SNA Research Conference Vol. 55 2010

Container Grown
Plant Production
James A. Robbins
Section Editor and Moderator

334
Container Section

SNA Research Conference Vol. 55 2010

Nitrogen Nutrition of Eastern Redbud (Cercis canadensis)
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Significance to Industry: Eastern redbud [Cercis canadensis L. (Fabaceae Lindl.)] is
grown commonly in the nursery industry, and optimum mineral nutrition is necessary to
reduce grower costs and to minimize unwanted impacts to the environment. Results
herein demonstrated that during the first season of growth, containerized eastern redbud
should be fertilized with nitrogen (N) at 180 mg•L-1 per daily irrigation. Nitrogen rates
above or below 180 mg•L-1 reduced growth. Plants grown with N rates < 60 mg•L-1,
compared to plants grown at higher rates, allocated more resources to root growth. At N
rates > 60 mg•L-1, the root:top (shoot) ratio [RTR (root dry weight ÷ top dry weight)] was
0.25.
Nature of Work: Eastern redbud, native from Michigan to Mexico and east to the
Atlantic Ocean, is a small flowering tree notable for its attractive spring flowers (6). The
tree occurs in a wide variety of phenotypes (e.g., growth habit and flower and leaf color)
that add interest to the garden (8). A redbud can be found to suit the needs of nearly
every garden (3), and it is also recommended as an urban tree for use under power
lines (7). Because of these attributes, it is commonly produced by the nursery industry
(2).
Nitrogen is the mineral nutrient that most affects growth (5). When N supply is
suboptimal, overall plant growth is reduced. As N supply increases, particularly in early
growth stages, shoot growth is favored over root growth. A low RTR may put the plant
at a disadvantage in later growth stages as the roots may be insufficient to provide
adequate water and mineral nutrients (5). Growers must balance N fertility so that the
RTR remains favorable. In addition, optimum N nutrition of containerized plants
maximizes growth while also minimizing grower costs and loss of mineral nutrients from
the container to the environment.
Some research of limited scope has been reported on the fertility requirements of
eastern redbud. Beattie et al. (1) studied the effects of three different slow-release
fertilizers on growth of eastern redbud when used at half the labeled rate, the labeled
rate, and double the labeled rate. They found the greatest growth when applying 7.1 g
(0.3 oz), half the recommended rate, of a 19N-2.6P-10K (19N-6P2 05-12K20) granular
fertilizer to a 3.8-L (1-gal) container. However, the source of the mineral nutrients and
rate of release of the fertilizer were not specified and no statistical analysis was
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performed. Other studies by Wright et al. (10) and Stoven et al. (9) examined the
effects of lime rate and fertilizer type (water soluble or control release) on growth of
eastern redbud, but N rate was not considered in either study. Geneve and Weston (4)
using fertigation water with a soluble fertilizer [Peters 14N-6.5P-13.3K (14N-15P20516K20) (J.R. Peters, Inc., Allentown, PA)] at N concentrations of 100, 200, 300, or 400
mg·L-1 observed the greatest growth of eastern redbud at 200 mg·L-1.
Recent research on another Cercis L. (redbud) is also informative. Zahreddine et al.
(11) studied growth and mineral nutrient partitioning in container production of 2-year
old Judas tree (C. siliquastrum L.). Plants grown outdoors in 11-L (3-gal) containers
with a substrate of 3 pine bark : 1 composted municipal sewage sludge (by vol.) were
irrigated daily with 1 L (1.1 qt) of water containing a 21N-3.1P-5.9K (21N-7P205 -7K20)
water soluble fertilizer providing one of two concentrations of N: N at 25 mg·L-1 or N at
100 mg·L-1 . Plants fertigated with N at 25 mg·L-1 had a higher relative growth rate, a
higher net assimilation rate, higher leaf area ratio, greater root dry weight, greater total
plant dry weight, and a greater percentage of total dry weight in the roots. For N at 100
mg·L-1 a greater percentage of total dry weight was in the stems and leaves.
The aforementioned studies indicate a wide range of optimal N application rates for
growth of redbud species. Optimum N nutrition is necessary to minimize grower costs
and minimize the potential impact on the environment. Therefore, the following research
was conducted to investigate further the effect of N application rate (NAR) on growth of
eastern redbud. The research involved growing containerized seedlings of eastern
redbud in a greenhouse for 10 weeks with NARs ranging from 0 to 300 mg·L-1.
Results and Discussion: Seedlings fertilized with N at 180 mg·L-1 had the greatest
leaf area, leaf dry weight, and total plant dry weight. Plants allocated more resources to
root growth at NARs < 60 mg·L-1. At NARs ≥ 60 mg·L-1, allocation of carbon to roots
and tops was constant, with a RTR of 0.25. Foliar concentrations of N, phosphorus,
and sulfur increased linearly with increasing NAR while concentrations of potassium
were not affected by NAR. Foliar concentrations of calcium and magnesium responded
quadratically with minimum concentrations at 240 and 180 mg·L-1, respectively. Boron
also responded quadratically with maximum concentrations predicted at a NAR of 175
mg·L-1. Concentrations of copper decreased linearly with increasing NAR. Foliar iron,
manganese (Mn), and sodium were not significantly affected by NAR. Foliar Mn
concentrations were generally low and approached critical levels. Based on observed
growth and the concentrations of various mineral nutrients, we conclude that during the
first season of growth containerized eastern redbud should be fertilized with N at 180
mg·L-1 per daily irrigation.
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Recycling Phosphorus Saturated Clay As A Container Substrate Amendment
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Index Words: Nitrogen, Media, Crushed brick, Calcined clay, Nutrient recycling
Significance to Industry: In the context of the ongoing green revolution,
environmentally conscious growers are presently in search of innovative ways to
minimize nutrient runoff while optimizing crop nutrient availability. Clay substrates
constitute a valuable tool in addressing these two seemingly paradoxical goals through
the development of nutrient recycling systems. Clays may be utilized initially to
remediate runoff waters with high phosphorous levels and subsequently employed as
substrate amendments. Both calcined clay and crushed brick sorb phosphorus from
container leachate. Upon saturation, these nutrient sinks may be removed from the
treatment system, dewatered, and incorporated as a fertilizer supplement in container
substrates. Plants grown in clay amended substrates exhibit similar growth
characteristics to those grown with typical container amendments, but clay-amended
medias allow lower phosphorus fertilization rates - potentially saving growers money
and helping to reduce nutrient loading into the environment.
Nature of Work: The nursery industry as a whole is presently transitioning to
sustainable water and nutrient use practices in an effort to conserve both natural and
financial resources. These practices must prevent excessive nutrient waste by
minimizing leaching during irrigation events. Production practices that limit nutrient loss
and increase plant uptake are of interest to many growers and involve altered irrigation
and fertilization habits coupled with development of methods to capture and reuse
nutrients lost via leaching. Subsurface flow constructed wetlands have been shown to
improve removal of phosphorus from nursery effluent (1, 2). However, many of the
nutrients are not recovered, instead they are transformed by biological processes in the
wetlands.
In an ideal system, subsurface flow constructed wetlands would initially be employed to
fix a significant portion of the phosphorous contained in nursery leachate. This fixed
phosphate pool could then be collected for use as an alternative fertilizer source. This
research examined the impact of various clay amendments on plant growth, nutrient
uptake, and nutrient leaching in bark-based container substrates. The clay
amendments screened in this study were selected based on previously documented
effective phosphorus sorption from simulated nursery effluent (2). We characterized the
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relative concentration of phosphorus and other macro- and micronutrients that could be
supplied by the clays in the substrate amendment and developed various fertilization
treatments based on these availabilities.
Calcined clay has previously been shown to enhance plant water and nutrient use
efficiency (3). We hypothesized that calcined clay would retain those properties and
serve as a low-level fertilizer supplement when incorporated as an amendment in
container substrates after its use as a phosphorus sorbing substrate in constructed
wetland systems. We also examined crushed brick as a substrate amendment after
prior use as a filter media in subsurface flow wetlands. Both brick and clay substrates
appeared to have similar physical characteristics as “un-saturated” substrates
(substrates that were not previously used to sorb phosphorus in a wetland setting). The
coarse calcined clay was uniform in size (4/20 LVM-GA, Agrisorbents) while the
crushed brick was more variable in size ranging from dust to pea size particles (National
Brick Research Institute). We also used washed builders’ sand as an industry standard
amendment for comparison of relative leaching and nutrient uptake efficiencies of the
amendments screened.
The first experiment was conducted in 2008 in a double-layer, polyethylene-covered
house in Pendleton, SC. Liners of Salvia ‘May Night’ and Sedum ‘Purple Emperor’ were
planted #1 containers on 28 April. Substrates examined were sand, phosphorus
saturated calcined clay (CC+), and unsaturated calcined clay (CC-). Amendments were
mixed into bark substrates (Fafard Nursery Mix, Fafard Co. Anderson ,SC) at volume
ratios recommended by the work of Owen et al. (3). Fertilizer treatments were topdressed and included no additional fertilizer (0g), low (3g), medium (7g), and high (11g)
rates of a 6-month OsmocotePro 22-4-8 (Scotts Company, Marysville, OH). Plants
were harvested on 11 Aug 2008. Plant data (not shown) were collected every two
weeks and included height (cm, from rim of pot to top of foliage), average width (cm, at
widest point and perpendicular to that point), and percent plant flowering.
The second experiment was conducted during 2009 in a double-layer, polyethylenecovered house in Pendleton, SC. Liners of Salvia leucantha Cav. were planted in #1
containers and filled with the appropriate substrate treatment on 24 March. This
experiment examined the efficacy of phosphorus saturated (B+) and non-saturated (B-)
crushed brick amendments, along with those amendments screened in the previous
experiment (sand and calcined clay). Only two fertilizer treatments were included in this
experiment, low (3.5 g) and moderate (7 g). Treatments were top-dressed immediately
following liner planting in the amended substrates. Fertilizer type was the same as that
used in the first experiment. Plant data (not shown) were collected every two weeks
and included height (cm, from rim of pot to top of foliage), average width (cm, at widest
point and perpendicular to that point), and percent plant flowering.
Known volumes of irrigation water were applied at each irrigation event based on
gravimetric need (with a target-leaching fraction of 15%). Leachate was collected after
each irrigation event, and composite weekly samples were analyzed for anions (Cl,
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NO2, NO3, PO4, and SO4) via ion chromatography with a Dionex AS10 IC (Dionex Corp.,
Sunnyvale, CA) and for elements (total P, K, Ca, Mg, Zn, Cu, Mn, Fe, S, Na, B, and Al)
via inductively coupled plasma emission spectrophotometer (ICP-ES, 61E Thermo
Jarrell Ash, Franklin, MA). Only data concerning leachate nutrient concentrations will
be presented. Data were analyzed, when appropriate, using SAS PROC GLM
procedure with MEANS statement (SAS Institute Inc. Cary, NC).
Results and Discussion: The three herbaceous plant species screened flowered and
were marketable at the end of each experiment (data not shown). Treatments amended
with sand or with higher fertilization rates required slightly higher volumes of water to
maintain adequate growth when compared with the other treatments (data not shown).
Higher phosphorus leaching rates were noted in sand treatments (Figure 1) and in
calcined clay (both saturated and unsaturated) treatments with high fertilization rates.
During the 2008 experiment, we noted that the saturated calcined clay, low fertilization
(CC+, 0g) treatment exhibited relatively high rates of phosphorus leaching compared
with the other treatments during May, June, and July- indicating increased availability of
previously sorbed phosphorus for plant uptake. Nitrogen reserves were inadequate for
plant growth in the saturated calcined clay, low fertilization (CC+, 0g) treatment. This is
likely the reason why phosphorus was exported rather than absorbed by both Salvia
‘May Night’ and Sedum ‘Purple Emperor.’
Similar trends were noted for cumulative nitrogen leached from containers. Treatments
receiving the highest fertilization rate generally exhibited higher nutrient losses (Figure
2). Of the species evaluated, Salvia ‘May Night’ appeared to be the most effective at
utilizing nutrients provided by either the fertilizer or the clay amendment (tissue content
not shown). Leaching losses of nitrogen and phosphorus were lowest from this species
(Figures 1 and 2). Sedum ‘Purple Emperor’ was the next most effective species at
utilizing nutrients applied followed by Salvia leucantha. Salvia leucantha grown in
media amended with phosphorus-saturated clay and brick exhibited slightly more robust
growth patterns (data not shown) than plants grown in sand or non-saturated clay or
brick treatments. Plants fertilized at lower rates while amended with phosphorus
saturated clays also displayed growth patterns similar those of plants grown under
higher fertilization regimes (data not shown). These substrates (saturated calcined clay
and saturated crushed brick derived from constructed wetland systems) may serve as
useful fertilizer supplements if incorporated in container substrate mixes. These
research findings provide justification for further examination of brick and calcined clays
for use as dual use substrates both for remediation of nursery runoff and ultimately as
nutrient-rich container nursery media amendments.
Acknowledgement: a USDA/ARS specific cooperative agreement # 58-6618-2-0209
for “Environmental Resource Management Systems for Nurseries, Greenhouses, and
Landscapes” as part of the USDA ARS Floriculture and Nursery Research initiative.
Analytical support provided by Joseph Albano and Chris Lasser. Bark substrate
provided by Fafard.
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FIgure 1. Cumulative phosphorus in leachate from Salvia ‘May Knight’ (2008), Sedum ‘Purple Emperor’
(2008), and Salvia leucantha (2009) grown in substrates amended with sand, phosphorus saturated
calcined clay (CC+) or brick (B+) previously used as a filter media in a subsurface flow constructed
wetland, and non-saturated calcined clay (CC-), or crushed brick (B-). A 6-month, 22-4-8 OsmocotePro
was applied at 0, 3, 7, and 11 g rates in 2008 and at 3.5 and 7.0 g rates in 2009. Error bars represent the
standard error of the mean leaching value.
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Figure 2. Cumulative nitrogen (NH3 + NO2 + NO3 mg) in leachate from Salvia ‘May Knight’ (2008), Sedum
‘Purple Emperor’ (2008), and Salvia leucantha (2009) grown in grown in substrates amended with sand,
phosphorus saturated calcined clay (CC+) or brick (B+) previously used as a filter media in a subsurface
flow constructed wetland, and non-saturated calcined clay (CC-), or crushed brick (B-). A 6-month, 22-48 OsmocotePro was applied at 0, 3, 7, and 11 g rates in 2008 and at 3.5 and 7.0 g rates in 2009. Error
bars represent the standard error of the mean leaching value.
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Growth of Containerized Taxodium distichum in a Cedar-Amended Substrate
Zachariah Starr, Cheryl Boyer, Jason Griffin
Kansas State University, Department of Horticulture, Forestry
and Recreation Resources, Manhattan, KS 66506
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Index Words: alternative substrates, baldcypress, container media, eastern redcedar,
nursery crops, pine bark
Significance to Industry: This study evaluated the growth of Taxodium distichum
(L.)Rich. (Baldcypress) in pine bark and sand substrates amended with 0, 5, 10, 20, or
80% eastern redcedar (Juniperus virginiana L.) chips (JVC). The results show that JVC
is suitable as a potential pine bark replacement or amendment for T. distichum in a
container-grown production system.
Nature of Work: Pine bark (PB) continues to be the industry standard for container
production of woody ornamentals throughout the Southeast (8). However, for many
reasons, PB is experiencing reduced availability for the nursery industry and a
corresponding increase in price (4,5). This has lead to a demand for alternative
substrates to supplement or replace PB particularly in regions that lack indigenous pine
species, which further increases shipping costs. Eastern redcedar grows in most of the
Great Plains. Once held back by grazing and wild fires from fully entering the
grasslands of the Great Plains, community development and farming have reduced
these natural control measures. Additionally, the use of the species as windbreaks,
erosion control, and wildlife cover since the 1960’s has increased the seed population
(2,6). Utilization of eastern redcedar as a component of nursery potting substrates could
alleviate PB demand with a sustainable, local resource. Previous work has
demonstrated that JVC may be an acceptable substrate for some woody species (3).
The purpose of this investigation was to determine if JVC could act as a substrate or PB
extender for containerized nursery crop production of other species.
Eastern redcedar chips were obtained from Queal Enterprises (Pratt, KS). Whole trees
were harvested from Barber County, KS and aged for six months. Trees were then
processed into chips using a horizontal woodgrinder (Rotochoper, St. Martin, MN).
Further processing occurred through a hammermill (Model 5-2 0-4 WW Grinder Inc.
Wichita KS.) to pass a 3/4 in screen. The JVC were then used to create six substrates
containing 0, 5, 10, 20, 40, or 80% JVC (by vol). Sand (20% by vol) was incorporated
into each substrate and the remaining volume contained PB. Each substrate treatment
was pre-plant incorporated with 1.5 lbs·yd3 of Micromax (The Scotts Company,
Marysville, OH) and either a low (7.5 lbs·yd-3) or high (15 lbs·yd-3) rate of controlled
release fertilizer (Osmocote 19-6-12; 12 to 14 month release; The Scotts Company,
Marysville, OH) resulting in 12 treatments. On May 20, 2009 one year old baldcypress
seedlings were graded and transplanted into #3 containers containing the treatment
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substrates. Containers were then placed on a gravel production pad where they
received 1.0 in of irrigation daily via overhead sprinklers. The experiment was
terminated on September 9, 2009, 113 days after planting (DAP). The experimental
design was a randomized complete block design with a factorial arrangement of
treatments. There were six substrate blends and two fertilizer rates. The experiment
was replicated eight times.
The North Carolina State University Substrates Laboratory determined substrate air
space (AS), water holding capacity (WHC), substrate bulk density, and total porosity
(TP) (1). Substrate pH and electrical conductivity (EC) were determined at 15, 29, 43,
57, 71, 85, 99, and 113 DAP using the PourThru technique (7). Shoot dry weight (SDW)
and root dry weight (RDW) were recorded at the conclusion of the study (113 DAP) by
drying in a forced air oven at 160oF for 7 days.
Results: The pH of 0% JVC at 15 DAP was 5.7 which increased to 7.2 at 113 DAP
while pH of 10% JVC at 15 DAP was 5.5 and also increased to 7.0. Substrates at 80%
JVC had a starting pH of 7.7 and decreased to 7.5 at 113DAP (data not shown).
Electrical conductivity for 0% JVC was 1.6 µS/cm at 15 DAP and decreased to 0.7
µS/cm by 113 DAP while EC of 10% JVC at 15 DAP was 1.4 µS/cm, and decreased to
0.7 µS/cm by 113, DAP as well. Substrates at 80% JVC started with an EC of 1.4
µS/cm at 15 DAP and decreased to 0.9 µS/cm by 113 DAP (data not shown). Plants
exhibited no significant difference in shoot height based on JVC substrate content at
113 DAP (Table 1). However, fertilizer had a significant effect with the high rate
resulting in taller plants than the low rate (119 cm and 112 cm, respectively). Shoot dry
weight and RDW showed differences within both treatments but no interaction occurred
between percent JVC and fertilizer treatment. Shoot dry weight in the high rate was
greater than the low rate (119 g and 80 g, respectively). Similarly, RDW in the high rate
was greater than the low rate (136 g and 92 g, respectively). Shoot weight was similar in
PB and PB:JVC substrates containing up to 40% (low) 80% (high) JVC. Root dry weight
was greatest in the 0% JVC which was similar to substrates incorporating up to 80%
(low) or 40% (high) JVC.
While there were statistical differences in plant dry weight especially at the highest JVC
content, plant height was not significantly affected. These results suggest that JVC as a
substrate component could be a promising replacement for PB in the Plains States. We
speculate that the substrate physical properties were the primary factors for decreased
weight in 80% JVC substrates. Substrates containing 80% JVC had significantly higher
porosity, lower container capacity, and higher air space resulting in less plant available
water during production (Table 2). Future studies will focus on evaluation of diverse
ornamental crops and manipulation of the physical properties of JVC to maximize plant
growth. This data is encouraging for nursery growers in the Plains States, as they will
have more options for container-grown plant production substrates in the future.
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Table 1. Height, shoot weight, and root weight of containerized T. distichum grown in a
substrate amended with J. virginiana chips (JVC) at two fertility rates (High and Low)
Plant height
(cm)z
Substratew

