping ﬁg. At 21 DAP, root growth of weeping ﬁg in
substrates containing 60 and 100% CGC reached the end of the quadrants
and were no longer measured (Figure 1). At 28 DAP, roots of weeping ﬁg in
the substrate containing 40% CGC reached the end of the quadrants (data not
shown). Roots of weeping ﬁg grown in 100% PB were the last to reach the end of
the quadrants at 35 DAP (data not shown). ‘Hot Country’ lantana exhibited more
root growth in all treatments containing CGC compared to 100% PB through the
third measurement date (3 weeks) at which time, roots in these treatments had
grown to the end of their quadrants (Figure 2). Roots of ‘Hot Country’ lantana in
100% PB took twice as long (6 weeks) to reach the end of the quadrant (data not
shown). Root ratings of weeping ﬁg and ‘Hot Country’ lantana were signiﬁcantly
higher across all substrates containing CGC when compared to 100% PB
(Table 2). At the conclusion of this study root development in all CGC blended
substrates was considerable enough to ﬁrmly hold the substrates together
when plants were removed from the Horhizotrons. The quadrant containing
100% PB shattered upon being pulled from the Horhizotron, a result of less
root proliferation in that substrate. This experiment provides strong evidence
that roots can grow effectively and vigorously in substrates containing CGC,
facilitating successful establishment and production of horticultural crops.
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Table 1. Visual rating scale for root development.
Rating

Overall Growth

0

no root growth

1

20% of the quadrant face was ﬁlled
with roots

2

40% of the quadrant face was ﬁlled
with roots

3

60% of the quadrant face was ﬁlled
with roots

4

80% of the quadrant face was ﬁlled
with roots

5

100% of the quadrant face was ﬁlled
with roots
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Table 2. Effect of substrate on root development of two species.
Species

PB: CGC Ratioz

Root Rating

weeping ﬁg

100:0

2.6cy

60:40

3.8b

40:60

4.5a

0:100

4.4ab

‘Hot Country’

100:0

2.0b

Iantana

60:40

4.2a

40:60

4.5a

0:100

4.7a

PB = pine bark, CGC = cotton gin compost.

Z
y

Means separated within species by Fisher’s Protected LSD at P = 0.05.

Figure 1. Root Growth of weeping ﬁg measured in seven day increments after
transplanting (DAP) when grown in pine bark (PB) and three PB amended cotton
gin compost (CGC) substrate blends.
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Figure 2. Root Growth of ‘Hot Country’ lantana measured in seven day
increments after transplanting (DAP) when grown in pine bark (PB) and three PB
amended cotton gin compost (CGC) substrate blends.
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Competitive Inﬂuence of Emerging Weed
Threats for SEUS Container-Growers
William Klingeman and Darren Robinson
University of Tennessee, Plant Sciences Department,
|252 Ellington PSB, Knoxville, TN 37996-4561
wklingem@utk.edu
Index Words: Chamberbitter, Eclipta, Fatuoa, Mulberry Weed, Phyllanthus
Signiﬁcance to Industry: Several recent non-native weed introductions
have become established in localized populations throughout SEUS nursery
production areas. These weeds, including mulberry weed (Fatuoa villosa),
chamberbitter or leafﬂower (Phyllanthus urinaria) and long-stalked phyllanthus
(P. tenellus), possess densely ﬁbrous root systems and explosively dehiscent
seedpods. While these weeds have considerable potential to compete with
ornamental plants, their inﬂuence on container-grown nursery crop productivity
has not been measured. In 2004, container nursery assessments of water
use efﬁciency and crop growth parameters showed trends for the competitive
inﬂuence with increasing numbers of weeds but liner productivity was highly
variable. Both crop growth indices and new shoot lengths were reduced as
weed densities of all 4 species were increased in containers with ‘Shamrock’
holly liners. Cotoneaster glaucophylla liners yielded variable responses to
weed densities, which suggests challenges for models assessed with this crop.
Root dry mass data is seldom quantiﬁed in container weed studies and will
yield novel information about the nature of the direct competitive effect. Data
collected in 2005 is expected to help explain anticipated water use patterns of
treated containers.
Nature of Work: Relatively few studies have quantiﬁed the competitive inﬂuence
of speciﬁc weed species. Growth of container-grown ornamental crops can be
reduced by very low numbers of certain weed species. A single redroot pigweed
(Amaranthus retroﬂexus) or large crabgrass plant (Digitaria sanguinalis) reduced
Japanese holly (Ilex crenata) growth by 47% and 60%, respectively (2). Azalea
and barberry growth were restricted by eclipta (Eclipta alba) and prostrate spurge
(Euphorbia supina), while yellow woodsorrel (Oxalis stricta) had little effect on
growth of azaleas (1).
During the 1980’s and 1990’s, non-native mulberry weed (Fatuoa villosa),
chamberbitter or leafﬂower (Phyllanthus urinaria) and long-stalked phyllanthus
(P. tenellus) established footholds in southern U.S. landscapes and container
production systems (3, 4, 5). Today, these weeds can be found in small
populations throughout the SEUS north to Tennessee and west to Texas.
Mulberry weed has been recovered as far north as Ohio (6). The rapid spread of
these non-native weeds is attributed to seed dispersal by “explosive dehiscence”.
Similarly, hairy bittercress (Cardamine hirsuta) seed are forcefully ejected up
to several feet away from the parent plant. But hairy bittercress has limited
competitive potential. By contrast, mulberry weed, chamberbitter and longstalked phyllanthus have a rapid growth rate yielding densely ﬁbrous roots.
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These characteristics suggest tremendous competitive pressure with ornamental
plants, yet their interaction has not been quantiﬁed in container production
systems. The competitive ability of eclipta has been previously quantiﬁed against
azaleas and crimson pygmy barberry (1). This experimental model was adapted
to quantify competition from these weeds.
In May 2004, chamberbitter, long-stalked phyllanthus, mulberry weed and
eclipta seeds were over-sewn into Classic 300 S (2.6-liter) containers containing
either inkberry holly (Ilex glabra ‘Shamrock’, gray cotoneaster (Cotoneaster
glaucophylla: a deer- and drought-resistant cotoneaster) or pots containing pine
bark media only. Replicated blocks included non-weedy ornamental crops, weed
only (2 weeds per pot) and media only controls. Pots from each ornamental crop
were arranged in a randomized complete block design with 6 plant replicates
blocked by initial size. After germination, weeds were hand thinned to establish
experimental treatment densities of 1, 2, 4 or 8 seeds per container.
Forty-ﬁve and 90 days after weed seed germination, water consumption rates
were determined gravimetrically. Pot weights were recorded 1 h post-irrigation
then at 24 h intervals for 4 days. Water loss from pots with weed species
and ornamental plants were compared to weed-free ornamental, weed only
and unplanted container controls. Plant productivity data for both ornamental
and weed species included growth indices, mean leaf area and dry mass (of
25 leaves per plant), and dry mass measurements for root and shoot tissues for
one-half of all treated pots. Crop canopy area was estimated by multiplying the
proportion of dry mass and leaf area of 25 fully expanded (mature) leaves per pot
by the total crop leaf dry mass. Growth variables and water use characteristics
were analyzed statistically using PROC GLM in SAS. Treatments with signiﬁcant
differences were separated using Fisher’s LSD test (P < 0.05). The second half
of treated pots will be destructively sampled and data analyzed in October 2005.
Results and Discussion: In general at 45 and 90 DAT, weighing containers
to assess differences in water use among treatments did not yield results
consistent with expected treatment effect trends. In short, crop treatments failed
to show differences in total water loss 72-h after irrigation was interrupted (data
not shown). For crops grown 90 d, water-use did differ among treatments 24-h
after irrigation was interrupted. However, assessments were not consistent with
weed treatments. Water-use parameters may yield more relevant results in a
second year of observations when a larger volume of crop roots serves a larger
canopy area.
After 90 days, ornamental crop productivity declined for several measured
parameters in response to increasing numbers of weeds per pot. Mean new
shoot length was reduced for I. glabra exposed to increasing numbers of all
4 weed species. By contrast, new Gray Cotoneaster shoots were longer as the
number of weeds per pot increased (Figure 1). Results are not readily explained
but low-growing, prostrate branches of C. glaucophylla may beneﬁt from shade
cast by weed species.
Neither leaf areas nor dry weight of leaves differed among holly and cotoneaster
treatments in 2004. Compared with weed-free holly liners, crop canopy area
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declined in 2004 as P. tenellus, Eclipta alba and P. urinaria densities increased
(Fig. 2). Holly challenged by mulberry weed (F. villosa) also demonstrated the
same trend for reduced canopy area, yet differences were masked by variation
in the growth of new shoots. New shoot growth and foliar expansion of gray
cotoneaster liners was also variable with differences that could not be explained
by weed treatments (data not shown). Additional treatment differences are
expected to be apparent in 2005 if root resources are limited late in the season.
In other words, differences in carbohydrate storage in 2004 may not be evident
until available for plant growth in 2005. Thus, data collection will continue for a
second year in 2005. Differences in crop performance are expected to be more
apparent as liners mature and expanding root volumes become resource limited.
Literature Cited:
1.

Berchielli-Robertson, D.L., C.H. Gilliam, and D.C. Fare. 1990. Competitive
effects of weeds on the growth of container-grown plants. HortScience
25:77-79.

2.

Fretz, T.A. 1972. Weed competition in container grown Japanese holly.
HortScience 7:485-486.

3.

Hall, D.W., W.L. Currey, and J.R. Orsnigo. 1998. Weeds from other places:
the Florida beachhead is established. Weed Technol. 12:720-725.

4.

Norcini, J.G., R.H. Stamps, and J.H. Aldrich. 1995. Preemergent control of
long-stalked phyllanthus (Phyllanthus tenellus) and leafﬂower (Phyllanthus
urinaria). Weed Technol. 9:783-788.

5.

Penny, G.M. and J.C. Neal. 2003. Light, temperature, seed burial, and mulch
effects on mulberry weed (Fatuoa villosa) seed germination. Weed Technol.
17:213-218.

6.

Vincent, M.A. 1993. Fatuoa villosa (Moraceae), mulberry weed, in Ohio.
Ohio J. Sci. 93:147-149.

Container-Grown Plant Production Section

61

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Figure 1. Inkberry Holly (Ilex glabra ‘Shamrock’) and Gray Cotoneaster
(C. glaucophylla) mean lengths of new shoots grown in Classic 300 S (2.6-liter)
nursery containers for 90 days and crops subjected to season-long competition
from 1, 2, 4 or 8 weeds per pot.
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Figure 2. Inkberry Holly (Ilex glabra ‘Shamrock’) canopy leaf area estimates
following 90 days exposure to increasing numbers of weeds per Classic 300 S
(2.6-liter) nursery container.
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Nursery Production of Helleborus x hybridus
Part II – The Substrate and Irrigation Story
Helen T. Kraus and Stuart L. Warren
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
Helen_Kraus@ncsu.edu
Index Words: Lenten Rose, Air Space, Available Water, Irrigation Frequency
Signiﬁcance to Industry: Helleborus x hybridus were grown in 100% milled
pine bark, 4:1 pine bark:sand, 8:1 pine bark:sand, and 9:1 pine bark:peat (by vol)
representing a wide range of air space and available water in combination with
irrigation frequencies of 1, 2, 4, or 8 days. Maximum shoot and total (shoot + root)
growth of helleborus was achieved with a 4:1 pine bark:sand (low air space and
high available water content) in combination with irrigation frequencies of 1, 2, or
4 days. Maximum root growth occurred when grown in 4:1 pine bark: sand and
irrigated every two days. Shoot growth was reduced by only 30% when plants
were irrigated every 8 days. Helleborus are low water use plants and achieved
maximum water use efﬁciency growing (data not shown) in low air space and
high available water (4:1 pine bark sand and 9:1 pine bark:peat) substrates.
Nature of Work: In 2002, Kraus and Warren examined the effect of nitrogen
(N) rates ranging from 10 to 160 ppm in combination with pine bark substrate
limed with 0, 1.78, 3.56, 5.34, or 7.12 kg/m3 (0, 3, 6, 9, or 12 lb/yd3). Maximum
shoot growth was reached with 160 ppm N and 1.78 kg/m3 (3 lb/yd3) dolomitic
limestone. Root:shoot ratios, however, decreased linearly with increasing N
rates. Growth and nutrient accumulation of Hellebores were unaffected with
higher rates of dolomitic limestone. A combination of 1.78 kg/m3 (3 lb/yd3) and
40 ppm N applied with each irrigation resulted in recommended foliar nutrient
concentrations and is a good choice if a more balanced root and shoot is desired.
Poor aeration can increase the susceptibility of plants to soil borne pathogens
such as phytophthora (1, 2). Altering the substrate composition with the addition
of ﬁne particles to a pine bark based substrate will reduce the aeration in a
container substrate and may lead to poor root growth and increased disease
susceptibility. Furthermore, irrigation management guidelines for substrates with
differing levels of aeration need to be developed. Therefore, an experiment was
conducted to evaluate the effect of four substrates with a wide range of air space
and available water (Table 1) in combination with four irrigation frequencies on
growth of Helleborus x hybridus.
The experiment was a 4 x 4 factorial in a randomized complete block design with
four substrates (100 % pine bark, 9:1 pine bark:sand, 4:1 pine bark:sand, and 9:1
pine bark:peat) (by vol.) and four irrigation frequencies with eight replications. On
Sept. 22, 2004 one-year-old seedlings were potted into 3.8 liter (#1) containers
ﬁlled with one of the pine bark based substrates (Table 1). Each substrate was
amended with 1.78 kg/m3 (3 lb/yd3) of dolomitic lime and 0.89 kg/m3 (1.5 lb/yd3)
Micromax. To allow time for roots to grow into the substrate, plants were watered
by hand as needed until Nov. 5th, when irrigation treatments began. Irrigation
64

Container-Grown Plant Production Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
was applied at 1, 2, 4, or 8 day intervals using pressure compensated spray
stakes (Acu-Stick, Wade Mfg. Co., Fresno CA) with an application rate of 200
ml/min (0.3 in/min.). Irrigation volume applied to each substrate was based
on the available water held in the substrate in a 3.8 liter (1 gallon) container
(Table1). Fertilizer solution containing 40 ppm N, 10 ppm P2O5, and 20 ppm
K2O were applied every eight days. Based on previous work (3) a low rate of N
was selected to promote a balanced root to shoot ratio. After 16 weeks, shoot
and root dry weights were determined and used for growth comparisons. Root:
shoot ratio (RS) was calculated by root dry weight ÷ shoot dry weight. The data
were subjected to ANOVA analysis and means were separated using Fisher
protected least signiﬁcance difference with p=0.05 and linear contrast tests
where appropriate.
Results and Discussion: Characterization of Substrates: Total porosity and air
space were highest in the 100% pine bark and 9:1 pine bark:sand substrates
(Table 1). Adding sand (9:1 pine bark:sand, 4:1 pine bark:sand) or peat (9:1
pine bark:peat) to pine bark decreased total pore space and air ﬁlled pores but
resulted in comparatively more water ﬁlled pores with more of those pores ﬁlled
with available water. There was almost a two fold increase in plant available
water with the 4:1 pine bark:sand and 9:1 pine bark:peat substrates compared
to the 100% pine bark and 9:1 pine bark:sand substrates. Conversely, bulk
densities of the 9:1 and 4:1 pine bark:sand substrates were nearly twice that of
the 100% pine bark and 9:1 pine bark:peat substrates.
Growth Response: The substrate x irrigation frequency interaction was not
signiﬁcant for all measured variables. Substrate had the most profound effect
on shoot, root and total plant growth (Table 2). Surprisingly, the 4:1 pine bark:
sand substrate produced the greatest shoot growth, followed by 9:1 pine bark:
peat, 9:1 pine bark:sand, and 100% pine bark substrates, respectively. Plants
grown in 100% pine bark produced 54% less shoot growth than plants grown in
4:1 pine bark:sand. Root dry weight and total plant dry weight were greatest in
4:1 pine bark:sand and 9:1 pine bark:peat. RS were also affected by substrate
and were higher with the 100% pine bark but closer to one (equal distribution of
carbohydrates to shoot and root growth) with the 4:1 pine bark:sand.
Irrigation frequency affected shoot and total plant growth but not root growth
(Table 2). Plants irrigated with 1, 2, or 4 day irrigation frequencies did not differ
from each other and all produced greater shoot and total plant growth than the
every eight day irrigation treatment. Root growth of plants irrigated every second
day was greater than plants irrigated every day and every eight days. Irrigation
frequency also affected RS with plants irrigated every day, having the smaller RS
than plants irrigated every second day, every fourth day, and every eighth day.
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Table 1. Physical properties of substratesz.
Substrate

TPy

ASx

CCw

AWv

UWu

BDt
g/cm3

% of total container volume
100% pine
bark

82

31

51

21 (630)s

30

0.19

9 pine
bark: 1
sandr

82

22

60

30 (900)

30

0.34

4 pine
bark: 1
sand

77

11

66

41 (1238) 25

0.45

9 pine
bark: 1
peat

79

15

63

39 (1170)

34

0.19

10-30

45-65

23-35

23-35

0.19-0.52

Suggested 50-85
Ranges
z

Based on data collected from other experiments.

y

Volume wetness at saturation. A measure of the amount of pore space (macro- and micropores) in the
container substrate.

x

Volume of air after drainage from saturation but before evaporation. (AS = TP - CC)

w
v

Volume of water retained after drainage from saturation but before evaporation.

Volume of water held in the micropores at less than 1500 kPa of tension. The volume of water held in
the container substrate that plants are able to absorb. (AW = CC - UW)

u

Volume of water held in the micropores at 1500 kPa or greater of tension. Portion of the container
capacity which is not available for plant uptake.

Weight per volume (g/cm3).

t

s
r

Volume (ml) of available water calculated as substrate volume (3.0 liters) in a 3.8 liter container x %AW.

Volume/volume basis.
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Table 2. Effect of substrate and irrigation frequency on helleborus growth.
Source of
Variation

Dry Weight (g)
Shoot

Root

Total

R:Sy

Substratex

0.0001

0.0001

0.0001

0.0001

4:1 PB:S

5.7 A

5.6 A

11.4 A

1.04 A

z

w

9:1 PB:P

4.7 B

5.6 A

10.2 A

1.25 B

9:1 PB:S

3.4 C

4.6 B

8.1 B

1.38 BC

100% PB

2.6 D

3.8 C

6.4 C

1.50 C

Irr. Freq.v

0.0001

NS

0.004

0.0001

1

4.4 *

4.7 *

9.1 *

1.1 *

2

4.5 *

5.4 *

10.0 *

1.3 *

4

4.4 *

4.9 *

9.3 *

1.2 *

8

3.1 **

4.6 *

7.8 **

1.5 ***

z

Based on ANOVA. Substrate x irrigation interaction was nonsigniﬁcant for all variables.

y

Root to shoot ratio = root dry weight ÷ shoot dry weight.

x

All substrates were blended on a volume to volume basis. PB = pine bark, S = sand, P = peat moss.

w

v

Based on Fishers protected least signiﬁcant difference, means within a column with a different letter are
signiﬁcantly different at p≥0.05.

