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Signiﬁcance to Industry: This study evaluated a potential new substrate for
the nursery industry. Results indicate that uniform crops of annual plants can be
grown in clean chip residual with the addition of 0, 10 or 20% peat moss. Use of
this product could provide an alternative to traditional pine bark and combinations
of pine bark: peat moss based substrates.
Nature of Work: A variety of container substrates have been evaluated since
the 1950s. Aged pine bark with the addition of a percentage of sand and peat
moss make up the majority of container substrates used in nurseries throughout
the southern US. Unfortunately, the future availability of pine bark is declining
due to reduced forestry production, increased importation of logs (no bark), and
use of pine bark as a source of fuel (3). It is important to explore alternatives to
traditional pine bark substrates; potential substrates must be readily available,
sustainable, pest-free, easily processed & shipped, as well as economical.
A new trend in harvesting pine trees is mobile in-ﬁeld equipment, which
processes trees into “clean chips” for pulp mills leaving behind a product
composed of about 50% wood, 40% bark and 10% needles. This product,
“clean chip residual” (CCR), is either sold for boiler fuel, or more commonly,
spread across the harvested area. If the processed product is sold for boiler
fuel the approximate cost is $3-4 per cubic yard. In-ﬁeld harvesting operations
are occurring across the Southeast and their numbers are increasing annually.
Estimates show as much as 25% of the total biomass harvested is CCR, and
approximately 32 cubic yards of CCR is generated per acre during a standard
thinning operation. This yield can be greater with improved forestry practices.
Several million acres in the Southeast are currently in forestry production and
CCR processing has potential to provide a sustainable media resource that is
able to meet the continuing needs of the nursery industry.
A recent study by Wright and Browder (5) showed that whole chipped pine logs
(“clean chips”) could be used successfully for nursery crop production with
proper nutrition and irrigation. A study by Fain and Gilliam (1) successfully used
substrates composed of whole pine trees to produce container-grown nursery
crops. Use of these substrates resulted in plants that were similar in size to
plants grown in pine bark alone.
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The objective of this work was to evaluate fresh Clean Chip Residual (CCR) as a
substrate component for production of container-grown annuals. The CCR used
in this study was obtained from a 10 year old pine plantation near Evergreen, AL.
Loblolly pine (Pinus taeda) were being thinned and processed for clean chips
using a total tree harvester (Peterson DDC-5000-G Portable Chip Plant, Peterson
Paciﬁc Corp., Eugene, OR). CCR was further processed through a horizontal
grinder with 4 inch screens (Peterson 4700B heavy duty grinder, Peterson Paciﬁc
Corp.) before being sold to a pulp mill for boiler fuel. The sample used in this
study was processed again to pass a ¾ or ½ inch screen. These two CCR sizes
were used alone or blended with either 10 or 20% peat and compared with a
standard control, pine bark. Treatments evaluated are listed in Table 1.
This study was initiated at Paterson Greenhouse, Auburn University in Auburn,
AL on April 12, 2006. Each substrate blend was incorporated with 12 lb/yd3
15-9-12 Osmocote control release fertilizer (5-6 month); 5 lb/yd3 dolomitic
limestone and 1.5 lb/yd3 Micromax (Scotts Co.). Two annual species, Ageratum
houstonianum ‘Blue Hawaii’ and Salvia x superba ‘Vista Purple’, were
transplanted from standard 36 cell ﬂats and grown in trade gallon containers,
placed on elevated benches in the greenhouse and hand watered. Plants were
arranged by species in a randomized complete block with seven single plant
replications. Pour-through extractions were conducted at 1, 15 and 30 days after
planting (DAP) to test media pH and electrical conductivity (EC). Media shrinkage
was measured at 7 and 41 DAP. Leaf chlorophyll content was quantiﬁed using a
SPAD-502 Chlorophyll Meter (Minolta, Inc.) at 30 DAP. Growth indices ([height +
width1 + width2] / 3 (cm)) were recorded at 30 days after planting. Shoot dry
weight was recorded at the conclusion of the study (41 DAP).
Results and Discussion: No differences among treatments were observed
for media shrinkage at either 7 or 41 DAP. Substrate pH measurements were
within acceptable ranges (5.5 to 6.5) for the duration of the study. Substrate EC
measurements were generally high (3090-2560 µS/cm) among all treatments
1 DAP. At 15 DAP all substrate EC levels except 100% pine bark and 100%
¾” CCR remained above the recommended range of 1200 to 1500 µS/cm for
established plants (2, 4), but had decreased since 1 DAP. Substrate EC levels
at 30 DAP indicated only one treatment in the recommended range (100% pine
bark); all other treatments were above recommended levels.
Ageratum exhibited similar growth among all treatments (Table 1). Salvia
exhibited reduced growth in two treatments when compared to 100% pine bark:
both 9:1 and 4:1 ¾ inch CCR: Peat. Chlorophyll content (Table 1) of Ageratum
was greater than or equal to 100% Pine Bark. No differences in leaf chlorophyll
content of Salvia were observed. Ageratum shoot dry weight (Table 1) indicated
no differences among treatments. Salvia shoot dry weight was the greatest with
all Pine bark treatments and all 4:1 Peat treatments, however all treatments were
similar to 100% pine bark.
Similarities among treatments in this study indicate that CCR is an economically
viable and sustainable substrate for containerized plant production in nurseries.
Species included in this test showed little or no differences compared to control
treatments, indicating that growth in CCR can produce crops that are as
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marketable as those grown in pine bark. More studies need to be conducted
in order to determine appropriate irrigation and fertilizer regimes as well as
document the growth responses of other plant species grown in CCR.
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DAP = days after planting.

Values within column followed by a different letter are signiﬁcant using Duncan’s Multiple Range Test (P=0.05).

Treatments were: PB = pine bark, CCR = clean chip residual, PEAT = sphagnum peat moss. The ¾" and ½" designations indicate the size of screen for grinding CCR.

x

w

Leaf chlorophyll content determined using a SPAD-502 chlorophyll meter (average of 5 leaves per plant).

Shoot dry weight (g)
41 DAP
Ageratum
Salvia
10.4 a
16.0 abc
7.9 a
13.7 c
8.8 a
14.0 c
9.2 a
17.6 a
8.4 a
14.0 c
9.7 a
14.7 bc
9.1 a
18.7 a
8.7 a
16.9 ab
7.8 a
16.9 ab

y

Leaf chlorophyll contentz
30 DAP
Ageratum
Salvia
35.2 b
53.2 a
39.6 a
53.8 a
37.4 ab
54.1 a
34.9 b
55.3 a
36.6 ab
55.0 a
37.3 ab
54.0 a
36.5 ab
54.6 a
35.4 b
54.3 a
36.1 b
53.7 a

z

Treatmenty
100% PB
100% ½" CCR
100% ¾" CCR
9:1 PB:PEAT
9:1 ½" CCR:PEAT
9:1 ¾" CCR:PEAT
4:1 PB:PEAT
4:1 ½" CCR:PEAT
4:1 ¾" CCR:PEAT

Substrate electrical conductivity
(mS/cm)
1 DAPx
15 DAP
30 DAP
2.96w abc
1.08 f
0.70 c
2.56 d
1.46 ef
1.55 bc
2.71 cd
1.87 cde
1.58 bc
3.06 ab
1.52 ef
1.57 bc
2.74 bcd
2.16 bcd
1.85 bc
2.86 abcd
2.28 bc
2.51 ab
3.09 a
1.67 de
1.79 bc
2.94 abc
2.87 a
2.13 ab
2.58 d
2.61 ab
3.19 a