Shoot dry weight (g)y

Root dry weight (g)x

Low

High

Low

High

80% PB: 0% JVC

114.8ns

87.7 au

126.4 ab

109.8 ab

161.4 a

75% PB: 5% JVC

116.1

94.8 a

125.0 ab

131.9 a

121.6 ab

70% PB: 10% JVC

117.4

90.1 a

135.3 a

97.2 bc

154.8 a

60% PB: 20% JVC

117.6

86.6 a

128.3 ab

95.9 bc

160.1 a

40% PB: 40% JVC

118.3

72.7 b

116.4 b

69.1 cd

136.8 ab

0% PB: 80% JVC

109.7

48.5 c

79.7 c

50.2 d

84.0 b

z

Plants were measured from the top of the substrate to the apical meristem (1 cm = 0.397
in.).
y
Shoots were harvested at the container surface and oven dried at 160˚F for 7 days (1 g =
0.0035 oz.).
x
Roots were washed of substrate and oven dried at 160˚F for 7 days (1 g = 0.0035 oz.).
w
PB = pine bark, JVC = Juniperus virginiana chips. Substrates mixed on v:v:v basis with
each treatment containing 20% sand.
v
Means within column followed by the same letter are not significantly different based on
Waller-Duncan k ratio t tests (α = 0.05, n = 8).
u
Substrates were pre-plant incorporated with either a low or high rate of controlled release
fertilizer.
ns indicates that means are not significantly different.
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Table 2. Physical properties of pine bark- and J. virginiana-based
substrates.
Air
space

Container
capacity
(% Vol)

12.6 c
9.1 cd
8.2 d
10.4 cd
20.8 b
29.9 a

63.0 b
66.5 a
62.0 b
63.9 ab
55.2 c
39.3 d

Substratesz
80% PB: 0% JVC
75% PB: 5% JVC
70% PB: 10% JVC
60% PB: 20% JVC
40% PB: 40% JVC
0% PB: 80% JVC

Total
porosity
75.5 a
75.6 a
70.2 b
74.3 a
75.9 a
69.1 b

Bulk
density
(g*cm-3)
0.51 bc
0.50 c
0.52 b
0.51 bc
0.51 bc
0.58 a

z

Treatments were: PB = pine bark, JVC = J. virginiana chips.
Substrates mixed on v:v:v basis with each treatment containing 20%
sand.
y
Means within column followed by the same letter are not significantly
different based on Waller-Duncan k ratio t tests (α = 0.05, n = 3).
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Nitrogen rate and form affected growth of Texas mountain laurel
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Significance to Industry: Nitrogen (N), an essential nutrient for plant growth and
development, can be taken up by plants in the form of NO3- or NH4+. The preference of
plants for a particular form depends mainly on species (1, 2). This research investigated
the effects of N rate and form on the growth of a native shrub (or small tree), Texas
mountain laurel (Sophora secundiflora (Ortega) Lag. ex DC.). Results indicated that
Texas mountain laurel had similar growth when fertilized with ratios of 25:75 (NO3 :
NH4), 50:50 (NO3 : NH4), and 75:25 (NO3 : NH4). At the end of the experiment, N rate
of 200 ppm N resulted in more shoot growth compared to N rates of 50 ppm and 100
ppm.
Nature of Work: Nitrogen rate and forms (Exp. 1). Seeds of Texas mountain laurel,
treated with concentrated sulfuric acid for 30 min, were sown on 20 Nov. 2006 in plug
cells (63 mL) filled with a germination mix of perlite, vermiculite and peat moss at 1:1:1
(by vol.). Seedlings were transplanted on 17 Jan. 2007 to 6-in pots containing Sunshine
Mix #4 (SunGro Hort., Bellevue, WA) and composted mulch (Western Organics, Inc.,
Tempe, AZ) at 1:1 (by vol.) amended with 5 kg·m-3 dolomitic limestone (Carl Pool EarthSafe Organics, Gladewater, TX) and 1 kg·m-3 Micromax (Scotts, Marysville, OH). From
early May to mid- September 2007, plants were grown in a shade house with 25% light
exclusion. On 2 Oct. 2007, plants were transplanted to 2.6 L pots containing the same
substrate as that in 6-in pots and were grown in the greenhouse.
Six treatments were evaluated consisting of three ratios of NO3- to NH4+ and two rates
of nitrogen (100 ppm N and 200 ppm N) in a factorial design. The nutrient solutions
were prepared by adding fertilizers KH2PO4, KNO3, NH4NO3, (NH4)2SO4 and K2SO4 to
tap water following the composition shown in Table 1. Three nutrient solutions had the
same level of K+ and PO43- and different ratios of NO3 : NH4 at levels of 25:75, 50:50,
and 75:25, respectively (Table 1). The major ions in the tap water were Na+, Ca2+, Mg2+,
Cl–, and SO42– at 184, 52.0, 7.5, 223.6, and 105.6 ppm, respectively. The
micronutrients were provided through incorporating Micromax into the substrate as
described above. The nutrient solutions were prepared in 100-L tanks and plants were
hand-watered as needed. Pots were rotated weekly within the greenhouse benches to
minimize the differences in micro-environment. Treatments were initiated on 6 Nov 2007
and terminated on 9 May 2008. The average daily air temperatures in the greenhouse
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for Exp. 1 were maintained at 23 ± 3 °C (mean ± standard deviation) and the daily light
integral (photosynthetically active radiation) was 15 ± 5 mol·m-2·d-1. A 21X datalogger
(Campbell Scientific, Logan, Utah) was used to measure temperature and light every 10
s and record the hourly and daily average.
Upon termination, plant height, the number of shoots and the total length of shoots were
recorded. Shoot dry weight (DW) was determined after oven-dried at 70 °C to constant
weight. Leachate was collected four times for EC and pH measurement during the
course of the experiment.
Nitrogen rate (Exp. 2). Seeds of Texas mountain laurel were sowed on 12 Dec 2007.
Germinated seedlings were transplanted to 15-cm pots on 10 Feb 2008, and then to
2.6-L pots on 21 Sept 2008. Similar greenhouse environmental and cultural conditions
to those for Exp. 1 before and after the initiation of treatments were provided for Exp. 2.
Nutrient solutions with five nitrogen rates (50, 100, 150, 200, and 250 ppm N) were
prepared by adding water soluble fertilizer 20 N−8.6 P−16.7 K (Peters 20−20−20,
Scotts, Allentown, PA) to tap water at 0.25, 0.5, 0.75, 1.0, 1.25 g·L-1, respectively.
Solutions were pre-mixed in 100-L tanks and plants were hand-watered as needed.
Treatments were initiated on 15 Oct. 2008 and terminated 6 May 2009.
Plant height was recorded periodically during the course of the experiment. Upon
termination, plants were destructively harvested. Shoots and roots were separated.
Fresh weights of shoots and roots were recorded and dry weights of shoots and roots
were determined by oven-drying at 70 °C to constant weight.
Data analysis. A two-way ANOVA using PROC GLM was performed for Exp. 1. When
the interaction between the nitrogen rate and form was not significant, data were pooled
to compare the main factors. For Exp. 2, linear or quadratic regression was performed
and the significance was analyzed using PROC REG. To distinguish the differences
among the nitrogen rates and forms for both experiments, Student-Newman-Keuls
multiple comparison was performed. All data were analyzed using SAS software
(Version 9.1.3, SAS Institute Inc., Cary, NC).
Results and Discussion: Exp. 1: There was no interaction between the nitrogen rate
and form in any measurements. Nitrogen form did not significantly affect shoot dry
weight, root dry weight, root/shoot ratio or the total dry weight (data not shown). There
was no significant difference between N 100 and N 200 on the root dry weight,
root/shoot ratio or the total dry weight. The shoot dry weight of Texas mountain laurel
treated with N 100 was 30.7 g, which was significantly higher than the ones treated with
N 200 (24.4 g) (Table 3, Expt. 2). Plants treated with N 200 were probably under more
severe salinity stress than plants treated with N 100, as indicated by the EC of leachate
(data not shown).
Exp. 2: There was no difference among Texas mountain laurel watered with different
nitrogen rates 5 days (initial growth) after treatment initiation (DAT), when the plants

350
Container Section

SNA Research Conference Vol. 55 2010

shoot height ranged from 7.5 cm to 7.8 cm (Table 2). On 86 DAT, Texas mountain
laurels watered with 200 and 250 ppm N had longer shoot heights than 50 and 100 ppm
N. Plants watered with 150, 200, and 250 ppm N had longer shoot heights on 133, 154,
184, and 205 DAT than 50 ppm N. The shoot height of plants watered with 100 ppm N
was only significantly different from 50 ppm N on 205 DAT. Although not significant,
plants watered with 200 ppm N had longer shoot heights on 133, 154, 184, and 205
DAT than 250 ppm N. There were both linear and quadratic relations between plant
shoot height and the nitrogen rate of the irrigation solution 86, 133, 154, 184, and 205
DAT. Plants watered with 150 ppm N and 200 ppm N had similar shoot and root dry
weight and plants watered with 50 ppm N had the highest root/shoot ratio (Table 3).
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Table 1. Fertilizer and nutrient composition of irrigation solution of the three
nitrogen forms (Exp. 1).
Fertilizer composition (mM)
Ratios of
NO3 : NH4
KNO3
NH4NO3 (NH4)2SO4
K2SO4
KH2PO4
25:75
0.25
0.5
0
0.75
0.5
50:50
0.25
1
1
0
0.25
75:25
0.25
1.5
0
0.25
0
Nutrient composition (mM)
+
NH4
NO3K
SO42PO4325:75
1.5
0.5
1.75
1.25
0.25
50:50
1
1
1.75
0.25
0.25
75:25
0.5
1.5
1.75
0.25
0.25
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Table 2. Plant shoot height of Texas mountain laurel as affected by nitrogen rates (Exp.
2) on 5, 86, 133, 154, 184, and 205 days after treatment initiation (DAT), respectively.
N rate
(ppm)

Plant shoot height (cm)
5 DAT

86 DAT 133 DAT

50
7.8
7.7 b z
100
7.7
7.7 b
150
7.5
9.2 ab
200
7.6
11.3 a
250
7.5
11.3 a
Significance of regression
***
Linear
NS y
***
Quadratic NS

9.2 b
9.9 b
13.3 a
16.6 a
15.5 a

154 DAT

184 DAT

205 DAT

9.9 b
13.0 ab
16.2 a
17.1 a
16.8 a

11.0 c
16.0 bc
22.6 a
26.1 a
21.3 ab

12.8 c
18.3 b
23.1 ab
28.5 a
23.0 ab

***

***

***

***

***

***

***

***

z

Means with same letters within the same column are not significantly different at P =
0.05 tested by Student multiple comparison.
y
NS indicates not significant at P = 0.05 and *** indicates significance at P = 0.001.
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Table 3. Shoot and root dry weight (DW), and root to shoot ratio (root/shoot) of Texas
mountain laurel watered with different nitrogen rate (Exp. 2).
Nitrogen rate

shoot DW

(ppm)

z

50
100
150
200
250
Significance
Linear
Quadratic

root DW

(g)
3.99 d
7.14 dc
11.81 ab
14.90 a
10.38 bc

root/shoot

(g)
z

3.26 b
3.27 b
4.33 ab
5.28 a
5.13 a

0.85 a
0.47 b
0.39 b
0.38 b
0.56 b

*** y

***

***

***

***

***

Means with same letters within the same column are not significantly different at P =
0.05 tested by Student multiple comparison.
y * ** ***
, , significant at P = 0.05, 0.01, 0.001, respectively.
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Nitrification in a Pine Tree Substrate
Linda L. Taylor, Alex X. Niemiera, and Robert D. Wright
Department of Horticulture, Virginia Tech, Blacksburg, VA 24061
lltaylor@vt.edu
Index Words: Ammonium, Nitrate, Container-grown, Most Probable Number (MPN),
pH, Peat Moss
Significance to Industry: Pine tree substrate (PTS), a relatively new substrate for
container-grown plants (1), is manufactured by chipping, then milling, pine (Pinus taeda
L.) logs. While peat and pine bark substrates have been thoroughly investigated in
terms of fertilizer additions, there have been very few reports on how to manage
fertilizer applications for PTS (2, 3). Fertility management requires knowledge of
nitrogen transformations in the container substrate so that an appropriate form and rate
of nitrogen can be applied. Nitrification, the biological conversion of ammonium to
nitrate, is one of these transformations. The occurrence of nitrification has a major
influence on the ammonium to nitrate ratio in the substrate solution which can
significantly affect plant growth. We found that nitrification did occur in PTS and PTS
amended with peat moss, and that the conversion of ammonium to nitrate was
influenced by substrate pH (as influenced by lime rate). Thus, growers using PTS or a
PTS-based substrate should consider the influence of lime rate on the conversion of
ammonium to nitrate, and the subsequent ammonium to nitrate ratio.
Nature of Work: The majority of landscape plants are grown in containers using a
soilless container substrate. Peat moss and pine bark are the predominant substrates
currently in the greenhouse and nursery industries. Problems with the acquisition of
both of these are creating a need for a more available, affordable, and environmentally
sustainable alternative. Pine tree substrate, a relatively new substrate for containergrown plants (1), is manufactured by chipping, then milling, pine (P. taeda L.) logs.
While peat and pine bark substrates have been thoroughly investigated in terms of
fertilizer additions, there have been very few reports on how to manage fertilizer
applications for PTS (2, 3). Fertility management requires knowledge of nitrogen
transformations in the container substrate so that an appropriate form and rate of
nitrogen can be applied.
Nitrification is a two step nitrogen transformation carried out by two groups of
microorganisms. The first group of microorganisms is responsible for the oxidation of
ammonia to nitrite. The second group is responsible for the oxidation of nitrite to nitrate.
Nitrification activity by both groups is affected by substrate pH and temperature. If
conditions are favorable for these microorganisms in the container substrate, and if
these microorganisms are present, a substantial amount of ammonium may be
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converted to nitrate (4). If these microorganisms are not present, or conditions are not
conducive to their survival and growth, then a nitrate fertilizer may be needed.
The objective of this study was to determine if nitrification occurs in PTS. There were
11 substrate treatments. Five treatments were 100% PTS (passed through a 3/16 inch
screen) with lime rates of 0, 1, 2, 4, or 6 kg/m3. Five treatments consisted of PTS
(passed through a 5/8 inch screen) mixed with peat moss in a ratio (vol:vol) of 3PTS:1
peat moss (PTSP), with lime rates of 0, 1, 2, 4, or 6 kg/m3. The eleventh treatment was
a 4 peat moss:1 perlite mix (PL) amended with 6 kg/m3 lime to be used as a control as
nitrification is known to occur in this conventionally used substrate. Twelve 1-liter
containers were filled with each of the 11 substrates. Six containers per substrate
treatment were planted with two-week-old marigold (Tagetes erecta ‘Inca Gold’)
seedlings. Plants were fertilized for three weeks (when irrigation was needed) with 250
ml of 300 ppm N (N supplied by ammonium nitrate and potassium nitrate from Jack’s
Professional Water Soluble Fertilizer; 20-10-20; including micronutrients; Allentown,
PA). Solution electrical conductivity (EC) levels were checked weekly; when EC levels
exceeded 2.0 mS/cm, containers were irrigated with 250 ml water. After three weeks,
substrate solutions were extracted using the Virginia Tech Extraction Method (VTEM),
and solutions were analyzed for pH, EC, NH4-N and NO3-N. The remaining six
containers were unplanted and fertilized with 250 ml of 200 ppm N (N supplied by
ammonium sulfate) in a 20-10-20 fertilizer solution containing micronutrients. At days 1,
14, and 28 of the experiment, substrate solution pH, EC, NH4-N, and NO3-N were
measured. Before individual substrates were manufactured, nitrite oxidizers in PTS and
peat moss were enumerated by the most probable number (MPN) technique (5), a 10
week procedure, to determine if nitrifiying organisms were present.
Results and Discussion: Nitrate-N was found in all limed fallow PTS containers by
day 28 (Table 1; data for days 1 and 14 not shown). Substrate solution pH values in
these treatments were at least 6.7; pH value for the unlimed treatment was 4.2. NitrateN in the substrate solutions of the fallow PTSP treatments was detected at the 2, 4, and
6 kg/m3 lime rates, substrate solution pH 5.9 and higher. The nitrifying activity of the
microbes appears to be sensitive to substrate pH. The highest nitrate-N concentration
(14 ppm) was found in the PL (control) treatment with a substrate solution pH of 6.3.
At day 21 for containers with marigolds, ammonium-N to nitrate-N ratios were
significantly lower in all limed PTS and PTSP treatments than ratios of the unlimed
treatments (Table 2). The lower ratio supports the occurrence of nitrification, and is in
agreement with findings of the fallow containers (Table 1). For PTS, substrate pH
values of the limed treatments were at least 6.5, while the pH of the unlimed treatment
was 6.1. For PTSP, substrate pH values of the limed treatments were at least 5.7, while
the pH of the unlimed treatment was 5.5. The lower pH values of the PTSP treatments
than values of the PTS treatments were due to the acid nature of peat moss (pH = 3.8;
preliminary data).
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Results from the MPN assay confirm that nitrite oxidizers were present in PTS and peat
moss at the beginning of the experiment. PTS was estimated to contain 119 organisms
per cm3, and peat moss was estimated to contain 230 organisms per cm3. The lower
nitrate-N values in PTSP compared to PTS (Table 1) in light of the finding that peat
moss harbors higher predicted organisms may be related to the relative imprecision of
the MPN technique.
In a similar fallow container experiment in 2008 (data not shown), nitrate-N was not
found in the substrate solution (6). However, substrate pH values ranged from 3.1 to
3.6 in the unlimed PTS containers and 4.5 to 5.5 in the limed PTS containers. This lack
of nitrate appearance may be explained by the relatively low pH inhibiting nitrification, or
by the possibility that nitrates were being immobilized as soon as they were formed. In
contrast, nitrification did occur in limed pine bark (PB) and limed peat moss/perlite (PL)
treatments. Substrate pH values in these containers ranged from 4.1 to 5.4 for the PB,
and 4.4 to 5.8 for PL. The nitrification occurring in these two substrates, both
composted for several months, may be due to the establishment of nitrifier populations
adapted to the relatively acid environments during the composting period. Such
populations may not have had time to become established in fresh, uncomposted PTS
substrate.
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Table 1. Fallow container substrate solution NO3-N concentrations and pHs for Pine
Tree Substrate (PTS), Pine Tree Substrate with peat moss (PTSP) and peat
moss/perlite substrate (PL) at varying lime rates at day 28 (n = 5).