Irr. freq. = irrigation frequency. 1 = plants irrigated every day, 2 = plants irrigated every second day,
4 = plants irrigated every fourth day, and 8 = plants irrigated every eighth day. Based on linear contrast
tests, means within a column with a different number of * are signiﬁcantly different at p≥0.01.
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Nursery Use of Municipal Garbage Compost
1

Wenliang Lu, 1Jeff L. Sibley, 2Milton Schaefer and 1Xiaomei Yang
1
Department of Horticulture, Auburn University, AL 36849
2
Schaefer Nursery, Winchester, TN 37398
jsibley@.auburn.edu

Index Words: Potting Soil, Substrate, Pine Bark, Municipal Solid Waste (MSW),
Container Production
Signiﬁcance to the Industry: Using of garbage or municipal solid waste
compost (MSWC) in container production of ornamentals is an idea that was
considered at least 50 years ago (2). Some of the predictions for the great
potential of composts are several decades old; however, such predictions have
yet to be realized. More research is needed to provide systematic data not only
on plant growth response, but also the relationship between growth responses of
diverse nursery crops and important properties of diverse MSW composts. With
such needs in mind, this study made the effort to relate plant growth and leaf
element levels to the physical and chemical properties, and nutrient and heavy
metal levels of MSWC as a component in container substrates.
Nature of Work: Selection of substrates for horticultural use is often based on
cost, availability, ease of handling, and consistency. Potential uses of composts
and other organic materials in the horticultural industry are frequently evaluated.
Some positive features of compost which are generally accepted include its
organic content, improvement of soil structure, and water holding capacity. One
source of organic matter with potential substrate value is household garbage. In
2001, approximately 65% of the municipal garbage stream was organic matter.
Overall, 63% of this organic material still remained in the waste stream after
recovery and recycling efforts (5).
This paper presents results from studies with MSWC conducted in multiple
locations with a wide range of nursery crops in 2004 and 2005, in addition to
previously reported results following the same research protocol (1). MSWC was
obtained from the WastAway Sciences Co., in McMinnville, Tennessee, where
it was composted with an indoor, turned windrow method. Our objective was
to evaluate various blends of MSWC as a horticultural substrate in growth of
different nursery crops.
The physical and chemical properties of MSWC and two common substrate
blends were analyzed. Physical properties (air space, water holding capacity,
total porosity, and bulk density) were determined using the NC State University
Porometer (3). Leachate pH and electrical conductivity (EC) were analyzed using
a pH and conductivity meter (YSI Incorporated, Yellow Springs, OH). Leachates
were collected by the Virginia Tech Extraction Method (6). A routine soil analysis
of MSWC was conducted by the Soil Testing Lab of Auburn University using the
saturated paste extract method.
Studies were conducted in three locations: Auburn University (Auburn, AL), the
Center for Applied Nursery Research (CANR, Dearing, GA), and Greene Hill
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Nursery (Waverly, AL). At Auburn and CANR, we evaluated 5 MSWC and pine
bark (PB) blends in 6 ornamental species/cultivars (Tables 2). At Greene Hill
Nursery, growth of three species was evaluated in two blends of MSWC and
pine bark. All plants were potted in 11.4-liter (3-gallon) containers. Plant growth
was reported after one growing season in 2004, with a second year of growth at
CANR in 2005.
After the CANR 2005 plant growth measurements, whole leaf samples were
collected from upper mature leaves for tissue analysis conducted by Soil Testing
Lab of Auburn University. Samples were measured using LECO (St. Joseph, MI)
combustion for nitrogen and sulfur contents, and ICAP for other elements.
Results and Discussion: Other than a high initial EC value, other physical and
chemical properties of 100% MSWC were all in acceptable ranges (Table 1). The
detrimental effect of high initial EC’s can be lowered rapidly with water ﬂushing
after potting and overhead irrigation; however, caution should be taken for any
plants sensitive to high salt concentrations. Compared with other two blends,
MSWC can complement such components as pine bark and perlite for improving
physical and chemical properties.
Plants grown in any blend with 25% MSWC had same or better growth than
plants in 100% pine bark for all plant materials (Table 2). Interestingly, there
was no linear trend as volume of MSWC increased for increased or decreased
growth. For example, at the CANR location, three different species in the blend
of 50:50 MSWC:PB consistently had the lowest growth among all blends, while
plants in 75:25 MSWC:PB were equal to or larger than plants grown in 100%
pine bark.
None of the heavy metal contents exceeded the pollutant limits for land applied
biosolids of EPA’s 503 rule, the most cited reference point for MSW compost
application (Table 3). The C:N ratio (26:1) was also within acceptable range
for plant growth. The leaf analysis result (data not shown) indicated that levels
of essential elements in mature leaf tissues were not systematically changed
by blends with different ratios of MSWC when comparing with 100% PB. The
element contents for same species grown in ﬁve blends followed the same
trends, whether they were lower, sufﬁcient or higher levels compared with
previous results (4).
These results indicate that MSWC can be used to replace at least one fourth of
the pine bark as a substrate component for a wide range of container nursery
crops. It is also worth notice that higher ratios of MSWC did not decrease plant
growth as a general rule. While growth of some plants can be adversely affected
with 50% compost, some crops can do very well with 100% compost.
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1.

Croxton, S.D., J.L. Sibley, W. Lu, and M. Schaefer. 2004. Evaluation of
composted household garbage as a potting media. Proc. South. Nurs.
Assoc. Res. Conf. 49:296-299.

Container-Grown Plant Production Section

69

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
2.

Fitzpatrick, G.E. 2001. Compost Utilization in ornamental and nursery
crop production system. In: Stoffella, P.J. and B.A. Kahn (Eds.). Compost
Utilization in Horticultural Cropping Systems. Lewis Publishers, Boca Raton,
FL. pp.135-150.

3.

Fonteno, W.C., D.K. Cassel, and R.A. Larson. 1981. Physical properties of
three container media and their effect on poinsettia growth. J. Amer. Soc.
Hort. Sci. 106:736-741.

4.

Mills, H.A. and J.B. Jones, Jr. 1996. Plant Analysis Handbook II. MicroMacro
Publishing, Athens, GA, revised edition. 422pp.

5.

US EPA. 2003. Municipal Solid Wastes in the United States: 2001 Facts
and Figures. Report No. EPA530-S-03-011. Ofﬁce of Solid Waste and
Emergency Response, Washington, DC.

6.

Wright, R.D. 1994. The pour-through method: a quick and easy way to
determine a medium’s nutrient availability. Amer. Nurseryman 160(3):109111.

7.

Yeager, T. C. Gilliam, T. Bilderback,D. Fare, A. Niemiera, and K. Tilt. 2000.
Best Management Practices Guide for Growing Container-Grown Plants.
Southern Nursery Association, Atlanta, GA. 77pp.

Table 1. Physical and chemical properties of various substrate blends.
Substratez

ASy, %

WHC, %

TP, %

BD, g
cm-3

pH

EC, mS
cm-1

100% PB

41.0

35.9

79.6

0.12

3.9

0.96

1:1 PB:
PRL

41.6

21.0

62.6

0.13

4.4

0.11

100%
MSWC

21.0

47.2

68.2

0.31

6.4

14.08

Desirable
Range x

10-30

45-65

50-85

0.19-0.70

5.0-6.0

0.5-1.0

z

PM=Peat; PRL=Perlite; PB=Pine Bark; MSWC: municipal solid waste compost.

y

AS: air space; WHC: water holding capacity; TP: total porosity; BD: bulk density; EC: electric
conductivity.

x

Recommended ranges for substrates used in general nursery production (Yeager et al., 2000:
reference #7).

70

Container-Grown Plant Production Section

Container-Grown Plant Production Section

75:25 MSWC

NA
NA
NA

Common sweetshrub

‘Snow White’ Indian
hawthorn

34.9 a
73.0 a

Dwarf Yaupon Holly

Ternstroemia
gymnanthera

‘Cameo’ Quince

48.4 c

26.4 ab

Ternstroemia
gymnanthera

‘Pink Rufﬂe’ Azalea

19.5 a

17.7 ab

Dwarf Yaupon Holly

NA

NA

NA

75.9 a

34.7 a

53.1 a

30.2 a

NA

NA

NA

64.4 b

28.1 b

49.4 bc

24.1 b

14.8 b

17.9 b

65.9 ab
52.9 a

63.9 b

50.6 ab

50:50 MSWC:PB

51.6 a
20.9 a

47.6 b

CANR: Center for Applied Nursery Research, Dearing GA. Greene Hill Nurser
Nursery, Inc.: Waverly, AL.

y

z

Growth index (GI) determined by (height + width at widest point + width perpendicular to width at widest point/3).
Means within rows followed by a different letter are different according to Tukey’s Studentized Range (HSD) Test (p = 0.05).

Greene Hill
Nursery/2004

CANR
/2005

CANR
/2004

100% MSWC
49.4 aby

61.4 b
‘Firepower’ Dwarf Nandina 53.9 a
‘Pink Rufﬂe’ Azalea
19.6 ab

‘Compacta’ Holly

Species

‘Renee Michell’ Azalea

Location/year

Auburn
/2004

39.5 a

54.2 a

63.3 a

72.0 a

34.1 b

52.3 ab

30.2 a

17.7 ab

21.1 a

55.5 a

66.0 ab

50.1 ab

25:75 MSWC:PB

40.4 a

49.5 b

57.6 b

74.6 a

31.6 ab

54.7 a

31.0 a

18.0 ab

21.4 a

53.5 a

68.9 a

53.9 a

100%PB

Table 2. Growthz of container plants in blends of Municipal Solid Waste Compost (MSWC) and pinebark (PB) in 2004/2005 at
three locations.
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K

Mg

P

Al

B

Ba

Cd

Co

Ni

Na

Pb

18.4

Zn

9.2
No3-N

7.5

1154.3

0.7

0.9

4.1

38.7

-----------------------------ppm--------------------------

580.9

88.9
EC

0.1

9.5

mmhos/cm

3.8

6650

ppm

SS

<0.1

7.86

pH

<0.1

Analysis was conducted by Auburn University Soil Testing Laboratory using the saturated paste extract method.

z

Cr

Cu

Fe

Mn

1.22

%N

0.6

31.55

%C

20.9

26:1

C:N ratio

15.4

0.292

%S

0.8

--------------------------------------------------------------------------ppm---------------------------------------------------------------------------------------------

Ca

Table 3. Element and soil analysis of municipal solid waste compost passing through a one-inch screen; element content is in
dry matter.
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Vermicompost: Improving Water Use
Efﬁciency in Nursery Crop Production
Michelle S. McGinnis, Stuart L. Warren and Ted E. Bilderback
NC State University, Dept. of Horticultural Sciences, Raleigh, NC 27965-7906
michelle_mcginnis@ncsu.edu
Index Words: Worm Castings, Pine Bark, Hibiscus moscheutos ‘Luna Blush’ L.
Signiﬁcance to Industry: Vermicompost (VC) incorporated into pine bark
substrates improved water use efﬁciency for the herbaceous perennial
containerized nursery crop Hibiscus moscheutos ‘Luna Blush’ L. The
improvement of water use efﬁciency (or decrease of water use per gram of plant)
with VC amended pine bark is believed to be due to increased container capacity
of VC amended pine bark. Vermicompost amended pine bark at 40% and 60%
produced greater hibiscus root dry weight and 10% VC increased shoot dry
weight when compared to the control substrate.
Nature of Work: Research has shown that VC amended growing substrates
can improve crop growth and yield. Nethra et al. (1) reported that applying
4 t·acre-1 (10 t·ha-1) of VC increased number of ﬂowers, ﬂower diameter, and
total dry weight of ﬁeld grown China aster (Callistephuys
Callistephuys chinensis L.). Improved
crop growth has also been observed in greenhouse crops grown in peat moss
based substrates amended with 20% to 50% (by vol.) VC. Atiyeh et. al. reported
increased total dry weight of 4 to 6 week old tomato (Lycopersicon esculentum.
‘Rutgers’ Mill.) seedlings (2) as well as increased shoot (stem and leaves) dry
weight of 4 month old French marigold (Tagetes patula ‘Queen Sohpia’ L.) crops
(3). The exact cause for increased plant response is not understood, however
Tomati and Galli (4) have suggested the beneﬁcial effects are due to a complex
synergistic interaction of improved physical, chemical, and microbiological
properties associated with the VC.
We hypothesize that the physical properties of the pine bark can be improved
by the incorporation of VC. Pine bark is a common nursery substrate of
southeastern United States, however it retains little water or nutrients. Pine bark
amended with VC could increase water use efﬁciency, thus potentially reduce
nutrient losses. The objective of this study was to determine the effect of pine
bark substrates amended with various rates of VC on water use efﬁciency (WUE)
using a selected nursery crop species in a simulated nursery environment.
This experiment was a randomized complete block design with six treatments
and four replications with four plants per replication. The six treatments included
milled pine bark [< 0.5 in (<1.25 cm)] amended with 0%, 10%, 20%, 40%, and
60% (by vol.) VC (Vermicycle Organics, Charlotte, NC) and a 8 pine bark : 1 sand
substrate (by vol.) amended with dolomitic limestone [3 lbs·yd-3 (1.8 kg·m-3)]
serving as an industry standard. No additional amendments were added to the
VC amended pine bark. Hibiscus moscheutos ‘Luna Blush’ L. (hibiscus) was
used as an indicator species.
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Hibiscus plants were obtained as seed-propagated plugs from Ball Seed Co.
(Chicago, IL). The hibiscus were potted into 3.8 liter (1 gallon) containers of
the six substrate treatments on May 12, 2004. On May 19, 2004, plants were
topdressed with Harrell’s (Sylacauga, AL) 19-5-9 (3-4 mo plus micronutrients) at
a rate of 3 g N per container [15 g ( 0.5 oz) fertilizer per container].
All plants were placed on a gravel pad at the Horticulture Field Lab at North
Carolina State University, Raleigh. Irrigation was applied in a cyclic manner via
pressure compensated spray stakes (Acu-Spray Stick; Wade Mfg. Co., Fresno,
CA; 200 ml·min-1) with the daily total volume divided into three applications (0300,
0500, and 0700 HR). Leaching fractions (LF = volume leached ÷ volume applied)
were measured for every treatment two times per week, and irrigation was
adjusted to maintain a 0.2 leaching fraction.
Two subsamples (two plants) from each treatment replication were harvested
on June 28, 2004 and partitioned into roots and shoots. Shoots included stems,
leaves, and buds. Plants were dried at 65°C (149°F) for 5 days prior to obtaining
dry weights. WUE was calculated for each plant by the following equation:
WUE = total irrigation water retained in substrate ÷ total plant dry mass (mL·g-1).
All data were subjected to analysis of variance and regression analysis and
treatment comparisons were made by single degree of freedom contrast tests
(SAS Institute, Cary, NC).
Substrate physical properties analysis to determine total porosity (TP), container
capacity (CC), available water capacity (AW), air ﬁlled porosity (AS), and
unavailable water (UW) water were determined at the Horticultural Substrates
Laboratory, Department of Horticultural Science, North Carolina State University,
Raleigh, NC according to the procedures detailed by Tyler et al. (5). Bulk density
(Db) was determined using oven dried (110°C) substrate in 347.5 cm3 volume
cores. Particle size of ≈ 500 cm3 oven dried substrate (110°C) was determined
gravimetrically using 6.30 mm, 2.00mm, 0.71 mm, 0.50 mm, 0.25 mm, and
0.106 mm soil sieves. Particles ≤ 0.106 were collected in a pan. Sieves and
pan were shaken for 5 minutes with a RX-29/30 Ro-Tap® test sieve shaker
(278 oscillations per minute, 150 taps per minute) (W.S. Tyler, Mentor, OH).
Results and Discussion: Hibiscus showed a signiﬁcant linear decrease in
water use per gram of plant tissue with increasing rates of VC, or a signiﬁcant
improvement of WUE. Plants grown in 60% VC used ≈ 20% less water per gram
of tissue than 10% VC (Table 1). Additionally, WUE for 60% VC was signiﬁcantly
less than the control, with plants grown in 60% VC using ≈ 25% less water per
gram of tissue.
Total porosity, CC, and Db increased linearly with increasing VC rates (Table 2).
The linear increase in CC may be responsible for the linear improvement of
WUE. Air space, AW, or UW were unaffected by VC rate. The predominant
particle size range shifted from 2.00 – 6.30 mm for lower VC rates to 0.71 – 2.00
mm for the higher VC rates (data not shown), which may have caused the CC to
increase without decreasing AS.
Root dry weight increased linearly with increasing VC rates, whereas shoot and
total dry weights responded quadratically with increasing VC amendment rates
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(Table 1). Root dry weights of plants grown in 40% and 60% VC and shoot dry
weights of plants grown in 10% VC were statistically greater than the control.
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Table 1. Water use efﬁciency, root, stem, leaf, bud, and total dry weight of
Hibiscus moscheutos ‘Luna Blush’ grown in vermicompost amended pine bark.
VC Treatment

Wather use
efﬁciencyz
(mL.g-1)

Root dry
weight (g)

Shoot dry
weighty (g)

Total dry
weightx (g)

0%

513 ± 29w

5.42 ± 0.53

14.48 ± 1.23

19.90 ± 1.09

10%

378 ± 7

7.49 ± 0.30

23.31 ± 1.05

31.08 ± 0.62

20%

359 ± 14

8.20 ± 0.33

17.72 ± 1.58

25.92 ± 0.99

40%

359 ± 25

9.50 ± 0.62

17.55 ± 1.58

27.04 ± 1.96

60%

303 ±16

9.95 ± 0.61

20.77 ± 2.68

30.72 ± 1.75

Controlv

403 ± 16

7.54 ± 0.51

19.66 ± 1.09

27.20 ± 1.02

0.008 (0.83)t

0.002 (0.95)

0.489 (0.06)

0.729 (0.02)

0.335 (0.92)

0.403 (0.99)

0.002 (0.87)

0.017 (0.81)

Ctrl vs. 10%

0.390

0.940

0.018

0.061

Ctrl vs. 20%

0.141

0.367

0.177

0.512

Regression

u

L
Q
Contrasts

s

Ctrl vs. 40%

0.139

0.014

0.143

0.934

Ctrl vs. 60%

0.003

0.004

0.431

0.086

z

WUE = milliliters water ÷ g total dry mass.

y

Shoot dry weight = stem + leaf + bud dry weights.

x

Total dry weight = root + stem + leaf + bud dry weights.

w
v

Each mean ± standard error is based on 4 observations.

Control treatment (8 pine bark : 1 sand) not included in regression analysis.

u

0%VC not included in regression analysis; L = linear; Q = quadratic.

p-value (r2).

t

s

Treatment comparisons made by single degree of freedom contrast tests.
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89.5 ± 0.7

89.2 ± 0.5

81.9 ± 0.3

40%

60%

Control

Measured as percent volume of 7.6 x 7.6 cm core at drainage.

L = linear, Q = quadratic.

t

Based on regression analysis.

Based upon percent volume of 7.6 x 7.6 cm core at 0 kPa.

u

v

0.100

0.001

54.4 ± 1.6

61.4 ± 2.1

59.9 ± 1.6

58.7 ± 1.4

Based upon percent volume of 7.6 x 2.54 cm core at 1500 kPa (calculated by means of CC-UW)

TP-CC

x

w

Based upon percent volume of 7.6 x 7.6 cm core at 0 kPa.

0.646

y

0.001

Q

0.056

27.5 ± 1.8

27.8 ±1.7

29.6 ± 1.9

31.7 ± 1.4

z

0.013

Lt

Signiﬁcanceu

90.4 ± 0.5

20%

57.8 ± 0.8

87.6 ± 0.8

10%

29.8 ± 0.5

52.5 ± 1.4

31.4 ± 1.1

84.4 ± 1.0

Container
capacityx (CC)

0%

Air spacey (AS)
(Percent volume)

Total porosityz
(TP)

(v/v)

Substrate
Treatment

Table 2. Physical properties of VC amended pine bark substrates.