Table 1. Effects of various substrates on growth of two species of annual plants (Ageratum houstonianum ‘Blue Hawaii’ and
Salvia x superba ‘Vista Purple’).
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Manipulating Light Intensity and Fall Fertilization to
Inﬂuence Fluorescence, Freeze Resistance
and Growth of Azaleas
Frank P. Henning, Tim Smalley, Orville Lindstrom and John Ruter
Department of Horticulture, University of Georgia, Athens Georgia 30602
fhenning@uga.edu
Index Words: Photosynthesis, Chlorophyll, Freeze, Shade, Rhododendron x
kurume ‘Pink Pearl’, Nitrogen
Signiﬁcance to Industry: Rhododendron x kurume ‘Pink Pearl’ plants were
exposed to two fall fertilization treatments and 4 light intensity treatments. The
results from this study indicate that the application of shade in fall may be useful
for reducing photoinhibition. However, fall fertilization treatments that reduced
the freeze resistance of azalea stem tissue did not produce similar differences in
chlorophyll ﬂuorescence indicating that ﬂuorescence may have limited value for
predicting the freeze resistance of horticultural crops.
Nature of Work: Fall fertilization is an efﬁcient way to build nutrient reserves
in woody plants and increase spring growth and relative growth rate after
outplanting (2). Unfortunately, fall fertilization may also postpone hardening in
fall, reduce freeze resistance in winter, promote early dehardening in spring and
increase freeze damage. In contrast, shade application in winter was shown to
decrease photosytem II damage, reduce the incidence of freeze damage, reduce
the degree of freeze damage and improve plant survival (4). Low-temperature
inhibition of photosynthesis is light dependant. Carbon dioxide uptake may
be reduced by low temperatures, which decreases the leaf’s ability to orderly
dissipate light energy (5). The strong and consistent correlation between
chlorophyll damage and freeze damage for Douglas-ﬁr allowed Perks et al.,
(3) to developed F.LT50, a ﬂuorescence-based alternative to LT50 (the freeze
temperature that causes 50% mortality) for predicting freeze resistance. Because
light intensity and fertility affect freeze resistance and are factors that can be
manipulated, nursery growers may be able to expand their control over freeze
resistance by managing light intensity in addition to fall fertility. This study was
to designed to investigate the interactions between fall N fertilization and light
intensity. The objective of this study is to use freeze understand how fertility and
light intensity may be managed by nursery growers in order to maximize growth
and freeze resistance of woody ornamental plants.
The experimental design of this study was a 4 x 2 split-plot experiment initiated
1 May 2004 in Athens, Georgia on Rhododendron, x kurume ‘Pink Pearl’ grown
outdoors in containers under nursery conditions. The four main-plot treatments
were low irradiance, low irradiance May to Sept., low irradiance Oct. to May
and high irradiance (high and low corresponding to average daily photon
photosynthetic ﬂux (PPF) of 23.6 and 10.4 mol . m-2. d-1). The two subplot fall
fertigation treatments were 75 ppm N, applied 1 Aug. to 29 Sept. and 125 ppm
N, applied 1 Aug. to 28 Nov. On 22 Nov. and 21 Dec. 2004 and 19 Jan., 21 Feb.
and 22 Mar. 2005, stem tissue was harvested from 3 plants in each treatment26
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replication combination and analyzed under laboratory conditions to estimate
LT50. Maximum quantum efﬁciency of PSII (Fv/Fm) was measured by chlorophyll
ﬂuorescence with a Mini-pam photosynthesis yield analyzer on 5 plants from
each treatment-replication combination on 23 Dec. 2004 and 21 Jan., 23 Feb.
and 24 Mar.2005. On 1 May 2005, 8 azaleas from each treatment - replication
combination were harvested, separated into leaf and stem tissues, and dried at
800 C for 72 hours in order to determine plant dry mass production (DM). Fall
fertilization and light intensity interaction effects were analyzed using repeated
measures ANOVA and dry mass was analyzed using the GLM procedure (SAS
Institute Inc., Cary, NC.) Tukey’s HSD was used to test for differences between
treatment means variance.
Results and Discussion: Fall fertilizer application and light intensity treatments
did not interact in their effects on azalea freeze resistance, chlorophyll
ﬂuorescence or dry mass accumulation. When compared to the 75 ppm N, Aug.
to Sept. treatment, the 125 ppm N, Aug. to Nov. fertigation treatment reduced
the LT50 of azalea stems at every harvest (Table 1). However, the same fall
fertilization treatments that produced differences in azalea stem LT50 had no
detectable effect on Fv/Fm (data not shown). In contrast to the differences in
fertilized versus unfertilized Douglas ﬁr seedlings (1), extending fall fertilization
into Nov. at 125 ppm N versus 75 ppm N did not increase the chlorophyll
ﬂuorescence of plants exposed to freezing temperatures.
As expected, light intensity treatments affected freeze resistance and
ﬂuoresence. Compared to azaleas exposed to high irradiance throughout the
study, the freeze resistance of plants exposed to low irradiance May to Sept.
followed by high irradiance beginning Oct. 1 was reduced (Table 2). In January
plants from the low irradiance treatment were more freeze resistant than plants
that were never shaded.
Regardless of the irradiance treatment from May to Sept., high irradiance in
fall reduced Fv/Fm values in Dec. compared to treatments that received low
fall irradiance (Table 3). Application of shade in fall and the resulting reduction
in photosystem II damage in early winter may increase the ability of azaleas
to acquire and maintain freeze resistance. Another interesting occurrence,
photoinhibition was greater (Fv/Fm was lower) for azaleas that were shaded
through spring and summer before being exposed to ambient irradiance in Oct.
Unlike the results on coniferous species that lead to the development of F.LT50,
in this study light intensity treatments produced differences in ﬂuorescence
and freeze resistance that were neither strong nor consistently correlated
(Tables 2 & 3). The relationship between photosynthetic damage and plant
survival does not appear to be as strong for evergreen azaleas as it is for
conifers. As a result of different photosynthetic damage (Fv/Fm) response to
freezing temperature and light intensity treatments in coniferous species versus
broadleaf azalea, F.LT50 may have limited value for estimating freeze resistance
of many horticultural crops.
Compared to plants that received 75 ppm N 1 Aug. to Sept. 29, fertigating
azaleas with 125 ppm N from 1 Aug to 28 Nov. did not increase growth (data not
Container-Grown Plant Production Section
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shown). In this study, the high rate of extended fertilization may have increased
nutrient concentration in plant tissues and lead to increased growth after out
planting. And, based on the absence of detectable difference in growth and
reduced freeze resistance, there is no reason to recommend extended azalea
fertilization through Nov. at a high rate. However, dry mass was affected by
light intensity. Leaf, stem and total dry mass were greater among azaleas that
received low light intensities May to September 2004 than plants that received
high light intensities during those same months (Table 4). Compared to azaleas
that received reduced light intensities from the application of shade cloth, the
stressful ambient conditions that liners transplanted May 1 faced may have
slowed root establishment and shoot growth.
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Table 1. Effects of fall fertilization treatments on freeze hardiness (LT50) of azalea
stem tissue harvested 22 Nov. and 21December 2004 and 19 Jan., 21 Feb. and
22 March 2005.
N (ppm)
1 Aug. to 29 Sept. to
29 Sept
28 Nov.
75
0
125
125
z

-------------------- LT50 (ºC) -------------------22 Nov.
-10.6 b z
-4.4 a

21 Dec.
-21.8 b
-10.6 a

19 Jan.
-24.8 b
-20.9 a

21 Feb.
-19.5 b
-14.9 a

22 Mar.
-9.9 b
-4.0 a

Species treatment means within each fertilizer treatment row for each date column that are not followed
by the same letter are signiﬁcantly different at P≤0.05.
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Table 2. Effects of light intensity on freeze hardiness (LT50) of azalea stem
tissue harvested 22 Nov. and 21December 2004 and 19 Jan., 21 Feb. and
22 March 2005.
Light intensity %
May to Sept. Oct. to May
44
44
44
100
100
44
100
100
z

-------------------- T50 (ºC) -------------------22 Nov. 21 Dec. 19 Jan. 21 Feb. 22 Mar.
-6.6ab z
-14.1a
-24.9b
-15.8a
-7.9a
-5.1a
-15.9a
-23ab
-17.1a
-6.5a
-8.8ab
-17a
-21.9ab
-17.1a
-6.9a
-9.5b
-17.9a
-21.6a
-18.8a
-6.6a

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

Table 3. Effects of light intensity on chlorophyll ﬂuorescence (Fv/Fm) of azaleas
measured 23 December 2004 and 21 Jan., 23 Feb. and 24 March 2005.
Light intensity (%)
May to Sept.
Oct. to May
44
44
44
100
100
44
100
100
z

Chlorophyll ﬂuorescence (Fv/Fm)
23 Dec.
21 Jan.
23 Feb.
24 Mar.
0.70a z
0.67ab
0.68ab
0.68ab
0.64b
0.59b
0.60b
0.60b
0.74a
0.72a
0.72a
0.72a
0.64b
0.63ab
0.65ab
0.65ab

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

Table 4. Effects of light intensity on leaf, stem and total dry mass of azaleas
harvested 1 May 2005.
Light intensity (%)
May to Sept.
Oct. to May
44
44
44
100
100
44
100
100
z

Leaf
21.3a z
19.1a
10.0b
9.7b

Dry Mass (g)
Stem
18.4a
17.1a
4.3b
4.8b

Total
39.7a
36.3a
14.4b
14.5b

Species treatment means within each fertilizer treatment row for each date column that are not followed
by the same letter are signiﬁcantly different at P≤0.05.
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A Comparison of Nutrient Requirements Between
Pine Chip and Pine Bark Substrates
Brian E. Jackson, John O. James, Jake F. Browder, and Robert D. Wright
Virginia Tech, Dept. of Horticulture, Blacksburg, VA 24061
jacksonb@vt.edu
Index Words: Container Media, Fertilization, Nutrition, Respiration, CO2 Efﬂux,
Ilex crenata ‘Compacta’, Pinus taeda
Signiﬁcance to Industry: Japanese holly plants were grown in pine bark (PB)
and pine chip (PC) substrates and fertilized at four different fertility rates. Results
suggest that a higher rate of fertilizer is required to achieve plant growth in PC
comparable to plant growth in PB. Utilizing PC as a substrate can provide a
reliable and beneﬁcial substrate alternative when plants are fertilized adequately.
Nature of Work: Producing substrates from wood products can make it possible
both to limit the use of expensive materials like peat and to utilize a renewable
forestry resource. Due to the relatively low cost and high availability of wood
products, serious consideration should be given to the development of this
material as an alternative, organic container substrate. Previous work has shown
the acceptable use of wood materials as a component in container substrates
when derived from trees (3, 4, and 2). Most recently, Wright and Browder (5)
demonstrated that woody and herbaceous plants could be grown in 100% PC
substrate produced from a debarked loblolly pine log (Pinus taeda L.), compared
to a 100% PB substrate. More research is needed to determine the feasibility of
growing plants in a substrate composed of 100% wood material, including the
fertility rate required over the production cycle of container grown nursery crops.
The objective of this research was to study the effect of increasing fertilizer
rate on growth of Japanese holly (Ilex crenata Thunb.‘Compacta’) in 100% PC
compared to PB. Pine chips were produced by taking chips from roughly ground
debarked pine logs and further grinding them in a hammer mill to pass through
a 6.35 mm (0.25 inch) screen. Pine chips were amended with 5% (by volume)
16/30 particle size calcined clay (Oil-Dri Corp., Chicago, IL.) and 0.6 kg·m-3
(1 lb·yd-3) CaSO4. No pre-plant amendments were added to PB since none
are needed for standard Japanese holly production. Treatments of Osmocote
Plus (15N-3.9P-10K) (O.M. Scott Horticulture Products, Marysville, OH) were
incorporated in PB and PC at rates of 3.5, 5.9, 8.3, or 10.7 kg·m-3 (6, 10, 14,
and 18 lb·yd-3) respectively. Japanese holly liners were potted in 3.8 liter (1 gal)
plastic containers containing either PB or PC and grown on greenhouse benches
in Blacksburg, VA. This study was a completely randomized design with six
single container replications per treatment.
At the end of the experiment, shoot dry weights were determined as well as
substrate respiration rates (µmol CO2·m-2·s-1) for each substrate and treatment
using a LI-6400 soil CO2 ﬂux chamber (LI-COR, Lincoln, NE). All data were
analyzed by ANOVA using SAS and subjected to regression analysis using
SigmaPlot (version 9.01 SPSS Inc., Chicago, IL).
30
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Results and Discussion: There was a signiﬁcant substrate x fertilizer rate
interaction for shoot dry weight: at fertilizer rates of 3.5 and 5.9 kg·m-3 (6 and 10
lb·yd-3), shoot dry weight was higher for PB than PC; at 8.3 kg·m-3 (14 lb·yd-3),
dry weight was about equal for the two substrates; at 10.6 kg·m-3 (18 lb·yd-3),
dry weight was higher for PC than PB (Fig. 1). Substrate respiration rates (µmol
CO2·m-2·s-1) were higher in PC than in PB with the magnitude of difference
decreasing as fertilizer rate increased (Fig. 2). The higher fertilizer requirement
may relate to the higher substrate respiration for PC (Fig. 2). Higher respiration
may be due to the higher C/N ratio of PC , as reported in previous work (1),
compared to PB, leading to increased microbial N immobilization with PC. A
higher fertilizer requirement for PC compared to PB is of concern and must be
addressed before PC can become a viable substrate for nursery crop production.
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Figure 1. Shoot dry weights of Japanese holly grown in pine bark (PB) or pine
chips (PC) incorporated with four different rates of Osmocote 15-9-12.