Substrate
(lime rate
kg/m3)
PTS (0)
PTS (1)
PTS (2)
PTS (4)
PTS (6)
PTSP (0)
PTSP (1)
PTSP (2)
PTSP (4)
PTSP (6)
PL (6)

pH
4.2 gz
6.7 b
6.9 a
6.9 a
6.9 a
4.0 h
5.0 b
5.9 e
6.4 cd
6.5 c
6.3 d

NO3N
ppm
0d
3 bc
4 bc
5b
4 bc
0d
0d
1 cd
2 cd
2 cd
14 a

z

Means followed by the same letter are not significantly different. Means were
separated using Tukey-Kramer HSD (P < 0.05).
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Table 2. Marigold-planted container substrate solution ammonium-N:nitrate-N ratios
and pH values for unlimed and limed pine tree substrates (PTS) and pine tree substrate
amended with peat moss (PTSP) at day 21 (n =5).
Substrate
(lime rate
kg/m3)
PTS (0)
PTS (1)
PTS (2)
PTS (4)
PTS (6)
PTSP (0)
PTSP (1)
PTSP (2)
PTSP (4)
PTSP (6)
PL (6)

pH
6.1 dz
6.5 ab
6.7 a
6.6 ab
6.6 ab
5.5 e
5.7 e
6.1 d
6.4 bc
6.5 ab
6.2 cd

NH4-N/NO3N
0.39 ab
0.24 de
0.23 e
0.22 e
0.22 e
0.46 a
0.33 bcd
0.29 cde
0.26 cde
0.24 de
0.34 bc

z

Means followed by the same letter are not significantly different. Means were
separated using Tukey-Kramer HSD (P < 0.05).
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Effect of transplant size on Viburnum odoratissimum growth
in trade #3 containers
Jeff Million, Tom Yeager, and Joseph Albano1
Dept. Environmental Horticulture, Univ. Florida, Gainesville, FL 32611-0670
1
U.S. Horticultural Research Laboratory, USDA, ARS, Ft. Pierce, FL, 34945

Index words: biomass, leaf area, liner, height, sweet viburnum
Significance to Industry: A quantitative assessment of growth including size, leaf
area and biomass was made regarding the influence of transplant size on sweet
viburnum production in trade #3 containers. The time to achieve marketable size #3 was
16 weeks from a #1 transplant compared to 32 weeks for a liner transplant. However,
total production time for #1 transplant was 37 weeks. This information may aid growers
in production scheduling and resource planning as well as provide data for developing
and testing growth simulation models.
Nature of Work: While rooted cutting liners are commonly used as transplants for
production of trade #3 woody ornamental plants, larger trade #1 plants can also be
shifted into #3 containers. The purpose of this experiment was to compare these two
different transplant sizes on the growth and time-to-finish of sweet viburnum [Viburnum
odoratissimum (L.) Ker Gawl.]. Although we conducted this experiment to test growth
model predictions (1), results may help growers with production planning and economic
considerations.
Sweet viburnum grown as either liners (32 per standard tray) or trade #1 transplants
were started on separate schedules so that they could both be transplanted into #3
containers in the spring (Fig. 1). To grow liner transplants, sweet viburnum cuttings
were stuck November 6, 2007 in a Canadian peat-perlite-vermiculite substrate (Fafard
No. 2; Conrad Fafard, Agawam, MA) and rooted in a misthouse until February 3, 2008
at which time they were set outside to harden. Liners were fertilized with a 300 mg/L N
fertilizer solution (Peters 20-10-20 Peat Lite; Scotts Co., Marysville, OH) on February 28
and again on March 20. To grow #1 transplants, cuttings were stuck July 9, 2007,
rooted in a misthouse and hardened outside on September 12. On November 7, 2007
liners were transplanted one per #1 container filled with 2400 cm3 of a substrate
composed of 2 pine bark:1 Canadian peat:1 sand and fertilized at 2 lb N/yd3 with a
controlled release fertilizer (Osmocote Classic 18-6-12; Scotts Co., Marysville, OH).
Containers were placed outside under sprinkler irrigation in a square pot-to-pot
arrangement. Containers were spaced to 3 inches between containers in an equidistant
arrangement at week 15. All plants were pruned February 19 to stimulate branching
and uniformity.
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The experiment was started on April 2, 2008 when liners or trade #1 plants were
transplanted one per trade #3 container (Classic 1200; Nursery Supply Inc.,
Chambersburg, PA) filled to a final volume of 10,000 cm3 of previously described
substrate. The substrate was fertilized at planting with the previously described 18-6-12
controlled release fertilizer at the rate of 3 lb N/yd3. Containers were placed pot-to-pot
outdoors in a square arrangement and overhead irrigation water was applied at an initial
rate of 1 cm/day which was increased to 2 cm/day as plants reached marketable size.
Plant size, biomass, and leaf area measurements were made on eight plants (reps) on
April 2 (initial values), May 30 (harvest 1), June 20 [harvest 2 (June 27 for #1 transplant
treatment)], July 24 (harvest 3- final measurements for #1 transplant treatment),
September 2 (harvest 4), and November 11 (harvest 5 - final measurements for liner
transplant treatment). Plants grown from liner transplants were pruned three times
(June 3, July 24, and Sept. 2) while plants grown from #1 transplants were pruned only
once (June 20). Mean and standard deviation (sd) were determined for response
variables at each harvest.
Results and Discussion: When liners were directly transplanted into #3 containers,
approximately 32 weeks (224 days) were required to achieve a marketable plant with an
average height of 83 cm (32 inches; Fig. 2). When liners were first grown in #1
containers for 21 weeks before being transplanted into #3 containers, the time to
produce an equivalent plant in #3 containers was 16 weeks (112 days) for a total
production time from liner to finished plant of 37 weeks.
The leaf area of the 21-week-old #1 transplant was 1770 cm2. An equivalent leaf area
was reached after only 16 weeks (112 days) when liners were directly planted into #3
containers in April (Fig. 3). The difference in leaf area growth may be explained largely
by the more favorable temperatures in spring when liners were directly transplanted into
#3 compared to the winter months when liners were first planted into #1 containers (Fig.
4). In a concurrent experiment (2), liners transplanted into #1 containers in April
achieved a leaf area of 2600 cm2 after 17 weeks (119 days) of growth. When liners
were planted directly into #3 containers in this experiment leaf area was 3600 cm2 at 17
weeks suggesting that the larger container size also may have contributed to shorter
production time when planting liners directly into #3 containers. Shoot biomass growth
followed the same response pattern to transplant size as was observed for leaf area
(Fig. 5). Root biomass at final harvest was 70 g for #1 transplant treatment and 105 g
for liner transplant treatment.
Acknowledgements:
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Fig. 1. Rooted cutting liners (left) and plants grown in #1 container (right) were
compared as transplants for producing sweet viburnum in #3 containers.
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Fig. 2. Effect of transplant size on height of sweet viburnum grown in #3 containers.
Rooted cutting liners or plants grown in #1 containers were transplanted April 2. Labels
represent mean (sd) of 8 observations.
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Fig. 3. Effect of transplant size on leaf area growth of sweet viburnum grown in #3
containers. Rooted cutting liners or plants grown in #1 containers were transplanted
April 2. Labels represent mean (sd) of 8 observations.

o

Temperature ( C)