0.391

0.174

28.5

33.4

29.9

32.2

30.0

21.4

Available waterw
(AW)

0.245

0.540

26.0 ± 0.6

28.0 ± 0.9

30.0 ± 0.5

26.5 ± 0.5

27.7 ± 0.9

31.5 ± 0.6

Unavailable
waterv (UW)

0.645

<0.001

0.30 ± 0.003

0.21 ± 0.000

0.20 ± 0.003

0.18 ± 0.000

0.19 ± 0.008

0.18 ± 0.003

(g.cc-1)

Bulk Density (Db)
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Evapotranspiration Rates from Trees
Grown in Pot-In-Pot Culture
Gilda Medina, James Altland and Daniel Struve
Oregon State University, North Willamette Research
and Extension Center, Aurora, OR 97002
gilda.medina@oregonstate.edu
Index Words: Water, Evaporation, Transpiration
Signiﬁcance to the Nursery Industry: Water supply for agriculture in many
parts of the U.S. is becoming limited. This mandates more efﬁcient use of
irrigation in container production. Producers of large containers that utilize
irrigation emitters placed directly in containers are capable of applying uniform
and precise irrigation amounts that would limit excess leaching of water and
nutrients. Data herein indicate large specie differences in evapotranspiration (ET)
rates from 15 gallon tree crops. ET rates seemed to be dependent on canopy
shape and structure. This research provides container producers an indication
of the relative amount of water lost from ET in ten different tree species. This
research indicates how some species might be grouped together in irrigation
zones to simplify and increase irrigation efﬁciency.
Nature of Work: Irrigation efﬁciency is dependent primarily on irrigation
uniformity and application of precise water amounts to satisfy crop needs. Most
producers of large container crops, both above ground and pot-in-pot (PIP) are
currently using some form of micro-irrigation with emitters positioned in each
container, which allows for uniform irrigation. Applying proper water amounts
without over-irrigating to the point of excessive leaching requires knowledge of
crop ET rates.
Deﬁcient irrigation rates cause plant stress and limit plant growth. Several
studies have reported the reduction of plant height, leaf area, plant weight and
physiological processes due to water-stress conditions (1). Most nurseries err on
the side of over-watering to prevent water stress. However, excess watering can
cause poor aeration of the root medium, increase root diseases, leache nitrogen
and reduce plant quality (2). Water requirements for plants can be estimated by
summing the water lost from evaporation and transpiration, collectively referred
to as ET. It has been shown that the degree of shading of the crop canopy
and the amount of water available at the evaporating surface are factors that
affect evaporation rates (3). According to Rajapakse (2), stomatal and cuticular
factors that affect transpiration rates vary with the plant species. Nursery pruning
practices would also affect canopy shape and total leaf area, thus drastically
affecting ET rates. ET rates can be determined for crops by measuring the weight
(and thus volume) of water loss over a set period of time. An easier, farm-ready
method for estimating ET from large containers would be preferable to weighing
containers throughout the growing season.
The following study was initially proposed by Daniel Struve at Ohio State
University to determine if ET of container grown trees can be generalized across
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geographical regions of the US. Furthermore, there was an attempt to correlate
tree caliper to ET rates. The experiment described in this paper was repeated at
seven sites throughout the US. Due to space limitations, only data collected in
Oregon will be discussed here. The speciﬁc objective of our experiment was to
determine relative evaporation and transpiration rates throughout the summer
growing season of shade trees grown in a PIP system.
This experiment was conducted in 57 liter (15 gallon) containers grown PIP
at a local nursery. On July 2, August 12, and September 22, 2004, trees were
weighed at approximately 9 am and again at 3 pm to determine water loss (ET)
over a 6 hour period. Ten species listed in Table 1 were evaluated. Caliper was
measured prior to weighing, and percent canopy shading of the soil surface was
estimated (data not shown). To determine the relative amount of evaporation to
transpiration of each species, ﬁve containers of each were covered with a black
plastic bag after the initial weight was recorded in the morning in order to prevent
evaporation from the container surface. Five additional pots were left uncovered.
Results and Discussion: Across and within all species, there were no difference
in water loss between containers covered and those uncovered (Chart 1, data
not shown within species). This indicates little or inconsequential evaporation
from containers grown in PIP systems. It is possible that traditional container
production (above ground) would have higher levels of evaporation since they
would be exposed to sunlight and thus heated to higher temperatures. It is also
possible that containers spaced further apart with more of the container surface
exposed to sunlight could lose more water to evaporation.
Within each species, tree caliper and ET were not correlated (Table 1). It is
possible that using more replications would have yielded signiﬁcant correlations.
Transpiration rates seemed more correlated to canopy size and structure. Plants
with larger canopies tended to lose greater amounts of water. Canopy size of
each species was estimated as a group and not individually, thus correlation
calculations were not possible. While all tree species were a similar age (recently
potted bare root whips) and similar size (1.25 to 1.75 inch caliper), they had
drastically different canopy structures. Differences in canopy size and structure
may have been due in part to species, but more likely they were a result of
nursery pruning practices that vary drastically among different species.
While there appears to be no reliable predictor of ET across the 10 tree species
in this experiment, these data demonstrate that some plants have similar enough
ET rates that they can be grouped in common irrigation zones. This allows for
plants with similar ET rates to be irrigated together. Based on results listed in
Table 1, this nursery might consider placing maple, ash, crabapple, and pear
in the same irrigation zone. Likewise, oak and honeylocust could be grouped
together with linden and cherry in yet another group. As a note of caution,
because of the strong inﬂuence canopy size and shape has on transpiration
rates, different pruning practices at a different nursery could make observations
in this experiment irrelevant for another nursery.
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Chart 1. Water loss averaged across ten tree species grown in #15 pot-in-pot.

Table 1. Evapotranspiration (ET) rates from 9 am to 3 pm for ten tree species
grown pot-in-pot in 15 gallon containers.

z

Species

Caliper (in) ET (L)

Caliper (in) ET (L)

Acer rubrum ‘Red Sunset’

1.33

3.7 az

1.46

4.5 a

Acer x freemanii ‘Autum Blaze’

1.55

2.5 b

1.69

3.3 b

Fraxinus pennsylvanica ‘Patmore’

1.54

2.8 b

1.67

3.3 b

Gleditsia tricanthos ‘Shademaster’

1.45

1.5 c

1.49

1.9 cd

Malus ioensis ‘Prarieﬁre’

1.40

1.7 c

1.51

3.5 b

Prunus cerasifera ‘Thundercloud’

1.37

2.8 b

1.52

4.2 a

Prunus serrulata ‘Kwanzan’

1.35

1.8 c

1.51

2.3 c

Pyrus calleryana ‘Clevland Select’

1.46

1.3 cd

1.62

3.0 b

Quercus rubra

1.18

0.8 d

1.28

1.5 d

Tilia cordata ‘Greenspire’

1.21

1.2 cd

1.44

2.2 c

Means within a column with different letters are signiﬁcantly different according to Duncan’s multiple
range test ( α = 0.05).
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Inoculation of Bacillus subtilis BEB-13bs
Improves Fruit Quality (Firmness)
in Tomato (Lycopersicon esculentum L.)
Hortencia G. Mena-Violante, Luis J. Saucedo-Arias, Blanca G. RamirezZavala, Miguel A. Gomez-Lim, Victor Olalde-Portugal
Centro de Investigación y de Estudios Avanzados IPN. Unidad Irapuato.
Departamento de Biotecnología y Bioquímica. Km 9.6 Libramiento Norte.
Carr. Irapuato-León. Apdo. Postal 629. CP 36500 Irapuato, Gto., México.
volalde@ira.cinvestav.mx
Index Words: Bacillus subtilis, Fruit Quality, Tomato Lycopersicon esculentum,
Ripening-Related Genes, Polygalacturonase (PG)
Signiﬁcance to Industry: The results indicate that fruits from plants whose roots
were inoculated with Bacillus subtilis BEB-13bs are ﬁrmer at light red and red
stages suggesting a longer shelf-life. We propose, that the future development
of B. subtilis (PGPR) inoculation technology would allow detailers to offer ﬁrmer
tomatoes. A judicious employment of PGPR colonization may provide more
beneﬁcial than control diseases and yield improvement. Additionally, with the
increased demand for fresh, better-testing, high-quality fruit, there will be an
inevitable reliance on the use of natural products to complement selective plant
breeding practices.
Nature of Work: Susceptibility of tomato fruit to physical damage during
handling, storage and transport is related to ﬁrmness, quality attribute determined
by physiological characteristics including ripening stage. In part, the loss of
ﬁrmness is attributable to enzymes such as the polygalacturonase (PG) involved
in cell-wall pectin degradation. In tomato, mRNA of PG accumulates in ripening
fruit in a manner paralleling the increases in PG protein and activity (2). Because
of the great commercial interest, control of fruit ripening and softening has been
a major target of research. This goal has been achieved by chemical agents
controlling ethylene biosynthesis and by genetic manipulation, although the
rate of success has varied. On the other hand, there is considerable interest
in enhancing the yield and nutritional quality of fruits and vegetables. Growers
choose organic methods because of reduced input costs, reduced environmental
impact, and a better-functioning agroecosystem (3). Plant growth promoting
rhizobacteria (PGPR) which includes Bacillus sp., have beneﬁcial effects on
plants as increased growth, productivity and enhanced resistance to (a) biotic
stress (5), they have the potential to be used as bio-fertilizers and bio-control
agents. There has been interest in the mechanisms PGPR enhance plant
general status, however, there are no studies related to fruit quality of inoculated
plants. This study was designed to ﬁnd changes in tomato fruit quality (physical,
biochemical and molecular) due to B. subtilis root inoculation.
Tomato (Lycopersicon esculentum L. cv. Río Fuego) seedlings were treated when
transplanted applying in roots either 3 mL of potato infusion or 3 mL of bacteria
inoculum (1X107 CFU) corresponding to the control treatment (non-inoculated
plants: C) and B. subtilis-inoculated plants (BS13) respectively. Bacteria were
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grown in a potato infusion medium. Potted plants were grown in the greenhouse
and fruits were harvested at different ripening stages: mature green (MG), pink
(P), light red (LR) and red (R) (6). Firmness was evaluated in ten fruits from each
treatment and ripening stages using a Texture Analyzer TA-XT2, Stable Micro
Systems (1 mm s-1 15 mm) on two opposite points of the equatorial zone and the
average maximum penetration force (Fmax) was recorded. Protein extraction and
PG activity were performed as previously described (4,1) in six fruits from each
treatment and ripening stages. PG mRNA levels were determined by northern
blot from total RNA denatured and fractionated on agarose gel and transferred
onto Hybond N+ membrane. Membranes were hybridized with [32P]-labelled
cDNA probe of PG (pTOM6). RNA extraction, membrane transference and
probe labeling were made using commercial kits. Statistical signiﬁcance was
determined using analysis of variance (ANOVA). Mean separation was tested by
minimum signiﬁcant difference (MSD) at P = 0.05.
Results and Discussion: A decrease of ﬁrmness was observed due to ripeness.
LR and R fruits of the BS13 treatment showed the highest pericarp ﬁrmness
(Fmax) compared to the C treatment. MG and P fruits did not show signiﬁcant
differences in neither of both treatments (data not shown). The expression
of the PG gene was reduced in fruits of the inoculated treatment. PG mRNA
accumulation increased with ripening in the Control treatment, PG transcript was
not detected in MG fruits while an increased accumulation of PG mRNA was
observed in fruits at P, LR and R ripening stages (Figure 1). The accumulation
of message was mainly reduced in R fruits in the BS13 treatment compared to
that showed by R fruits in the control treatment (Figure 1). The results indicate
that fruits in the BS13 treatment are ﬁrmer at LR and R stages. Edible coatings
are expected to preserve ﬁrmness by reducing degradation processes. Changes
found in fruit texture in this study could be an effect of the BS13 treatment on the
ripening process altering cell wall degradation and PG mRNA accumulation. As
low PG fruits are more resistant to splitting, mechanical damage and pathogen
infection this could make them to be more resistant to damage and spoilage
microorganisms attack through the productive chain.
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Table 1. Effect of the growth promoting rhizobacteria B. subtillis BEB-13bs on
ﬁrmness and polygalacturonase (PG) activity of tomato fruit (L. esculentum L. cv
Río Fuego) at different ripening stages.
Ripening stage

Treatment

Firmeness (kg)

PG activity (nmol
Ac. Pg/min/mg)

Light Red

C

1.28 b

2821 c

BS13

1.33 a

2412 d

C

0.86 d

4049 a

BS13

1.10 c

3369 b

Red

C: Non-inoculated control plants.
BS13: B. subtilis BEB-13bs-innoculated treatment.
Means folloed by different letter within each column are signiﬁcantly different based on DMS test
(P=0.05; n=10 for ﬁrmness, n=6 for PG activity).
Mature green (MG) and pink (P) ripening stages showed no signiﬁcant differences.

Figure 1. Northen blot of RNA isolated from fruit of tomato (L. esculentum L. cv
Río Fuego) at different ripening stages: Mature green (MG), Pink (P), Light red
(LR) and Red (R). Total RNA (10 µg per lane) was electrophoresed, blotted to
a nylon membrane and PG mRNA detected by hybridizing with the 32P labeled
cDNA insert of pPTOM6. Plants root treatments were: C, non-inoculated control
treatment and BS13, B. subtilis BEB-13bs-inoculated treatment (a strain of plant
growth promoting rhizobacteria). Photo of the ethidium-bromide-stained gel is
included to show relative loading of RNA.
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Accelerated Production of Forced Remontant
Hydrangeas Under Nursery Conditions
James T. Midcap
University of Georgia, Department of Horticulture, Athens, GA 30602
jmidcap@uga.edu
Index Words: Hydrangea macrophylla (Thunb.) Ser., Remontant Hydrangeas,
Forcing, Accelerated Production
Signiﬁcance to the Industry: Forcing hydrangeas in Southeast nurseries can
deliver ﬂowering plants to local or Northeastern markets when consumers are
shopping in retail garden centers. The remontant hydrangeas ﬂower earlier
than most nursery cultivars and will ﬂower on new wood. A premium price can
be charged by both the grower and retailer for this product. Speeding up the
production time line, can further increase proﬁts. Fall planted liners can root-out
during late fall and winter. Spring ﬂowering plants are smaller but less susceptible
to ﬂoppy weak stems.
Nature of Work: Production of Hydrangea macrophylla normally requires a
full season to produce three gallon plants plus the time needed to produce the
liners (1). They are very susceptible to over watering, foliar yellowing and usually
require one or more pruning. Plants can still get excessively large the second
season and ﬂop badly. Rooted liners could be planted in the fall and forced into
early bloom in the spring. The quality of the liners could affect the spring growth
and development.
Cuttings of Endless Summer, Penny Mac and David Ramsey, all remontant
ﬂowering Hydrangea macrophylla cultivars, were rooted in 7.6 cm wide x 10.2 cm
tall (3 x 4 inch) containers. Cutting were stuck on June 26, July 10, July 24 and
August 13. Ten rooted liners from each cutting date were planted into three gallon
pots on September 18. Plants were over wintered in a shade house and were
covered with a frost blanket when low temperatures were expected to cause
damage. On February 5, 2004 all plants were moved into a heated greenhouse.
The low temperature was held at 7.2o C (45o F) for the ﬁrst week and at 12.8o C
(55o F) for the remainder of the trial.
The fall growth was determined by recording plant height and number of breaks
on January 7, 2004. The height, width, number of ﬂower buds, ﬂower size and
market quality were determined as the plants matured in the greenhouse. Plants
were expected to be ready for spring sales 10 to 12 weeks after being placed in
the greenhouse.
Results and Discussion: The cutting from June 26 and July 10 produced the
tallest plants by January 7 on all cultivars (Figure 1). The plant heights of the July
24 and August 13 cutting dates were nearly equal for all cultivars. The plants
from the ﬁrst three cutting dates produced more breaks than the August 13 date
on all cultivars. These cuttings taken produced the poorest plants with the fewest
breaks going into the forcing greenhouse.
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The greenhouse produced growth showed that the height and width was poorest
for plants produced by the August 13 cuttings. At the end of the trial in spring,
all treatments had reached nearly the same size (Figure 2) as shown illustrated
with Endless Summer. The number of ﬂower buds was reduced with the August
13 cuttings (averaging about 3) while all other cutting dates averaged about
7 ﬂowers per plant. There were no differences in ﬂower size. Most ﬂower buds
were 10.2-12.7 cm (4-5 inch) across and showing color by April 22. Market
quality for the August 13 cuttings was poor while all other treatments were
acceptable (Figure 3). Plants with four to ﬁve inch blooms were marketable after
11 weeks of forcing even under the cloudy conditions of this spring. Quality plants
can be forced from fall planted liners under nursery conditions.
Literature Cited:
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Figure 1. Cutting Date Inﬂuence on Fall Growth of Fall Planted Remontant
Hydrangeas.
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Figure 2. Forced Height on Endless Summer Hydrangea on March 18, April 1,
15 and 22 from Last Seasons Cuttings.

Figure 3. Market Quality of Fall Planted Remontant Hydrangeas Comparing
Dates Cutting Stuck.
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Forcing Remontant Hydrangeas for
Spring Sales Under Nursery Conditions
James T. Midcap
University of Georgia, Department of Horticulture, Athens, GA 30602
jmidcap@uga.edu
Index Words: Hydrangea macrophylla (Thunb.) Ser., Remontant
Hydrangeas, Forcing
Signiﬁcance to the Industry: Blooming hydrangeas attract a lot of attention in
the garden center. If production nurseries could easily force plants into bloom
and make them available by April 15 (our frost free date in north-Georgia), sales
and proﬁts could be greatly increased. Blooming plants could be available in
the garden centers when the customers are making their major purchases. The
potential also exists for early forcing and ﬂowering of remontant hydrangeas for
northern markets. Blooming plants could be offered at their later frost free dates
with reduced heating needed to force them in the Southeast. It should be easy
to sell remontant hydrangeas in northern markets where repeat ﬂowering would
insure blooms year after year even when the plants were completely killed to
the ground.
Nature of Work: The objective of this study was to determine when plants would
need to be moved into a heated greenhouse and if ﬂowering could be achieved
by April 15. Established 11.4 liter (3 gallon) plants of ‘David Ramsey’, ‘Endless
Summer’, ‘Penny Mac’ and ‘Charm Red’ Hydrangea macrophylla (Thunb.) Ser.
were moved into a heated quonset house covered with milky poly on January 9,
January 22, February 6 and February 20, 2003. The minimum temperature
was maintained at 12.8ºC (55o F) and the doors were open to vent when inside
temperatures exceeded 23.4ºC (75o F). Plants were cut back to eight inches and
top dressed with Osmocote 17-3-6 (three months controlled release) at 70 grams
(2.47 ounces) per container. All cultivars except ‘Charm Red’ were remontant. Six
single plant replicates were included for each treatment. Data collected included
the number of weeks until ﬁrst ﬂower color was observed. Also noted was the
number of ﬂower buds at 10 weeks, plant height, average stem length (ﬁve
random stems measured from the initial bud break) and number of nodes before
the terminal ﬂower cluster.
Results and Discussion: The summary of the time required to reach ﬁrst ﬂower
color is shown in Figure 1. The January 9 treatment required 12-13 weeks for
the remontant bloomers to show color while Charm Red required 14 weeks.
The January 22 treatment required 10-12 weeks for the remontant bloomers to
show color while ‘Charm Red’ required slightly more. The February 6 treatment
required slightly less than 10 weeks for the remontant bloomers to show color
while ‘Charm Red’ required 11 weeks. The February 20 treatment required 910 weeks for all cultivars to show color. The February 20 treatments were not
uniform in their response and many plants were of poor quality.
The later treatments reached the same stage of ﬂower development in much
less time. This response is due to higher temperatures in the greenhouse later
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in the spring and possibly inﬂuenced by the increased number of chilling hours
accumulated before the plants were brought into the house.
The average number of ﬂower buds per treatment (Figure 2) was generally
15-19 except for ‘Charm Red’ with the January 9 and February 6 treatments. The
number of ﬂower buds generally declined for most cultivars with the February
20 treatment. The average stem length increased from the January 9 treatment
to the latest February 20 treatment (Figure 3). The January 9 treatment seemed
to have completed most of its internode elongation before daytime heating in
the greenhouse became an issue. As the season progressed, the stem length
continued to increase as well as the size of the plants. The later treatments with
their greater stem lengths would dictate the need to control stem elongation and
plant height. The stems on latest season treatments were unable to support their
ﬂower heads with heavy rain. A plant growth regulator or other means would
be necessary. The number of nodes from the initial bud up to the inﬂorescence
averaged six across all cultivars.
Forcing the remontant hydrangeas into early ﬂowering can be achieved under
nursery conditions. About 10 weeks are required for the ﬂowers to show ﬁrst
color. Plants brought inside in early February can be heavily budded and
beginning to show ﬂower color by April 15. Nurseries could be selling ﬂowering
hydrangeas when customers are shopping in the garden centers.
Figure 1. Hydrangea macrophylla cultivars and weeks of forcing to ﬁrst
ﬂower color.
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Figure 2. Hydrangea macrophylla cultivars and average number of ﬂower buds
per plant at ten weeks.