Figure 2. Substrate respiration rates (µmols CO2·m-2·s-1) for pine bark (PB) and
pine chips (PC) incorporated with four different rates of Osmocote 15-9-12.
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Response of Viburnum suspensum to Phosphorus
Michelle Leonard1, Michael Orfanedes1 and Tom Yeager2
1
Broward County Extension Education, Davie, FL 33314
2
University of Florida, IFAS, Gainesville, FL 32611
yeagert@uﬂ.edu
Index Words: runoff, leachate, controlled-release fertilizer
Signiﬁcance to Industry: Viburnum suspensum Lindl. grown in a commercial
nursery in south Florida was fertilized with controlled-release fertilizers containing
phosphorus equivalent to 0, 1, 3, or 6% P2O5. Plant growth indices were similar
5.5 months later regardless of phosphorus content of fertilizer. However, plant
response to phosphorus might be species speciﬁc and additional research is
needed before making general recommendations.
Nature of Work: Previous research by Midcap (2) indicated that hydrangea
growth index was smaller for plants grown without phosphorus compared to
plants fertilized with controlled-release fertilizers with phosphorus content
equivalent to 2, 3, or 6% P2O5 (0.6, 0.9, or 1.1 g of phosphorus, respectively, per
#3 container). Controlled-release fertilizers available in the market usually have
percentages of P2O5 higher than 2% noted on the labels. Phosphorus applied
in excess of plant demand is leached and likely transported in runoff from the
nursery site. Elevated phosphorus concentrations in natural waters are a concern
and in south Florida, there is a mandate to reduce phosphorus concentration in
canal water discharged to the Everglades. The purpose of the following research
was to evaluate the response of an ornamental plant grown throughout Florida to
various amounts of phosphorus supplied by controlled-release fertilizers.
One gallon Viburnum suspensum were transplanted into #3 (trade 3-gallon)
containers on February 2, 2006 with a substrate consisting by volume of 50%
pine bark, 35% Florida peat, and 15% polystyrene beads amended with dolomitic
limestone (10 lb/cu yd) and micronutrients (1 lb/cu yd, Leonard’s Ornamental
Mixes, Lakeland Fla.). Plants were placed on black polyethylene ground cover
in four groups with 48 plants in each group. Plants were arranged with triangular
spacing of approximately 6 inches between containers. The substrate in each
group of containers was amended with 47g per container of 18-0-12, 18-1-12,
18-3-12 or 18-6-12 (9 months at 80F, Harrell’s, Lakeland, Fla.). These treatments
supplied 0, 0.21, 0.62 and 1.23 g of phosphorus, respectively, per container,
while supplying the same amount of nitrogen (8.5 g per container) and potassium
(4.7 g per container). On March 16, leachates were collected from three plants
per fertilizer treatment using the pour-through technique (4) and total phosphorus
was determined by EPA Method 200.7 at the University of Florida Analytical
Research Laboratory (3). The height, widest width and width perpendicular to
the widest width were recorded for ten plants on March 16 and July 19. Initial
measurements were subtracted from ﬁnal measurements. Plants were grown in
full sun and irrigated as needed with about 0.2 inch per irrigation.
Results and Discussion: Change in plant height and growth index after
5.5 months was similar for all treatments (Table 1) and plants were determined
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to be Florida Fancy grade (1). Pour-through leachate concentrations of total
phosphorus about 6 weeks (March 16) after fertilizer application ranged from 0.6
to 1.9 ppm. Total phosphorus in the irrigation water was approximately 48 ppb.
Our results concur with those of Midcap (2) in that the application of controlledrelease fertilizer with phosphorus content greater than that equivalent to 2% P2O5
did not result in additional growth. However, plant response to phosphorus might
be species speciﬁc so the amount of phosphorus applied must be considered.
The hydrangea grown by Midcap (2) without phosphorus were visually inferior
and had a smaller growth index than plants fertilized with controlled-release
fertilizers with phosphorus amounts of 0.56, 0.85, or 1.09 g per #3 container
achieved with fertilizer labeled as 2, 3, or 6% P2O5, respectively. In our study,
Viburnum suspensum grown without phosphorus fertilizer exhibited similar
growth to plants fertilized with controlled-release phosphorus at 0.21, 0.62, or
1.23 g per #3 container (1, 3, or 6% P2O5, respectively). Thus, nursery operators
should consider using controlled-release fertilizer with low phosphorus content
as research to support this practice change becomes available. Because plant
response to phosphorus might be species speciﬁc, nursery operators should test
as many species as possible before committing to an across-the-board reduction
in phosphorus use.
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Table 1. One-gallon Viburnum suspensum were planted February 2, 2006 in
50% pine bark, 35% Florida peat, and 15% polystyrene beads substrate in #3
(trade 3-gallon) containers. Plants were grown in full sun at a commercial nursery
in Broward County, Florida. Data are the change in height and growth index
(average of two widths + height) for ten plants from March 16 to July 19, 2006.
Fertilizer
(47 g/container)
18-0-12
18-1-12
18-3-12
18-6-12