40

30

Tmax
Tmin

20

10

Liner into #3
#1 into #3

Liner into #1

0
N D J
‘07
‘08

F

M

A

M

J

J

A

S

O

N

Month

Fig. 4. Average monthly air temperatures during the experiment.
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Shoot biomass (g)
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Fig. 5. Effect of transplant size on shoot biomass of sweet viburnum grown in #3
containers. Rooted cutting liners or plants grown in #1 containers were transplanted
April 2. Labels represent mean (sd) of 8 observations.
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Day/Night Temperatures Influence Growth and Photosynthesis During
Containerized Production of Selected Species of Helleborus (Hellebores)
Adam W. Lowder, Helen T. Kraus, Frank A. Blazich, and Stuart L. Warren
North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695-7609
helen_kraus@ncsu.edu
Index Words: Helleborus foetidus, Helleborus niger, Helleborus xhybridus, Perennials,
Heat Tolerance, Optimal Temperature, Thermoperiod, Ranunculaceae
Significance to Industry: Results of a study are presented concerning the influence of
9-hr day temperatures (DTs) of 14, 18, 22, 26, or 30C (57, 64, 72, 79, or 86F) in
factorial combination with 15-hr night temperatures (NTs) of 10, 14, 18, 22, or 26C (50,
57, 64, 72, or 79F) on growth during containerized production of Helleborus foetidus L.
(stinking hellebore), H. niger L. (Christmas rose), and H. xhybridus L. (Lenton rose).
Results are also provided regarding net CO2 assimilation (PN) and stomatal
conductance (gs) of H. xhybridus. For each species DT and NT affected root, top, and
total dry weights, root:top ratio [RTR (root dry weight ÷ top dry weight)], and leaf area
differently. In general, to maximize growth, H. foetidus and H. xhybridus should be
grown under day-long conditions at days/nights of 18/14C (64/57F) whereas H. niger is
best grown at days/nights of 14/10C (57/50F). The need for such temperatures,
particularly during summer months in the southeastern United States, may require
various means such as reflective shade, fans, and cool cells to reduce temperatures
within growing structures.
Nature of Work: The genus Helleborus L. (hellebores) includes approximately 17
species native primarily to Europe and western Asia and is a member of the buttercup
family (Ranunculaceae) (1). Although various species have been cultivated in
European gardens for centuries, interest and cultivation of these plants in North
America has until recent times been limited. However, more North American gardeners
began to take notice of these plants in the early 1980s and interest accelerated in 2005
when the Perennial Plant Association named Helleborus xhybridus L. (Lenten rose) the
Perennial Plant of the Year (6). This recognition increased the popularity of the genus
Helleborus which includes many species with outstanding garden merit.
A rainbow of colors aptly describes the extremely attractive, winter to early spring,
single or double flowers species of Helleborus exhibit in the wild and in shade gardens
in various regions of the world (1,7). In addition to outstanding shade garden attributes,
H. niger is a popular cut flower in Europe (1) and Fanelli and Dole (2) reported that
flowers of H. xhybridus have a vase life of approximately 17 days suggesting it may also
have merit as a cut flower.
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Species of Helleborus appear to be sensitive to high temperatures (Richard and Judith
Tyler, Pine Knot Farms Perennials, Clarksville, VA, personal communication). Although
some research has been reported on mineral nutrition, potting substrates, substrate pH,
and irrigation for such species as H. xhybridus and H. foetidus (3,4,5,8), it appears no
research has been reported to date on the influence of temperature on this genus.
Additionally, since members of the genus are native to varying geographic and climatic
environments, it is likely individual species may require different temperature regimes
during container production to maximize growth. Therefore, the following research was
conducted to study the influence of day/night temperatures on growth and
photosynthesis during containerized production of selected species of Helleborus. The
research consisted of growing containerized seedings of H. foetidus, H. niger, and H.
xhybridus under long-day conditions in controlled environment chambers for 95 days
with 9-hr days of 14, 18, 22, 26, or 30C (57, 64, 72, 79, or 86F) in factorial combination
with 15-hr nights of 10, 14, 18, 22, or 26C (50, 57, 64, 72, or 79F). Long-day conditions
were provided by a 3-hour night interruption. The three species selected represented a
range of phenotypes (growth forms), geographic or cultivated origins, and hypothesized
physiological responses.
Results and Discussion: Growth of each species responded differently to day and
night temperatures. Calculated maximum root, top, and total dry weight, and leaf area
of H. foetidus occurred with days/nights of 20/15, 18/13, 19/14, and 18/15C (68/59,
65/55, 66/57, and 65/59F), respectively. While night temperature (NT) had no effect on
RTR, RTR was greatest (0.65) with days of 22C (72F). Helleborus niger had calculated
maximum root dry weight and total dry weight with days of 14C and nights of 16 and
13C (60 and 55F), respectively. Top growth of H. niger decreased linearly as NTs
increased for days of 14 or 22C (57 or 72F). Day temperatures (DTs) had no effect on
RTR, whereas RTR responded quadratically as NT increased with a calculated
maximum RTR at nights of 19C (66F). Leaf area was maximized at days/nights of
14/10C (57/50F). At days of 22 or 26C (72 or 79F), top dry weight of H. xhybridus
responded quadratically as NT increased with maxima occurring at nights of 18 or 17C
(64 or 63F). Root dry weight responded quadratically at days of 14, 22, or 26C (57, 72,
or 79F) and calculated maxima occurred with nights of 18C (64F). At days of 22 or 26C
(72 or 79F), there were quadratic responses in total dry weight with calculated
maximum growth of H. xhybridus at nights of 18 or 17C (64 or 63F), respectively. For
days of 14, 22, or 30C (57, 72, or 86F), there was quadratic responses in RTR with
greatest RTR calculated at nights of 15, 18, or 16C (59, 64, or 60F), respectively. There
were quadratic responses at days of 22 or 26C (72 or 79F) for leaf area with calculated
maxima at nights of 18 or 17C (64 or 63F), respectively. As DTs increased from 14 to
30C (57 to 86F) net CO2 assimilation (PN)of H. xhybridus also increased linearly
whereas increased NTs had no affect on PN. In contrast, stomatal conductance was not
impacted by DT or NT.
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Significance to Industry: Efficient use of water and fertilizer is not only important for
more sustainable production of greenhouse crops, but can have financial benefits as
well. We have shown previously that irrigation can be controlled using soil moisture
sensors and now are trying to control fertilizer applications using an EC sensor that is
built into a soil water content sensor. Controlling substrate volumetric water content
(VWC) is easier than controlling the EC of the pore water in the substrate. However, our
results also suggest that automated control of substrate water content and pore water
EC is possible, but better EC sensors would make this easier. It is especially important
to maintain good contact between the EC electrodes and the substrate.
Nature of Work: Sustainability is becoming increasingly important in greenhouse
production. Efficient use of water and fertilizer are important components of sustainable
production. We have previously shown that soil moisture sensors can be used
effectively to control greenhouse irrigation, assuring that only the amount of water
required by the crop is applied (2). The use of soil moisture sensors for irrigation control
can greatly reduce the amount of water used; e.g., irrigation water used for hydrangeas
was reduced by 83% when soil moisture sensors were used to control irrigation (6).
Irrigation and fertilization are closely linked in greenhouse production, because fertilizer
is commonly applied with the irrigation water in a water-soluble form. In addition, more
efficient irrigation reduces leaching of both water and nutrients from the pots (4).
Therefore, any change in irrigation practices may necessitate a change in fertilization as
well. Ideally, if irrigation is controlled by soil moisture sensors, fertilization would be
controlled by sensors that can detect the nutrient status of the substrate. Electrical
conductivity (EC) can be used as an indicator of the total amount of soluble salts in the
substrate, and as such is commonly used as a proxy for nutrient availability.
Recently, new sensors (5TE, Decagon Devices, Pullman, WA) have become available
that can measure both the VWC and EC of soilless substrates. Water content
measurements with these sensors work the same as with other capacitance sensors
that have been on the market for several years, and such capacitance sensors have
been used successfully for irrigation control (2, 5, 6). EC measurements are taken using
two small stainless steel screws embedded in the sensor. These screws serve as the
electrodes for the EC measurements. Thus, EC measurements using these sensors
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reflect the bulk EC of the substrate; i.e., these measurements reflect how well the
substrate as a whole (including the solid substrate components, the pore water in the
substrate, and the air in the substrate) conducts electricity. However from a plant’s
perspective, it is more relevant to determine the EC of the pore water. Hilhorst (3)
described a model that allows the estimation of pore water EC from measurements of
bulk EC, temperature and the real portion of the dielectric permittivity of the substrate
(εb) which is measured by the sensors. The objective of our study was to determine
whether these 5TE sensors can be used to control both the water content and the EC of
soilless substrates.
An automated irrigation and fertigation system was built using 16 5TE sensors
connected to a datalogger (CR10X, Campbell Scientific, Logan, UT), using a multiplexer
(AM16/32, Campbell Scientific) (Fig. 1). Sensor readings of εb were converted to the
volumetric water content (VWC) of the substrate, using our own calibration for the peatperlite mix used in this study (VWC = -0.0387×εb2 + 3.4436×εb - 4.1848, R2 = 0.99; VWC
is expressed here as % water content and was subsequently converted to units of
m3/m3 by dividing by 100). Bulk EC, temperature, and εb measurements were used to
calculate pore water EC, using Hilhorst’s equation (3), with an offset value (dielectric
permittivity of the dry substrate) of 1.55.
The datalogger determined whether the measured VWC was below the VWC set point
for a particular plot. If so, the datalogger then compared the calculated pore water EC
to the EC set point. If the pore water EC was above the EC set point, the plants were
irrigated with tap water, otherwise the plants were fertigated with a fertilizer solution with
an EC of approximately 10 mS/cm. Such a high fertilizer EC was needed to see a
detectable increase in pore water EC. The datalogger activated solenoid valves to
either irrigate or fertigate each group of plants using two relay drivers (SDM16ACDC,
Campbell Scientific). To achieve this, two separate irrigation systems were built, one
that provided plants with tap water and another one that provided plants with fertilizer
solution (Fig. 1). The plants were irrigated/fertigated using drip emitters connected to
pressure compensated emitters (2 lph, Netafim, Tel Aviv, Israel). Each time the
irrigation/fertigation for a particular plot was activated, the solenoid valve opened for 30
s, thus applying approximately 16.5 ml per irrigation/fertigation event.
To test the automated irrigation and fertigation system, 96 ornamental cabbages
(Brassica oleracea) were planted in 6” pots filled with a peat-perlite substrate (Fafard
2P, Agawam, MA). The plants were arranged in 16 plots of 6 plants each, and a 5TE
sensor was inserted into one of the six pots within each plot. The datalogger was
programmed to maintain the substrate water content at 0.25, 0.30, 0.35, or 0.40 m3/m3
and the pore water EC at 1, 2, 3, or 4 mS/cm in a factorial arrangement, thus resulting
in 16 treatments. Due to the malfunctioning of one sensor, there are no data from the
treatment with set points of 0.40 m3/m3 and 3 mS/cm. The shoots of the plants were
harvested at the end of the study for dry weight measurements after 35 days.
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Results and Discussion: Control of substrate VWC was good, with substrate VWC
generally within 0.03 m3/m3 of the set point. Control of pore water EC was more
difficult, and there were large fluctuations in pore water EC, especially during the first 20
days of the experiment. Several factors contributed to the pore water EC fluctuations.
1) No control of pore water EC was possible until after the VWC of the substrates had
reached the VWC set point, since plants were not irrigated or fertigated until this set
point was reached. 2) The small screws that serve as EC sensors on the 5TE results in
less than optimal contact between the electrodes and the substrate (or pore water). If
there is an air pocket surrounding one of the electrodes, the measured bulk EC is low,
resulting in a low calculated pore water EC as well. Good contact between the
electrodes and the substrate is critical for the bulk EC measurements. Sensors with a
different design, including larger electrodes, might therefore work better. 3) The
calculated pore water EC depends on the VWC of the substrate, resulting in rapid
changes in pore water EC following an irrigation or fertigation event. In addition, as the
substrate dries out following irrigation, the pore water EC increases because the
solution becomes more concentrated as the amount of water decreases. 4) There is no
verification of how accurately the Hilhorst model determines the pore water EC, and
recent research has suggested that the Hilhorst model may not be very accurate in
soilless substrates (1). In addition, the correct offset value in the Hilhorst model is not
clear. More work is needed on how to determine pore water EC. 5) Fertilizer appears
to move much more slowly through the substrate than water. Preliminary data showed
that applying very small amounts of water (5.5 ml/plant) at a time resulted in increases
in measured VWC, but not EC. Fertilizer concentrations were much higher at the
location of the emitter applying the fertilizer solution than in the rest of the substrate. It
may take several irrigation/fertigation events to move this fertilizer further into the
substrate, where it can be measured by the EC sensor. To address this problem, we
increased the amount of water applied at each irrigation, sacrificing some precision in
control of VWC. Despite these issues, there were clear differences in the pore water
EC among the different EC set points, and this was most evident during the last 15 days
of the study. This suggests that the use of EC sensors for fertigation control is possible,
but better sensors may be needed to get better measurements and control of pore
water EC.
Depending on the treatment, the plants received between 0.14 and 3.6 liters of water
and 0.26 and 1.15 liters of fertilizer solution during the 35-day experiment. For
example, the plants in the treatment with set points of 1 mS/cm and 0.40 m3/m3
received 0.40 liters of fertilizer solution and 3.6 liters of water, while set points of 4
mS/cm and 0.30 m3/m3 resulted in applications of 1.15 liters of fertilizer solution and
0.35 liters of water during the experiment.
Both VWC and pore water EC set points affected the growth of the plants (Fig. 3).
Shoot dry weight decreased as the set point for pore water EC increased. Shoot dry
weight also was reduced by low set points for VWC, while shoot dry weights were
similar with set points of 0.35 and 0.40 m3/m3. Such effects of VWC on plant growth are
consistent with earlier findings (2, 5).
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Figure 1. Diagram of the sensor-controlled irrigation and fertigation system. The
CR10X datalogger measures the water content and EC of the substrate using 5TE
sensors and then determines whether to irrigate or fertigate a particular plot. Solenoid
valves are activated using two relay drivers (SDM16ACDC). Only one out of six pots in
each plot has a 5TE sensors. Irrigation and fertigation of all six plants in a plot are
controlled based on the readings from that one sensor.
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Figure 2. Pore water EC (top) and water content (bottom) of the substrate throughout
the experiment. Set points for pore water EC were 1, 2, 3, and 4 mS/cm, and those for
substrate water content were 0.25, 0.30, 0.35, and 0.40 m3/m3. Note that control of
substrate water content was better than control of pore water EC.
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Figure 3. The effect of set points for substrate volumetric water content (VWC) and
pore water EC on the shoot dry weight of ornamental cabbage. There was a linear
effect of pore water EC and a quadratic effect of substrate volumetric water content on
shoot dry weight, but no interactive effect between pore water EC and VWC (Dry weight
= - 30.5 - 0.366×EC + 234×VWC - 320×VWC2, R2 = 0.92, P < 0.0001).
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Greenhouse Production of Annuals in Aged and Fresh WholeTree Substrate
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Significance to Industry: WholeTree (WT) is a potential new renewable greenhouse
substrate component made by milling chipped pine trees (Pinus spp.). In the Southeast,
it is common for greenhouse growers to purchase substrate components in bulk and
utilize the materials throughout the growing season. One concern with any new
substrate component is if storage (or aging) will have an effect on substrate chemical
and physical properties. The purpose of this study was to determine growth differences
in aged and fresh WT substrate in order to make recommendations to growers on the
best substrate component for the greenhouse production of annuals.
Nature of Work: While research has been reported on the viability of WT as an
alternative substrate component (1, 2, 4) there is little information on what potential
benefits aging WT might have on plant growth. Fresh loblolly pine (Pinus taeda L.) WT
chips obtained from a pine plantation in Macon County, AL were ground in a hammer
mill to pass a 0.95 cm (3/8 in.) screen on January 19, 2009 to produce fresh WT
substrate. The material produced was stored in three separate 1.73m3 (2.3yd3)
polypropylene bulk bags in full sun and aged thereafter. Temperature sensors were
placed inside the center of each bag during filling, as well as on the outside of each bag
to obtain inside bag temperature and ambient temperature for comparisons. Data
loggers were attached to sensors to record temperatures at 30-minute intervals. Figure
1 illustrates the average daily temperature inside the bulk bags compared to ambient
daily temperatures. On day 21, the average temperature inside the bags fell below the
ambient temperature outside the bags. The material in these bulk bags were utilized as
aged WT. On April 22, 2009 WT from the same source and processed the same were
used as fresh WT. On April 24, 2009, two days after the fresh WT was milled and 94
days after the aged WT was milled, uniform plugs of marigold (Tagetes patula ‘Little
Hero Yellow’) and petunia (Petunia x hybrida ‘Dreams White’) were transplanted from
144 plug flats into 0.95 L (1 qt) plastic pots and grown until June 5, 2009 in a twin walled
polycarbonate greenhouse under full sun. Plants were grown in a 1:1 aged WT:peat
medium (AWP) or 1:1 (v:v) fresh WT:peat medium (FWP). Peat was obtained from Sun
Gro Horticulture (Bellevue, WA). Both substrate treatments were amended with 2.97
kg/m3 (5 lbs/yd3) dolomitic limestone, 0.89 kg/m3 (1.5 lbs/yd3) 7-2-10 N-P-K nutrient
charge (GreenCare Fertilizers, Kankakee, IL), and 154.7 mL/m3 (4 oz/yd3) AquaGro-L ®
(Aquatrols Corporation, Paulsboro, NJ). Plants were placed on a greenhouse bench and
hand watered as needed. Plants were liquid fed beginning on 10 DAT utilizing a 250
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ppm N 20-10-20 liquid fertilizer (GreenCare Fertilizers, Kankakee, IL) every other
watering. Greenhouse temperature daily average highs and lows were 29/21°C
(85/70°F).
Substrate physical properties including bulk density (BD), air space (AS), container
capacity (CC), and total porosity (TP) were determined for AWP and FWP and their
individual components using the North Carolina State University porometer method (3).
Leachates were analyzed for pH and EC at 0, 7, 14, 21, 28, 35, and 42 days after
potting (DAP). Termination data at 42 DAP included final plant growth indices [(height +
height + width/3)] and substrate shrinkage measured from the top of the container to the
substrate surface, final bloom counts included all attached blooms and buds showing
color, leaf greenness of petunia using a SPAD-502 chlorophyll meter (Minolta Camera
Co., Ramsey, NJ), plant shoot dry weight, and a visual root rating on a 0 to 5 scale with
0 indicating no roots present on the substrate surface and 5 indicating roots visible at all
portions of the container substrate interface.
Plants were arranged in a randomized complete block design with twelve blocks and
three samples per block per treatment. Data were subjected to analysis of variance
using the general linear models procedures and multiple comparisons of means were
conducted using Tukey’s Honest Significant Difference test (Version 9.1; SAS Institute,
Cary, NC).
Results and Discussion: In substrate physical properties, AWP and FWP had similar
TP and BD, while AWP had a higher CC than FWP (Table 1); however, AWP had less
AS than FWP. These differences were apparent in the 100% fresh WT and 100% aged
WT samples as well.
For both species, AWP pH was lower than FWP pH at 7, 14, 21, 28, and 35 DAP (Table
2). There were no differences in pH at 0 DAP or 42 DAP for either species. All pH’s
were within BMP container production range (5). In petunia, EC measurements were
similar (Table 2). In marigold, AWP had a higher EC at 7 DAP and 14 DAP.
For both species, plants grown in AWP had higher growth indices, dry weight, and
bloom counts (Table 3). Marigolds grown in FWP had more shrinkage than those grown
in AWP, but there were no differences in substrate shrinkage for petunias. In petunias,
plants grown in AWP had higher SPAD measurements than those grown in FWP (Table
3). Root ratings for petunia were the same for plants grown in AWP and FWP; however,
marigolds grown in AWP had higher root ratings than those grown in FWP (Table 3).
In general plants grown in AWP were marketable while those in FWP were not.
Differences in plant growth may be attributed, at least partly, to differences in substrate
physical properties. Increased AS and lower CC in the FWP over the AWP could have
resulted in increased nutrient leaching as well as a decrease in water availability at least
partially explaining the observed differences in growth. While further studies need to be
conducted to truly determine the effect of aging it is our recommendation that
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WholeTree substrates be allowed to go through this initial aging process in the
production of greenhouse annuals.
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Figure 1. Monitoring of ambient temperature and temperature
within the center of bulk bags during initial stages of aging
process
140

Temperature (F)

120
100
80

Bags
Ambient

60
40
20
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21
Days After Bagged

376
Container Section

SNA Research Conference Vol. 55 2010

Table 1.Initial physical properties of substrates.

z

Air Space
Substrate
y
100 % AWT

Container Capacity

Total Porosity

Bulk Density
3
(g/cm )

31.4b

(% volume)
55.3c

86.7b

0.128b

w

19.5c

76.5a

96.0a

0.774d

v

45.3a

45.9d

91.2ab

0.142a

90.5ab
94.4a

0.114c
0.116c

x

100% Peat

100% FWT
u
AWP

17.3c
73.2a
t
FWP
28.7b
65.7b
z
Analysis performed using the NCSU porometer.
y
Processed whole pine tree ground to pass a 0.95cm screen and aged three months.
x

Tukey's honest significant difference (P=0.05, n =3)

w

Pure sphagnum peat moss containing no nutrient charge and no wetting agent
Process whole pine tree ground to pass a 0.95 screen

v

u

1:1 (v:v) aged WholeTree : peat

t

1:1 (v:v) fresh WholeTree : peat

Table 2. Effects of two substrate components on pH and EC in two greenhouse grown annuals
Tagetes patula 'Little Hero Yellow'
0 DAP
Substrate

ECy

pH

7 DAP
pH

14 DAP
EC

pH

EC

21 DAP
pH

EC

28 DAP
pH

EC

35 DAP
pH

EC

42 DAP
pH

EC

v

5.09a

1.25a

5.57b

1.25a

5.88b

1.82a

5.92b

1.18a

5.70b

0.48a

6.29b

0.19a

6.39a

0.24a

FWPw 5.10a

1.56a

5.90a

1.06b

6.33a

1.15b

6.27a

1.08a

5.91a

0.40a

6.44a

0.18a

6.46a

0.16b

AWP

x

z

Petunia x hybrida 'Dreams White'

z

1.25a

5.48b

1.77a

6.05b

1.34a

5.94b

0.95a

5.67b

0.71a

6.29b

0.18a

6.35a

0.34a

FWP 5.10a

1.56a

5.79a

1.69a

6.31a

1.13a

6.30a

0.72a

5.90a

0.39a

6.39a

0.16a

6.37a

0.18b

Days after potting

y
x

AWP 5.09a

Electrical conductivity (dS‐cm) of substrate solution using the pourthrough method (n = 12)

1:1 (v:v) aged WholeTree : peat

w

1:1 (v:v) fresh WholeTree: peat

v

Tukey's honest significant difference (P<0.05)
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Table 3. Effects of substrate component on growth of two greenhouse grown annuals
Tagetes patula 'Little Hero Yellow'
Substrate

Shrinkage (mm)z

GI (cm)y

Bloom Count x

Dry Weight (g)w

Root Rv

Lgu

t

10.5b

r

20.6a

14.5a

6.6a

3.5a

‐

FWPs

11.9a

16.1b

9.6b

3.7b

1.9b

‐

AWP

10.7a

30.8a

14.0a

6.3a

3.1a

30.2a

FWP

10.5a

23.2b

8.2b

3.5b

3.0a

27.5b

AWP

Petunia x hybrida 'Dreams White'

z

Shrinkage in millimeters measured from the top of the container to the top of the substrate surface (n= 12)

y

Growth index in centimeters [(height + width + perpendicular width)/3] (n=12)

x

Bloom counts determined by counting all attached flowers and buds showing color (n= 12)

w

Plant shoot dry weight in grams (n= 12)

v

Visual root rating on a 1 to 5 scale: 1‐20% coverage; 2‐ 40% coverage; 3‐ 60% coverage; 4 ‐ 80% coverage; 5‐100% coverage (n=12)

u
t

Leaf greenness (chlorophyll content) quantified using a SPAD‐502 chlorophyll meter (average of three leaves per plant) (N = 12)