Figure 3. Hydrangea macrophylla cultivars and average stem length at
nine weeks.
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Regulating Perennial Growth
With Phosphorus Levels
James T. Midcap
University of Georgia, Department of Horticulture, Athens, GA 30602
jmidcap@uga.edu
Index Words: Perennial Production, Growth Regulation, Phosphorus Levels
Signiﬁcance to the Industry: Reduced phosphorus levels may be used to
regulate growth of excessively vigorous perennials without detrimental effects.
Reduced levels would help reduce phosphorus run off from production nurseries.
Staggered phosphorus levels in the potting substrate could stagger the maturity
dates of perennial crops. The entire crop could be planted all at one time rather
than staggering the planting dates. Further investigation of the intermediate rates
is still necessary to determine their effectiveness under production conditions.
Nature of Work: Many perennials make rapid spring growth and quickly become
overgrown. Many vigorous perennials do not respond to plant growth regulators
and little can be done to regulate their growth. Also, there is concern about
phosphorus leaching from containers and contaminating the surface and ground
waters. The production of quality crops with reduced phosphorus levels would
help growers manage their nutrient run off.
McElhannon (1) reports low phosphorus levels can affected the growth of
perennials. Reduced levels have reduced their growth without causing deﬁciency
symptoms or reduced quality.
Ruter (2) reported phosphorus rates could be reduced 33% without signiﬁcantly
affecting plant growth of four woody ornamentals.
A Georgia nursery producer identiﬁed the following as likely perennials to
evaluate. Plants included in the trial were Armeria pseudoarmeria ‘Joystick
Red’, Gaillardia grandiﬂora ‘Burgundy’, and Leucanthemum ‘Becky’. Plugs were
potted on November 6, 2003 into trade gallons ﬁlled with 6:1 bark:sand mix
amended with 4 lb/yd3 dolomitic lime, 1.5 lb/yd3 gypsum and 2 lb/yd3 talstar.
The controlled release fertilizer treatments included Treatment 1 - 0 lb P2O5/ yd3
(Blended 12.9-0-19.3), Treatment 2- 0 lb P2O5/yd3 (Blended 9.06-0-28.11),
Treatment 3 - 0.29lb P2O5/yd3 (Blended 11.54-2.05-17), Treatment 4 - 0.43 lb
P2O5/yd3 (Blended 12.2-3.18-16), and Treatment 5 - 0.55 lb P2O5/yd3 (Osmocote
18-6-12). All treatments supplied 1.65 lb actual nitrogen / cubic yard of substrate
and were six to nine month release products. Minor elements were supplied with
each treatment. Plants were over-wintered in sun on a gravel pad and covered
with a frost blanket when winter temperatures were expected to cause damage.
Substrate samples were collected on March 18, 2004 for all treatments and
crops. Samples were taken from three separate pots and combined into a single
sample. Height and spread were recorded during spring. Production of ﬂower
buds were recorded when applicable. Seventeen replicates of each treatment
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were used and analyzed using ANOVA and Student-Newman-Keuls test to
separate means.
Results and Discussion: The height and spread of the perennials were
monitored from mid March through mid May 2004. Treatment 1 and 2 produced
the least growth while Treatment 5 produced the greatest growth. The two
intermediate phosphorus levels reduced growth with out reducing quality.
Figures 1-3 graphically illustrate the research results. The Armeria height was
due to the length of the ﬂowering stems. Treatments 2, 3 and 4 show great
promise in reducing plant growth and delaying ﬂowering over Treatment 5 (the
normal rate). It also appears that the crops could be all planted at one time in
substrates with different phosphorus levels and stagger the dates of maturity.
Gaillardia ‘Burgundy’ produced a linear increase in growth and ﬂowering as
the phosphorus rates increased. The zero rates produced little early growth,
however the intermediate rates worked well. Gaillardia looks like a good crop for
production under staggered phosphorus rates. Leucanthemum ‘Becky’ did not
ﬂower but overgrew the pots in Treatment 5 with time. Treatments 1 and 2 were
very weak and slow to develop. Treatment 3 and 4 produced slower maturing
plants with excellent quality foliage and roots. More testing of the intermediate
rates is needed to determine rate effects on the broad range of perennials.
The substrate samples increased in phosphorus as the treatment phosphorus
levels increased. Treatments 3 and 4 were much greater than the rest.
Treatment 4 had an acceptable level while all others were considered low. Lower
phosphorus levels can be used to produce acceptable perennials.
Literature Cited:
1.

McElhannon, Bill. 2004. Athens, GA. (Personal Communication)

2.

Ruter, John M. 2004. Rate of Phosphorus Application Inﬂuences Growth of
Four Ornamental Species. Proc. South. Nurs. Assoc. Res. Conf.. 49:54-56.

Table 1. Phosphorus Levels (ppm) in Potting Substrate for Each Crop and
Treatment on March 18, 2004.
Treatments

Armeria

Leucanthemum

Gaillardia

#1 (0% P2O5)

0.47

0.46

0.40

#2 (0% P2O5)

0.68

0.82

0.64

#3 (0.29% P2O5)

0.71

0.55

NA*

#4 (0.43% P2O5)

3.05

1.18

NA*

#5 (0.55% P2O5)

6.36

14.49

NA*

*Not Available
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Figure 1. Armeria ‘Joystick Red’ Height and Number of Flower Buds in Response
to Phosphorus Treatments.

Figure 2. Gaillardia ‘Burgundy’ Height and Spread in Response to
Phosphorus Treatments.
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Figure 3. Leucanthemum ‘Becky’ Height and Spread in Response to
Phosphorus Treatments.
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Relationship Between Leaf Area
Index and Light Vnterception for
Viburnum odoratissimum (L.) Ker-Gawl
Jeff Million1, Tom Yeager1 and Joe Ritchie2
Univ. of Florida, Dept. of Environmental Horticulture,
IFAS, Gainesville, FL 32611-0670
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Index words: Beer-Lambert Law, Canopy, Light Adsorption, Light Extinction
Coefﬁcient, PAR, Sweet Viburnum
Signiﬁcance to Industry: The relationship between leaf canopy development
and light interception was described for sweet viburnum, a common ornamental
plant. Results indicate an optimal interception of 90-95% of incident light occurred
at a leaf area index (LAI) of 3 to 4. This information is needed for physically
based models to estimate plant growth and evapotranspiration and for managing
(e.g. container spacing and pruning) nursery container crops.
Nature of Work: The leaf canopy of a crop captures light for photosynthesis.
The light reactions of photosynthesis provide a source of energy for the plant
to assimilate atmospheric carbon dioxide into dry matter. As the leaf canopy of
a young crop develops in size, the canopy’s capacity to capture incident light
also increases. Canopy growth is usually exponential during early stages of
development when light is non-limiting. Eventually, the canopy reaches a stage
when practically all light is captured by the leaves. At this point, the canopy’s
photosynthetic rate is maximal and additional leaf growth will not increase
the net photosynthetic rate. The transpiration rate is also dependent on light
interception and this information is needed to estimate crop ET and irrigation
requirements (4).
The leaf canopy can be characterized by its LAI, the ratio of leaf area per unit
of ground area. The relationship between LAI and light interception varies
among plants due primarily to differences in leaf angle and canopy architecture
(e.g. canopy height, leaf clustering, and stem density) (2). Thus, two different
crops may have the same LAI but intercept different amounts of light because
of an upright leaf inclination or through the way the plants are arranged in their
spaced patterns. The Beer-Lambert law is used to describe differences in light
interception among different plant canopies as a function of LAI:
I = I0e-kLAI
where I = photosynthetic active radiation (PAR) below the canopy, I0 = PAR above
the canopy, and k = light extinction coefﬁcient. The equation can be rewritten
in terms of light interception: LI = 1-e-kLAI, where LI = fractional light interception
=1- I/I0. The light extinction coefﬁcient, therefore, is useful for estimating the
amount of incident light that will be captured by the canopy. Because the amount
of light captured is directly related to biomass production and additional LAI
development, this coefﬁcient plays an integral role in plant growth modeling (3).
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Our objective was to describe the relationship between LAI and light interception
for sweet viburnum, a woody ornamental crop important to the horticultural
industry. We are developing a model of crop growth and substrate water balance
for use in evaluating economic and environmental issues
Sweet viburnum liners (32/tray) were transplanted into 3.8 liter (#1) containers
on Aug. 22, 2004. The containers were 18 cm (7.1 inches) tall with a top
diameter of 16 cm (6.3 inches). Plants were grown in a substrate consisting of
aged pine bark, sphagnum peatmoss, and coarse sand (2:1:1 by volume) and
amended with dolomitic limestone and micronutrient fertilizer. Each container
received 15 g (0.53 ounces) of controlled-release fertilizer (Osmocote 18-6-12,
8-9 month formula; Scotts Co., Marysville, OH) incorporated into the substrate
before planting. Plants were grown ‘pot-to-pot’ in a square pattern with overhead
irrigation applied at 1 cm/day (0.4 inches/day). Ten weeks after transplanting,
containers were spaced to an arrangement equivalent to removing every other
pot. Plants were grown at this spacing for three more weeks at which time light
interception measurements were made.
Containers were placed on black, polypropylene groundcloth in equidistant
(triangular) spacing arrangements ranging from 0 (pot-to-pot) to 20 cm
(7.9 inches) between containers. For each of the nine spacing arrangements
tested, we measured PAR above and below the canopy using a LI-COR 1-m
Line Quantum Sensor coupled to a LI-188B Integrating Quantum Photometer.
The Line Quantum Sensor was placed across the surface of the containers and
above the canopy in three orientations per spacing arrangement: 1) East-West,
2) Southeast-Northwest, 3) and Southwest-Northeast. Light measurements
were repeated three times during the day: 1030 HR, 1200 HR, and 1330 HR.
Therefore, there were nine observations for each container spacing arrangement.
Immediately after taking light readings, 10 representative plants were selected
for leaf area measurements. Shoot height and shoot width (average of two
perpendicular measurements) were determined for each plant. Plant size index
was calculated as: (shoot height + shoot width)/2. Leaves were removed from
each plant and leaf area per plant was determined using a LI-COR LI-3000A
Portable Area Meter. The average leaf area of all ten plants was subsequently
used to estimate the LAI at each spacing arrangement tested. Linear regression
using PROC GLM procedure of the Statistical Analysis System (SAS Version
8.2; SAS Institute Inc., Cary, NC) was used to determine the light extinction
coefﬁcient, k, according to the linear form of the Beer-Lambert law: ln(I/I0)=-kLAI.
A 95% conﬁdence interval for k was calculated using the standard error estimate
provided by the PROC GLM procedure.
Results and Discussion: Mean ± standard deviation shoot height, shoot width,
and shoot size index were 34 ± 4, 29 ± 3, and 32 ± 3 cm, respectively. Mean ±
standard deviation leaf area was 997 ± 142 cm2/plant. Based upon this average
leaf area per plant, estimated LAI values for the nine spacing arrangements
tested ranged from 0.9 to 4.6 (Table 1).
The curvilinear relationship between LAI and light interception is given in Fig. 1.
When LAI was 1, only 50% of the incident light was captured by the canopy.
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Light interception increased rapidly until a LAI of approximately 3 to 4 was
established. At this stage, fractional light interception was approximately 90-95%.
Based upon this ﬁnding, canopy photosynthesis should be near maximal at an
LAI of 3 to 4. Additional canopy growth (greater LAI) would not be expected to
greatly increase the relative growth rate of the crop. Growers can manage LAI
to maximize light interception to some extent by managing plant density. Placing
containers in a pot-to-pot arrangement at planting until an optimal LAI is achieved
is important. By periodically altering container spacing arrangements in order to
maintain optimal LAI, growers have the potential to maximize crop growth rate
while using the minimum land space. Theoretically, this could lead to a shorter
crop production time and a reduction in irrigation water use. On the other hand,
if container spacing decisions result in excessive LAI, it likely that the shading of
lower leaves and the etiolation of branches will decrease crop quality as well as
crop growth.
The light extinction coefﬁcient, k, for sweet viburnum was found to be 0.72 ± 0.16
(95% conﬁdence interval) (Figure 1). This value is typical of crops exhibiting a
moderately horizontal leaf inclination (1). The extinction coefﬁcient is important
in growth and water-use models used as tools to help manage crop growth and
irrigation. More speciﬁcally, knowing crop LAI and incident PAR, k can be used
to estimate adsorbed PAR which in turn is directly related to biomass production
and additional increases in LAI (3).
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Table 1. Container spacing arrangements and their effect on LAI and
photosynthetically active radiation (PAR) interception by a 1-gallon sweet
viburnum canopy.
Equidistant
spacing
between
containers

Container
density

Production
area per
container

LAIz

PAR above PAR below
the canopy the canopy
(lo)
(l)

cm

no./m2

cm2

0.0y

46x

219w

4.6

1840 (10)v

70 (10)v

2.5

34

294

3.4

1830 (40)

120 (10)

5.0

26

379

2.6

1810 (20)

330 (20)

7.5

21

475

2.1

1820 (20)

420 (40)

10.0

17

582

1.7

1760 (20)

570 (50)

12.5

14

700

1.4

1750 (30)

720 (60)

15.0

12

829

1.2

1740 (20)

770 (50)

17.5

10

968

1.0

1780 (30)

840 (40)

20.0

9

1119

0.9

1810 (20)

960(40)

µmol.m-2.s-1

z

LAI based upon an average (n=10) leaf area of 997 cm2/plant.

y

Divide values by 2.54 to get the spacing between containers in inches.

x

Multiply values by 0.86 to get the density in containers/sq yd.

w
v

Multiply values by 0.155 to get sq in/container.