Change in height
(cm ± std. deviation)
32 ± 5.0
29 ± 5.3
30 ± 5.1
31 ± 5.8
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Change in growth index
(cm ± std. deviation)
66 ± 12
59 ± 9
61 ± 12
63 ± 12
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Nursery Production of Helleborus sp.:
Substrate and Irrigation
Adam W. Lowder, Helen T. Kraus, Stuart L. Warren, and Alison Prehn
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
awlowder@unity.ncsu.edu, helen_kraus@ncsu.edu
Index Words: Lenten Rose, Stinking Hellebore, Air Space, Available Water
Signiﬁcance to Industry: Helleborus x hybridus and Helleborus foetidus
were grown in 100% pine bark, 4:1 pine bark:sand, 8:1 pine bark:sand, and
9:1 pine bark:peat (by vol) representing a wide range of air space (AS) and
available water (AW) in combination with irrigation frequencies of 2, 4, or 8 days.
Maximum top growth of H. x hybridus was achieved with a 4:1 pine bark:sand in
combination with irrigation frequencies of 2, 4, or 8 days, whereas maximum root
growth occurred when grown in 4:1 pine bark:sand and irrigated every 4 days.
H. foetidus produced maximum top growth when grown in 4:1 pine bark:sand
or 9:1 pine bark:peat and irrigated every 2 days. Growers would be advised to
produce hellebores in substrates with high AW and low AS.
Nature of Work: The genus Helleborus includes many exciting species and
selections that provide winter to early spring ﬂowers for shade gardens in the
southeastern United States. In the landscape, hellebores are easy to cultivate
having few disease and insect problems and tolerating a wide range of soils.
However, in containerized production hellebores are susceptible to phytophthora
(Phytophthora sp.), botrytis (Botrytis cinerea), mineral nutrient deﬁciencies, and
slow rates of growth (personal communication, Richard and Judith Tyler, Pine
Knot Farms Perennials, Clarksville, VA). Growers complain of apparently healthy
1-year-old seedlings dying and surviving plants requiring 3 to 5 years to ﬂower.
When a plant is not growing well in an existing program, it may be a reﬂection
of the substrate’s physical properties, i.e., AS and AW. Since poor aeration can
increase the susceptibility of plants to soil borne pathogens such as phytophthora
(1) and reduce nutrient absorption, the authors hypothesized that hellebores
would beneﬁt from a substrate with high AS and reduced irrigation frequency.
Substrates can be engineered to produce a wide range of AS and AW (Table 1).
By combining substrates with contrasting AS and AW with differing irrigation
frequencies, it may be possible to determine the best substrate and irrigation
regime for hellebore production.
In 2004/2005 Kraus and Warren (3) examined the effect of substrate and
irrigation frequency on growth of H. x hybridus (lenten rose). Not surprisingly
substrate had a profound effect on top and root growth. However, it was the
substrate with the lowest AS and the highest AW (4:1 pine bark:sand) that
produced the greatest growth followed by 9:1 pine bark:peat, 9:1 pine bark:
sand, and 100% pine bark, respectively. Lenten rose grown in the substrate with
highest AS (100% pine bark) produced 54% less top growth than plants grown
in 4:1 pine bark:sand (highest AW) regardless of irrigation frequency. Irrigation
frequency affected top and root growth. Top growth of plants irrigated every 1, 2,
or 4 days were similar and all produced signiﬁcantly greater top growth compared
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to plants irrigated every 8 days. Root growth of plants irrigated every 2 days was
greater than plants irrigated every 1 or 8 days.
To conﬁrm the validity of these results the experiment was repeated in
2005/2006. Our objective was to evaluate the effect of four substrates with a wide
range of AS and AW (Table 1) in combination with three irrigation frequencies on
growth of H. x hybridus and H. foetidus.
The experiment was a 2 x 4 x 3 factorial in a randomized complete block design
with two species, four substrates [100% pine bark, 9:1 pine bark:sand, 4:1 pine
bark:sand, and 9:1 pine bark:peat (by vol.)] and three irrigation frequencies
(every 2, 4, or 8 days) with six replications. Physical properties of substrates
were determined as outlined in Fonteno and Bilderback (2). On Sept. 2, 2005
one-year-old seedlings were potted into 3.8 liter (#1) containers ﬁlled with one
of the pine bark based substrates (Table 1). Each substrate was amended with
2 lbs/yd3 of dolomitic lime and 1.5 lbs/yd3 Micromax. To allow time for roots to
grow into the substrate, plants were watered by hand as needed until Oct 2, 2005
when irrigation treatments began. Irrigation was applied at 2, 4, or 8 day intervals
using pressure compensated spray stakes (Acu-Stick, Wade Mfg. Co., Fresno
CA). Irrigation volume applied to each substrate was based on the AW held in the
substrate in a 3.8 liter container (Table 1). Fertilizer solution containing 40 mg•L-1
(ppm) N, 10 mg•L-1 P, and 20 mg•L-1 K was applied to all substrates every 8 days.
After 21 weeks, top and root dry weights were determined and used for growth
comparisons. Total plant dry weight was calculated as top dry weight + root dry
weight. Root:top ratio (RTR) was calculated as root dry weight ÷ top dry weight.
The data were subjected to ANOVA analysis and means were separated using
Fisher’s protected least signiﬁcance difference with P=0.05.
Results and Discussion: Characterization of substrates: Air space was highest
in the 100% pine bark substrate (Table 1). Adding sand (4:1 and 9:1 pine bark:
sand) or peat (9:1 pine bark:peat) to pine bark decreased AS but increased AW.
There was almost a two fold increase in AW in the 4:1 pine bark:sand compared
to 100% pine bark.
Growth response: All interactions containing species were highly signiﬁcant
(P<0.001) but the substrate x irrigation frequency interaction within each
species was not signiﬁcant for all measured variables. Similar to the ﬁrst study,
H. x hybridus grown in 4:1 pine bark:sand produced the largest tops and roots
(data not shown). Lenten rose grown in the substrate with highest AS (100%
pine bark) produced 49% less top growth than plants grown in 4:1 pine bark:
sand regardless of irrigation frequency. Top growth was unaffected by irrigation
frequency; however, maximum root dry weight was obtained when irrigated every
4 days (data not shown).
H. foetidus grown in 4:1 pine bark:sand and 9:1 pine bark:peat produced
the greatest top and total dry weight (Table 2). Thus, both species achieved
maximum top growth in the substrates with the lowest AS but highest AW
regardless of irrigation frequency. Plants grown in 100% pine bark were
an average of 42% smaller than plants grown in 4:1 pine bark:sand and
9:1 pine bark:peat. In contrast, RTR was greatest in 100% pine bark and
9:1 pine bark: sand.
Container-Grown Plant Production Section

37

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Optimum irrigation frequency was species dependent. In contrast to H. x
hybridus, top and total dry weight of H. foetidus was greatest when irrigated
every second day followed by 4 and 8 days, respectively. This is probably a
reﬂection of increased biomass production as H. foetidus was 111% heavier than
H. x hybridus. Root dry weight of H. foetidus responded similarly to H. x hybridus
with the largest roots produced when irrigated every 4th day.
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Table 1. Physical properties of substrates.
Substrate

TPz

100% pine bark
9 pine bark : 1 sands
4 pine bark : 1 sand
9 pine bark : 1 peat

82
82
77
79

ASy
CCx
AWw
% container volume
31
51
21 (630)t
22
60
30 (900)
11
66
41 (1238)
15
63
39 (1170)

UWv
30
30
25
34

BDu
g/cm3
0.19
0.34
0.45
0.19

zTP = total porosity.
y

AS = air space. Volume of macropores. (AS = TP - CC)

x

CC = container capacity. Volume of water retained after drainage.

w
v

AW = plant available water. AW = CC - UW.

UW = plant unavailable water.

u

BD = bulk density. Weight per volume.

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

t

s

Volume/volume basis.
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Table 2. Effect of substrate and irrigation frequency on growth of H. foetidus.
Dry weight (g)
Source of
variationz
Substratex
4:1 PB:S
9:1 PB:P
9:1 PB:S
100% PB
Irr. freq.v
2
4
8

Top
0.0001
17.6 Aw
18.4 A
13.7 B
9.4 C
0.001
18.6 Aw
15.2 B
10.0 C

Root
0.0001
7.3 B
8.1 A
7.4 B
5.6 C
0.001
7.4 B
8.4 A
5.3 C

Total
0.0001
24.9 A
26.5 A
21.1 B
15.0 C
0.004
26.0 A
23.6 B
15.3 C

RTRy
0.0001
0.43 B
0.47 B
0.56 A
0.61 A
0.001
0.43 B
0.57 A
0.54 A

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

z

RTR = root dry weight ÷ top dry weight.

y

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

x

Based on Fishers protected least signiﬁcant difference, means within a column followed by a different
letter are signiﬁcantly different at P=0.05.
w

Irr. freq. = irrigation frequency. 2, 4, or 8 = plants irrigated every 2nd, 4th, or 8th day.

v
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Nutrient Release Kinetics of Vermicompost
Amended Pine Bark
Michelle S. McGinnis, Stuart L. Warren and Ted E. Bilderback
NC State University, Dept. of Horticultural Sciences, Raleigh, NC 27965-7906
michelle_mcginnis@ncsu.edu
Index Words: Worm Castings, Compost, Mineralization, Container Production
Signiﬁcance to Industry: While use of compost as an amendment for nursery
crop production is not widespread in the industry, some nurserymen in the
southeastern U.S. amend pine bark with compost to increase water buffering
capacity. An additional beneﬁt of compost is the contribution of plant available
nutrients. Many mineralization studies have been conducted to evaluate the
nutrient contribution and longevity of organic materials added to soils (1, 2),
however, few mineralization studies have been conducted to investigate the
effects in a pine bark substrate. Vermicompost amended pine bark provides
a nitrogen and phosphorus source, and the quantity and release rates of
nutrients from vermicompost may allow nurserymen to decrease or eliminate the
application of nutrients, particularly phosphorus, as fertilizer.
Nature of Work: Vermicompost (VC) is a type of compost produced during
a non-thermophillic process in which organic waste material is stabilized by
earthworms and bacteria under aerobic conditions. Incorporation of VC into
soilless substrates such as pine bark and peat has been shown to improve
physical properties (3), increase plant growth (4), and enhance disease and
insect resistance (5, 6). Information on the nutrient contribution and nutrient
release rates of VC amended pine bark would aid growers in reducing fertilizer
nutrient inputs, which is a cost and environmental beneﬁt. Thus, the objectives of
this study were to quantify available nutrients and to predict the nutrient release
rates of VC amended pine bark over a 16 week period.
The study was a randomized complete block design with ﬁve treatments and
four replications. Vermicompost was added to pine bark screened to ≤12.7 mm
(0.5 in) at the following rates (by vol.): 0% (control), 10%, 20%, 30% and
40%. The VC was produced using hog waste as the food stock by Vermicycle
Organics, Charlotte, NC. Each substrate was placed in a polyvinyl chloride
column (PVC) [length = 30.5 cm (12 in), diameter = 5.1 cm (2 in), and volume =
720 cm3 (44 in3)] with each end sealed with a PVC cap. A 5 mm (0.2 in) hole was
drilled in each end cap to allow for gas exchange. Columns were ﬁlled, tapped
three times, saturated with 0.01M KCl, allowed to equilibrate for 5 minutes, and
drained into a collection container (week 0) for 1 hour. The columns were then
placed horizontally in an incubation chamber at 25°C.
Substrate solution samples were collected at weeks 0, 1, 2, 4, 6, 8, 10, 12, 14,
and 16. Columns were leached by plugging the end cap, placing the columns
vertically on a rack, saturating with 0.01M KCl for 5 minutes, and draining for
15 minutes. Approximately 50 ml of leachate was collected and immediately
frozen. Chemical analysis was conducted by the North Carolina Department of
40