1:1 (v:v) aged WholeTree : peat

s

1:1 (v:v) fresh WholeTree : peat

r

Tukey's honest significant difference (P < 0.05)
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Forest Floor, a Sustainable Substrate for Container Tree Production
Amy Fulcher
UK, Department of Horticulture
N318 Ag. Science North
Lexington, KY 40546-0091
afulcher@uky.edu
Index words: Betula, Cornus, peat, pot-in-pot, whole tree
Significance to the Industry: The current national economic recession has decreased
the demand for landscape plants, which has lowered prices. Peat-based container
substrates have become increasingly expensive and are not a sustainable resource.
Pine bark-based substrates are also in decreasing supply. An inexpensive, renewable
substrate that would decrease production costs could allow Kentucky nursery growers
to remain competitive and operate in a more sustainable manner.
Forest Floor and other mixed-species-based substrates show potential for the
production of some woody nursery crops. For all species tested, the pH of the Forest
Floor substrate was significantly higher than the industry standard substrates, which
would be problematic for crops that are sensitive to high pH. Additionally, moisture
management may need to be refined with the addition of any new substrate.
Nature of Work: Container substrates for woody plants have traditionally been pine
bark-based in the southern U.S. and often contain peat moss as a component (4). Both
peat and pine bark are in limited supply. Pine bark is in limited supply due to an
increase in the import of foreign logs, a decrease in domestic forestry, and increased
demand as a fuel and mulch material (9). Canadian peat is subjected to the flux in fuel
prices and can be expensive to transport from the upper Midwest and Canada.
Additionally, environmental issues surround the use of peat. Peat bogs are diminishing
in both Europe and Canada, and, as a nonrenewable resource, peat is not a sustainable
choice for container substrates (11).
Whole loblolly pine tree (Pinus taeda L.) products have been successfully used in both
herbaceous and woody plant production of a range of shrubs and annuals, including
Ageratum houstonianum, Buddleia davidii, Impatiens walleriana, Ilex crenata,
Rhododendron obtusum, and Salvia x superba, as well as eight perennial species (1, 2,
3, 7, 8, 12). Additionally, post-planting performance has been investigated for a number
of herbaceous plants produced in a whole pine tree substrate and found to be
comparable to that of bedding plants grown in traditional substrates (12). However,
whole tree substrates of mixed species origin have not been researched. Recently, a
new substrate called “Forest Floor” was developed by a local company, Creech
Services, Inc., Lexington, KY. Forest Floor is composed of leaves, needles, wood and
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bark of multiple species collected from tree trimming services. While these trimmings
are currently in abundance due to a January 2009 ice storm, routine highway and power
line maintenance, and residential trimming and tree removals produce a relatively
constant and predictable supply of mixed species, whole tree trimmings. The trimmings
are ground and composted with 25% horse bedding compost. Forest Floor is
approximately one third the cost of a pine bark-based substrate. Successful research
and development of this product promises a local, inexpensive, and renewable resource
for Kentucky nursery producers. The manufacturer, Creech Services, Inc., found Forest
Floor to be an acceptable container substrate during in-house trials, and determined
that modifications to the product were unnecessary. The objective of this work was to
conduct an independent, preliminary assessment of Forest Floor as a substrate for
container tree production.
Liners of flowering dogwood, Cornus florida (container-grown, 24” tall) and river birch,
Betula nigra (bareroot, 36” tall) were potted into #7 containers (Nursery Supplies Inc.,
McMinnville, OR) with a standard pine bark-based substrate (Barky Beaver,
Professional Grow Mix, Moss, TN) or Forest Floor (Creech Services, Inc., Lexington,
KY). Plants were topdress-fertilized with 8-9 month Osmocote 15-9-12 (The Scotts
Company, LLC, Maryville, OH) controlled release fertilizer at the medium rate and
irrigated with one emitter per pot, as needed. Plants were grown in a pot-in-pot
production system at the Horticulture Research Farm in Lexington, KY. Height and
width were measured on August 5, 2009. Quality was rated on August 19, 2009
(0=very healthy plant, vigorous, full, normal size leaves, healthy green color to leaves,
1=slightly unhealthy 1-29% leaves off color, small, 2=moderate unhealthy, 30-50% of
leaves off color or stunted, overall plant is somewhat stunted, 3=overall unhealthy plant,
>50% of plant displaying poor vigor, stunted, few and/or small leaves). EC and pH
measurements were taken on August 21, 2009 following the saturated paste extract
technique. Plants were harvested on August 21, 2009 for dry weights and for foliar
nutrient analysis. Growth index was [(Height + (Width1+Width2)/2)/2]. The experiment
was a completely randomized design with 20 birch replicates and 11 dogwood
replicates.
Results and Discussion: DOGWOOD. For dogwood, there was no effect of substrate
on height, width, growth index, root, shoot or total dry weight, or quality (Table 1).
Electrical conductivity was greater for the Forest Floor substrate (Table 2). Although
Forest Floor contains many large pieces of wood, it appeared to hold more moisture
than the pine bark-based substrate. Dogwoods require evenly moist rhizosphere
conditions and do not tolerate saturated, compacted, or dry conditions (5, 6). Rainfall
was extremely high, 9.29” over the average, during the experiment. It is possible that
greater differences weren’t detected for dogwood because both substrates were very
moist throughout most of the growing season, negating other effects of Forest Floor.
Dogwood roots were limited to the upper portion of the Forest Floor substrate, which
may indicate that the lower portion was too wet to support root growth (Figure 1). The
higher EC values for the Forest Floor substrate compared with the pine bark substrate,
0.39 vs. 0.15 mS/cm, respectively, may reflect reduced nutrient uptake by plants
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growing in Forest Floor due to the limited root system. Foliar analysis was conducted
on a single composite sample (no replication) of leaves from each plant grouped by
treatment and species. Therefore, inferences made from these data must be made with
caution. No observable differences in foliar macronutrients were detected in dogwood
(data not shown). Overall, other nutrients were sufficient, low, or deficient. This may be
due to the extremely small size of the root system.
BIRCH. River birch is adapted to bottomlands and occasional flooding, but not drought
conditions (Dirr 2009). River birch grown in pine bark had a significantly greater height,
width, growth index, and root, shoot, and total dry weights than plants grown in Forest
Floor (Table 1). For birch there was no difference in EC or quality (Table 2). The pine
bark-based substrate had a significantly lower pH than those grown in Forest Floor.
River birch grew well in either substrate according to the quality rating but substantially
greater biomass was attained when grown in the pine bark substrate. River birch may
be sensitive to the high pH of the whole tree substrate; it is reported to grow best below
a pH of 6.5 (Dirr 2009). No observable differences in foliar macronutrients were
detected in the river birch regardless of substrate (data not shown). Foliar
micronutrients were at sufficient or high levels except for manganese, which was
deficient in birch grown in the pine bark and zinc and iron which were both excessive in
birch grown in pine bark.
Biomass metrics were greater for river birch than for dogwood. River birch is moisture
tolerant, fast growing species compared to dogwood, and may have been better able to
take advantage the extra substrate moisture. While there were differences in dogwood
quality due to substrate, dogwood quality was lower than birch quality, regardless of
substrate, which may support the hypothesis that excessive moisture negated other
substrate effects. The difference in substrate pH is likely due to the inherent
characteristics of the substrate components and the fact that the substrates were not pH
adjusted, i.e., no limestone was added. Pine bark inherently has a low pH, while wood,
hardwood bark and the composted waste in Forest Floor would increase pH (4, 11).
Forest Floor and other mixed species-based substrates show potential for the
production of woody nursery crops. However, caution is necessary when implementing
this or any new substrate in nursery production. For all species tested, the pH of the
Forest Floor substrate was significantly higher than the industry standard substrates
which would be problematic for crops that are sensitive to high pH. Future work
assessing Forest Floor is needed to determine the utility of a whole tree, mixed species
substrate for tree production in large containers.
Acknowledgments
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Table 1. Biometrics for river birch and flowering dogwoods grown in either a pine barkbased substrate or a whole tree, mixed species-based substrate, Forest Floor.

Taxa

Substrate

River
birch

Pine bark
Forest
Floor

154az

99a

124a

Root
Dry
Weight
(kg)
0.20a

127b

67b

94b

0.10b

0.14b

0.24b

Pine bark

93a

56a

71a

0.13a

0.13a

0.26a

Flowering
dogwood

Height
(cm)

Width
(cm)

Growth
Index

Shoot
Dry
Weight
(kg)
0.33a

Total
Dry
Weight
(kg)
0.53a

Forest
82a
49a
62a
0.10a
0.11a
0.22a
Floor
z
means within a column for each species followed by the same letter were not different
(Tukeys HSD α=0.05).

Table 2. Electrical conductivity (EC), pH, and quality ratings for river birch and flowering
dogwoods grown in either a pine bark-based substrate or a whole tree, mixed speciesbased substrate, Forest Floor.
EC
Quality
pH
(mS/cm)
Rating
Pine bark
0.47az
4.2a
0.8a
River birch
Forest Floor
0.40a
7.4b
1.3a
Flowering
Pine bark
0.15a
4.6a
1.7a
dogwood
Forest Floor
0.39b
7.2b
2.2a
z
means within a column for each species followed by the same letter were not different
(Tukeys HSD α=0.05).
Taxa

Substrate
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Figure 1. Flowering dogwood grown in a whole tree, mixed-species substrate, Forest
Floor, (left) and a pine bark-based substrate (right).
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Hardwood Amended Substrates for Annual Plant Production
Anna-Marie Murphy1, Charles H. Gilliam1, Glenn B. Fain1, Tom V. Gallagher2,
H.Allen Torbert3and Jeff L. Sibley1
1

Department of Horticulture, 101 Funchess Hall
Auburn University, AL 36849
2
Dept. of Forestry/Wildlife Sciences, 602 Duncan Drive
Auburn University, AL 36849
3
USDA-ARS National Soil Dynamics Laboratory
411 S. Donahue Drive, Auburn, AL 36832
murphan@auburn.edu
Index Words: alternative substrates, WholeTree, container media, redcedar,
hickory,sweetgum
Significance to Industry: Shortages of peat for use in the greenhouse industry are
already a problem, and greenhouse producers are faced with continued shortages, as
well as increases in its price. These data show that greenhouse producers could
amend their standard greenhouse substrate with up to 50% eastern redcedar with little
to no differences in plant growth or flowering.
Nature of Work: Several issues have contributed to the limited availability of peat over
previous years including increased restrictions on the harvesting of peat, and continued
fluctuations in fuel prices. In this study, three hardwood alternatives were evaluated as
amendments to a standard peat/perlite mix. These hardwood species are currently
valued as ‘trash trees’ to the industry that could potentially be employed as economical
and viable amendments, or even alternatives, in standard greenhouse substrates. Just
like other wood substrates, these products can be chipped and milled to obtain crop
specific particle sizes.
Over the years, others have evaluated hardwoods and hardwood barks as amendments
in potting mixes. In 1975, results were obtained showing that the best growth of two
azalea species was from ‘pine shavings followed by cedar shavings’ (2). Hardwood
bark was also explored as a possible alternative (1). That study concluded that
substrates amended with as much as 25% hardwood bark could ‘be used successfully
as a media for the production of a wide range of woody ornamentals.’
The objective of this study was to determine if growers could amend their standard
substrates with up to 50% sweetgum (SG), hickory (H) or eastern redcedar (RC),
without reducing the quality of the plant.
Nine treatments were evaluated in this study including a grower’s standard (GS) control
consisting of 75:25 (v:v) peat/perlite. Remaining treatments consisted of 75:25 (v:v) and
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50:50 (v:v) ratios of peat:SG, peat:H, peat:RC, and peat:WT. SG (avg. caliper = 4.97”)
and H (avg. caliper = 5.10”) were harvested from the forest on February 16, 2009 and
RC (avg. caliper = 4.95”) was cut on February 17, 2009. All trees were de-limbed at the
time of cutting. Hardwoods were chipped through a Vermeer BC1400XL chipper on
February 19, 2009. All hardwoods were then ground further through ¼” screen on a
#30 swinging hammer-mill on February 23, 2009. WT (3/8”), used as an additional
standard/control, was obtained from Young’s Plant Farm (Auburn, AL) on February 19,
2009. All material was then stored in large containers until substrates were mixed on
May 8, 2009. All substrates were amended prior to planting with 4 lb/yd3 15-9-12
OsmocotePlus control release fertilizer (3-4 month) (The Scotts Company, Marysville,
OH) and 5 lb/yd3 dolomitic limestone. AquaGro-L® wetting agent (Aquatrols,
Paulsboro, NJ) was incorporated at mixing at a rate of 4 oz/yd3.
Three species were used in this study, which was initiated on May 8, 2009 at the AU
Paterson Greenhouse Complex at Auburn University. ‘Dreams Sky Blue’ Petunia
(Petunia grandiflora ‘Dreams Sky Blue’), ‘Cooler Peppermint’ vinca (Catharanthus
roseus ‘Cooler Peppermint’), and ‘Super Elfin Salmon’ impatiens (Impatiens walleriana
‘Super Elfin Salmon’) were all planted into 1.28 quart containers with two plugs (from
288 plug flat) per pot. Plants were placed on greenhouse benches and watered by
hand as necessary. The experimental design was a randomized complete block design
with 8 single pot replications per treatment. Each species was treated as its own
experiment. Pour-through leachates were obtained at 1, 15, 30 and 45 days after
planting (DAP) in order to determine substrate pH and electrical conductivity (EC).
Flower number was evaluated at termination, where only open blooms and blooms
showing color were counted towards the total number on each plant. Plant dry weights
(PDW) were determined after samples were dried at 170° for 72 hours. The
experiment was terminated on June 23, 2009.
Results and Discussion: pH levels at all testing dates in all treatments throughout the
study were generally within the BMP recommended range (4.5-6.5) (Table 1) (3).
Treatments with H had the lowest pH to begin with (4.9 in both H-containing
treatments), but by study termination, pH levels in treatments with H were similar to pH
levels in the other hardwoods tested.
EC levels were initially high, but by 30 DAP, all EC levels were similar, and had leveled
out to within the expected range (0.5-1.0) (Table 1). EC levels continued to be similar
through the study termination.
Petunia flower number for all treatments were similar to the GS, except for the 50:50
(v:v) peat:H treatment (Table 2). With impatiens, treatments with RC and WT were
similar to the GS (both v:v ratios of each), while treatments with H and SG had less
flowers. 75:25 (v:v) and 50:50 (v:v) peat:RC treatments were the only treatments
similar to the GS with respect to flower number in vinca. Other treatments, including
those with WT, H and SG had fewer flowers than the GS.
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Petunia PDW of plants in 75:25 (v:v) and 50:50 (v:v) peat:RC and peat:WT were similar
to PDW of plants in the GS peat/perlite mix (Table 3). The 75:25 (v:v) peat:H treatment
was the only treatment from any containing H or SG to be similar to the standard
peat/perlite mix. For impatiens and vinca, the RC substrates (both v:v ratios) were the
only treatments similar to the GS. While PDW in treatments containing WT were less
than the GS, they were similar to their respective RC counterparts (within species and
v:v ratios). PDW of plants in treatments containing H and SG had the least mass of all.
In general, these data show that throughout the study, treatments with RC as an
amendment tended to perform as well as the traditional GS peat/perlite mix. Plants in
treatments with RC also performed equal to or better than plants in WT. Plants grown
with SG and H treatments differed significantly from the GS, and are not recommended
as amendments for annual plant production with current greenhouse practices.
Additional studies are in place to determine if additional fertilizers could improve the
growth and flowering of plants in these alternative substrates.
Literature Cited:
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Bark on Growth Response of Woody Ornamentals. Proc. SNA Research Conf.
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Table 1. Effect of substrate on pH and electrical conductivity (EC) in impatiens
1 DAP
Substrate
100% Growers Standard (75:25 Peat:Perlite)
75:25 Peat:Wholetree
75:25 Peat:Sweetgum
75:25 Peat:Hickory
75:25 Peat:Redcedar
50:50 Peat:Wholetree
50:50 Peat:Sweetgum
50:50 Peat:Hickory
50:50 Peat:Redcedar

y

14 DAP
x

pH

5.2
5.2
5.3
4.9
5.4
5.5
5.7
4.9
5.6

z

EC
w

bc
bc
abc
c
ab
ab
a
c
ab

1.25
1.08
1.04
1.25
1.11
0.79
0.86
1.06
0.72

a
ab
ab
a
ab
ab
ab
ab
b

pH

5.6
5.7
5.7
5.7
5.7
5.9
6.0
6.2
5.9

30 DAP
EC

b
b
b
b
b
ab
ab
a
ab

2.43
1.28
2.18
1.99
1.72
1.36
1.03
0.73
1.40

a
abc
ab
abc
abc
abc
bc
c
abc

pH

6.2
6.2
6.3
6.4
6.3
6.4
6.6
6.7
6.5

d
d
cd
bcd
cd
bcd
ab
a
abc

45 DAP
EC

0.93
0.57
0.92
0.90
0.98
0.54
0.95
0.67
0.65

a
a
a
a
a
a
a
a
a

pH

5.9
6.1
6.1
6.3
6.1
6.2
6.3
6.4
6.3

b
ab
ab
a
ab
ab
a
a
a

z

pH and EC of solution determined using pour-through method

y

DAP = days after planting

x

EC = electrical conductivity (dS/m)

w

Means separated using Tukey's Honest Significant Difference Test at α=0.05.
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0.42
0.37
0.54
0.31
0.35
0.34
0.55
0.45
0.39

a
a
a
a
a
a
a
a
a
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Table 2. Effect of substrate on flower number at termination (47 DAPz) for three greenhouse annualsy.
Substrate

Petunia

100% Growers Standard (75:25 Peat:Perlite)
75:25 Peat:Wholetree
75:25 Peat:Sweetgum
75:25 Peat:Hickory
75:25 Peat:Redcedar
50:50 Peat:Wholetree
50:50 Peat:Sweetgum
50:50 Peat:Hickory
50:50 Peat:Redcedar
z

10.8
9.8
9.3
11.0
8.3
12.3
7.1
5.4
9.0

Impatiens
x

ab
abc
abc
ab
abc
a
bc
c
abc

70.3
53.6
45.1
38.1
52.8
55.5
18.4
16.7
58.6

a
ab
b
bc
ab
ab
c
c
ab

Vinca

27.3
18.0
8.6
11.0
27.8
14.9
6.1
6.0
21.6

a
bc
de
de
a
cd
e
e
ab

DAP = days after planting.

y

Flower number recorded as number of flowers with open blooms.

x

Means separated using Tukey's Honest Significant Difference Test at α=0.05.