Mean (standard error).
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Figure 1. Relationship between leaf area index and light interception for sweet
viburnum. Light interception is 1-(I/I0) where I=light measured below the canopy
and I0=light measured above the canopy. The regression line is based upon the
Beer-Lambert law where the light extinction coefﬁcient, k, in this case equals
0.72. Means represent the average of nine observations.
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Reducing Water and Nutrient Inputs to Clay
Amended Substrates: How Low Can We Go?
James S. Owen1, Jr., Stuart L. Warren1,
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jim_owen@ncsu.edu
Index Words: Cotoneaster dammeri ‘Skogholm’, Industrial Mineral Aggregate,
Pine Bark, Fertilization, Irrigation, Phosphorus
Signiﬁcance to the Industry: The objective of this study was to determine the
affect of a 50% reduction in phosphorus application and leaching fraction on plant
growth with a clay- or sand-amended pine bark substrate. Reduction of water
volume to maintain a leaching fraction of 0.10 versus 0.20 did not signiﬁcantly
affect ‘Skogholm’ cotoneaster growth, but reduced daily and cumulative water
use ≈ 30% across both clay- and sand-amended pine bark substrates. At the
0.5x P rate, however, dry weight of ‘Skogholm’ cotoneaster grown in the clayamended substrate increased 45% compared to sand-amended pine bark. The
clay-amended substrate also increased growth 15% at the 1.0x P rate compared
to the sand-amended substrate. Dry weight of ‘Skogholm’ cotoneaster when
grown in clay-amended pine bark was similar with the 1.0x or 0.5x rate of P.
Therefore, clay-amended pine bark can maintain plant growth with only half the
currently recommended leaching fraction and P rate compared to traditional
sand-amended pine bark. With the clay-amended substrate this research
demonstrated that environmental impact of containerized nursery crops can be
reduced without affecting plant growth by decreasing water and phosphorus
(P) inputs.
Nature of Work: The use of controlled release fertilizers, cyclic irrigation, and
leaching fraction has allowed nurseries to increase nutrient and water use
efﬁciency without sacriﬁcing plant growth (9). Increasing environmental regulation
and water use guidelines, however, have affected the nursery industry on both
the east and west coasts. Currently, the United States Environmental Protection
Agency has established maximum contaminant level (MCL) of 10 mg NO3 L-1 and
set goals for P not to exceed 0.10 mg P L-1 in streams that do not drain into lakes
or reservoirs (8). Excess of these limits may result in a decline in water quality
through eutrophication; loss of aquatic biota and hypoxia (1). New approaches
to water and nutrient management for containerized nursery crop production are
focused on both engineering soilless substrates that increase water and nutrient
buffering capacity and reviewing the current recommended optimum substrate
nutrient concentrations.
Recently, pine bark amended with mineral aggregates has been shown to
dramatically decrease phosphorus leaching (4, 6), increase plant nutrient content
(5), decrease water usage (4), and increase substrate water buffering capacity,
without loss of plant growth. These studies were inspired by previous research
conducted by Warren and Bilderback (10) who reported a curvilinear increase in
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nutrient and water efﬁciency with increasing arcillite amendment rate in a pine
bark substrate. Concurrently, Lea-Cox and Ristvey (2) focused on optimizing
fertility rate to provide maximum growth while minimizing environmental losses.
They reported that 15 to 20 fold reduction in phosphorus application would still
have adequate phosphorus for many nursery applications. Ruter (7) reported
similar ﬁndings across containerized ornamental species stating that no
signiﬁcant affect on growth would occur with a 33% reduction in phosphorus
from 15 mg P L-1 to 10 mg P L-1. The objective of this study was to determine the
affect of a 50% reduction in phosphorus application and leaching fraction on plant
growth in containerized crop production.
The experiment was a 2 x 2 x 2 factorial in a randomized complete block design
with four replications with 10 plants per replication. The treatments were two
substrates: pine amended with a mineral aggregate or coarse sand at 11% (by
vol), two leaching fractions: 0.10 and 0.20, and two rates of P: 1x and 0.5x rate.
The mineral aggregate used was a 300 µm to 710 µm (24/48 mesh) calcined
(LVM) palygorksite-bentonite mineral from Georgia (Oil-Dri Corporation of
America, Chicago, IL) (3). Two of the four replications were randomly placed
on the leachate collection plots described previously (5). The remaining two
replications were randomly placed between the leachate collection plots. Rooted
stem cuttings of Cotoneaster dammeri C.K. Schneid. ‘Skogholm’ were potted
in 14 L containers (trade 5 gal). To determine leaching fraction, efﬂuent was
measured daily from irrigation water that was applied via pressure compensated
spray stakes [Acu-Spray Stick; Wade Mfg. Co., Fresno, CA; (200 ml min-1)].
Irrigation was applied in a cyclic manner with three applications daily (0100 HR,
0300 HR, and 0500 HR EST). An irrigation volume to maintain a leaching fraction
of 0.10 or 0.20 was applied to each plot based on efﬂuent values monitored
daily and irrigation volumes that were monitored bi-weekly. All substrates were
fertilized at the beginning of the study (DAI=0) with 54 g 19-2-8 or 19-4-8 (6
month controlled-release fertilizer, Harrell’s, Lakeland, FL) for the 0.5x or 1.0x
phosphorus application rate, respectively. All substrates were amended with
0.6 kg m-3 (2 lb yd-3) blend of crushed and ground dolomitic limestone. After
112 days, one plant was randomly chosen from each plot (total of four plants/
treatment). The top was removed and the roots were placed over a screen and
washed with a high pressure water stream to remove substrate. Tops and roots
were dried at 65 o C(150 o F) for 5 days and weighed. All data was subjected to
ANOVA procedures. Treatments means were separated by Fisher’s protected
LSD at P = 0.05.
Results and Discussion: Reducing water volume to maintain a leaching fraction
of 0.10 versus 0.20 did not signiﬁcantly affect total dry weight of ‘Skogholm’
cotoneaster, whereas daily and cumulative water use was reduced ≈ 30%
across both clay- and sand-amended pine bark substrates (Figure 1). Therefore
at 112 days after treatment initiation, each container irrigated to maintain a
0.10 leaching fraction was using 0.7 L (1.5 pt) less water daily resulting in a
water savings of 39 L (10 gal) over the growing season compared to a leaching
fraction of 0.20 (Fig. 1). The clay-amended substrate signiﬁcantly increased
total dry weight of ‘Skogholm’ cotoneaster 15% when grown with the 1.0x rate
and 45% at the 0.5x rate of P compared to dry weight produced in the sandamended substrate (Data not presented). Dry weight of ‘Skogholm’ cotoneaster
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when grown in clay-amended pine bark was similar with the 1.0x or 0.5x rate
of P. These data suggest that with the proper substrate it is possible to reduce
leaching fraction and rate of P fertilization without sacriﬁcing plant growth.
Acknowledgements: We would like to thank the Horticulture Research Institute,
U.S. Department of Agriculture’s Agricultural Research Service, and Oil-Dri
Corporation of America for providing ﬁnancial support.
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Figure 1. Daily (A) and cumulative (B) water application of ‘Skogholm’
cotoneaster potted in a 14 L (5 gal.) container with a low (≈ 0.10) or high (≈ 0.20)
leaching fraction (LF) maintained for 112 days.
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Container Production Evaluation of
Popular Garden Mum Cultivars
Allen Owings, Anthony Witcher, Wanda Ellis and Allen Broyles
Louisiana State University, Department of
Horticulture, Baton Rouge, LA 70803
aowings@agcenter.lsu.edu
Index Words: Garden Mum, Container Production, Chrysanthemum
Signiﬁcance to Industry: Yoder Brothers Inc. provides cultural information, such
as estimated bloom time, about all of the garden mum cultivars which they sell.
Although the information is helpful, it is not always accurate for different parts of
the country. For example, Janice is labeled a mid season mum but it ﬂowered
early in our trial. Christine is labeled a late mum, but it ﬂowered 6 days after
Janice but 16 days before Courtney, another late mum. The evaluation of garden
mum cultivars for fall sales gives growers an accurate ﬂower date and helps them
determine which cultivars to grow for a certain sales window.
Nature of Work: Garden chrysanthemums (Chrysanthemum × morifolium), also
referred to as garden mums, are a popular container-grown crop for fall sales in
the gulf south. Garden mums provide color from mid September through early
November and can be treated as annuals or perennials. Hundreds of garden
mum cultivars exist yet new cultivars with enhanced attributes are introduced
each year. Qualities sought after in garden mums include ﬂower color, ﬂower
duration, ﬂower form, plant habit, branch strength, foliage quality along with
insect and disease resistance. The new garden mum cultivars need to be
evaluated in different regions of the country so producers can be well informed
about which cultivars will perform the best for them.
The primary objectives of the 2003 and 2004 studies were to evaluate ﬂowering
time and plant size of garden mums produced in containers for fall sales. Rooted
cuttings (50) of 23 garden mum cultivars (provided by Yoder Brothers, Inc.)
were transplanted (July 7, 2003 and July 5, 2004) into trade gallon containers
(one plant per container) ﬁlled with a pine bark media amended with 5.93 kg/m3
(10lbs/ yd3) StaGreen Nursery Special 12-6-6, 4.75 kg/m3 (8lbs/yd3) dolomitic
limestone and 0.89 kg/m3 (1.5lbs/ yd3) Micromax. The plants were overhead
irrigated twice daily throughout the project and fertigated weekly until ﬂowering
with a 400 ppm N solution of Peter’s Professional 20-10-20 General Purpose
fertilizer. In 2003 and 2004, data collection involved recording the dates when at
least half the plants of each cultivar showed ﬂower color (ﬁrst color). Plant height
and width was recorded at peak ﬂower (75% open ﬂowers) in each study.
Results and Discussion: Chablis ﬂowered the earliest for each year, 7 to 9 days
prior to Debonair, the second to ﬂower each year. Janice also ﬂowered early,
third overall each year. Foxy Valerie and Roxanne ﬂowered the latest each year,
35 days after Chablis. Sandy had the largest plant habit each year. Table 1 lists
the cultivars and data recorded in the 2003 study while Table 2 refers to the
2004 study.
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Table 1. Flower dates and plant size for 2003.
Cultivar

First Color

Height (cm)

Width (cm)

Chablis

9/8

39

35

Debonair

9/17

44

28

Golden Marilyn

9/17

37

33

Janice

9/17

47

38

Christine

9/22

43

29

Fiery Barbara

9/24

41

25

Blushing Emily

9/25

50

39

Lisa

9/25

42

32

Cheryl

9/28

46

36

Glowing Lynn

9/28

40

33

Grace

9/28

46

38

Jennifer

9/28

44

34

Red Remarkable

9/28

44

33

Sandy

9/28

52

45

Spicy Cheryl

9/28

45

34

Beth

10/3

46

37

Linda

10/3

45

38

Taffy

10/3

50

30

Warm Megan

10/3

50

34

Courtney

10/8

45

43

Denise

10/10

50

43

Foxy Valerie

10/13

52

38

Roxanne

10/13

44

44

Chablis

9/2

20

27

Debonair

9/9

23

25

Janice

9/11

19

26

Grace

9/16

24

29

Christine

9/17

25

27

Glowing Lynn

9/17

19

28

Golden Marilyn

9/17

24

27

Jennifer

9/17

22

33

Blushing Emily

9/20

27

30

Fiery Barbara

9/20

24

29

Lisa

9/20

19

28
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Table 1. continued
Warm Megan

9/20

24

30

Spicy Cheryl

9/22

19

26

Taffy

9/22

22

29

Linda

9/24

22

30

Red Remarkable

9/24

21

28

Cheryl

9/27

21

23

Sandy

9/27

27

35

Beth

9/28

21

27

Courtney

9/29

24

35

Denise

10/4

24

27

Roxanne

10/5

16

28

Foxy Valerie

10/7

23

29
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Reducing Blow-Over of
Container Plants in Nurseries
Richard L. Parish
Hammond Research Station,
21549 Old Covington Highway, Hammond, LA 70403
dparish@agcenter.lsu.edu
Index Words: Container Nursery, Container Production, Blow-down, Blow-over,
Tree Restraint
Signiﬁcance to Industry: Blow-over of plants is a major problem for container
nurseries. The problem is especially acute with container-grown trees that are tall
and present substantial targets for wind. Blow-over causes several problems for
nurserymen:
1. Setting the trees back upright is a major labor expense.
2. The trees can be damaged when blown over, thus reducing their value.
3. Granular fertilizer on top of the potting media can fall out and be lost.
4. The trees may not be watered properly while down and can dry out.
Nurserymen have tried several methods, including guy wires on individual trees,
trellis wires down the row and stakes driven through or beside containers. Also,
some nursery supply companies have developed devices to stabilize plants and
containers. A study of methods to reduce blow-over was funded by the Louisiana
Nursery and Landscape Association and carried out at a large container nursery
in Tangipahoa Parish, Louisiana, in 2004.
Nature of Work: A test of systems to prevent or reduce blow-down of trees in
56.8 liter (15 gallon) containers included eight treatments, each with Loblolly
pine, bald cypress and Nutall oak. Treatments included the nursery standard of
one steel rod (or stake) driven through the pot into the ground, two types of wire
basket supports (two with and one without staking), plastic pot-in-pot supports
(with and without staking), a trellis system with straps (TSS), and individual
stakes (steel fence posts) with plastic Tree-Mate-O supports.
A second test at the same nursery used pond cypress and live oak trees in fourgallon pots. One treatment used horizontal 0.5-inch rebar on top of a 20-foot
row of pots held down by steel hooks driven into the ground. There was one
hook for every four containers. The second treatment was the standard steel rod
driven through each container. For both treatments, two outer rows were staked
and three rows were not restrained. Data on number of blown-over trees were
collected throughout the season.
Results and Discussion: All of the commercial restraint systems were effective
at reducing blow-over compared with the grower standard, but were considerably
more expensive. Some of the commercial systems did have minor problems.
The ﬁrst problem noted in the 15-gallon test was partial collapse of the plastic
pot-in-pot supports with and without stakes and with all three types of trees.
Nevertheless, there was not enough damage to the inner containers to affect
salability and the outer containers were judged to be reusable. The straps and
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rubber bands with the TSS and Tree-Mate-O did not girdle the bark but did leave
marks, which nursery personnel judged insigniﬁcant in terms of salability.
Costs for the 56.8 liter (15 gallon) test are shown in Table 1. Labor and material
costs ranged from $0.33 per container for the standard steel rod to $11.29 per
container for the TSS trellis system; however, the components of most of the
systems can be reused for several years with little or no additional labor cost.
Estimates of life, which have an effect on the long-term costs, ranged from ﬁve
years for the Tree-Mate-O system to 10 years for the TSS system.
A “reset ratio” was determined for each treatment by dividing total number of
times trees were blown over and reset during the season. A higher reset ratio
meant more trees had to be reset and the resulting labor costs were higher. The
ratios ranged from 0.0 to 0.3 for loblolly pine, 0.0 to 1.2 for Nutall oak and 0.0 to
2.4 for bald cypress. The ratio was 0.0 for TSS trellis, Tree-Mate-O and staked
pot-in-pot treatments for all species. The standard stake had the highest ratio for
loblolly pine (0.3) and bald cypress (2.4) while the highest ratio for Nutall oak was
1.2 with the staked Alabama basket system. Considering the annualized cost of
the various treatments and the cost of resetting as provided by the cooperating
nursery, the annual cost per tree per treatment ranged from 12 cents for Nutall
oak with the standard stake to $1.63 for bald cypress with a staked basket.
Table 2 shows the reset ratios for the test of horizontal rods in four-gallon
containers. The data show that the horizontal rod treatment was less effective
than the standard vertical rod. The problem with the horizontal rods appeared
to be an inadequate number of hooks holding the horizontal rods down. In the
vertical rod treatment, each container had vertical rods whereas the horizontal
rods were anchored with hooks every four containers. Under strong winds, the
hooks pulled loose.
In summary, the grower standard system consisting of a steel rod driven into the
ground through each container was the least expensive method of reducing blowover. All of the commercial systems were effective, but expensive. The resets
resulting from the grower standard system cost less per plant per year than the
costs of installing the commercial restraint systems; however, costs due to plant
damage from blow-over and fertilizer loss were not measured. Additional work
in 2005 consists of evaluating additional options for the stake treatment: longer
stakes and multiple stakes.
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2

1

$6.92
$9.53

$10.83 7

$4.21

$0.40 $6.52
$0.03 $9.50

$0.33 $10.50

$0.27 $3.94

5

5
7

Reset Ratio = number of resets during the season/number of trees in treatment.

Does not include time to set 15-gallon containers with plants.

$4.80

$0.40 $4.40

3

$0.33 5
$11.29 10
$3.60 3

$0.13 $0.20
$2.00 $9.29
$0.20 $3.40

Standard
Trellis - TSS
Cherokee
basket - no
stakes
Cherokee
basket - staked
Tree-Mate-O
Pot-in-pot - no
stakes
Pot-in-pot staked
Alabama basket
- staked
$0.84 0.11

$1.55 0.00

$1.38 0.00
$1.36 0.00

$1.60 0.10

0.08

0.08

0.27
0.08

0.08

0.85

1.55

1.38
1.36

1.61

Loblolly Pine
$0.07 0.30 0.27 0.15
$1.13 0.00 0.27 1.13
$1.20 0.10 0.08 1.21

Estimated Cost/ Reset Cost Total
Life,
year Ratio2 to
cost
years
reset $/yr

Labor Material Total
@
$8/hr1

1.20

0.00

0.00
0.00

0.30

0.08

0.08

0.27
0.08

0.08

Nutall oak
0.20 0.27
0.00 0.27
0.40 0.08

0.94

1.55

1.38
1.36

1.62

0.12
1.13
1.23

Reset Cost Total
Ratio to
cost
reset $/yr

0.30

0.00

0.00
0.30

0.40

0.08

0.08

0.27
0.08

0.08

0.87

1.55

1.38
1.39

1.63

Bald Cypress
2.40 0.27 0.71
0.00 0.27 1.13
0.60 0.08 1.25

Reset Cost Total
Ratio to
cost
reset $/yr

1. Cost and time required to install, reset ratio, cost to reset, and total annual cost ($/plant) for 15-gal containers.

Treatment

Table

0.88

1.55

1.38
1.37

1.62

0.33
1.13
1.23

Mean
Total
cost
$/year
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Table 2. Blow-over data for 4-gal. container test of horizontal rods.
Treatment