Container-Grown Plant Production Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Agriculture laboratory, Raleigh for total nitrogen (N), inorganic-N (IN-N) (as NH4- N
and NO3-N), N-urea, total phosphorus (P), potassium, calcium, magnesium,
sulfur, iron, manganese, zinc, copper, boron, chlorine, and sodium. Only results
for IN-N and P will be presented.
Nutrient release from VC amended substrate was calculated by subtracting
nutrients contents of the control (0% VC) from the remaining four treatments.
Contents from successive time points were totaled to determine the cumulative
nutrient content released per experimental unit. These results were multiplied by
a factor of 5.56 to report the nutrient release contributions on a 4-L equivalent
(#1 container). The nutrient release rate constants (k) were determined by using
a ﬁrst order equation for IN-N and a zero order equation for P. The k values
for each nutrient were then regressed against VC rate to determine if nutrient
loading rate (VC rate) affected the nutrient release rate.
Results and Discussion: Cumulative IN-N ranged from 279 mg for 10% VC to
1,163 mg for 40% at week 16 (Table 1). While the IN-N provided by the VC is not
sufﬁcient to sustain plant growth, the VC released plant available N immediately
after incorporation, thus providing an initial N “starter charge”. This started
charge could provide N in the initial stage of growth and establishment when
the controlled release fertilizer is still inactive. A ﬁrst order rate model predicted
that the IN-N rate constant, kIN-N, (day-1) decreased linearly as the VC rate
increased (Table 2). Although the high VC rates released higher concentrations
of IN-N compared to the low VC rates, the lower kIN-N values of the high VC rates
indicates a greater longevity of nutrient release. Thus, increasing the VC rate
resulted in greater available IN-N for a longer period of time.
Cumulative P ranged from 80 mg for 10% VC to 17 mg for 40% at week
16 (Table 1). Surprisingly, as VC rate increased, the cumulative P quantity
decreased. While this can not be explained by data collected from this
experiment, it is likely due to the complex humus and Ca chemistry associated
with the VC. A zero order model predicted that the P rate constant, kP, (mg day-1)
decreased quadratically with increasing VC rate. The lower kP values associated
with higher VC rates indicates the high VC rates will contribute P over a longer
period of time. Thus, increasing the VC rate resulted in less plant available P,
however, the lower concentration of P would be available for a longer period
of time. We hypothesize that P released from VC amended pine bark may be
sufﬁcient to maintain plant growth, and research is currently underway to test
this hypothesis.
Growers using VC or other composted waste materials for improving water
buffering capacity may also be able to reduce fertilizer inputs without reducing
crop growth. These data indicate that plant available N and P are provided by the
VC. Additionally, using plant available nutrients from composted materials as a
nursery crop substrate amendment is an environmentally friendly way to manage
the nutrient imbalances (primarily N and P) that have occurred from our society’s
concentrated waste streams. Cycling nutrient through the biological system of the
nursery crops can reduce the nutrient inputs to the surface waters that can cause
environmental degradation.
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Table 1. Cumulative inorganic nitrogen (IN-N) and phosphorus (P) content
released per 4-L equivalent after week16 weeks.
VC ratez
10%
20%
30%
40%

IN-N (mg)
279 ± 36.9y
687 ± 14.3y
857 ± 33.9y
1,163 ± 42.7y

z

Percent vermicompost in pine bark (v/v).

y

Mean ± standard error) based on 4 observations.

P (mg)
80 ± 6.6
39 ± 3.8
18 ± 1.0
17 ± 1.5

Table 2. Estimated rate constants (k) for nitrogen and phosphorus release.

VC ratez
10%
20%
30%
40%
Linear P (r2)
Quadratic P (r2)

IN-Ny
kIN-N (week-1)
0.74 ± 0.07
0.59 ± 0.17
0.39 ± 0.09
0.33 ± 0.05
0.002 (0.64)
0.553 (0.62)

x

Percent vermicompost in pine bark (v/v).

z

First order rate constant estimated by: Nrel = N0 [1 – exp(-kt)].