Table 3. Effect of substrate on dry weight of plants at termination (47 DAPz) for three greenhouse annualsy.
Substrate

GS (75:25 Peat:Perlite)
75:25 Peat:Wholetree
75:25 Peat:Sweetgum
75:25 Peat:Hickory
75:25 Peat:Redcedar
50:50 Peat:Wholetree
50:50 Peat:Sweetgum
50:50 Peat:Hickory
50:50 Peat:Redcedar

Petunia

13.2
13.4
7.6
10.3
14.4
12.3
7.3
5.1
13.3

ab
ab
cd
bc
a
ab
cd
d
ab

Impatiens
x

7.8
4.9
3.7
3.3
5.8
4.5
1.1
1.3
6.6

a
bcd
cd
de
abc
bcd
f
ef
ab

Vinca

11.6
9.3
7.3
6.5
10.9
8.5
3.1
2.3
10.0

a
bc
d
d
ab
cd
e
e
abc

z

DAP = days after planting.

y

Dry weights recorded in grams (g).

x

Means separated using Tukey's Honest Significant Difference Test at α=0.05.
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Parboiled rice hull effects on plant growth and water requirements of containergrown shrubs
Celina Gómez and James Robbins
University of Arkansas, Department of Horticulture
Fayetteville, Arkansas 72701
cgomezv@uark.edu
Index words: Pine bark substrates, spirea, abelia
Significance to the Industry: The nursery industry is interested in alternative and
sustainable container substrates that will provide adequate growing conditions for
nursery production. Research was conducted to evaluate the effect of parboiled rice
hulls (PBH) on water use and growth of two ornamental shrubs in composted pine bark
(PB) based container substrates. Data from the first year suggests that amending PB
with less than 40% PBH will not decrease plant growth or increase the amount or
frequency of irrigation.
Nature of Work: Production of ornamental plants using soil-less substrates in
containers is a critical part of the modern nursery industry. A predominant component of
soil-less container media is pine bark (PB) which is used either as a green/fresh or more
commonly as an aged/composted product (1). A steady decline in the availability of PB,
as well as higher costs, are predicted because of an increase in demand for alternative
uses such as heating fuel, a decline in log harvest, and an increase in freight costs (2).
A relatively underutilized and sustainable container substrate is rice hulls, which are
normally considered as a by-product of the rice milling and processing industry (3).
Large quantities of rice hulls are produced annually in the US, especially in the southern
and western states; Arkansas is the largest rice-producing state in the US. In 2009
Arkansas growers are expected to harvest 1.4 million acres of rice, 48% of the total U.S.
production (4). Rice hulls are available in a variety of forms including fresh, parboiled,
aged, composted, and carbonized. The primary advantage of parboiled rice hulls (PBH)
is that any remaining seeds from weeds or rice are killed and the physical and chemical
characteristics of the product are consistent from batch to batch (5).
Einert and Guidry (7) published some of the earliest work on the use of fresh and
composted rice hulls as an amendment for the soil-based container production of woody
ornamentals. Although statistical analysis were not included, it would appear that either
form of rice hulls would be a suitable media amendment based on mortality and growth
data for Juniperus chinensis pfitzerianna L.. Laiche and Nash (7) evaluated the effect of
composted rice hulls on the growth of three woody plants (Rhododendron indicum L.,
Ilex crenata Thunb., and Juniperus horizontalis Moench.) in containers. Results
demonstrated that plant growth in organic components of 100% composted rice hulls or
50% composted rice hulls: 50% pine bark had similar results with the growth obtained
using 100% PB.
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Critical research needs to be conducted on the effect of parboiled rice hulls as an
amendment for pine bark based media in the container production of ornamental plants.
The objective of this study was to compare plant growth responses for PB substrates
amended with various amounts of PBH and to characterize the different water
requirements of each substrate for production of container-grown nursery crops.
Composted PB (SunGro, Pinebluff, AR) was amended with pelletized dolomitic lime
(M.K. Minerals, Manhattan, KS) based on a preliminary experiment conducted to
determine the lime rate required to adjust the PB to a pH similar to PBH (Riceland Food,
Stuttgart, AR) (~6.2- 6.6). Lime rates evaluated in the preliminary experiment were 0, 3,
6, 9, 12 and 15 lb/yd3. Small batches of PB were allowed to sit for two weeks prior to
measuring the pH. Based on these results, all PB was amended with a lime rate of 15
lb/yd3.
Six media substrates were formulated by blending PBH with pH-adjusted PB. Individual
blends with 0, 20, 40, 60, 80, or 100% PBH (by volume) were mixed in a 1-cubic yard
soil mixer (Mitchell Ellis, Semmes, AL) on 14 April 2009. Osmocote Plus (15N-3.9P10K; O.M. Scotts Co., Marysville, OH) was pre-plant incorporated at a rate of 12
lb/yd3and added towards the end of the blending of the substrate components to
minimize damage to the fertilizer. Containers were weighed using an electronic balance
as they were filled to minimize variation among containers.
On 14 April 2009, spirea (Spiraea x bumalda L. ‘Anthony Waterer’) liners (average 16cm tall) were potted in #2 plastic containers [(Classic 600, Nursery Supplies Inc.,
Chambersburg, PA; 22.2-cm (h) x 21.6-cm (TD) x 17.5-cm (BD)]. On 28 May 2009,
abelia (Abelia x ‘Rose Creek’) liners (average 15-cm tall) were potted in #2 plastic
containers using the blends and procedures previously described. Initial plant width
(average of the plant width measured in two directions) and height was recorded 1 week
after planting (WAP). All #2 containers were placed on a gravel area at the University of
Arkansas Horticulture Research Farm in Fayetteville, AR. Plants were arranged by
species in a Latin square design with six single-plant replications. One week after
planting, all containers were treated with Pendulum ® 2G herbicide (pendimethalin;
BASF, NC) at a rate of 200 lb/A.
The amount of available water for each container substrate was established in a
preliminary experiment using tomato plants planted on 24 February. The preliminary
study was conducted in a climate-controlled glass greenhouse at the University of
Arkansas. Plants were grown in #2 containers with the same substrate blends used in
the main experiment. On 2 May all plants were watered thoroughly and then allowed to
sit for one hour to establish container capacity (CC). Over the next month, the tomato
plants were monitored twice daily to observe the first signs of visible wilt. At the same
time containers were weighed gravimetrically. The difference between the CC and wilt
weight was used as an estimate of the total amount of available water held in the root
media after irrigation.
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From the date of planting until 22 May for spirea, and 10 June for abelia, plants were
hand-watered so the liners could get established in their containers, after which
irrigation was treated independently for each root substrate treatment. The time to
irrigate each substrate was determined gravimetrically when the average weight of three
indicator pots reached a ‘target weight’ based on a loss of 60% to 70% of the available
water as established in the preliminary experiment. Sufficient water was applied for
each substrate to return container to CC. The volume of water was recorded every time
water was applied.
Both species were harvested on 8 October 2009. Final plant width and height was
recorded and a growth index calculated. Root medium samples were collected from
each container by separating the root ball and carefully removing the substrate from the
roots. After removing the substrate, shoot and root tissue was dried in a forced air oven
(120O F) for 48 hr. Although not reported here, the initial and final chemical and physical
properties were measured for all substrates.
The experimental design was a perfect Latin square with six substrates, and six
replications for a total of 36 containers per plant species. An analysis of variance
(ANOVA) was performed at α= 0.05 and means were separated by Tukey’s HSD. Data
were analyzed with JMP 8 (SAS Institute, Inc., Cary, NC).
Results and Discussion: Increasing the percentage of PBH resulted in an overall trend
of decreasing growth index (GI) for spirea (Table 1). Results for abelia indicated that
plants grown in substrate with 20% PBH had higher GI than in substrates with 40, 80
and 100% PBH. Shoot dry weight (SDW) for spirea was greater in substrate with 0%
PBH than when substrates contained more than 60% PBH. For abelia, the SDW was
significantly greater when the percentage of PBH was 20% or less in the substrate.
Root mass was significantly greater when spirea was grown in pure PB compared to
substrates containing greater than 60% PBH. Root dry weight results for abelia were
quite surprising in that the largest root mass was observed in the 100% PBH substrate.
Water requirement for both species was highest when plants were grown in substrate
with 100% PBH. For spirea, the total amount of water applied in substrate with 100%
PBH was nearly double the amount required in any of the remaining substrates. For
abelia, substrate with 40% PBH received the least amount of water, which contrasts
with results for spirea, on which that same substrate received the second greatest
amount of water. The general trend for the frequency of irrigation events for both
species was fairly similar. For both species, there was a noticeable increase in the
number of irrigation events required when substrates contained more than 80% PBH.
We would like to thank Riceland Foods for providing partial financial support for this
research.
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Table 1. Effect of pine bark (PB) substrates amended with varying percentages of
parboiled rice hulls (PBH) on the growth of spirea and abelia grown in #2 containers.
Z

Substrate %
PB:PBH

Growth Index (cm3)
SpireaY
X

AbeliaY

Shoot DW (g)
Spirea

Root DW (g)

Abelia

Spirea

Abelia

109.2 a

7.8 ab

100:0

0.042 a

0.019 ab

39.8 a

40.7 a

80:20

0.032 ab

0.021 a

33.5 ab

33.0 a

85.3 ab

5.7 ab

60:40

0.024 bc

0.013 b

33.7 ab

21.7 b

94.7 ab

5.0 b

40:60

0.020 bc

0.014 ab

26.2 bc

22.8 b

75.7 b

7.2 ab

20:80

0.017 c

0.012 b

23.2 bc

19.2 b

69.5 b

6.8 ab

0:100
0.014 c
0.012 b
17.2 c
18.8 b
67.0 b
10.5 a
Substrates were individual blends with 0, 20, 40, 60, 80, or 100% PBH (by volume) with the remainder
being PB.
Y
Spirea was harvested after 25 weeks and abelia after 19 weeks.
X
Similar letters within columns were not significantly different at P= 0.05 using Tukey's HSD test.
Z
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Figure 1. Cumulative water requirement (columns) and number of water applications
(lines) for spirea and abelia grown in #2 containers using pine bark (PB) substrates
amended with parboiled rice hulls (PBH). Substrates were individual blends with 0, 20,
40, 60, 80, or 100% PB (by volume) with the remainder being PBH. Data includes water
application over 20 weeks for spirea and 17 weeks for abelia. The time to irrigate was
determined gravimetrically when the average daily weight of three pots reached a target
weight based on a loss of 60 to 70% of the available water. Sufficient water was applied
for each substrate to return containers to container capacity.
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Significance to Industry: Many researchers have looked at various aspects of plant
growth, nutrient requirements, and operational efficiency of nursery and greenhouse
operations over the years, but few studies have looked at the water and nutrient
efficiency of whole production systems. Most studies have focused on a specific
practice, to increase efficiency. We are developing multivariate production system
decision tools, to provide insight into how changing one practice may have multiple
outcomes, both positive and negative, on enterprise profitability and environmental
impacts. This approach will help both growers and researchers identify ways to best
change practice, which will help achieve the most efficient and profitable outcome.
Nature of Work: The Chesapeake Bay watershed has been negatively impacted by
human activity, and is currently the target of a long-term multi-state cleanup effort. In
2008, the bay’s health was rated at 28/100, with a score of 40 required to remove the
bay from the impaired waters list by 2010, and avoid additional regulations (1). Nutrient
pollution is considered the largest threat to the bay, with nonpoint sources contributing
approximately two-thirds of the nitrogen (N) and one-quarter of the phosphorus (P) (2).
Much of the research on nutrient addition to the bay has focused on N and P inputs
from point sources and agronomic crops, with minimal research on quantifying N and P
inputs from the nursery and greenhouse industry (3,4).
Nursery and greenhouse production areas can range from extensive, field operations
with low N and P input rates to highly intensive container-nursery and greenhouse
operations, which can contribute varying quantities of N and P to the surrounding
environment, if appropriate management and water-control structures are not in place.
All wholesale greenhouse, field and container-nursery operations in Maryland are
required to develop and implement an N and P-based nutrient management plan which
incorporates nutrient, irrigation, and surface water runoff risk assessment components
(5). The goals of this research project are to gain a deeper understanding of grower
practices in Maryland, and develop decision tools that can aid this industry in increasing
efficiency, and reducing N and P runoff into the Chesapeake Bay.

394
Container Section

SNA Research Conference Vol. 55 2010

Materials and Methods
Data collection: Site visits were conducted for 50 volunteer nursery and greenhouse
operations in Maryland, combining detailed information from grower interviews with
more general data submitted in state water and nutrient management plans (6).
Collected data were entered into a database, and summary statistics were derived from
the database as model inputs (see model development below). This information allows
us to determine ranges of key variables, such as nutrient and water application rates, to
get a better understanding of the efficiency of these practices and identify those points
in the process which are key to production efficiency. We also intend to use it to identify
gaps in our current knowledge, to target future research areas.
Model Development: The Stella modeling program (7) has been used to develop three
separate models (greenhouse, container-nursery, and field nursery); only the container
model is discussed in this paper, as an example. Each model incorporates major
variables affecting plant growth, water and nutrient runoff, as well as the unique
management and operational factors associated with each production system (Figure 1).
Following model development, each model was calibrated by entering the inputs from
appropriate published datasets and adjusting model variables to approximate those of
the published dataset outputs (e.g. 8). After calibration, additional published datasets
will be used to further verify the model outputs, to increase the confidence of the model
assumptions. After this verification process has been completed, data (i.e. low, median,
and high values) obtained from site visits to growing operations will be used to run a
number of “what-if” scenarios, to help determine the impact of current practices on
nutrient and water runoff. Models could be run for a normal production cycle (e.g.
outputs in Figs. 2 and 3 are for a 20-week growing cycle) or for extended periods of
time, for forecasting / learning purposes. For example, by looking at the range of
fertilizer amounts in 1 gallon containers for low nutrient use species, the minimum,
maximum, and average values can be input into the model, keeping all other variables
constant, to ascertain at the effect of different fertilizer rates on nutrient leaching and
denitrification rates.
Results and Discussion
A total of 15 field, 24 container nursery, and 21 greenhouse operations were included in
the database, with a total of 32, 130, and 119 management units respectively
representing 1351 acres of land. Nutrient application rates varied widely for all three
production system, which can be seen in Table 1. Field operations were found to have
the lowest average inputs, then greenhouse, with container nursery operations having
the highest average inputs. By understanding not only rate, but also specific
management practices (i.e. plant density, irrigation practices, fertilizer rate) we can
begin to identify practices that have the highest impact in reducing nutrient runoff.
There are a variety of N and P rates in published literature, recommended by fertilizer
companies, and applied by the grower. Numerous articles have shown that increasing
fertilizer rates increases plant growth up to a point, but nutrient uptake efficiency
typically decreases with increasing rates (9,10). It is important to understand the
balance between nutrient application rate, plant growth, irrigation application, and
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nutrient uptake efficiency, to achieve the fastest growth with the least amount of inputs
and losses.
Conclusions and Future Developments
We are developing specific models for nursery and greenhouse production systems as
tools to target water and nutrient efficiency. The database that has been developed for
this project provides real-world nutrient and irrigation information, while the models will
help determine the impact of those management decisions not only on the plants, but
also the environment. These models will be useful for growers, researchers, and
extension educators to provide a better understanding of system water and nutrient
efficiency, using a range of realistic resource inputs. With a greater understanding of
the problem, we can be more effective at educating growers and implementing better
nutrient reduction practices. This should lead to greater efficiencies, lower costs, and
enhanced profitability for growers, which are usually the most important incentives for
changing practices. These models also have the potential of being used in other states
and countries to increase resource use efficiency in similar production systems.
Literature Cited
1. Chesapeake Bay Foundation. 2008. <http://www.cbf.org/Document.Doc?id=170>
last accessed 11/6/09.
2. Jordan, T. E., D. L. Correll, and D. E. Weller. 1997. Nonpoint source discharges of
nutrients from piedmont watersheds of Chesapeake Bay. J. Amer. Water Resources
Assoc. 33:631-645.
3. Fisher, T. R., J. D. Hagy III, W. R. Boynton, and M. R. Williams. 2006. Cultural
eutrophication in the Choptank and Patuxent estuaries of Chesapeake Bay.
Limnology and Oceanography 5:435-447.
4. Flemer, D. A., and M. A. Champ. 2006. What is the future fate of estuaries given
nutrient over-enrichment, freshwater diversion and low flows? Marine Poll. Bull.
52:247-258.
5. Lea-Cox, J. D., D. S. Ross and K. M. Teffeau. 2001. A water and nutrient
management process for container nursery and greenhouse production systems. J.
Environ. Hort.. 19:230-236.
6. Lea-Cox, J. D., D. S. Ross, and A. G. Ristvey. 2006. Field Manual for Writing
Nutrient Management Plans for Nursery and Greenhouse Operations. Version 1.6.
7. Anonymous, 2007. Stella v. 9.0.3 http://www.iseesystems.com. Accessed on
12/12/09
8. Ristvey, A. G., J. D. Lea-Cox, and D. S. Ross 2007. Nitrogen and phosphorus
uptake efficiency and partitioning of container-grown azalea during spring growth. J.
Amer. Soc. Hort. Sci. 132:563-571.
9. Cabrera, R. 2003. Nitrogen balance for two container-grown woody ornamental
plants. Scientia Horticulturae. 97:297-308.
10. Sandrock, D. R., A. N. Azarenko, and T. L. Righetti. 2005. Fertilization of two
container-grown woody ornamentals based on their specific nitrogen accumulation
patterns. HortScience. 42:451-456.

396
Container Section

SNA Research Conference Vol. 55 2010

Table 1. Low, median and high levels of N and P applied per acre per year to
greenhouse, container and field operations in Maryland. Numbers are based on
calculations from grower interviews at 50 operations in Maryland that were site visited
during February-April, 2009.
Greenhouse
Container
Field
lb of N
lb of P2O5
lb of N
lb of P2O5
lb of N
lb of P2O5
/acre/yr
/acre/yr
/acre/yr
/acre/yr
/acre/yr
/acre/yr
Low
10
5
4
6
1
1
Median
63
29
482
284
34
27
High
1712
2019
2649
1091
182
272

Figure 1. Graphical representation of the preliminary container-nursery model. Users
can input site-specific variables such as container size, plant density (plants/ft2),
fertilizer type (soluble vs. slow-release), application rate and timing, irrigation practices,
etc. After the various inputs are entered, the user can run the model to determine the
allocation of applied N, P, and water over the production cycle, based on the specific
variables. Non site-specific variables are obtained from published literature.
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Figure 2: Hypothetical Stella container model output of phosporus allocations over a 20week growing cycle. Line 1 represents mg P stored in the container substrate, by week;
line 2 represents the mg P stored in the plant per week, and line 3 is the P leached per
week. (Note different values on Y axis). Note that models are still being developed;
graphical outputs are given only for visualization.
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Figure 3: Hypothetical Stella container model output of nitrogen allocations over a 20week growing cycle. Line 1 represents mg N stored in the container substrate, by week;
line 2 represents the mg N leached each week; line 3 is the N taken up by the plant, and
line 4 is N removed from the container by denitrification. (Note different values on Y
axis). Note that models are still being developed; graphical outputs are given only for
visualization.