Reset ratio for
pond cypress

Reset ratio for
live oak

Overall reset ratio

Horizontal rods

2.42

2.31

2.37

Vertical rods

1.38

1.66

1.52
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Nickel Formulations Inﬂuence Growth and
Development of Mouse Ear on River Birch
John M. Ruter
Univeristy of Georgia, Dept. of Horticulture, Tifton, GA 31794
ruter@tifton.uga.edu
Index Words: Betula nigra ‘BNMTF’, Chelate, Glucoheptonate, Lignosulfonate,
Mouse Ear, Nickel Sulfate
Signiﬁcance to Industry: One of the products tested, nickel lignosulfonate,
is now commercially available as Advance NiTM. All nickel products tested
decreased the root:shoot ratio of river birch, while shoot growth increased with
two products. Bare-root, ﬁeld-grown liners may contain sufﬁcient Ni to prevent
mouse ear symptoms from occurring during the ﬁrst year of growth. Foliar
analysis of Ni may not be able to accurately predict the presence or absence of
mouse ear disorder.
Nature of Work: Mouse ear disorder (ME) has been a problem in containergrown river birch (Betula nigra L.) for several decades. Previous research has
shown that ME of river birch is caused by a deﬁciency of nickel which can
be corrected by foliar and drench applications of nickel sulfate (1). Chelated
formulations of nickel may be more effective and stable compared with the salt
nickel sulfate. The purpose of this study was to compare three experimental
formulations as carriers for nickel and to evaluate their effectiveness on
promoting growth and preventing ME on container-grown river birch.
Bare root, ﬁeld grown liners of Betula nigra ‘BNMTF’ Dura-HeatTM were potted
into 14.2 liter (#5) containers on 29 March, 2004 using a substrate consisting of
8:1 pinebark:sand amended with 2.0 lbs. of dolomitic limestone and 1.0 lb. of
Micromax (Scotts Co., Marysville, OH) per cubic yard. Controlled release fertilizer
was surface incorporated at the rate of 120 g/container after potting (Polyon
NPK+,18-6-12, 8-9 mo. formulation, Pursell Technologies, Sylacauga, AL). Plants
were watered as needed using overhead solid-set sprinklers. Plants were grown
container to container until foliar treatments were applied on 10 May, 2004, after
which containers were spaced with 12” between containers using completely
randomized design with ﬁve single plant replicates.
Treatments applied were as follows: 1) control (2.5 g urea + 1.0 ml SilEnergy
surfactant (Brewer International, Vero Beach, FL)/per liter), 2) treatment
1 + nickel sulfate at 100 mg Ni/liter; 3) treatment 1 + Emerald Suspension
at 100 mg Ni/liter; 4) nickel lignosulfonate at 100 mg Ni/liter; and 5) nickel
glucoheptonate at 100 mg Ni/liter. Nickel for treatment two was nickel (II) sulfate
hexahydrate (certiﬁed ACS; Fisher Scientiﬁc, Pittsburg, PA) while experimental
materials for treatments 3-5 were provided by NIPAN LLC, Valdosta, GA.
All treatments were applied at a rate of ~100 gal/Acre using a hand-held
pressure sprayer.
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Plant height and width measurements were taken on 9 May, 12 July, and
9 September, 2004. Presence or absence of ME was noted at the end of the
study on 10 September. Root and shoot dry mass determinations were made
after drying samples in forced-air dryer for three days at 66oC (150oF). Root:
shoot ratio was calculated as root dry mass/shoot dry mass. Samples of dried
leaf tissue were ground and analyzed for Ni by ICP spectroscopic analysis using
standard techniques. Data was subjected to analysis of variance using SAS and
mean separations were conducted using Dunnett’s t-test to compare treatments
to a non-treated control.
Results and Discussion: Spray treatments had no inﬂuence on plant height
or width in July or September. Emerald Suspension and the glucoheptonate
treatment increased ﬁnal shoot dry mass compared to the control by 44%.
Treatment had no inﬂuence on root dry mass. Root:shoot ratio decreased for
all plants sprayed with the four different nickel treatments, indicating that plants
treated with nickel allocated more carbon to shoot growth compared to root
growth. Since height and width was not inﬂuenced by treatment, increased
allocation of carbon to the shoots resulted in denser canopies. No ME was noted
on plants treated with lignosulfonate or glucoheptonate formulations. Three of
ﬁve plants treated with nickel sulfate or Emerald suspension had ME symptoms
at the end of the study. Only one of the control plants expressed symptoms
of ME.
Treatment had no inﬂuence on ﬁnal Ni concentrations in the foliage. Foliar Ni
ranged from 4.0 ppm for the control to 5.9 ppm for plants treated with Emerald
suspension. Previous work has shown that plants with ME often have Ni
concentrations in the foliage of 2.0 ppm (J. Ruter, unpublished data). The lowest
sample in this study was 3.5 ppm Ni, indicating that foliar analysis can not always
accurately predict the development of ME. This study also suggests that ﬁeldgrown liners of river birch may have sufﬁcient Ni to grow the ﬁrst season without
developing ME, whereas container-grown plants are more likely to develop ME
during their second growing season (1).
Literature Cited:
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Ruter, J.M. 2005. Effect of nickel applications for the control of mouse ear
disorder on river birch. J. Environ. Hort. 23:17-20.
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Chipped Pine Logs: A Potential Substrate
for Nursery and Greenhouse Crops
Thomas Saunders, Robert Wright and Jake Browder
Virginia Tech, Department of Horticulture, Blacksburg, VA 24061
wrightr@vt.edu
Index Words: Container Media, Pine Bark, Pine Chips, Wood Chips
Signiﬁcance to Industry: This work demonstrates that ground pine logs (pine
chips—PC) may be an acceptable alternative to conventional peat-based
substrates at a considerable cost savings to growers. The cost of freshly ground
PC, a commodity widely produced for the paper industry, is about $5 per cu.
yd. Therefore, production costs for a PC substrate, given further grinding plus
additives, should be less than $15 per cu. yd. In contrast a peatlite substrate can
cost $40 or more per cu. yd. depending upon type and quantity purchased.
Nature of Work: Peat moss and softwood bark have provided the primary base
for most greenhouse and nursery substrates over the last 30 years. These
materials are excellent substrates, but their future availability is uncertain.
The environmental concerns of mining peat moss and the increasing costs
of this substrate are factors that could limit availability and use. As well, the
availability of softwood bark of consistent quality is often a problem due to the
variety of methods used to harvest, process, and store bark. Many studies have
investigated the use of numerous industrial and agriculture waste, such as
cotton gin waste (5), wood by-products (4), municipal leaf and sewage sludge
(1), rice hulls (2), and residential refuse (3), as substitutes for bark and peat
moss. Most of these alternative substrate components show promise in that they
are non-toxic to plants and can be successfully used to amend conventional
substrates. However, regional availability and a limited supply of uniform and
consistent quality products reduce their widespread usage. More recently it has
been demonstrated that Japanese holly, azalea, and marigold could be grown in
100% freshly harvested and ground pine logs (Pinus taeda), (pine chips—PC),
compared to a 100% pine bark substrate (6). Nutrient analysis of the substrate
solution indicated that there are no toxic nutrient levels associated with PC, and
the pH was also acceptable for plant culture. As well, there was no apparent
shrinkage due to decomposition during the course of the 2-3 month experiment
thus offering an inexpensive and readily available raw material for a container
substrate.
The purpose of our research was to determine the pre-plant substrate additives
to PC required to grow marigold (Tagetes erecta ‘Inca Gold”), geranium
(Pelagornium x hortorum ‘Red Elite’), and tomato (Lycopersicon esculentum
‘Better Boy’). Seed were sown 3 Jan. 2005 and transplanted 1 Feb into 1 liter
(1 quart) containers with either ground PC or a commercial peatlite. The peatlite
substrate was amended with 6 lbs/cu. yd. (3.6 kg/m3) of dolomitic limestone,
1 lb/cu. yd (0.6 kg/m3) of CaS04, and 4.0 oz/cu. yd. (85 ml/m3) AquaGro 2000L
wetting agent (Aquatrols Corp., Cherry Hill, NJ). The PC was amended with the
above wetting agent and rate, in addition to other products to create the following
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treatments: 1) PC no additives; 2) CaS04 (1 lb/yd—0.6 kg/m3); 3) calcined clay
(5% by vol.) (Oil Dri Corp., Chicago, IL); 3) dolomitic limestone (6 lb/cu.yd.—
3.6 kg/m3); and the following combinations at the above individually described
rates: 4) CaS04 and calcined clay; 5) limestone and CaS04; and 6) limestone,
CaS04, and clay. There were 6 plants per treatment arranged in a completely
randomized design. On 22 Feb, and 3 and 15 March, for tomatoes, marigolds,
and geraniums, respectively, shoots were excised at substrate surface, roots
separated from the substrate, and all dried and weighed.
Results and Discussion: Amending PC with CaS04 and calcined clay either
individually or together resulted in plants larger than the control (no additives)
(Figure 1). However, the largest plants for all three species (data shown for
marigold) were produced when both CaS04 and calcined clay were incorporated
together and all species were as large or larger than the peatlite treatment.
Limestone additions alone to PC increased growth over control for tomato and
geranium, but there was no growth advantage to including it when both CaS04
and calcined clay were present (Fig. 1). Root growth was somewhat variable
in response to treatments and species, but root growth was greater for the
combined CaS04 and calcined clay treatment than for the peatlite treatment
(Fig. 1). The reason for improved growth due to CaS04 may be due to the
increased supply of S and Ca while the increase growth due to calcined clay
is likely due to physical changes in the substrate, although its potential for
increasing the cation exchange capacity and absorbing heavy metals cannot be
ruled out.
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Figure 1. Shoot and root growth of marigold in response to various additives
to PC.
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Response of Viburnum odoratissimum
to Nitrogen Fertilization
Gisele Schoene and Thomas Yeager
University of Florida, Department of Environmental Horticulture,
IFAS, Gainesville, FL 32611
gmartins@mail.ifas.uﬂ.edu
Index Words: Chlorophyll, Nitrogen Fertilization, SPAD Meter, Sweet Viburnum,
Viburnum odoratissimum
Signiﬁcance to Industry: The SPAD-502 meter has been shown to be a useful
diagnostic tool for estimating nutrient status and to estimate the chlorophyll
content of sweet viburnum leaves. Based on biomass production, SPAD readings
below 61 indicate that plants would beneﬁt from nitrogen fertilization; values
between 62 and 69 suggest a more detailed evaluation is required; and values
above 70 indicate adequate foliar nitrogen. Calibration is necessary for a given
set of environmental conditions and plant age’s. Because chlorophyll content
varies according to the thickness and age of leaves, systematic and careful
sampling is necessary to get representative SPAD readings of chlorophyll content
of the plant.
Nature of Work: Adequate fertilization of container-grown liners is very important
to provide sufﬁcient nutrients for maximize growth. It has been demonstrated
that poorly-fertilized liners do not grow as well as those adequately fertilized,
even if sufﬁcient fertilizer is applied later on in production (Yeager, personal
communication). Although nutrient deﬁciency or toxicity can be diagnosed by soil
testing and/or plant tissue analysis, these tests require appropriate handling and
shipping of the samples to laboratory and results may be costly and take a long
time to become available.
The SPAD-502 (Minolta Camera Co. Ltd., Osaka, Japan) is a hand-held meter
used to quickly and non-destructively estimates the chlorophyll content of leaves
by measuring the differential transmittance of light through them. It was originally
designed for N management in rice production in Japan (2) and since then its
range of application has been expanded to horticultural uses (7).
The objectives of this study were: to generate a calibration baseline for assessing
the effects of early N supply on sweet viburnum liners as measured by SPAD
meter readings and leaf chlorophyll concentration in the leaves; to develop an
equation for predicting chlorophyll content of the leaves from leaf SPAD readings
and to compare SPAD reading of liners fertilized with different nitrogen rates.
Sweet viburnun (Viburnun odoratissimum) liners were potted in 3.8 liter (1 gallon)
containers ﬁlled with MetroMix® 500 substrate (The Scotts Co., Marysville, OH).
Plants were fertilized with a treatment solution containing 0, 50, 100, 200, 400
or 800 ppm of nitrogen and 50 mg/l of phosphorus and 100 mg/l of potassium.
Plants receiving no fertilizer were potted in sand. Plants were kept in greenhouse
and irrigated as needed. Those receiving fertilizer were fertilized twice a week
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with 230 ml (8.1 ounces) of fertilizer solution. Four plants per treatment were
arranged in a completely randomized block design.
SPAD readings were recorded 29 and 51 days after potting (DAP) from the two
uppermost leaves that were at least half of the full size leaf. Triplicate readings
were taken around the midrib of each leaf sample and averaged. Chlorophyll
content of those leaves was determined by laboratory extraction method
according to Moran and Porath (6). Experiment was terminated 51 (DAP). Roots
were rinsed free of substrate and roots and shoots were dried in forced air oven
at 70o C for 48 hours and dry weights were recorded.
Results and Discussion: Nitrogen concentration in the fertilizer solution had
little effect on SPAD readings recorded 29 DAP; however plants receiving no
fertilizer exhibited signiﬁcantly lower SPAD readings (data not shown). As plants
grew older (51 DAP), SPAD readings increased linearly with nitrogen application
(Table 1).
Dry weights of sweet viburnum increased as nitrogen concentration in the
fertilizer increased up to 200 mg/l N (Table 1). Dry weights of plants fertilized
with 800 mg/l N were similar to dry weight of plants fertilized with 50 mg/l N,
suggesting that N concentration in the fertilizer solution above 400 mg/l is
detrimental to plant development.
SPAD readings were correlated (R2=95%) with chlorophyll content of leaves
obtained by the laboratory extraction method (Figure 1). Monje and Bugbee
(5) also found SPAD readings of three species of annual crops to be closely
correlated with the chlorophyll contents of the leaves. Several factors are
reported to inﬂuence SPAD readings. For instance, Ghosh (4) reported that
chlorophyll content increased with leaf thickness. Also, it is well known that as
leaves age, chlorophyll content decreases (3). Thus, systematic and careful
sampling is necessary to get representative SPAD readings of chlorophyll content
of the plant. Because environmental conditions also affect chlorophyll content of
leaves (5), the equation in Figure 1 quantiﬁes the relationship between SPAD502 readings and chlorophyll content of leaves of sweet viburnum liners under
greenhouse conditions and the equation may not be valid for other species.
Chang and Robison (1) suggested that the use of SPAD for rapid ﬁeld diagnosis
of nitrogen nutrition does not need to result in an accurate estimation of foliar
nitrogen content. Rather, it may be sufﬁcient to use the SPAD meter to determine
whether the plant: (1) clearly would beneﬁt from nitrogen additions, (2) require
more detailed analysis of foliar nutrition or (3) have apparent adequate nitrogen.
Based on biomass production in our study, SPAD readings below 62 indicate that
plants would beneﬁt from nitrogen addition, values between 62 and 69 suggest
that a more detailed evaluation is required and values of 75 indicate detrimental
nitrogen applications.
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Table 1. SPAD readings of uppermost leaves of sweet viburnum liners fertilized
weekly with a solution containing 0, 50, 100, 200, 400 or 800 mg/l of nitrogen.
Data taken 51 DAP.

z

N in the fertilizer solution
(mg/l)

SPAD reading
(SPAD units)

Dry weight (g)

0

25.8az

16.3a

50

49.9b

26.0b

100

57.6b

26.9b

200

62.2c

32.7c

400

69.1c

40.5c

800

75.1d

29.5b

Means within colums followed by the same letters are not signiﬁcantly different b y Duncan’s at P<0.05
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Figure 1. Correlation between chlorophyll concentration (µg/g fresh tissue) and
SPAD-502 readings of sweet viburnum weekly fertilized with a solution containing
0, 50, 100, 200, 400 or 800 mg/l of nitrogen after 51 DAP.
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Signiﬁcance to the Industry: Spray application of benzyladenine alone or in
combination with gibberelic acid have been shown to cause increased axillary
bud breaks on several woody ornamentals, however, the effects of plant growth
regulator spray applications have been demonstrated to be dependent upon
the species. The effects of benzyladenine application on biomass production,
plant N, and number of axillary budbreaks of sweet viburnum (Viburnum
odoratissimum) were investigated. Sweet viburnum exhibited phytotoxicity
when sprayed with solutions containing BA levels considered effective for
other woody species. Application of BA did not result in an increased plant dry
weight or amount of nitrogen in the tissue. Application of BA resulted in greater
percentage of sweet viburnum nodes with axillary budbreaks, however, buds
failed to elongate 90 days after application. BA application in combination with
GA (1000 mg.L-1 Promalin) resulted more elongated axillary budbreaks. Further
studies are needed before the application of BA and GA can be recommended
for sweet viburnum production.
Nature of Work: The effects of plant growth regulators (PGRs) on plants have
been known for a long time. However, only in recent years, when synthetically
manufactured PGRs became available did their use in commercial production
become widespread. Among the PGRs used commercially, cytokinin alone or
in combination with gibberellic acid have been applied to plants to increase
branching and improve plant architecture (2). Promalin (Abbott Laboratories,
Chicago, Illinois) is a commercial solution containing the cytokinin benzyladenine
(BA) and gibberellic acid (GA4+7). In nursery crops, research has demonstrated
that Promalin application improves plant structure by stimulating branching (3, 1).
However, response to Promalin is reported to be species dependent (2).
A series of experiments was conducted to determine the optimal concentrations
of BA and GA to induce axillary budbreaks in sweet viburnum and to determine
the effects on biomass production, allocation, and nitrogen concentration of
sweet viburnum.
Experiment 1. On February 1, 2001, sweet viburnum plants were potted in
3.8 liter (1 gallon) containers ﬁlled with pine bark, Canadian peat and sand
(2:1:1, by volume) amended with dolomitic limestone and micronutrients. At each
irrigation, plants received 460 ml (16.2 ounces) of water or fertilizer solution as
needed. Fertilizer solution contained 100, 50, and 100 mg.L-1 of N, P, and K,
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respectively. Water and fertilizer were alternated each application. Plants were
maintained in an environmentally controlled greenhouse. Starting 30 days after
potting (DAP), plants received seven spray applications of a solution containing
0, 300, 600 or 900 mg.L-1 of BA at 3-day intervals. After 15 weeks, plants were
observed for visually for aberrances. Experimental design was completely
randomized with ﬁve plants per treatment.
Experiment 2. On July 5, 2001, sweet viburnum plants were potted and grown
in conditions as described for Exp. 1. Plants received seven foliar spray
applications of a solution containing 0, 1, 10 or 100 mg.L-1 BA at 3-day intervals.
After 13 weeks, number of nodes, and number of nodes with axillary budbreaks
were recorded, and bud elongation was noted. Plants were harvested and root
and leaves dry weights and N concentrations were determined. Experiment
design was completely randomized with four plants per treatment.
Experiment 3. On September 3, 2001, sweet viburnum plants were potted
and grown as in Exp. 1. Plants received foliar spray applications of a solution
containing 0, 1, 10, 50, 100 or 150 mg.L-1 BA once, twice or three times, at
3-day intervals. After 13 weeks, leaves and root dry weights were determined.
Experimental design was completely randomized with ﬁve plants per treatment.
Experiment 4. On March 18, 2002 sweet viburnum plants were potted and
cultured in conditions previously described. On May 2, plants received a single
foliar spray application of 0, 250, 500 or 1000 mg.L-1 Promalin. After 15 weeks,
nodes with axillary budbreaks were counted and length of breaks was noted.
Roots were washed from substrate and plant parts were separated into leaves,
stems, and roots. Experimental design was completely randomized with six
plants per treatment.
Results and Discussion: Experiment 1. Applications of BA at 600 and
900 mg.L-1 were extremely phytotoxic to sweet viburnum, with leaves exhibiting
severe chlorosis, especially immature leaves. Abnormal leaf curling and
discoloration was observed for Indian hawthorn that received spray applications
containing 2500 mg.L-1 BA (4). Our results suggest that sweet viburnums are very
sensitive to BA, as phytotoxicity was observed at levels considered effective for
other woody species.
Experiment 2. N concentration of leaves was not affected by BA application
(Table 1), however, BA sprays resulted in decreased N concentration of roots
when applied at 10 mg.L-1 or higher. Applications of 100 mg.L-1 BA resulted
in axillary budbreaks on 65% of the nodes. Although BA alone was effective
in promoting axillary budbreaks, these buds failed to elongate 90 days after
application (data not shown).
Experiment 3. Repeated applications of BA did not resulted in increased dry
weight; moreover, when applied three times, or at concentration of 150 mg.L-1,
decreased shoot and root dry weights were observed, compared with control
plants (data not shown).
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Experiment 4. Spray application of BA in combination with GA (Promalin) was
effective in inducing axillary budbreaks (Table 2). Plants that received 1000 mg.
L-1 of Promalin had 17 nodes with axillary budbreaks, while plants receiving no
Promalin did not have any axillary budbreak. Moreover, plants that received
applications of 1000 mg.L-1 Promalin exhibited more axillary budbreaks longer
than 1 cm compared with plants that received lower concentrations. Promalin
at 1000 mg.L-1 resulted in increased stem dry weight; however, total plant
dry weight was not affected (data not shown). Further studies are needed to
determine whether plant growth stage during BA and GA application inﬂuences
plant biomass, and nitrogen assimilation.
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Table 1. Leaf N concentration and percentage of nodes with axillary budbreaks of
greenhouse-grown sweet viburnum that received seven foliar spray applications
of 0, 1, 10 or 100 mg.L-1 BA at 3-day intervals (n=4).
Nitrogen concentration

z

BA (mg.L-1)

Leaves (%)

Root (%)

Nodes with
breaks (%)

0

2.0

1.5

41

1

2.0NS

1.5NS

48

10

2.0NS

1.4*

37

100

1.9NS

1.3*

65

Means with colums followed by NS are nonsigniﬁcant, and followed by * are different from control by
Dunnett’s at P<0.05

Table 2. Number of breaks by size of greenhouse-grown sweet viburnum that
received a single foliar spray application of 0, 250, 500 or 1000 mg.L-1 Promalin
(n=6).
Axillary budbreak size

z

Promalin
(mg.L-1)

<0.3 mm

0.4 - 0.9 cm

>1.0 cm

Number
of nodes
with axillary
budbreaks

0

0

0

0

0

250

5.2

3.5

0

8.7NSz

500

3.3

2.2

2.8

8.3NS

1000

4.7

3.5

8.8

17.0*

Means within columns followed by NS are nonsigniﬁcant, and followed by * are different from control by
Dunnett’s at P<0.05.
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Signiﬁcance to Industry: Monitoring and managing substrate soluble salts
levels of container-grown crops is essential to optimal growth of both woody
and herbaceous ornamentals. The new direct measurement probes eliminate
the substrate solution extraction step, reducing time and effort spent on EC
testing. Regression equations are presented that allow for conversion of EC
recommendations used with standard testing methods. However, the substrate
must be sufﬁciently moist (>35% VWC) for accurate readings.
Nature of Work: Container growing substrate pH and electrical conductivity (EC)
interpretation ranges are based on three substrate solution extraction methods:
1) 1 substrate : 2 water (v/v) suspension (1:2 dilution) (1); 2) the saturated media
extract (SME) method (2); or 3) the pour-through extraction method (3). Several
probes have recently been developed that can be inserted directly into the
growing medium to get electrical conductivity (EC) measurements, bypassing the
substrate solution extraction step. Some of these probes are able to measure
the EC of the pore water in the substrate [W.E.T sensor, SigmaProbe (both from
delta T)] (4), while other meters measure the EC of the bulk substrate, together
with the solution in it [FieldScout (Spectrum Technologies), HI 76305 (Hanna
Instruments)]. We tested the sensitivity of the probes to substrate EC, and how
these measurements may be affected by temperature and volumetric water
content of the substrate. In addition, we compared these probes to standard
laboratory methods to measure substrate EC [1:2 substrate:water v/v dilution,
saturated media extract (SME), and the pour-through method.
Results and Discussion: The FieldScout and SigmaProbe both had very low
temperature sensitivity, and the temperature correction for the SigmaProbe can
be changed by the user (1.7% generally works well). The W.E.T sensor was
temperature sensitive at high EC (5 dS m-1), but this is outside of the speciﬁed
operating range for this sensor. Although the temperature compensation of the
W.E.T probe can also be user-adjusted, we were not able to ﬁnd a temperature
correction that worked at all EC values. The HI 76305 probe was extremely
temperature sensitive. In addition, this probes report ’salinity’ in units of g/L
instead of EC. The conversion from EC to salinity does not appear to be
according to standard practices (1 dS m-1 = 640 - 700 ppm), which makes it
difﬁcult to compare readings to those collected with other methods.
The substrate volumetric water content (VWC) affected the in situ probes
differently, based on whether they measure solution or bulk substrate EC (Fig.1).
The SigmaProbe and W.E.T Probe measure the EC of the pore water speciﬁcally
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and show a decrease in EC with increasing water content, as the fertilizer ions in
the pore water become more diluted as VWC increases. Results with the Hanna
and FieldScout probes increased with increasing water content as the added
water helps to provide better contact between the electrodes of these meters.
There was little sensitivity to VWC when VWC exceeded 35%.
The EC measured with the various in situ probes differed slightly among the
probes but was highly and positively correlated with all three of the solution
extraction methods over the range of fertilizer concentrations (r2 > 0.91; Table 1).
Substrate VWC during these measurements was ~ 50%. This makes it possible
to convert substrate EC guidelines that have been established for any of the
laboratory methods for use with the in situ probes, though our results indicate
the substrate VWC must be above 35% for the interpretation to be valid. The in
situ probes are a viable alternative for measurements of substrate EC that would
eliminate the step of substrate solution extraction.
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Figure 1. The effect of substrate moisture content on the EC reading of different
probes. Volumetric water content was altered by adding de-ionized water, so
the total amount of soluble salts was the same in all treatments. HI 76305
measurements are in units of g·L-1.
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Table 1. Regression coefﬁcients of electrical conductivity measurements from
in situ probes versus standard laboratory methods. To convert values from a
standard laboratory method (y) to an in situ probe measurements (x) use: x =
intercept + slope × y.
In situ EC
Probe