y

Zero order rate constant estimated by: Nrel = -kt.
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Px
kP (mg week-1)
4.73 ± 0.39
2.36 ± 0.26
1.15 ± 0.06
1.09 ± 0.12
<0.0001 (0.78)
<0.0001 (0.94)
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Wood Substrates Derived From a Variety of
Tree Species Affect Plant Growth
Breanna J. Rau, Jake F. Browder, Brian E. Jackson and Robert D. Wright
Virginia Tech, Department of Horticulture, Blacksburg, VA 24061
wrightr@vt.edu
Index Words: container media, N immobilization, nursery crops
Signiﬁcance to the Industry: This research demonstrates that loblolly pine
(Pinus taeda) is a preferred species for production of a wood-based container
substrate compared to a number of other softwood and hardwood species.
Loblolly pine is comparatively lower in polyphenolics which may be toxic to
tender seedlings.
Nature of Work: For the past 30 years peat moss and softwood bark have
been the main constituents of container substrates in the horticulture industry.
Peat moss is especially important in the industry because it is a stable material,
light weight, and readily available. However, peat moss is a non renewable
resource, and it is mined out of wetlands which raises ecological concerns.
The cost of peat moss is also increasing due in part to the increased cost of
transportation. Softwood bark of consistent quality is sometimes difﬁcult to
obtain and will be less available in the future (2) due to increased burning for
energy and the movement of the timber and paper industries to other countries.
Chipped loblolly pine logs have been shown to be a potential substitute for
peat moss and softwood bark as a container substrate (6). However, before
the product can be commercialized there seems to be some inconsistencies
that need to be addressed. One of these is the presence of toxins. In some
studies using hardwood sawdust as a medium, it was found that wood contained
phytotoxins that affected the growth of plants (3,4). Most tree species produce
these phytotoxic substances; however, some produce more than others. We
have evaluated the growth of tomato seedlings in substrates prepared from
11 different tree species, showing that growth was dramatically different between
the substrates (unpublished data). The purpose of this study was to determine if
differential growth in substrates from different tree species could be related to the
relative amounts of polyphenolics in different tree species.
Logs from the following species—loblolly pine (Pinus taeda), white pine (Pinus
strobus), sycamore (Platanus occidentalis), red maple (Acer rubrum), and white
oak (Quercus alba)—were harvested in mid-January 2006, debarked, ground
in a hammer mill to pass a 4.76 mm (3/16 inch) screen, and amended with
0.6 kg/ m3 (1 lb/yd3) CaS04. On February 16, 2006, 3 cm (1.2 inch) tall seedlings
of ‘Better Boy’ tomato (Lycopersicon esculentum) were planted in each substrate
in 1-quart containers, and fertilized at each watering (250 mL beaker-applied)
with a 200 ppm N solution from a 20N-4.4P-16.6K fertilizer (20-10-20 Peat-lite,
Scotts Company, Marysville, OH). There were six plants per treatment. Substrate
solution was extracted using the pour-through method (5) on February 28, and
analyzed for pH and electrical conductivity (EC). On March 16 plants were
severed at the substrate surface, dried, and weighed. To determine the relative
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amount of polyphenolics that exist in each substrate, total soluble polyphenolics
were extracted from four 0.75 g samples of each tree species by soaking in
50 percent methanol for 1 hour at 77º C and ﬁltering. The polyphenolics were
determined colorimetrically with a Folin-Ciocalteu reagent according to Anderson
and Ingram (1) and expressed as percent dry weight.
Results and Discussion: Plant growth was highest in loblolly pine, intermediate
in sycamore and white pine, and lowest in red maple and white oak (Figure 1).
The dry weight data is closely correlated with the levels of polyphenolics
extracted from each species; substrates that produced the highest growth had
the lowest levels of polyphenolics with the exception of sycamore. Sycamore
had the same amount of polyphenolics as loblolly pine but lower growth than
loblolly pine. However, for the ﬁrst two weeks, plant growth in sycamore was
equivalent to the loblolly, reﬂective of similar levels of polyphenolics, but by the
third week plant growth in sycamore had slowed. The differential in growth rate
between sycamore and loblolly pine as time passed is probably due to microbial
N immobilization associated with the decomposition of the sycamore. At the
end of the experimental period, the root ball of sycamore was black indicating
decomposition was well under way compared to the loblolly substrate which
remained light tan in color. As well, the substrate solution EC of sycamore was
0.47 dS/cm compared to 1.33 dS/cm for loblolly pine, another indication that
microbial immobilization of N was occurring which could account for the lower
growth of sycamore compared to loblolly pine. Nitrate N has been shown to be
highly correlated with the EC of a substrate solution. We conclude that differential
levels of polyphenolics in different tree species may affect their suitability as a
container substrate for small herbaceous seedlings. In addition, N immobilization
may also be a factor in the suitability of a tree species as a container substrate.
Of the trees tested in this current experiment and a former unpublished
experiment—loblolly pine (Pinus taeda), white pine (Pinus strobus), Virginia pine
(Pinus virginiana), white oak (Quercus alba), sycamore (Platanus occidentalis),
ash (Fraxinus americana), locust (Robinia pseudoacacia), red maple (Acer
rubrum), tulip poplar (Liriodendron tulipifera), black walnut (Juglans nigra), and
poplar (Populus sp.)—loblolly pine has proven itself to be the best option. Further
research needs to be done on how to mitigate the effects of the polyphenolics
on plant growth and the role of microbial N immobilization on N availability with
substrates produced from trees.
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Figure 1. Shoot dry weight of marigolds grown in wood substrates derived from
ﬁve different tree species and the corresponding polyphenolic contents of each
tree species.
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Particle Size of a Pine Chips Substrate
Affects Plant Growth
Thomas N. Saunders, Jake F. Browder, Brian E. Jackson and Robert D. Wright
Virginia Tech, Department of Horticulture, Blacksburg, VA 24061
wrightr@vt.edu
Index Words: container media, nursery production, loblolly pine, air space,
container capacity
Signiﬁcance to the Industry: This research demonstrates that a 100 percent
pine chip (PC) substrate can be a suitable container substrate if particle size is
adjusted to provide adequate physical properties to support plant nutrient and
water requirements.
Nature of Work: The potential use of ground pine trees (Pinus taeda L.) (pine
chips, PC) as a container substrate for greenhouse and nursery crops has been
demonstrated by Wright and Browder (6). The effect of the particle size of PC
on plant growth and physical properties, such as water holding capacity and air
space, has not been investigated. A proper balance of these two properties is
critical to the suitability of a substrate for plant culture (1). A decrease in substrate
particle sizes usually results in an increase in water holding capacity (amount of
water held after irrigation and drainage) and a decrease in aeration (air space)
(3). Gruda and Schnitzler (2) demonstrated that a more ﬁnely ground wood ﬁber
substrate had approximately half the air content and twice the amount of water
as a coarsely ground substrate. The particle size of PC can be easily altered
by the degree of grinding. Therefore, the purpose of this work was to evaluate
the inﬂuence of PC particle size on the growth of marigold (Tagetes erecta Big.
‘Inca Gold’) and various substrate physical properties. Substrates differing in
particle size were prepared by further grinding coarse pine chips from loblolly
pine (Pinus taeda L.) in a hammer mill ﬁtted with different screen sizes: 1.59,
2.38, 3.18, 4.76, and 6.35 mm (1/16, 3/32, 1/8, 3/16 and 1/4 inch), and amending
with 0.6 kg/m3 (1 lb/yd3) CaS04. A peat-lite (PL) substrate composed of 45
percent peat, 15 percent perlite, 15 percent vermiculite, and 25 percent bark,
supplemented with dolomitic lime at 3.6 kg/m3 (6 lb/yd3) and CaSO4 at 0.6 kg/ m3
(1 lb/yd3) was used for comparative purposes. Physical properties of each
substrate were determined pre-plant according to Tyler et al. (4) on four replicate
samples of each substrate using the North Carolina State University porometer
method. Particle size distribution was determined by drying three 150 g samples
of each substrate at 70º C and placing on a Rotap Shaker for 10 minutes.
Marigold (Tagetes erecta Big. ‘Inca Gold’) seeds were planted in 144 plug trays
containing a peat-based germinating mix on Feb. 3, 2006. On Feb. 17 uniform
size seedling were transplanted into square 1-quart plastic containers with
the different substrates. Plants were glasshouse grown in Blacksburg, VA and
fertilized at each watering with 200 mg·L-1 N using a 20N-4.4P-16.6K fertilizer
(20-10-20 Peat-lite, Scotts Company, Marysville, OH). There were ﬁve plants per
treatment. Substrate solution was extracted using the pour-through method (5)
on March 3 and analyzed for pH, EC, and NO3-N. Nitrate-N was determined with
an ion selective electrode. On March 17 shoots were severed at the substrate
surface, oven dried, and weighed.
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Results and Discussion: Marigold shoot dry weight was highest in PC ground
with the 1.59 mm (1/16 inch) screen, and was 27 percent lower in PC ground
with the 6.35 mm (1/4 inch) screen (Table 1). Shoot dry weight in PC ground with
the 1.59 mm (1/16 inch) screen was equal to shoot dry weight in PL. Substrate
solution pH, EC, and nitrate N concentrations were higher in substrates ground
with the smaller screens compared to substrates ground with the larger screens
(Table 1), probably accounting for the higher shoot dry weight of plants grown
in the ﬁner PC. There was a 2-fold increase in percent air space and a 1.5-fold
decrease in percent container capacity (amount of water held after irrigation
and drainage) (Table 1) for substrates produced with the 1.59 mm (1/16 inch)
screen compared to those produced with the 6.35 mm (1/4 inch) screen. The
substrates produced with the smaller screen size contained more ﬁnes that
have a higher afﬁnity for water thus reducing ﬂow and the amount of water—and
consequently nutrients—leached with each irrigation. The percent available
water was also much higher with the substrates produced with the 1.59 mm
(1/16 inch) screen compared to the 6.35 mm (1/4 inch) screen providing more
water to support plant growth. Percent air space and container capacity of PL
and the 1.59 mm (1/16 inch) PC were not different showing that PC with these
important physical properties can be formulated to match commercial substrates.
Physical properties for the ﬁner PC substrates ground with the 1.59 mm
(1/16 inch) and 2.38 mm (3/32 inch) screens were within the general ranges for
easily managed substrates (1). These results show that changing the particle
size of a 100 percent PC substrate can affect important physical properties of the
substrate such as air space and container capacity. We have also shown that a
PC substrate with the proper particle size range can serve as a suitable container
substrate for a short-term greenhouse crop.
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Table 1. Effect of pine chip substrates produced with ﬁve different grinder screen sizes and peat-lite on shoot dry weight, substrate pH
and EC levels, substrate nitrate concentrations, and substrate physical properties.
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Finding the P Rate and N:P Ratio for Maximum
Growth of Container-grown Herbaceous Perennials
Kristen N. Walton, Helen T. Kraus and Stuart L. Warren
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
knwalton@unity.ncsu.edu, helen_kraus@ncsu.edu
Index Words: Foliar Nutrient Concentration, Rudbeckia, Hibiscus, Nutrition
Signiﬁcance to Industry: Data herein indicates that 3.1 mg•L-1 (ppm) P (32:1
N: P ratio) applied with every irrigation is adequate to support maximum ﬂowering
and vegetative growth of Rudbeckia ‘Goldsturm’ and Hibiscus moscheutus ‘Luna
Blush’. This ratio (32:1) and P rate (3 mg•L-1 P) are much lower than current
recommendations. Lea-Cox and Ristvey (4) reported that the P rate could be
reduced in containerized nursery production without loss of growth resulting
in a dramatic increase in P use efﬁciency. Current P rate recommendations
appear to be higher than required to maximize ﬂowers and vegetative growth of
herbaceous perennials. Reducing the P rate could reduce costs, leaching of P,
and treatment requirements of recycled runoff water. Additionally, 32:1 N:P ratio
is appropriate for fertilizer blend formulations.
Nature of Work: Much research has focused on determining the rate of N to
maximize container-grown crop production with much less research on the rate of
P or K. Nutrient rate recommendations are valuable and needed for herbaceous
perennial plant production; however, the N:P:K ratio also affects ﬂowering
and growth (3, 6) and the cost of manufacturing. Fertilizer companies make
decisions on the rate and ratio of nutrients based on targeted cost for the grower,
environmental conditions during production, and the nutrient needs of the plant.
Current guidelines for fertilization of herbaceous perennials are based on
either woody plants (for production outdoors) or annual plants (for production
in structures). Woody plant production recommendations include daily
applications of 50-100 mg•L-1 (ppm) N, 10-20 mg•L-1 P, and 25-50 mg•L-1 K in
a 5:1:3 N: P: K ratio applied daily (7). Annual plant N recommendations range
from 90-255 mg•L-1 N applied daily with a 2:1:2 N:P:K ratio (1). Limited research
suggests the nutrient rate requirements of herbaceous perennial may be lower
than the recommended rates for woody and annual plant production. Our
objectives were to determine the effect of P rate and N:P ratio on ﬂowering and
vegetative growth of herbaceous perennials. This research is part of a larger
goal of developing guidelines for the rate and N:P:K ratio in fertilizer solutions for
herbaceous perennials.
A 2 x 6 factorial experiment in a randomized complete block design with six
replications was conducted in a greenhouse (80F day/65F night temperature)
with natural irradiance and photoperiod. There were two species [Rudbeckia
‘Goldsturm’ (rudbeckia) and Hibiscus moscheutus ‘Luna Blush’ (hibiscus)] and six
P rates (100, 50, 25, 12.5, 6.3, and 3.1 mg•L-1 P) resulting in six N:P ratios (1:1,
2:1, 4:1, 8:1, 16:1, and 32:1). Nitrogen and K concentrations were held constant
at 100 mg•L-1 and 50 mg•L-1, respectively. Ammonium nitrate, monoammonium
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phosphate, and potassium sulfate were used to supply the N, P, and K. A
modiﬁed Hoagland’s solution supplied the micronutrients.
On April 8, 2005 seedlings were potted into 3.8 L (#1) containers with an 8:1
pine bark: sand (by vol.) substrate amended with 2 lbs/yd3 dolomitic limestone.
Beginning May 23, fertilizer solutions and micronutrients were applied daily
using pressure compensated spray stakes (Acu-Stick, Wade Mfg. Co.,
Fresno CA). Leaching fractions (LF = volume leached ÷ volume applied) were
measured every two weeks and irrigation volume was adjusted to maintain
a 0.2 LF. Irrigation water contained an average of 0.83 mg•L-1 N, 0.21 mg•L-1
P, and 3.44 mg•L-1 K with a pH of 7.83. As ﬂowers began to show color, they
were counted, removed, and dried. After 12 weeks, leaf area, and top and root
dry weights (dried at 140F for 4 days) were determined and used for growth
comparisons. Root to top ratio (RTR) was calculated as root dry weight ÷ top
dry weight. Foliar mineral nutrient (N, P, K, Ca, Mg, S, B, Cu, Fe, and Zn)
concentrations were also determined. The data were subjected to ANOVA and
regression analyses.
Results and Discussion: Top and root dry weight of hibiscus responded
quadratically to decreasing P rate (Table 1). However, growth was not
signiﬁcantly reduced until the rate of P was increased to 100 mg•L-1 in a 1:1 N:P
ratio as evidenced by the loss of signiﬁcant quadratic response when the 1:1 N:
P was removed from the analysis. Zhang et al. (8) reported growth of Scaevola
aemula ‘New Wonder’ was reduced when fertilized with greater than 44 mg•L-1
P (4:1 N:P ratio). However, RTR (mean = 1.1), leaf area (mean = 3569 cm2),
and total number of ﬂowers (mean = 52) of hibiscus were unaffected by P rate
and N:P ratio (data not presented). Flowering of Anthurium andraenum was also
unaffected by P rate (3).
Top and root dry weight (Table 1), RTR (mean = 0.31), leaf area (mean =
5013 cm2), and total number of ﬂowers (mean = 63) of rudbeckia were unaffected
by P rate and N:P ratio (data not presented). Harvey et al. (2) reported top growth
of Hakonechloa macra ‘Aureola’ was unaffected by N:P ratios of 5:1, 10:1, and
20:1 over a N range of 28 to 448 mg•L-1.
In contrast to growth, foliar mineral nutrient P concentration decreased linearly
from 0.74% to 0.16% and 0.33% to 0.12% with decreasing P rate for hibiscus and
rudbeckia, respectively (Table 1). These results indicate the range of sufﬁciency
for both species may be wider than traditionally proposed. Mills and Jones (5)
recommended 0.39% and 0.17% foliar P concentration for H. coccineus and
Rudbeckia ‘Goldsturm’, respectively. However, it is not possible to determine
whether these foliar P concentrations were associated with maximum growth.
The majority of foliar nutrients (Ca, Mg, S, B, Fe, Mn, and Zn) were unaffected by
P rate and N:P ratio (data not presented).
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Table 1. Effects of P rate and N:P ratio on growth and foliar P concentration of
Luna Blush hibiscus and Goldstrum rudbeckia.