399
Container Section

SNA Research Conference Vol. 55 2010

Crumb Rubber as an Amendment for Extensive Green Roof Substrates:
Preliminary Research Conclusions
S. Lorelly Solano1, Andrew G. Ristvey2, John D. Lea-Cox1 and Steven M. Cohan1
1

Department of Plant Sciences and Landscape Architecture
University of Maryland, College Park, MD 20742
2
University of Maryland Cooperative Extension
Wye Research and Education Center, Queenstown MD 21658
lorellys@umd.edu
Index Words: storm water, runoff, zinc, toxicity.
Significance to Industry: Low impact development techniques are now the preferred
method of storm water management in new development and redevelopment projects
(1). This is supported by an observed 35% growth of the green roof industry in North
America in 2008. The City of Chicago, which has numerous policies in place to support
green roofs and urban greening, implemented the greatest area of green roofs in the
United States, followed closely by Washington, DC and New York City (6). The
continuous implementation of green roof systems in our urban landscapes is favorable
for the nursery industry because of the increased market demands for green roof plant
species and substrates, along with continued research in this new area. This study
presents preliminary conclusions in regards to the use of crumb rubber as a potential
amendment for extensive green roof substrates.
Nature of Work: Planting on roofs is one of the most innovative and rapidly developing
fields in the worlds of ecology, horticulture, and the built environment (3). Extensive
green roof systems have numerous proven ecological and economic benefits including
storm water management, energy conservation, mitigation of the urban heat island
effect, and improvements in urban aesthetics. According to Berghage (2), media
selection is critical to the success of a green roof. Considerations include weight,
stability, water holding capacity, hydraulic conductivity and parent materials. Most
commercial media combine a lightweight aggregate like expanded clay, slate or shale
(80-90% by volume) with organic compost (10-20% by volume or 2-5% by weight). If the
building can support greater weight, less costly materials can be used, but this is not
common.
The interest in light weight materials as an amendment for green roof substrates
represents an opportunity for incorporating recycled products. Used automotive tire
disposal is a major environmental concern. Each year, over 270 million automobile and
truck tires are disposed of in the United States (5). Crumb rubber (rubber granules
derived from waste tires that are less than or equal to one-quarter inch or six millimeters
in size) has currently several market applications (4). Maryland Environmental Service
suggested to investigate this material as a potential amendment for green roof
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substrates. The major disadvantage of crumb rubber is the presence of zinc (Zn). Tires
containing about 1% zinc oxide represent the main input of Zn in urban runoff,
frequently exceeding water quality standards at the point of discharge (11). According
to Geosyntec Consultants (5), the release of Zn from tire derived aggregates could be
observed for 20 months.
Previous research performed by our team (8, 9, 10) confirmed Zn leaches out from the
recycled material but results were not conclusive if this quantity of Zn could affect the
development of green roof plants. In order to determine if Sedum species are tolerant
to the metal, a hydroponic study was performed to compare the plant performance in
two substrates and three levels of Zn through a Hoagland’s solution. Sedum
kamtschaticum (Fisch. & C.A. Mey) was used as a model species to determine Zn
tolerance in a 90 day, hydroponic study. Seedlings were transplanted and allowed to
establish in 4” Oyama pots (AV Planters, San Lorenzo, CA) containing either roofliteTM
green roof media (roofliteTM, Skyland USA, Avondale, PA) or glass beads (3 mm
diameter) for 1 month before treatment initiation. At the end of the fourth week all the
plants were pruned to a height of 10 cm and were considered ready for the study
initiation. At this point, plants were exposed to three Zn treatment regimens including
0.3 ppm (an ambient soil concentration), 80 ppm, and 160 ppm. These rates will be
referred as low, medium and high, respectively. Additionally, the following
concentration of nutrients (μmol L-1) were applied to all the treatments: 2000 Ca(NO3)2 •
4H2O, 1000 KH2PO4, 500 MgSO4 • 7H2O, 100 KCl, 700 K2SO4, 10 H3BO3, 0.50 MnSO4
• H2O, 0.20 CuSO4 • 5H2O, 0.01 (NH4)6Mo7O24, 100 Fe-EDTA
(ethylenediaminetetraacetate). Treatments were developed based on similar Zn
phytotoxicity research from Qui et al., 2006 (7). In order to prevent water stress in the
plants, two fertigation frequencies were established. The plants growing in glass beads
received 300 ml of the solution once a week, and the plants growing in rooflite™
received 150 ml of the solution twice a week. Plants were harvested on 30, 60 and 90
days after treatment (DAT), but only the 90 DAT data will be shown. Top growth and
roots were separated. Roots were removed from media and were washed with tap
water and set in 20 mM Na2-EDTA (disodium ethylenediaminetetraacetate) for 20
minutes to remove Zn adhering to the roots surfaces (12). Plant tissues were dried at
60 °C (140 °F) and weighed for a final dry mass. The null hypotheses established for
this experiment were: 1) different levels of Zn do not affect the dry mass of Sedum
kamtschaticum 2) dry mass is not significantly different when growing in rooflite™
compared to glass beads. ANOVA was used to determine statistical significance
between treatments (SAS v. 9.1; SAS Corporation, NC).
Results and Discussion: All growth data needed log10 transformation because of
unequal variances. In general, plants grown in glass beads exhibited a reduced dry
mass compared to the plants in rooflite™ (Figure 1). Based on ANOVA results the first
null hypothesis was rejected by indicating significant effects in all the Zn level
comparisons of plants grown in glass beads, and non significant differences at any level
in the plants grown in rooflite™. The second null hypothesis was also rejected since all
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the comparisons between the substrates at all the levels showed to be significantly
different.
By the end of the experiment, the plants in rooflite™ looked vigorous and healthy
independently of the Zn level. In contrast, plants growing in the medium and high level
solutions in glass beads exhibited a collapsed root system that likely caused a cessation
in shoot growth, foliar chlorosis, and eventually shooth death (Figure 2). Based on the
results of previous experiments, it is assumed that the Zn adsorbed to the rooflite™
substrate particles becoming unavailable for plant uptake. The interaction between
crumb rubber and rooflite™ was confirmed when the leachates of six different
proportions of the materials were compared after 16 days of saturation in reverse
osmosis water. Results showed the total available Zn in all the treatments containing
rooflite™ was significantly less than the reference control (100% crumb rubber)
throughout the experiment (10).
So far, it is well understood that Sedum kamtschaticum is not hypertolerant to zinc.
However, when plants were exposed to zinc in association with rooflite™, no significant
negative effects were observed and it seems that Sedum species have the ability to
become established even after the exposure to the maximum amount and rate of zinc
released, which can occur during the first hours of exposure of crumb rubber to water
(10).
Based on plant tolerance observations (9), it seems crumb rubber does not impose
limitations for the development of Sedum species when used in proportions not higher
than 30%. However, it is necessary to confirm that the concentrations of the metal in the
runoff water (leachate) would not exceed recommended levels to protect water quality
and aquatic wild life.
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Figure1. Average (n=6) dry mass of Sedum kamtschaticum after 3 months of exposure
to three zinc levels in hydroponic conditions. Error bars represent standard
errors.
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Figure 2. Visual comparison of treatments 90 days after study initiation.
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Preliminary methods for container production of rhizoma perennial peanut
(Arachis glabrata)
Gary W. Knox, James H. Aldrich and Benjamin D. Anderson
University of Florida/IFAS, North Florida Research and Education Center
155 Research Rd., Quincy, FL 32351
gwknox@ufl.edu
Index Words: variety trialing, fertilization, perennial peanut, Arachis spp.
Significance to Industry: Rhizoma perennial peanut (Arachis glabrata Benth.) is
becoming widely known and appreciated by the Green Industry as a low maintenance
groundcover. Production and use of rhizoma perennial peanut would increase if
selections were evaluated for ornamental uses and container nursery production
protocols were developed. Results from this project showed that conventional container
nursery practices produced salable plants of five selections of rhizoma perennial peanut
provided plants were fertilized. Non-pathogenic foliar chlorosis suggests the need for
additional research to determine specific nutrient requirements for production regimes
lasting longer than 4 months.
Nature of Work: Rhizoma perennial peanut (RPP; Arachis glabrata) is becoming widely
known and appreciated by the Green Industry as a drought tolerant, pest resistant,
nitrogen fixing groundcover. This species is adapted to landscapes in USDA Hardiness
Zones 10 through at least 8b. The landscape market for RPP could increase
dramatically if container nursery production protocols were developed and selections
were evaluated for ornamental attributes.
RPP has been widely studied as a forage crop, yet significantly less is known about its'
production, establishment and use as a groundcover. This is partly due to a lack of
knowledge about the relationship between nitrogen and total nonstructural
carbohydrates (TNC) as they relate to establishment (2). Nitrogen inputs have been
shown to have relatively little effect on establishment and in some cases may inhibit
establishment (3). However, RPP does have the benefit of being drought tolerant and is
able to grow under a variety of management systems (4); studies indicate that the
nitrogen fixed by RPP is adequate to support its growth (3).
On March 26 and 27, 2009, plants of 'Apalachee', 'Arbrook', 'Brooksville 67' (Waxy),
'Brooksville 68' (Pointed) and 'Ecoturf' growing in 4-inch containers were divided and
divisions potted into #3 (11-liter) containers (O3O; Nursery Supplies, Inc., Kissimmee,
FL) filled with substrate [80:10:10 by volume (pine bark:peat:sand) with sludge; Graco
Fertilizer Company, Cairo, GA ]. Containers were placed on a conventional nursery
production bed under full sun spaced 18 in (45 cm) apart within rows and 22 in (55 cm)
between rows. Overhead irrigation of 0.4 in/day (1 cm/day) occurred March 26 to May
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14 with an additional irrigation of 0.4 in/day (1 cm/day) commencing May 15. 'Ecoturf',
Pointed and Waxy were introduced as groundcover types of RPP (1). 'Apalachee' is an
unreleased selection with landscape potential, while 'Arbrook', released as a forage
type, was included for comparison.
On March 30, 2009, one group of plants remained unfertilized while two others were
topdressed with fertilizer [Osmocote 15-9-12; 12-14 month Southern formulation, Scotts
Horticultural Products, Marysville, OH] at low (55 g/container) or medium (88
g/container) rates recommended for the container size. Unfertilized plants were included
to determine if nitrogen-fixing RPP could provide its own nitrogen for acceptable growth
and appearance under container production. Containers were arranged in a completely
randomized block design by cultivar with 8 single-plant replications per treatment
combination.
Monthly flower counts and ratings of plant quality and percent vegetative coverage of
the container surface were assessed by two or three observers. Plant quality ratings
were performed on a scale from 1 to 5 where 1= poor foliage density and color, not
acceptable, 2=fair quality, marginally acceptable, 3= somewhat desirable density and
color, 4= very acceptable density and color, desirable, and 5=excellent quality, very
desirable density and color. At 4 months, on July 28, average height, widest width and
width perpendicular to widest width were recorded. Data was subjected to analysis of
variance (ANOVA) and significant means separated by least significant difference
(LSD), P=0.05 level.
Results and discussion: All selections of RPP could be acceptably produced in
conventional container nursery production. Unfertilized plants generally had poor growth
or appearance. All fertilized groundcover types produced saleable plants in #3
containers within 4 months. However, while fertilized plants generally grew larger, many
developed chlorotic leaf spots by the termination of the experiment. This chlorosis
suggests a nutrient deficiency or toxicity, and tissue nutrient analysis results are
pending.
In the unfertilized treatment, Waxy had greater coverage and a greater average width
than any other cultivar. The shortest average height was achieved by Pointed, followed
by 'Apalachee', and then 'Arbrook'. Pointed and 'Apalachee' showed the greatest
number of flowers without fertilization. At Fertilizer Rate 1, all cultivars had similar
coverage except 'Ecoturf' had significantly greater coverage than Pointed. Also,
Pointed had a significantly shorter height than any other cultivar; 'Arbrook' had the
greatest average height under all treatments. 'Apalachee' had a significantly greater
quality rating than either Waxy or 'Ecoturf', but similar to that of 'Arbrook' and Pointed.
As in the unfertilized treatment, 'Apalachee' had the greatest number of flowers;
'Arbrook', 'Ecoturf', and Waxy had the fewest. At the highest rate of fertilization,
'Apalachee', 'Arbrook', and 'Ecoturf' had the greatest percent cover, significantly greater
than that of either Pointed or Waxy. Pointed and 'Apalachee' had the shortest average
height when compared to 'Arbrook' and 'Ecoturf'; 'Apalachee' had a significantly greater
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width than any other cultivar. 'Apalachee', 'Arbrook', Pointed, and Waxy had similarly
high quality ratings when compared with 'Ecoturf', which had the lowest. The greatest
number of flowers was counted for 'Apalachee', followed by Pointed and then Waxy.
'Arbrook' and 'Ecoturf' had the fewest number of flowers.
The results of this study indicate increased coverage and increased plant width under
heavier fertilization regimes. Flower number was relatively unaffected by the addition of
fertilizer, and plant quality under high vs. low fertilizer rates was not significantly
different. Fertilization did not increase plant height. It is also notable that Waxy had
similar coverage under all treatments including no fertilization, as well as a steady
quality rating and no significant increase in height. This would indicate that it has some
potential for use in the landscape setting and in situations where additional fertilizer
inputs are undesirable.
Further studies are needed in order to determine the cause of the foliar chlorosis
observed, possibly relating growth and leaf color to micronutrient deficiencies over the
long term. Soil properties, specifically pH, as they relate to growth of RPP also demand
further study because the contribution of the rhizome to aboveground growth is not well
understood at this time. Long term field studies may be helpful in determining if RPP
can sustain itself without N inputs or other individual nutrient inputs, as initial buffering
by the rhizomes in the short term may not allow deficiency symptoms to fully manifest
themselves.
Literature Cited:
1. French, E.C., J.A. Stricker, G.M. Prine, F.S. Zazueta, A.E. Dudeck and A.S.
Blount. 2001. Establishment and management of ornamental perennial peanuts,
SS-AGR-19. Florida Cooperative Extension Service, Institute of Food and
Agricultural Sciences, University of Florida, Gainesville, FL 32611. 8 pp. Revised
2006.
2. Rice, R.W., L.E. Sollenberger, K.H. Quesenberry, G.M. Prine and E.C. French.
1996. Establishment of Rhizoma Perennial Peanut with Varied Rhizome Nitrogen
and Carbohydrate Concentrations. Agron J 88: 61-66.
3. Venuto, B.C., D.D. Redfearn and W.D. Pitman. 1998. Rhizoma Peanut
Responses to Harvest Frequency and Nitrogen Fertilization on Louisiana Coastal
Plain Soils. Agron J 90: 826-830.
4. Williams, M.J., C.A. Kelly-Begazo, R.L. Stanley, Jr., K.H. Quesenberry and G.M.
Prine. 1997. Establishment of Rhizoma Peanut: Interaction of Cultivar, Planting
Date, and Location on Emergence and Rate of Cover. Agron J 89: 981-987.

408
Container Section

SNA Research Conference Vol. 55 2010

Table 1. Average cumulative visual quality and final percent coverage of the container surface, number of flowers, height and
average width on 28 July, of five rhizoma perennial peanut selections grown 4 months in #3 (11-liter) containers at three fertilizer
rates.
Fertilizer rate 1z

Unfertilized

Name
'Apalachee'
'Arbrook'
'Brooksville 67'
(Waxy)
'Brooksville 68'
(Pointed)
'Ecoturf'
LSD (0.05) w

Ave.
visual
qualityy

Ave.
cover
(%)x

Number
of
flowers

Ave.
height
(in)

Ave.
width
(in)

Ave.
visual
qualityy

2.0 c
2.1 c

64.7 b
64.4 b

4.3 ab
0.0 c

3.5 c
8.4 a

12.2 b
12.4 b

2.8 a

124.1 a

3.0 bc

3.7 c

2.6 ab

83.1 b

6.4 a

2.2 bc
0.47

86.6 b
30.7

0.8 c
3.4

v

Fertilizer rate 2z
Ave.
visual
quality
y

Ave. cover
(%)x

Number
of
flowers

Ave.
height
(in)

Ave.
width
(in)

25.6 a
23.0 a

2.9 a
2.9 a

145.0 a
136.9 a

12.5 a
2.3 c

3.7 cd
9.2 a

27.6 a
23.1 b

3.5 c

19.0 b

2.8 a

117.8 bc

4.3 bc

3.9 c

20.1 bc

7.3 ab

2.6 d

17.0 b

3.1 a

104.7 c

7.6 b

2.9 d

17.2 c

2.9 c
4.1

6.1 b
0.8

23.5 a
2.8

2.3 b
0.40

130.9 ab
18.0

3.1 c
3.5

6.2 b
0.9

22.4 b
3.3

Ave.
cover (%)x

Numbe Ave.
r of
height
flowers
(in)

Ave.
width
(in)