Laboratory
method

Intercept

slope

r2

W.E.T. probe

PourThrough

0.74

0.573

0.93

1:2 dillution

0.71

2.07

0.92

SigmaProbe

FieldScout

HI 76305
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SME

0.66

0.795

0.94

PourThrough

0.62

0.599

0.96

1:2 dillution

0.57

2.19

0.97

SME

0.61

0.805

0.91

PourThrough

0.34

0.611

0.95

1:2 dillution

0.29

2.23

0.95

SME

0.25

0.849

0.96

PourThrough

0.34

0.155

0.93

1:2 dillution

0.33

0.566

0.93

SME

0.32

0.213

0.91
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Signiﬁcance to Industry: The materials evaluated in this study are plentiful
nationwide and typically at a cost lower than that of pinebark. For example,
poultry litter is sometimes available at the cost of hauling while ground pine
chips destined for fuel or paper pulp use run about $5/yd3. Even with the added
cost of additional grinding, chip-mill material may still be competitive with pine
bark prices, and much lower in price than peat, which could lead to reduced
production costs. Our studies indicate that ground pine chips may be have
potential as a substrate component, but more work is needed on particle size
and optimization of nutrition when combined with other materials. Also, additional
attention to possible toxins in fresh wood (6) from a variety of sources is needed.
Nature of Work: The U.S. poultry and egg industry is valued at billions of dollars
in gross farm receipts and employs hundreds of thousands of people. In Alabama
alone the poultry and egg industry represents approximately $2 billion in gross
farm receipts and employs approximately 78,000 people. One negative impact of
this industry is the ~2 million tons of manures generated by the poultry industry.
Even more wastes are generated from other segments of agricultural production,
industry, and municipalities (household garbage and biosolids from water and
sewer treatment plants).
Agriculture is facing increasing societal pressures to properly dispose of wastes
to prevent contamination of water resources. Application of these wastes to
land as fertilizers is technically feasible, but transportation increases costs 2 to
3 fold, limiting economic feasibility. Currently, poultry manure cost about $8/ton
at the source, yet transportation costs may add $17-22 to each ton making it
uneconomical for most nurseries as a fertilizer. Development of new technologies
and value-added products from wastes could potentially reduce environmental
concerns while generating economic returns.
Composting and combining various waste residues provides an opportunity
for development of useful products in the multi-billion dollar horticultural
and ﬂoriculture industries as substrates, top-soils, mulches, fertilizers, soil
conditioners, and bioﬁlters. Research is needed to determine suitable/optimal
combinations of poultry wastes and processing residues, industrial and forestry
byproducts, residential trimmer trash, and biosolids from sewage efﬂuent for
use as substrate components. Interest in the use of various composted waste
materials for container substrates has increased over the last 20 years as
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a way to utilize and recycle material that would otherwise be disposed of in
landﬁlls. Lawn clippings, leaves, vegetable refuse, etc. represent approximately
150 million tons of municipal solid wastes (MSW) produced in the U.S. annually.
Nationally, about 70 % of the daily waste total is organic matter. In excess of
75% of MSW in the U.S. consists of recyclable materials, about 40% of which is
paper and paper products much of which could be extracted from the MSW and
composted for nursery substrates.
Peat moss and softwood bark have provided the primary components for
most greenhouse and nursery substrates over the last 30 years. However,
availability of softwood bark of consistent quality is often a problem due to
the variety of methods used to harvest, process, and store bark. In addition,
potential movement of the lumber and paper industries to other countries or
the practice of burning bark for energy will likely limit future bark supplies (4).
Many studies have investigated the use of various wastes as substitutes for
bark and peat moss including animal wastes (7), cotton gin waste (5), wood
by-products (2, 6), municipal leaf and sewage sludge (1) and rice hulls (3).
Wright and Browder (8) compared growth of three species in 100% freshlyground loblolly pine wood chips, to that of plants grown in 100% pine bark.
They stated that, if ground ﬁnely enough, pine chips had good water holding
capacity, aeration and water drainage. Roots were more extensive in ground
pine chips than in pine bark. Nutrient analysis of the substrate solution found no
toxic nutrient levels associated with pine chips. While suitable for plant growth,
regional availability and a limited supply of uniform and consistent quality product
reduces widespread use of most alternative substrate components. Therefore,
there continues to be a need to identify readily available, low-cost, renewable,
substrate components with consistent quality.
This study evaluated potential substrate components of composted poultry litter
(Ala. Agric. Expt. Stat., Crossville, AL), or municipal biosolid saturated newsprint
crumbles (Tascon Inc., Houston, TX) blended with either ground pine chips or
composted pine bark. The pine chips were originally generated for use as fuel or
for paper pulp production but were ground in a hammer mill to pass a 3/8 inch
screen for this study. Treatments used are listed in Table 1.
Ten plants per treatment for each of three species were grown in trade gallon
containers in a standard double-poly greenhouse and irrigated with overhead
irrigation at 0.3 inches per day. Each substrate blend was pre-plant incorporated
with 13.65 kg/m3 (23 lb/yd3) 13-13-13 Polyon control release fertilizer; 2.97 kg/m3
(5 lb/yd3) dolomitic limestone and 0.89 kg/m3 (1.5 lb/yd3) Micromax. Pour-through
extractions were conducted at 2, 4, 6, and 8 weeks after planting to determine
pH and soluble salts (EC). At the end of the growing season plant quality was
assessed using a SPAD-502 Leaf Greenness Meter (Minolta, Inc.), as well as
measurements for size and dry weight. Treatments were arranged on elevated
tables in a completely randomized design by species. Species used were
Ageratum houstonianum ‘Hawaii Blue’, Salvia splendens ‘Vista Red’, and Annual
Vinca (Catharanthus roseus) ‘Rose Cooler’.
Results and Discussion: As a general observation, for all species, the largest
plants across all treatments were those in which poultry litter was a component of
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the substrate. Also, as a general rule, plants grown in substrate blends containing
pinebark as the primary component were larger than those grown with ground
pine chips as the primary component. In many cases, dry weight of plants
from pinebark based substrates was more than double the size of those from
ground pine chips. However, plant quality, based on SPAD-502 values was not
different among treatments for ageratum, and only one treatment difference was
detectable for vinca.
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32.0 A

10.2 AB

10.3 AB

7.9 BC

9.5 AB

87.5 PB : 12.5
PL

75 PB : 25 PL

87.5 PB : 12.5
BIO

75 PB : 25 BIO

8.0 D

53.4 CD

2.0 E

44.6 AB

43.2 AB

44.5 AB

44.0 AB

42.9 AB

37.6 B

42.5 AB

40.0 AB

46.7 A

43.7 AB

Values within column followed by a different letter are signiﬁcantly different.

4.0 ABC

3.4 BCD

4.6 AB

4.9 A

2.6 DE

2.0 E

1.8 E

2.1 E

2.8 CDE

y

61.4 A

59.6 AB

60.0 AB

57.5 ABC

53.7 CD

51.2 D

51.7 D

52.2 CD

54.9 BCD

Values

Vinca ‘Rose Cooler’
Dry weight (g)
SPAD-502

Treatments were percentage of substrate component where GW = pine chips ground to pass a 3/8 inch screen; PL = poultry litter; PB = Pine bark; and BIO = Municipal
biosolid saturated newsprint crumbles.

15.3 B

13.8 B

19.2 A

20.4 A

7.9 D

9.7 CD

7.3 D

12.3 BC

14.9 B

Values

Salvia ‘Vista Red’
Dry Weight (g)
SPAD-502

z

35.8 A

33.0 A

31.3 A

33.0 A

100 PB : 0 PL

33.1 A

4.5 DE

6.0 CDE

75 GW : 25 BIO

33.2 A

34.1 A

10.7 A

5.8 CDE

75 GW : 25 PL

87.5 GW : 12.5
BIO

34.5 A

33.5 A

3.6 E

6.9 CD

100 GW : 0 PL

Values

87.5 GW : 12.5
PL

Treatmentz

Ageratum ‘Hawaii Blue’
Dry weight (g)
SPAD-502

Table 1. Evaluation of various substrate component blends for container production of summer annuals.
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Salinity and Sodicity Tolerance in Roses:
the Effect of the Counter-Ion
Alma R. Solís-Pérez and Raúl I. Cabrera
Texas A&M University, Dept. of Horticultural
Sciences, 17360 Coit Road, Dallas, TX 75252
asolisperez@yahoo.com.mx
Index Words: Irrigation, Osmotic Effects, Salinity, Sodicity, Speciﬁc Ion Effects,
Water Quality
Signiﬁcance to Industry: The preliminary results from this experiment support the
contention that the effect of salinity on plant growth (as in roses) is inﬂuenced
not just by the total salt concentration and the inherent tolerance of the plant
material, but could by the actual (and often forgotten) chemical (salt) composition
of the irrigation water or nutrient/soil solution. Further research on this topic
could lead to the development of nutrient management and fertilization/irrigation
practices that improve nursery and landscape plant performance under
increasing salt stress (i.e. when using naturally-saline or recycled/reclaimed
irrigation waters).
Nature of Work: The effects on plant growth of excess of soluble salts in the root
medium may be mediated by osmotic inhibition of water absorption, by speciﬁc
effects of the constituent ion(s) in the saline media, or a combination of the two
(2). Salinity in the ﬁeld is usually caused by mixtures of salts rather than a single
salt (1) and ions that are frequently found in excess in saline soils include Cl-,
SO42-, HCO3-, Na+, Ca2+, Mg2+ and, less frequently K+ and NO3- (6). Investigations
on the effects of salinity on plants have been increasing during the past few
years. However, many of these studies involve the artiﬁcial salinization of nutrient
solution or sand cultures mainly with a single salt, usually NaCl. These results
are usually purported to describe plant responses to saline conditions ignoring
the fundamental distinction between saline and sodic soils (5), thus limiting the
extent to which the results can be interpreted (4). Under these circumstances, it
is difﬁcult to differentiate osmotic from speciﬁc ions effects considering that both
Na+ and Cl- may be directly toxic (1) and that a synergistic effect between them
has been reported, with greater injury when both ions are present (6). Therefore
the present study was conducted to determine the effect of Na-based salinity
(i.e. sodicity) and the effect of the accompanying ions on rose plants, a species
historically categorized as salt-sensitive (3).
Bare-rooted rose plants (Rosa spp. ‘Bull’s Eye’) budded on two rootstocks
(R. manetti and R. x ‘Natal Briar’) were grown in a greenhouse in 20 liter
(5.3 gallons)containers ﬁlled with a peat: pinebark: sand substrate (3:1:1 v/v)
amended with dolomitic limestone 3.0 kg.m-3 (5 lbs/yd3) and Micromax 0.8 kg.m-3
(1.35 lbs/yd3). Plants were irrigated with a 1⁄2 strength Hoagland solution. The
salinity level was set up at 12 mM
M Na accompanied by Cl-, SO42- and NO3- as
counter-anions, resulting in a set of seven combinations (treatments) of NaCl,
Na2SO4 and NaNO3 (100:0:0, 50:50:0, 0:100:0, 0:50:50, 0:0:100, 50:0:50,
and 33:33:33 equivalent ratio), with six replications per treatment in a mixture
experiment design. Solutions were pumped from 150 liter (39.5 gallon) containers
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with submersible pumps and delivered to each plant with calibrated spray–stake
Spot Spitter® emitters. Evapotranspiration (measured gravimetrically) was
used to determine irrigation volume plus a target leaching fraction of 30%.
Leachates were collected throughout the experimental period and analyzed for Cl
concentration, pH and electrical conductivity (EC). Dry mass and ﬂower yield and
quality were monitored over ﬁve ﬂushes of growth and ﬂowering, and leaf tissue
has been analyzed for chlorophyll (SPAD) and Cl concentration. At the end of
the experiment, whole plants from each treatment were destructively harvested
and are being analyzed for biomass partitioning and total nutrient content. Data
analyses were performed with Design-Expert (v 6.0.11) and SAS System (v 8.0).
Results and Discussion: Total dry weight (TDW; meaning that in harvested
ﬂower shoots), was affected by rootstock selection (RS) (p<0.0001), but not by
salt combinations (SC) (p=0.1058). Plants budded on R. manetti had higher TDW
than those budded on R. x ‘Natal Briar’ (Fig. 1 A, B). In R. manetti, all seven
solutions had the same TDW (p=0.1952), but from the 3-D surface response plot
(Fig. 1A) a trend can be seen where TDW was higher for the three binary blends
(mixtures composed by two salts, 50% each) than for the pure blends (100% of
one salt) and the tertiary blend (33.3% of each one of the three salts), specially
for the mixture of NaCl and Na2SO4 (50% each). In R. x ‘Natal Briar’ there was
a linear relationship between TDW and the nature of the blend (p=0.0083),
where Na2SO4 was the salt with greater positive impact on TDW since for every
increase in the proportion of this salt in the blend, increases in TDW were greater
compared to NaCl and NaNO3 (Fig. 1 B).
Leachate EC’s were around 3.0 dS.m-1 at the beginning of the experiment, but
increased markedly during the experiment, specially for the blends containing
100% NaCl and 50% NaCl plus 50% NaNO3 in R. manetti, reaching EC values
between 6 and 7 dS.m-1 (Fig. 2 A and B). The concentration of Cl ([Cl]) in
leachates was different between RS. In R. manetti the blends containing NaCl
(100%, 50% or 33%) had greater [Cl] in leachates (in that order) than in the
other salt blends, an expected response (Fig. 2 C). However, in R. x ‘Natal
Briar’ plants, the blend containing 100% NaCl did not have the highest [Cl] in
leachates, but it was similar to that of the (tertiary) blend with 33% NaCl and
lower than those from the 50% NaCl solutions (Fig. 2 D).
As for [Cl] in leaves, in both RS it was higher for the blends containing 100%,
50% and 33% NaCl, in that order, however, there were marked RS differences
in their values and rate of change (‘accumulation rate’) over time (Fig. 2 E,
F). Overall, plants budded on R. manetti presented lower leaf [Cl] for blends
containing 50% and 33% NaCl in all four ﬂower shoot harvests as compared
to R. x ‘Natal Briar’. On the other hand, R. manetti plants receiving the 100%
NaCl blend had higher leaf [Cl] in harvests three and four, and interestingly,
their rate of leaf Cl accumulation between harvests two and four (days 101 and
225, respectively) signiﬁcantly surpassed that seen in leaves of R. x ‘Natal Briar’
plants. Pending tissue analysis for harvest ﬁve, as well as in roots and stems
at the end of the experiment will allow us to elucidate more on Cl partitioning in
the plant.
As for now, all we can say about the preliminary results of this experiment is that
for plants budded on R. manetti the effect of all salt combinations on plant growth
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appears to be more osmotic in nature since total dry weight was statistically
the same for all treatments. In plants budded on R. x ‘Natal Briar’, however, an
additional effect due to speciﬁc ion toxicities is apparent. From the leachate EC
and [Cl] results observed in R. manetti plants, we could have speculated that this
RS has a stronger salt exclusion capacity than R. x ‘Natal Briar’, but the marked
differences in leaf [Cl] concentration observed in plants receiving the 100%
NaCl blend, particularly the last harvests, is certainly confusing. Results from
previous experiments have indicated that the R. manetti rootstock may contribute
to a signiﬁcant Na exclusion in leaves of its scions (3). Analysis of Na and other
mineral nutrients in leaf tissues of harvested ﬂower shoots are still pending, as
well as for the destructively harvested whole plants at the end of the experiment
(i.e. after ﬂower harvest ﬁve). Hopefully these results will allow us to elucidate
more information about ion (i.e. Na, Cl) partitioning in the plant and nutrient
relations and imbalances.
Literature Cited:
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Figure 1. Total cumulative plant dry weight in ‘Bull’s Eye’ rose plants budded
on R. manetti (A) and R. X ‘Natal Briar’ (B) and irrigated with complete nutrient
solutions salinized with 12 mM
M Na provided in a mixture of Cl-, SO42- and NO3salts.
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Figure 2. Leachate EC (A,B) and [Cl] (C,D) and leaf [Cl] (E,F) in ‘Bull’s Eye’
rose plants budded on R.manetti and R. X ‘Natal Briar’ and irrigated with seven
complete nutrient solutions salinized with 12 mM
M Na provided in a mixture of Cl-,
2SO4 and NO3 salts (treatment ID shown on plot B).
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Commercial Production of English Ivy in Georgia –
Propagation, Scheduling, and Economics
Forest E. Stegelin, Bodie V. Pennisi,
Paul A. Thomas and Jean L. Woodward
University of Georgia, Depts. of Ag & Applied Economics,
Horticulture and Plant Pathology, Athens, GA 30602-7509
fstegelin@agecon.uga.edu
Key Words: English Ivy, Hedera helix, Propagation, Scheduling, Economics
Signiﬁcance to Industry: Ivy foliage is widely valued for its cascading and
trailing look, and for its evergreen characteristics. Ivy has become quite popular
in residential landscapes as a ground cover under shade or part-sun light
conditions, especially under oaks, pines, and other shade trees. Depending on
the cultivar, ivies can also be used in hanging baskets, container or dish gardens,
and even trained as topiaries, living wreaths and trellises, and wall covers. Due
to this versatility, interest among growers has developed for growing ivy.
Nature of Work: Commercial growers, such as Classic Groundcovers of Athens
GA, were contacted to provide any assistance with information on propagation
and pest control, and to serve as a check for accuracy once the production
budgets were developed. The focus of the research and analysis was on Hedera
helix L., or English ivy, as it is commonly referred to by retail customers.
Results and Discussion: Juvenile ivy can be easily propagated by tip cuttings
or node cuttings, with the latter yielding more cuttings per stock plant, and hence,
is the more common procedure (1). Vines taken from stock plants are cut into
smaller pieces of one to three leaves, making the cut immediately above the
leaf and reducing the length of the stem to about one-inch. Because juvenile
ivy roots readily, rooting hormones are infrequently used. One popular method
of combining the cutting and sticking processes is to hold the stock vine by one
hand, push the bottom one-inch of the stem into the propagating medium, make
a cut just above the bottom leaf, move the vine into an adjacent position in the
pot, and repeat the process until only the tip, which is usually discarded, is left.
The number of cuttings per pot can vary from as few as ﬁve in a four-inch pot
upward to 50 in a ten-inch container or hanging basket. The number of cuttings
per pot, as well as the cultivar, will determine how full the ﬁnished product is.
Direct stick takes longer to ﬁnish but the input costs are lower (Table 1). Shorter
production time and rapid turnover can be achieved if liners or larger pot sizes
are used. For mixed baskets and combination planters, either liners or 2- to
4-inch pots can be used. Of course, using more plugs or a higher number of
cuttings can achieve a fuller appearance. Scheduling timetables are important for
having a particular type of container or size of ivy into a particular market – retail
nursery, garden center, landscaper trade, etc. – at the best market opportunity.
Estimates were determined for direct and indirect costs of producing juvenile
Hedera in 2 1⁄4” pots in trays for the landscape industry (Table 2). The budget
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typiﬁes the cost of producing and marketing nearly 60,000 ivy in 21⁄4” containers,
the equivalent production for a 30’ by 100’ commercial greenhouse. If the
marketing goal for the grower or producer is a 20% markup (proﬁt above cost),
the asking price should be at least 42¢ per 2 1⁄4” container of ivy [35¢ cost +
20%, or 7¢ markup = 42¢ selling price]. If the pricing strategy, as a marketing
goal, is to receive a 20% margin (proﬁt as a % of selling price), the desired
selling price should be 44¢ per 21⁄4 container [44¢ selling price minus 20%, or 9¢
margin = 35¢ cost] for the 57,182 salable plants.
Literature Cited:
1.