P
(mg•L-1)
100
50
25
12.5
6.3
3.1
Recomm.y
Linearx
Quadratic
z

N:P
ratio
1:1
2:1
4:1
8:1
16:1
32:1

Hibiscus
Dry weight (g) Foliar (%)
Top
Root
P
13.5z
13.9
0.74
32.6
32.8
0.77
31.4
35.2
0.53
29.3
31.2
0.31
31.5
36.6
0.19
29.8
32.8
0.16
--0.39
NS
NS
**
*
*
**

Rudbeckia
Dry weight (g) Foliar (%)
Top
Root
P
42.7
13.3
0.33
51.2
13.6
0.30
45.8
14.7
0.27
49.3
14.4
0.23
44.5
16.2
0.17
47.9
13.6
0.12
--0.17
NS
NS
**
NS
NS
**

Data are means of six observations.

Recommended foliar concentrations for Hibiscus coccineus and Goldsturm rubeckia (Mills and Jones,
1996), respectively.
y

x

Regression analysis. NS, *, ** Nonsigniﬁcant or signiﬁcant at P< 0.05 or P< 0.01, respectively.
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Winter Survival of Shrubs in Fabric
Containers in a Zone 5 Climate
Catherine A. Neal
Univ. of New Hampshire Dept. of Plant Biology,
Spaulding Hall, Durham, NH 03824
cathy.neal@unh.edu
Index Words: temperature, cold hardiness, container production, fabric pots, Itea
virginica, Physocarpus opulifolius, Viburnum trilobum, Weigela ﬂorida
Signiﬁcance to the Industry: Over-wintering container nursery stock in most
parts of the country normally requires some type of root zone protection since
the roots are less cold hardy than shoots (1, 2). This paper reports greater
winter survival of unprotected plants in fabric containers compared to plastic
containers, and looks at differences in media temperatures. The applicability
and the economic beneﬁt of this production method for reducing over-wintering
costs and losses may be greater in zones 6-8 than in zone 5, due to fewer cold
temperature extremes.
Nature of Work: In comparison to standard black plastic nursery pots, aboveground fabric containers reduce maximum root zone temperatures through
evaporative cooling and reduced absorption of solar radiation. Plants grown in
fabric containers also have improved root structure as a result of air root pruning.
Developed and used in southern areas, fabric containers also have advantages
for northern nursery production.
Container media temperatures on the sun side of plastic pots frequently reach
the lethal range of 100-120º F even in northern production areas. Media
temperatures in plastic containers recorded in Durham, N.H. (latitude 43.14N,
longitude 70.93W) exceeded the 100º F threshold on 67 days between mid-May
and mid-October, 2002 and on 75 days in 2004. The maximum temperature
reached in fabric containers was 90ºF (3).
In 2004, the manufacturer of SmartPots™ (High Caliper Growing System,
Oklahoma City Ok.) encouraged me to leave well-established plants in no. 7
fabric containers out in the nursery, exposed to winter temperatures. I had no
expectations that anything would live, but for comparison left equivalent plants
in no. 7 plastic containers as well. There were four plants of each species – Itea
virginica, Physocarpus opulifolius, Viburnum trilobum, and Weigela ﬂorida – in
each pot type. Survival and growth was monitored in the spring and throughout
the following growing season. Healthy plants were stepped up to no. 10
containers in August 2005 and over-wintered in place for the second winter,
2005-06.
Hobo H8 Outdoor/Industrial 4-channel dataloggers (Onset Computer, Pohasset,
Mass) were set up to record media temperatures in the south-southwest
pot quadrant 1” from the pot wall, at 30 minute intervals from 24 June 2004
thru 11 April 2005 and from 9 Sept 2005 thru the end of the trial. There were
occasional periods where a channel malfunctioned and left gaps in the data.
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Results and Discussion: The results were very surprising, given the very
cold winter of 2004-05 with a minimum temperature of -18.5º F and 13 nights
with sub-zero temperatures. There was, however, snow cover to provide root
zone insulation during most of the season. Of the four species in the trial, one
(Itea virginica) died regardless of container type. Two (Physocarpus opulifolius
and Weigela ﬂorida) survived in both container types and recovered during the
growing season, although Physocarpus exhibited some branch dieback only in
the plastic pots. Viburnum trilobum died in the plastic pots but in fabric pots not
only survived but showed no signs of stress.
The winter of 2005-06 was above-average in terms of temperature, with only
two short periods of sub-zero temperatures, occurring in early December and
late February. There was little or no snow cover most of the winter. At this time
(late May, 2006), all of the plants are leaﬁng out normally and appear to have
survived, but when hot weather arrives and water demand increases, it will
become evident whether they sustained root damage or death during the winter.
The temperature records show large differences between plastic and fabric
pots in maximum media temperatures, even in the winter months. Data from
the second winter, 2005-06, are shown in Fig. 1. Mean and average minimum
temperatures differed only by a few degrees for most of the winter, although there
were a few periods when air temperatures fell below zero and fabric containers
were as much as 10º F colder than plastic containers.
These results raise many questions as to why roots in fabric versus plastic pots
are better able to survive the winter and/or regenerate new roots faster in the
spring. No such results have been reported in the scientiﬁc literature, although
Gill observed plants surviving in fabric pots in Maryland after the winter of
2002-03 (4). Similar incidental observations of greater survival in above-ground
fabric pots were noted during the 2003-04 winter in Tennessee (K. Reiger,
personal communication). Further research is planned to explore the potential for
over-wintering woody plants in above-ground fabric containers.
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Figure 1. Monthly averages for mean, maximum and minimum temperatures in
fabric and plastic pots, September 2005 through February 2006.
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Beyond Skogholm Cotoneaster:
Performance of Hydrangea, Azalea, Juniper and
Spirea in a Clay Amended Substrate
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Index Words: Industrial Mineral Aggregate, Pine Bark, Hydrangea macrophylla
‘Nikko Blue’, Spiraea x bumalda ‘Goldﬂame’, Rhododendron ‘Sunglow’, Juniperus
conferta ‘Blue Paciﬁc’
Signiﬁcance to the Industry: Georgiana industrial mineral aggregates (clay)
can be used to amend pine-bark based soilless substrate in the southeastern
US to reduce phosphorus (P) leaching, provide nutrients, and increase substrate
water buffering capacity. However, the effect on plant growth is species speciﬁc.
Hydrangea, a high water use plant, had increased growth in a clay amended
substrate, whereas the ericaceous crop, azalea showed reduced growth.
Substrate amendments did not affect the growth of spirea or juniper. Therefore,
beneﬁts of a given substrate amendment must be weighed with current crop
selections, cultural practices, and management practices.
Nature of Work: Pine bark amended with Georgiana mineral aggregates has
been shown to dramatically decrease P leaching (5, 7), increase plant nutrient
content (6), decrease water usage (5), and increase substrate water buffering
capacity (5), while maintaining maximum plant growth. However, this research
was conducted on a limited amount of species. Research conducted by Owen
et al. (5, 6) used Skogholm cotoneaster as an indicator of substrate water and
nutrient availability. Research conducted by Ruter (7, 8) assessed clay amended
substrates for P leaching with fallow containers, however Ruter (7) reported
growth of Loropetulum chinense var. ‘Blush’ was unaffected if grown in either a
sand or clay amended substrate. In 2004, Ruter (8) suggested further research
was needed to evaluate the affect of calcined clay amended substrate on a
number of ornamental species. Few additional woody ornamental species have
been investigated to date.
Carlile and Bedford (1) studied the use of a 20%, 35% or 50% (by vol.) calcined
clay in a peat based substrate and reported that plant growth increased with
increasing substrate clay content, except for ericaceous plants which had a
negative response to higher rates of clay. The increased growth with increasing
rate of clay over a wide range of plant species was attributed to the increased
air-ﬁlled porosity in amended substrates.
Laiche and Nash (2) conducted research using “Arkalite”, a lightweight clay
aggregate, or sand as the inorganic substrate component. Water extractable
nutrients were compared from substrates consisting of pine bark and screened,
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crushed or blended “Arkillite” at a 4 organic : 1 inorganic (by vol). Using sand
as the inorganic substrate component instead of “Arkallite” resulted in a 19%
decrease in fresh weight of Rhododendron indicum L. ‘Formosa’ from 313 g to
264 g using 9 kg·m-3 (15 lb·yd-3) of CRF. However, the inverse was observed
by Laiche and Nash (2) at a lower rate of fertility [5 kg·m-3 CRF (8 lb·yd-3 CRF].
Rhododendron ‘Formosa’ fresh weight increased 32% (95 g) when grown with
sand versus “Arkalite”.
Warren and Bilderback (9) compared rates [0, 27, 54, 67, 81 kg·m-3 (0, 45, 91,
113, 137 lb·yd-3)] of arcillite in pine bark substrate, ﬁnding that incorporation
resulted in a change in pore size distribution that curvilinearly increased available
water and linearly decreased air space, whereas total porosity was unaffected.
Plant growth of Rhododendron sp. ‘Sunglow’ increased curvilinearly with
increasing arcillite, the optimum rate being 57 kg·m-3 (96 lb·yd-3). This increased
growth was hypothesized to be the result of more P, K, and Mg root absorption
and increased available water in the substrate.
We conducted an experiment to evaluate plant growth of four common
ornamental species grown in pine bark amended with sand [industry
representative substrate 8 pine bark:1 sand (11% by vol)] or Georgiana calcined
clay (11% by vol). The experiment was a 2 x 4 (substrate x plant species)
factorial in a randomized complete block design with three replications with
four plants in each replication. The industrial mineral aggregate was a 0.25 to
0.85 mm (24/48 mesh) calcined (LVM) palygorksite-bentonite mineral from
Georgia (Oil-Dri Corporation of America, Chicago, IL) (3). Uniform rooted stem
cuttings of Hydrangea macrophylla ‘Nikko Blue’, Spiraea x bumalda ‘Goldﬂame’,
Rhododendron (Carla hybrid) ‘Sunglow’, and Juniperus conferta ‘Blue Paciﬁc’
were potted into 14 L containers (#5) containing pine bark : sand or pine
bark:clay amended with 0.6 kg·m-3 (2 lb·yd-3) blend of pulverized and ground
dolomitic limestone. Irrigation was applied cyclically daily, with the total volume
divided into three equal applications (1100 HR, 1400 HR, and 1700 HR EDT)
via pressure compensated spray stakes [Acu-Spray Stick; Wade Mfg. Co.,
Fresno, CA; (200 mL·min-1)]. An irrigation volume to maintain a 0.2 leaching
fraction (LF = volume leached ÷ volume applied) was applied to each plot based
on efﬂuent and irrigation volumes that were monitored weekly. All containers
were topdressed with 60 g (2 oz) 17-5-10 6 month controlled-release fertilizer
(Harrell’s, Lakeland, FL) immediately after potting. After 100 days, tops (aerial
tissue) from two randomly chosen containers per plot (total of six plants/
treatment) was removed. Roots of the corresponding plants were placed over
a screen and washed with a high pressure water stream to remove substrate.
Tops and roots were dried at 65C (150F) for 5 days and weighed. All data was
subjected to ANOVA (SAS Institute, Cary, NC) with means separated by Fisher’s
protected LSD at P = 0.10.
Results and Discussion: Top growth of hydrangea increased 70% when grown
in a clay amended substrate versus a sand amended substrate, whereas root
and top growth of sunglow azalea were reduced 25% when grown in a clay
amended substrate versus sand (Table 1). We hypothesized this was a result of
decreased air space and increased substrate water holding capacity when pine
bark is amended with clay (4). These results are similar to ﬁndings by Carlile
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and Bedford (1). Top and root dry mass of juniper and spirea were unaffected by
substrate amendment (clay or sand) (Table 1).
Additional growth beneﬁts of the clay amended substrate have been reported
when reducing nutrient and water inputs (4, 5). Under these conditions plant
growth has remained constant in clay amended substrates, but growth has
been shown to decrease in a sand amended substrate (4). The affects of clay
amended substrate on water use and mineral nutrient absorption on a variety of
ornamental species needs further investigation.
Acknowledgements: We would like to thank the U.S. Department of
Agriculture’s Agricultural Research Service and Oil-Dri Corporation of America for
providing ﬁnancial support.
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Table 1. Top and root dry weight of four ornamental species grown in pine bark
amended with 11% (by vol.) coarse sand or 0.25 to 0.85 mm Georgiana calcined
mineral aggregate.
Substrate Plant Hydrangea
Juniperus Rhododendron Spiraea x
Amendment Part macrophylla
conferta
(Carla hybrid) bumalda
‘Nikko Blue’ ‘Blue Paciﬁc’
‘Sunglow’
‘Goldﬂame’
Mineral
Top 71.7 ± 7.7z
17.6 ± 1.4
20.3 ± 0.7
47.8 ± 6.0
aggregate Root
8.2 ± 1.6
1.8 ± 0.2
2.5 ± 0.1
7.6 ± 2.2
Coarse
sand
z