3.0 a
2.7 abc

127.2 ab
118.4 ab

11.1 a
1.8 c

3.7 c
8.1 a

20.4 a

2.6 bc

121.6 ab

3.5 bc

2.5 d

13.0 b

2.9 ab

113.8 b

6.3 b
0.8

15.5 b
3.9

2.4 c
0.36

132.8 a
14.6

z

Fertilizer rate 1 is 55g/container and Fertilizer rate 2 is 88 g/container of Osmocote 15-9-12, 12-14 month Southern formulation.
Average rating was derived by dividing the cumulative monthly quality rating by 4 months.
x
Percent vegetative coverage of the container surface at project termination 28 July. Ratings of percent vegetative coverage
greater than 100 occurred if the plant extended beyond the container rim.
w
Least significant difference at P=0.05 level.
v
Grouping letters in italics within columns indicate significant differences at the P=0.05 level.
y
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Development of Sustainable and Alternative Substrates for
Nursery Container Crops
Cheryl Boyer, James Owen, and James Altland
Kansas State University, Oregon State University, and
USDA-ARS Application Technology Research Unit, Wooster, OH
Index words: biofuel, switchgrass, bamboo, eastern red cedar, giant miscanthus, corn
stover.
Significance to the Industry: Recent instability in fuel costs have caused tremendous
price increases and reduced availability of bark. Added to this, the decline in housing
and construction has contributed to a decline in domestic forest operations which in turn
have led to a decline in bark supply. Objectives are to develop alternative substrates
from three different broad sources: 1) currently underutilized and/or waste biomasses
(logging slash, forest residuals, corn stover, cotton stalks); 2) biomass generated from
statewide efforts to remove invasive plant species (Eastern red cedar); or 3) biofuel
crops that can be grown and harvested specifically as a substrate (willow, switchgrass,
giant miscanthus). Once substrates are indentified, Best Management Practice Guides
will be developed, demonstrated and disseminated to stakeholders.
Nature of Work: The long term goal of this project, funded by the Floriculture and
Nursery Research Initiative with guidance from the Horticultural Research Institute, is to
identify and develop regional and sustainable sources of horticultural substrates for the
nursery industry. Our team’s approach for developing new substrates is a four-phase
process. First, materials are identified that might be used a substrates on a regional
basis in each of our respective regions. Actual availability and potential cost for
securing these materials are investigated with the help of local experts (agriculture
economists, forestry consultants, etc.). Potential of using these materials on a crossregional basis is also discussed amongst our group (we are currently exploring the idea
of using bamboo biomass as a substrate in all of our regions). Some materials may
have a limited range of utility (for example invasive red cedar in the Kansas region or
reed-sedge peat in the upper Midwest region).
The second phase of the investigation involves taking the material from its parent form
and processing it into a usable substrate. Once materials are identified and secured,
their initial processing, particle size reduction, storage, and base physical properties are
measured. Organic materials respond differently to processing (chipping and
hammermilling), thus a range of processes must be explored to determine which
combination of processes results in a substrate with suitable particle properties that
would facilitate potting operations at a nursery and provide an ideal environment for
plant growth.
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The third phase of the process involves observation of the materials in the container.
Our current process is to use fast-growing herbaceous crops to quickly ascertain how
the substrates interact with common fertilizers and amendments typically used by
nursery producers. These factors would include substrate pH, physical properties,
development of nuisance organisms (mushrooms, algae, weeds, etc.) in the substrate,
insect or disease problems, and overall plant performance. By analyzing foliar nutrient
content, we can quickly ascertain the effect these materials have on overall plant
nutrition and whether or not special nutrient supplements are necessary.
The fourth phase is to determine the suitability of these materials over a period of 4 to
12 months, which is the typical production cycle for woody nursery crops. All materials
evaluated to date have lower lignin content than pine bark. Lignin is a complex polymer
that binds to cellulose fibers to strengthen and harden plant cell walls. It is thought that
the lesser the lignin content, the less stable the material will be in the container
environment. Thus changes in substrate physical properties over time is the primary
concern during this phase of evaluation.
Results and Discussion: Most of this research has been under the first three phases
described above: identifying potential alternative source materials for substrates,
understanding the necessary processing steps required to convert source materials into
a usable substrate, and observation of short-term crops growing in newly developed
substrates.
Thus far, our team has been working with the following plant biomass sources:
switchgrass (Panicum virgatum), willow (Salix spp.), corn (Zea mays) stover, giant
miscanthus (Miscanthus ×giganteus), poplar (Populus spp.), bamboo (Phyllostachys
spp.), and eastern red cedar (Juniperus virginiana).
All of the above listed materials have higher pH than pine or Douglas fir bark.
Amendment with peat moss or compost at rates typical of nursery producers (varies by
region) lowers pH in alternative substrates to a more moderate level (6.0 to 6.5).
However, this has led us to eliminate lime from the fertility package, as pH is already at
the upper end of the ideal range. In some early plant trials, we have documented
nutrient deficiencies in calcium (Ca) and magnesium (Mg) as a result of lime omissions.
We have also observed iron (Fe) deficiencies in some substrates, despite addition of a
general micronutrient package. We are currently working with sulfate and oxide forms
of Ca, Mg, and Fe as fertilizer supplements to avoid deficiencies manifesting in plants.
We have found that materials processed through a hammermill equipped with a 3/8 in
screen produces substrates with particle size distribution similar to bark substrates
currently used. Despite similarities in particle size distribution, alternative materials tend
to hold less water and have greater air space than pine bark. Amendment with
sphagnum peat moss and compost decreases air space and increases water holding
capacity to levels considered more ideal, and to levels similar to pine bark. Despite
similar physical properties (a static measurement), water use efficiency for alternative
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substrates may still be lower. Addition of hybrid poplar incrementally decreased water
use efficiency (7 g/mL).
We are also studying nitrogen (N) dynamics in the alternative substrates. One of the
initial concerns with all the aforementioned alternative substrates was N immobilization.
As these substrates are probably more easily decomposed than pine or Douglas fir
bark, they are also more likely to immobilize N to aid in the decomposition process. We
have observed slow initial growth of some plants in alternative substrates compared to
pine bark, however, after 6 to 8 weeks plants in alternative substrates had ‘caught up’
and outperform those in pine bark. We attribute this to temporary immobilization and
subsequent release of N in alternative substrate materials. To eliminate the initial
stunting of crops in alternative substrates, we are evaluating fertilizer application
techniques that would turn this phenomena from a disadvantage to an advantage. We
are currently evaluating how dibbling controlled release fertilizers (placement of the
fertilizer beneath the liner rootball at the time of potting) can alleviate N immobilization.
We found that dibbling fertilizers in switchgrass substrates resulted in similar or superior
growth to all application methods in pine bark substrates. Furthermore, switchgrass
substrates are leaching less N compared to pine bark, regardless of fertilizer rate or
application method. The implication is that with a simple modification of fertilizer
application technique, plants can be grown in alternative substrates with no initial
stunting and greater levels of retained N (greatly reduced N leaching).
A great deal of other research is being conducted concurrently to evaluate pH
amendments, plant susceptibility to pathogens in alternative substrates, silicon (Si)
availability from alternative substrates, water and nitrogen use efficiency, herbicide
efficacy and phytotoxicity with alternative substrates, and others.
Our immediate goal now is to identify two or three materials with the greatest potential
for use in the nursery industry, and focus our efforts on those materials to better
understand how they react in the vast and complex environments typical of nurseries
throughout North America.
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What To Do When Pine Bark Runs Short:
Physical Properties of Pine Bark Alternatives
Brian Jackson, Helen Kraus, Ted Bilderback
Department of Horticultural Science
North Carolina State University, Raleigh, NC 27695-7609
Brian_Jackson@ncsu.edu
Index Words: substrate, amendments, mortar sand, builders sand, slate, clay, granite
Significance to Industry: When selecting a substrate amendment, particle size and
particle size distribution should be considered and used in determining the volume of
amendment to add to the pine bark (PB) base. Both the physical size and shape of the
amendment’s particles will impact how it will blend with PB determining the air and
water relations of the blended substrate. Additionally, the porosity and chemistry of the
particles will alter the moisture availability and nutrient retention of the blended
substrate.
In this work, all amendments resulted in PB-based substrates with physical properties
within the range recommended by the Best Management Practices Guide (Yeager, et
al., 2007). However, plant available water and stability over time under production
conditions varied with substrate amendment. Time in production did not alter the total
porosity, available water, or unavailable water of builders sand, clay, and slate amended
substrates meaning that these physical properties were stable and remained constant
over the 17 months; however, container capacity and the small particle factions
increased in theses substrates over time. Pine bark-based substrates amended with
mortar and builders sands had the greatest CC and lowest AS while the slate amended
and PB substrates had the lowest CC and greatest AS. However, data on plant growth
in all these substrates needs to be evaluated before production recommendations can
be established.
Nature of Work: The Southeastern nursery industry relies almost exclusively on PB as
a substrate to grow nursery plants in pots. Pine bark is desirable because it is light in
weight, well-drained, pathogen-free and disease suppressive. Changes in forestry
practices and new markets for forestry products have threatened the availability of this
vital component in nursery plant production. A survey by Lu, et al. (2006) found a
decline in PB availability across the southeast and elsewhere with associated increased
cost due to less domestic forestry production, imported logs without adhering bark,
increase rate of ‘in-forest’ wood harvesting that leaves bark behind on the forest floor,
and increase use of PB as a fuel source. Consequently, less than 5% of the forest
product inventory of PB is available for horticultural use.
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Alternative substrates and substrate components with desirable horticultural
characteristics have been investigated to mitigate the potential impact of diminished PB
supplies for containerized plant production industry. Many alternative substrate
components show promise in that they are non-toxic to plants and can be successfully
used as an amendment with PB stretching our PB supplies and creating acceptable
growing substrates. However, cost, regional availability, and insufficient research have
reduced the widespread use of these alternatives. Research based recommendations
offered to growers for utilizing alternative substrate components would create options
for a nursery to select the cheapest, most convenient resources.
The goal of this project is to provide the nursery industry in the southeast with regionally
available, alternative potting substrates that will keep the industry competitive and
continue demand for their products in the competitive nursery industry. To meet this
goal, comparison of several PB-based, blended substrates were evaluated for their
appropriateness in supplying the water availability and aeration required to support
containerized plant growth and substrate stability in containers over time.
Containers were filled with either 100% PB or a blended substrate (v/v) of 8:1 PB :
expanded slate (slate) (PermaTill, Carolina Stalite Company, Salisbury, NC 281451037; 8:1 PB : calcined attapulgite clay (clay) (OilDri LVM, Oil-Dri Corporation of
America, Chicago, IL 60611-4213); 8:1 PB : washed builder sand (builders) (Caudle
Sand and Rock, Raleigh, NC 27603-2339); 8:1 PB : mortar sand (mortar) (Caudle Sand
and Rock, Raleigh, NC 27603-2339); or 8:1 PB : Lilesville granite (granite) (Hawksridge
Farms, Inc. Hickory, North Carolina 28603-3349) for a total of six substrates. Table 1
shows the particle size range and physical characteristics of each amendment.
Fallow containers of each substrate were filled and irrigated as were containers with
plants grown in these substrates. Physical properties [total porosity (TP) (% vol.), air
space (AS) (% vol.), container capacity (CC) (% vol.), available water (AW) (% vol.),
unavailable water (UW) (% vol.), and bulk density (BD) (g/cc)] and particle size
distributions [sieve screens: 6.3 mm (XL), 2 mm (L), 0.71 (M), 0.50 mm (S), 0.25 mm
(XS), 0.106 mm (XXS) and < 0.106 (pan)] were determined from substrate in these
fallow containers following the procedures described by (Fonteno, et al., 1995) 6 weeks
and 17 months after potting. No plant growth data will be presented.
The fallow containers were arranged in a randomized complete block design (RCBD)
with two sample times, six substrates, and three replications. All variables were tested
for differences using analysis of variance procedures and lsd means separation
procedures where appropriate (SAS, 2001). When a non-significant sample time x
substrate interaction was in effect, only main effects of sample time and substrate were
presented. When a significant sample time x substrate effect was present data were
reanalyzed by each main effect.

414
Container Section

SNA Research Conference Vol. 55 2010

Results and Discussion: The sample time x substrate interaction was non-significant
for CC, AS, and AW as well as for the XL, L, M, S, and XXS particle sizes in the
substrates (data not shown). Sample time did not alter AS or AW but did affect CC, and
the XL, L, M, S, and XXS particle distributions (Table 2). Container capacity increased
with time as did the M, S, and XXS particles while the XL and L particle fractions
decreased with time presumably due to decomposition. Pine bark-based substrates
amended with mortar and builders sands had the greatest CC and lowest AS while the
slate amended and PB substrates had the lowest CC and greatest AS. Mortar and
builders sand amended substrates also had low fractions of XL, L, and M particle sizes
and high fractions of S and XXS. The large percentage of smaller particle sizes created
a greater number of small pores in these PB-based substrates which held water and
increased CC. Additionally, mortar and builders sands resulted in the greatest
percentage of AW of all these PB-based substrates. Clay resulted in a substrate with a
CC similar to builders sand and AS and AW similar to granite, slate, and PB. Granite
resulted in the similar CC and AW but lower AS than slate.
The sample time x substrate interaction was significant for TP, UW, and BD as well as
for the SX and pan particle size distributions (data not shown). Sample time did not
affect TP and UW of the builders sand, clay, and slate amended substrates meaning
that these physical properties were stable and remained constant over the 17 months
(Table 3). In contrast, TP increased for granite and TP and UW increased for mortar
sand. BD decreased with time for all the substrates except clay. The fraction of XS
sized particles increased with the builders sand and PB but were not affected in any of
the other substrates. An increase in the very smallest particles (those collected in the
pan) was seen in only the clay and the PB substrates. PB had the greatest TP and UW
at 6 weeks while at 17 months clay and mortar sand had the greatest TP and UW,
respectively (Table 4). The slate, builders sand, and granite consistently over time had
the lowest UW.
Literature Cited:
Lu, W., J.L. Sibley, C.H. Gilliam, J.S. Bannon, and Y. Zhang. 2006. Estimation of U.S.
bark generation and implications for horticultural industries. J. Environ. Hort. 24:29-34.
Fonteno, W.C., C.T. Hardin, and J.P. Brewster. 1995. Procedures for determining
physical properties of horticultural substrates using the NCSU Porometer. Horticultural
Substrates Laboratory, North Carolina State University, Raleigh, NC.
SAS Institute, Inc. 2001. SAS/STAT User’s Guide: Release 8.2 Edition, SAS Inst.,
Inc., Cary, NC.
Yeager, Tom, Ted Bilderback, Donna Fare, Charles Gilliam, John Lea-Cox, Alex
Niemiera, John Ruter, Ken Tilt, Stuart Warren, Ted Whitwell and Robert Wright. 2007.
Best management practices: Guide for producing Nursery Crops Version 2. Southern
Nursery Association. Atlanta, GA.: pg1- 108.
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Table 1. Particle size range and particle characteristics of pine bark and substrate
amendments.
Amendment Particle size
Particle shape
(inches)
2008
PB
6.3 – 0.106 mm
flat, slightly porous
(0.248 – 0.004 in)
clay
0.71 – 0.106 mm)
round, slightly
(0.028 – 0.004 in)
porous
slate
6.3 – 2.0 mm
round, angular,
(0.248 – 0.079 in)
highly porous
builders
2.0 – 0.106 mm
round, non-porous
sand
(0.079 – 0.004 in)
mortar sand 0.71 – 0.106 mm
round, non-porous
(0.028 – 0.004 in)
granite
6.3 – 0.71 mm
round, non-porous
(0.248 – 0.028 in)
Table 2. Effect of sample time and substrate on physical properties and particle size of
substrates. A non-significant sample time x substrate interaction is in effect.
Sample
CC (%) AS (%) AW (%)
XL (g)
L (g)
M (g)
S (g) XXS (g)
time
6 weeks
59.0z
--y
-14.3
40.9
25.9
7.1
2.9
17 months
61.2
--11.9
35.0
27.9
9.9
3.7
Substrate
mortar sand 64.5 ax
15.1 c
33.4 a
11.1 cd 23.7 c 29.7 b
15.3 a
4.1 a
builder sand 62.6 ab
15.3 c
33.4 a
9.8 cd
25.6 c 31.8 b
12.7 b
4.4 a
clay 61.6 b
22.2 ab
30.1 b
8.7 d
37.1 b 35.4 a
6.6 c
2.7 bc
granite
57.0 c
19.3 b
28.6 b
13.3 bc 59.0 a 16.0 e
4.1 d
2.3 c
slate
56.6 c
23.8 a
27.3 bc
20.4 a
41.2 b 22.4 d
5.9 c
3.3 b
PB
58.4 c
24.7 a
25.32 c
15.5 b
41.2 b 26.2 c
6.5 c
3.1 b
z
Significant analysis of variance at Ρ < 0.05 or Ρ < 0.01, respectively. Data are means of
3 observations
y
Non-significant analysis of variance.
x
Means followed by different letters within a column are significantly different from each
other based on lsd means separation procedures.
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Table 3. Effect of sample time within each substrate on selected physical properties
and particle sizes. A significant sample time x substrate interaction is in effect.
Sample 6 weeks 17 months
time
means
means
Builder sand
TP (%)
NSz
--UW (%)
NS
--BD (g/cc)
*
0.49y
0.44
XS (g)
*
12.1
17.9
Pan (g)
NS
--Granite
TP (%)
**
74.6
77.9
UW (%)
NS
--BD (g/cc)
*
0.48
0.47
XS (g)
NS
--Pan (g)
NS
--Mortar sand
TP (%)
*
76.3
83.0
UW (%)
**
27.3
35.0
BD (g/cc)
*
0.48
0.43
XS (g)
NS
--Pan (g)
NS
--Clay
TP (%)
NS
--UW (%)
NS
--BD (g/cc)
NS
--XS (g)
NS
--Pan (g)
**
1.13
0.57
PB
TP (%)
NS
--UW (%)
NS
--BD (g/cc)
*
0.26
0.24
XS (g)
*
4.9
9.4
Pan (g)
*
1.0
1.43
Slate
TP (%)
NS
--UW (%)
NS
--BD (g/cc)
**
0.40
0.45
XS (g)
NS
--Pan (g)
NS
--z
Analysis of variance *, ** Nonsignificant or significant at Ρ < 0.05 or Ρ <
0.01, respectively.
y
Data are means of 3 observations.
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Table 4. Effect substrate within each sample time on selected physical properties
and particle sizes. A significant sample time x substrate interaction is in effect.
Sample time

TP
(%)
**z

UW (%)

BD
(g/cc)
**

XS (g)

Pan
(g)
**

6 weeks
**
**
Means (6
wks)
PB
84.0 ay
34.3 a
0.26 d 4.9 b
1.0 e
clay
83.5 a
31.6 b
0.30 c 5.5 b
1.1 de
slate
77.8 b
29.0 c
0.40 b 5.5 b
1.7 a
mortar sand
76.3 bc
27.3 d
0.48 a 11.6 a 1.4 bc
builders sand
75.5 c
29.4 c
0.49 a 12.1 a
1.5 b
granite
74.6 c
28.4 cd 0.49 a 4.2 b
1.3 cd
**
**
**
**
17 months
*z
Means (17 months)
PB
82.2 aby
32.0 b
0.24 e 9.4 b
1.4 ab
clay
84.0 a
31.2 bc 0.27 d 8.1 b
0.6 c
slate
82.9 ab
29.4 cd 0.34 c 7.5 bc
1.8 a
mortar sand
83.0 ab
35.0 a
0.43 b 17.4 a 1.4 ab
builders sand
80.1 bc
29.1 d
0.45 b 17.9 a
1.2 b
granite
77.9 c
28.3 d
0.47 a 4.9 c
1.2 b
z
Significant analysis of variance at Ρ < 0.05 or Ρ < 0.01,
respectively.
y
Data are means of 3 observations. Means followed by different
letters within a column are significantly different from each other
based on lsd means separation procedures.
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