Pennisi, Bodie V., Ronald D. Oetting, Forrest E. Stegelin, Paul A. Thomas,
and Jean L. Woodward. September 2001. Commercial production of English
Ivy (Hedera
Hedera helix L.). University of Georgia CAES/CES/HORT Bulletin 1206.

Table 1. Scheduling of Hedera juvenile forms, Zone 8.
Starting Plant Material

Product

Finishing Times

Single Node, unrooted
cutting

50- or 72-cells

10 weeks

2”- or 3”-pots

10-12 weeks

4” pots

12-16 weeks

6”- or 8”-hanging
baskets

16-18 weeks

4” pots

8-10 weeks

6”- or 8”-hanging
baskets

12-14 weeks

6”- or 8”-hanging
baskets

10-12 weeks

1-gallon containers

10-12 weeks

6” or 8” hanging baskets

8-10 weeks

1-gallon containers

8-10 weeks

Bare Root cutting

Plugs or liners

2”-4” pots
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Table 2. Estimated direct and indirect costs of producing juvenile Hedera in
Zone 8, Georgia (salable crop of 57, 182 plants in 21⁄4” pots on trays).
Item

Description

Unit

Quantity

$/Unit

$/Crop

Cuttings

Hedera
(220 trays,
5% loss)

each

63,360

0.012

761

Containers

2 ¼” press
ﬁll pots
(500/case)

case

121

39.50

4,780

Trays

24-count
(50-24
count/
case)

case

51

29.50

1,505

Rooting
media

3 cubic
foot bags

bag

66

14.00

924

Plant id
stakes

300/
bundle,
color
printed

bundle

201

6.00

1,206

Fertilizer

9-3-6, 20lb.
bags

bag

8

8.50

68

application

4

Direct
Costs:

Fungicides/
Insecticides
Total Direct
Costs

966
$10,210

Indirect
Costs:
Greenhouse (12 weeks - hvac, lighting, irrigation, overhead)
Pot Filler (overhead expenses for ﬁlling 60,000 pots)

880
120

Hired Labor(72 hours at $8.10/hour, including taxes and beneﬁts)

6,480

Management Fee

2,000

Interest on Operating Capital (0.33 at 10%)
Total Direct and Indirect Costs

650
$20,340

Variable Costs per Salable Plant (5% production loss, or 57,182
plants)

$0.18

Fixed Costs per Salable Plant (debt repayment, repairs/
maintenance, depreciation)

$0.17

Total Cost per Salable Plant (excluding any proﬁt)

$0.35
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Effects of Soil Level and Fertilization on
Performance of Container Lotus
Daike Tian, Ken Tilt, Jeff Sibley, Fenny Dane and Floyd Woods
Auburn University, Dept. of Horticulture,
Funchess Hall 101, Auburn, Alabama 36849
tiandai@auburn.edu
Index Words: Container Lotus, Nelumbo nucifera, Fertilization, Soil Level,
Biomass, Emerging Leaf, Propagule
Signiﬁcance to Industry: Little research is available on nursery production of
Nelumbo nucifera Gaertn. (lotus). In this study, application of soluble fertilizer
increased growth parameters of lotus with increasing fertilizer rates. However,
1 tsp of 20-10-20 (Pro•Sol) every 20 days was sufﬁcient for good growth in
a 56.8 liter (15 gallon) container. Two tsp increased root weight, number of
propagules and number of expanded internodes but also stimulated proliferation
of algae growth in the beginning stage. Soil level within the containers at a level
of 1⁄2 was better than ﬁlling to 3⁄4 height within the containers. Treatments of
fertilizer rate and soil level had little effect on the concentration of macronutrients
but signiﬁcantly inﬂuenced concentration of some micronutrients especially B in
young leaves.
Nature of Work: Lotus is an impressive ﬂowering rhizomatous, perennial,
aquatic herb, which has a long history in the diverse cultures of the Orient. The
plant is sacred in the Hindu and Buddhist religions (1). Sacred lotus has been
cultivated in Asia for thousands of years and has been a prestigious crop in
China for nearly 5,000 years (2). A developing and open world economy has
led to increasing exchanges and meshing of cultures, ideas and horticultural
treasures. With the exciting discovery of viable 2,000 years old lotus seeds, this
plant has moved into the spotlight and the lotus industry is blooming in the world.
A preliminary study was conducted at Horticulture Department of Auburn
University to investigate the effects of fertilization and soil level on performance
of container lotus. Three ornamental cultivars were selected for the two studies.
‘Embolene’ (medium sized, with numerous leaves and ﬂowers) and ‘98 Seed’
(large unnamed seedling with numerous leaves, few but large ﬂowers) were
used in examining the effect of container soil level on the growth of lotus. ‘No1’,
another unnamed seedling (medium sized, with few emerging leaves and
ﬂowers) was used in testing the effect of 2 fertilization rates. Lotus rhizomes were
divided and planted in 56.8 liter (15 gallon) black plastic containers (38 x 36 cm
(15 x 14.2 in)) with no holes on May 17, 2004, when new young leaves (“coin
leaves”) had emerged in the original stock pot. For ‘No1’, each pot was ﬁlled with
1/2 level (1/2L, 18 cm (7.1 in)) of sandy loam soil. For the other two cultivars,
containers were separated into two groups, one group was ﬁlled to 1/2 container
soil level while the second group was ﬁlled to 3/4 container soil level (3/4L, 27 cm
(10.6 in)) with a sandy loam soil.
After planting, all pots were ﬁlled with water. Fertilizer was applied once every
twenty days from June 9, 2004 when the lotus had at least several coin leaves
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and possibly one or two emerging leaves. Fertilizer treatments ended on July 21,
2004. Water solution samples were taken twice (one hour before fertilization
and 24 hrs after fertilization) in the afternoon in the same pots to better monitor
the nutrient status. When taking samples, pots were irrigated to the full level of
water by hand carefully to assure the same water level. On August 23, 2004,
young fully expanded leaves were sampled from each cultivar for nutrient
analysis. Fertilizer applied was water soluble 20-10-20 (Pro•Sol Inc, 1792 Jodie
Parker Rd., Ozark AL 36360, USA) 20-10-20 (20% total nitrogen, 10% available
phosphate, and 20% soluble potash). One and two teaspoons (4g and 8g
respectively) of fertilizer were added to each 10 pots of lotus ‘No 1’. Cultivars in
the soil level study received one teaspoon (4g) of fertilizer at the same dates.
Data collected included number of emerging leaves, ﬂowers, propagules
(normally containing 2-3 internodes) and number of expanded internodes. Fresh
root (combining rhizomes and roots) weight was also collected. All samples of
water and leaves were analyzed by Soil Testing Laboratory of Auburn University.
Data were analyzed by T-test using SAS program (SAS Institute Inc. 100 SAS
Campus Drive, Cary, NC 27513-2414 USA).
Results and Discussion: Lotus were divided and planted on May 17, 2004 at
Auburn University. The average beginning pH value of all water samples taken
from the three cultivars on June 9 was 7.27 (7.17-7.38). pH values were similar
in all samples before fertilization but were inﬂuenced dramatically by fertilization.
With the absorption and utilization of fertilizer, pH vacillated depending on the
cultivar, soil level and concentration of fertilizer applied. Unlike pH, electrical
conductivity (EC) in water solution exhibited regular changes for all cultivars
during fertilization: 1) EC increased after fertilization and then went down with the
absorption of fertilizer: 2) EC increased with the concentration of fertilizer within
cultivars.
After fertilization, small absorption rate increases of N, P, and K occurred every
twenty days with growth of lotus (Table 1). Absorption rate of N was highest
followed by P and K. Except for the 2 tsp fertilizer treatment in ‘No1’, utilization
rates of N, P and K were above 99%, 83% - 97% and 80% - 96%, respectively,
depending on cultivars and soil levels. For ‘No1’, with fewer emerging leaves,
2 tsp of fertilizer was excessive, because the utilization rates of N, P and K were
obviously lower than those of 1 teaspoon treatment (Table 1). This data was also
supported by visual observations of deep green colored leaves of ‘No1’ lotus.
Two tsp fertilization of ‘No1’ lotus increased root fresh weight (P=0.027), number
of propagules (P=0.002) and expanded internodes (P=0.001) which are important
parameters in commercial production compared to the number of emerging
leaves and other parameters of lotus receiving one tsp of fertilizer (Table 2).
Lotus plants respond favorably to increased fertilizer rates. However, the
response level to fertilizer depends on the cultivar, container size and possibly
the soil level.
In the soil level study, treatments of 1/2L and 3/4L for ‘Embolene’ and ‘98
Seed’ had no signiﬁcant effect on growth except for the ﬂower number of the
latter (Table 2). In 3/4L for ‘Embolene’, the fresh weight of roots, the number of
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propagules and expanded internodes only slightly increased but the number
of emerging leaves and ﬂowers slightly decreased in contrast to that of 1/2L
(Table 2). For ‘98 Seed’, in the group of 3/4L, the number of ﬂowers decreased
(P=0.024) in comparison with the group 1/2L (Table 2). All plants in 1/2L
containers had 1-3 ﬂowers but only two of 6 pots in 3/4L had 1-2 ﬂowers. Data
suggested increasing soil level in containers decreased ﬂower formation and
ornamental value of ‘98 Seed’. Fresh weight of roots in 3/4L also decreased. A
slight increase was found in the number of propagules, expanded internodes and
emerging leaves.
Nutrient analysis of leaf tissue indicated that some different concentrations of leaf
nutrients were found between cultivars (Figure 1-2). The concentrations of N, Ca,
Fe and Al in ‘No1’ are much higher than those in ‘Embolene’ and ’98 Seed’. The
treatments of fertilizer concentration and soil level did not affect macronutrient
concentration but signiﬁcantly inﬂuenced concentration of some micronutrients of
leaves, for instance, the concentration of B in all three cultivars, Fe in ‘98 Seed’
and Cu in ‘No1’. The concentration of B, Fe and Al in young leaves of all three
cultivars increased in treatments of two teaspoon fertilizer or 3/4L. It indicated the
concentration of these three elements in leaves increased with the concentration
of fertilizer.
Literature Cited:
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Follett J.M. and J.A. Douglas. 2003. Lotus root: production in Asia and
potential for New Zealand, Combined Proceedings International Plant
Propagators’ Society, 53:79-83.

2.

Shen, J.M., J.W. Schope, G. Harbottle, R.J., Gao, Q.Y. , Shu, K.S., Zhou,
J.R., Southon, and G.H., Liu. 2002. Long-living lotus: germination and soil
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abnormalities of offspring. American Journal of Botany 89:236-247.

Note: for the following ﬁgures and tables, TS- teaspoon of fertilizer; L - Soil level;
No – Number; AR- Absorption rate of fertilizer.

Figure 1.-2. The concentration of macronutrients (Figure 1, left) and
micronutrients (Figure 2, right) in young leaves for four treatments of three
cultivars 70 days after planting.
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2.9

1TS
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K
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5.3

44.3

85.2
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Table 1. Concentration (ppm) and absorption rate (%) of NPK every twenty days
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0.3

9.7

94.8

0.5

9.7

3/4L

82.1

2.6

2TS
14.5

97.7

0.8

34.6

85.3

5.1

34.6

1/2L

80.9

6.5

1TS
34.1

K

96.2

1.9

49.8

88.2

5.9

49.8

3/4L

67.7

22.8

2TS
70.5
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693.4
656.3

1/2 Level

3/4 Level

333.7

3/4 Level

* Signiﬁcant (P≤0.05) according to T-test within column for the same cultivar.

98 Seed

316.9

1/2 Level

337.1*

2 Teaspoon

Embolene

248.4

1 Teaspoon

No1

Fresh Weight
(g)

Fertilizer/Soil Level

Cultivar

9.0

8.6

34.6

28.3

10.0*

6.9

Propagule No

7.7

7.4

22.3

18.0

10.3*

7.3

Expanded
Internode No

23.7

20.2

41.6

44.6

6.3

5.9

Emerging Leaf
No

0.5*

2.0

12.2

12.3

0

0

Flower No

Table 2. Growth parameters for the treatments of fertilizer rate or soil level. Values are means of seven samples for No1, eight for
‘Embolene’ and six samples for ‘98 Seed’
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Evaluation of Fertilizer and Irrigation Production
Systems for Large Containers
Anthony L. Witcher and Edward W. Bush
Louisiana State University, Agricultural Center, Baton Rouge, LA 70803
Index Words: BMP’s, Irrigation Frequency, Leachates, Large Container, MicroIrrigation, Fertilizer Placement, Ulmus parvifolia
Signiﬁcance to Industry: This study showed cyclic irrigation reduced runoff and
increased plant growth compared to a single application. Cyclic irrigation can be
easily implemented if an automated irrigation controller is being used. Increased
growth was also seen with incorporated fertilizer compared to topdressed.
Fertilizer incorporation requires expensive equipment that may not be an
economical option for some growers. Growers need to weigh the pros and cons
of each micro-irrigation delivery system and investigate the cost before choosing
one. These results provide growers with several options for designing a large
container production system.
Nature of Work: The objective of this study is to compare fertilizer placement,
irrigation method and irrigation frequency to determine which maximizes growth
while minimizing efﬂuent and nutrient loss in the production of large container
trees. This study was conducted at Burden Center in Baton Rouge, LA from April
to December of 2000 (Experiment I) and was repeated from May to December
2001 (Experiment II) using different plants. Eighty 11.4 liter (3 gallon) Chinese
elms (Ulmus parvifolia) were transplanted in April of 2000 and May of 2001
into 76 liter (20 gallon) Lerio containers containing a pine bark, peat and sand
(3:1:1 by volume) media amended with 8 lbs/yd3 (4.7 kg/m) dolomitic limestone.
Forty containers were topdressed with 1.14 lbs (516 g) Osmocote 15-9-12 plus
minors (12-14 Month) and forty were ﬁlled with media incorporated with 18lb/yd3
(11 kg/m3) of the same product. Half the containers were irrigated with Roberts
Spot Spitters® (spray stake), 6gph (22.7 Lph) ﬂow rate @ 15psi, while the rest
contained 42 inch (106 cm) rings (drip ring) with emitters every 6 inches (15
cm), 3gph (11.4 Lph) ﬂow rate @ 15psi, made from drip tubing manufactured
by Drip-In Irrigation Co. Trees were irrigated at 6AM for the one time per day
(1x) treatment and at 6AM, 12PM, and 6PM for the three times per day (3x)
treatment. Thirty-two containers were placed on 10 inch (25 cm) tall square
stands constructed of 1.5 inch (3.8 cm) angled iron, a 24 inch (61 cm) square
rubber mat with a drain attached placed between the container and stand for
collection purposes. Trees were arranged in a RCBD with 2 irrigation treatments
(spray stake and drip ring), 2 fertilizer treatments (incorporated and topdressed),
and 2 irrigation frequencies (one and three times per day) with 10 replications.
Efﬂuent and leachates were taken monthly from July to November each year
while a growth index, calculated from the following equation: [height (cm) +
caliper (mm) x 100] / 2, was recorded every two months from June to October
each year. Efﬂuent was collected in 5-gallon (18.9 L) containers and weighed to
determine percent efﬂuent. Leachates were collected from efﬂuent and analyzed
for pH, EC, N, P, and K. Height was measured in inches from the media surface
to the apical meristem using a surveying rod. Stem caliper measurements were
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taken 8 inches (20 cm) above the media surface to the nearest 1/100 millimeter
using a Mitutoyo® digital caliper.
Results and Discussion: In experiment I, the incorporated fertilizer produced
plants with signiﬁcantly higher growth indices over the entire growing season
compared to the topdressed fertilizer (data not shown). A similar trend occurred
in experiment II where the incorporated fertilizer resulted in signiﬁcantly higher
growth indices from mid-season to termination compared to the topdressed
treatment. Incorporated fertilizer increased growth by 7% over topdressed
fertilizer by the end of each experiment (data not shown). Similar experiments
have found no signiﬁcant differences in plant size as a result of fertilizer
placement (3). The 3x frequency treatment resulted in signiﬁcantly higher growth
indices (5% by the end of the experiment) than the 1x frequency treatment in
experiment I, while no signiﬁcant growth difference occurred in experiment II
(Figure 1). Previous studies also showed that cyclic irrigation increased plant
size (1). Although the topdressed treatment produced higher efﬂuent in both
experiments compared to incorporated, a signiﬁcant difference was only present
in experiment II (data not shown). In each experiment, the 1x irrigation produced
signiﬁcantly more efﬂuent than the 3x irrigation treatments (Figure 2), similar to
results found in a study using ‘Little Gem’ Magnolia (2). When comparing spray
stakes to drip rings, the drip ring treatment produced signiﬁcantly more efﬂuent
than the spray stake treatment in both experiments (Figure 3). A possible reason
could be that spray stakes produced wind drift and container overspray which
could have reduced the irrigation volume applied to the containers. Another
explanation is that the spray stakes saturated the media more efﬁciently than
the drip rings which resulted in less efﬂuent. In all cases EC remained in an
acceptable range for vigorously growing plants (data not shown). Leaching
of N and P was signiﬁcantly higher from the incorporated fertilizer in August
and September compared to topdress (data not shown). Potassium leached
signiﬁcantly more from incorporated than topdressed from July to October (data
not shown). Previous studies show higher nutrient leaching with incorporated
treatments compared to topdressed treatments (4). Higher temperatures inside
the container could cause this since the fertilizer release rate is dependent
on temperature and the fact nutrients have a longer distance to migrate in the
topdressed treatments opposed to the incorporated treatments.
Literature Cited:
1.

Fain, G.B., K.M. Tilt, C.H. Gilliam, H.G. Ponder and J.L. Sibley. 1998. Effects
of cyclic micro-irrigation and substrate in pot-in-pot production. Proc. SNA
Conf. 43:87-90.

2.

Gray, A.L., E.W. Bush and R.I. Edling. 1998. Cyclic irrigation affects on
container-grown ‘Little Gem’ magnolia growth and fertilizer leaching. Proc.
SNA Conf. 43:520-525.

3.

Tilt, K., W.T. Witte, M. Halcomb and J. Watkins. 1990. Slow release fertilizers
with minor elements topdress vs. incorporation on 100% bark medium. Proc.
SNA Conf. 35:111-116.

4.

Yeager, T.H., D.L. Ingram and C.A. Larsen. 1989. Nitrate nitrogen and
potassium release from surface-applied and growth medium-incorporated
osmocote and escote. Proc. SNA Conf. 34:54-56.

144

Container-Grown Plant Production Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Figure 1. Cumulative growth index (GI) in Chinese elm (U. parvifolia) under two
irrigation frequencies; once daily (1x) and three times daily (3x). Experiment I
(top) and Experiment II (bottom).
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Figure 2. Percent efﬂuent volume in Chinese elm (U. parvifolia) under two
irrigation frequencies; once daily (1x) and three times daily (3x). Experiment I
(top) and Experiment II (bottom).
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Figure 3. Percent efﬂuent volume in Chinese elm (U. parvifolia) under two
irrigation types; drip ring (drip) and spray stake (spray). Experiment I (top) and
Experiment II (bottom).
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