Top
Root

42.0 ± 7.1
7.0 ± 1.4

16.0 ± 1.0
1.8 ± 0.1

27.7 ± 2.1
3.2 ± 0.3

42.2 ± 0.9
11.4 ± 1.4

mean dry weight (g) ± standard error.
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Processed Whole Pine Trees as a Substrate
for Container-grown Plants
1

Glenn B. Fain1, Charles H. Gilliam2 and Jeff L. Sibley2
USDA-ARS Southern Horticultural Laboratory, Poplarville, MS 39470
2
Auburn University, Department of Horticulture, Auburn, AL 36849
gfain@ars.usda.gov

Index Words: peat moss, pine bark, whole tree, buddleia, rosemary, media
Signiﬁcance to Industry: This study evaluated a new substrate for production of
container- grown ornamental plants. Results indicated that substrates comprised
of processed whole pine trees are suitable for the production of container-grown
plants and should be considered a viable alternative to pine bark.
Nature of Work: Pine bark is the primary component of growth substrates in the
production of container-grown ornamental plants. However, there is concern that
the availability of bark for horticultural usage might be limited due to alternative
demands (e.g. industrial fuel) and reduced timber production (1, 4). Other factors
affecting the future availability of pine bark are reduced forestry production, and
increased importation of logs already debarked (5). A cost effective sustainable
alternative substrate is processed whole pine trees. A study by Gruda and
Schnitzler (3) demonstrated the suitability of wood ﬁber substrates as an
alternative for peat-based substrates in cultivation of greenhouse tomato plants.
A study conducted by Wright and Browder (6) showed that whole chipped pine
logs (“clean chips”) could be used successfully for nursery crop production with
attention to nutrition and irrigation. A study by Fain and Gilliam (2) successfully
used substrates composed of whole pine trees to produce container-grown vinca
(Catharanthus roseus). Use of these substrates resulted in plants that were
similar in size to plants grown in pine bark alone. The objective of our research
was to evaluate processed whole pine trees as an alternative growth substrate
for container-grown perennial plants
Studies were conducted at the Southern Horticultural Laboratory in Poplarville,
MS. Six to eight inch diameter loblolly pine (Pinus taeda L.) were harvested
from a 10 year old planted pine plantation in south Mississippi. The entire tree
including needles was feed through a drum chipper (Vermeer BC1000XL).
Resulting chips were then further processed using a swinging hammer mill
(C.S. Bell No. 30) to pass a 3/8” screen. Substrates (Table 1) were amended
per yd3 with 5 lbs dolomitic lime, 1.5 lbs micromax, 14 lbs Osmocote 18-6-12 Plus
(9 month formulation) and 0.0, 1.19, 2.38, or 3.57 lbs of 42-0-0 (polymer coated
urea, Harrell’s) . On 7 April 2006 trade gallon containers (Nursery Supplies 300C)
were ﬁlled with substrates and 1 plug (72 cells) was planted into each container
for butterﬂy bush (Buddleia davidii ‘Pink Delight’) and rosemary (Rosmarinus
ofﬁcinalis ‘Irene’). Containers were placed outside in full sun under overhead
irrigation and watered as needed. Data collected included plant growth indices,
leaf chlorophyll content (SPAD-502 chlorophyll meter) and ﬂower number at
90 days after planting (DAP) and plant shoot dry weight at 104 DAP.
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Results and Discussion: At 90 DAP there was no difference in ﬂower number or
leaf chlorophyll content for butterﬂy bush (Table 1). At 90 DAP fertilizer rate had
no effect on plant growth index for rosemary or butterﬂy bush. At 90 DAP there
was a signiﬁcant substrate effect on growth index for butterﬂy bush but not for
rosemary. When averaged across substrates there was an increase in dry weight
with increasing fertilizer rate at with butterﬂy bush and rosemary at 104 DAP.
Substrate had no effect on dry weight of rosemary at 104 DAP, however, butterﬂy
bush plants grown in pine bark had more plant shoot dry weight than those grown
in whole tree substrate. In conclusion the results of this experiment indicate that
whole tree substrates are a viable alternative to pine bark, especially when higher
rates of N are used.
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*,**,*** represent signiﬁcance when P ≤ 0.05, 0.01, or 0.001 respectively.

NS represents non-signiﬁcant response.

Growth Index = (width 1 + width 2 + height)/3.

Leaf chlorophyll content determined using a SPAD-502 chlorophyll meter (average of 4 leaves per rep).

w

Supplemental nitrogen treatment in lbs per cubic yard supplied using polymer coated urea 42-0-0.

***
**

x

NS
NS

Days after potting.

NS
NS

SPADx
56.1
53.3
59.3
52.8
55.4
59.4
53.8
52.1

y

Ny
0.0
0.5
1.0
1.5
0.0
0.5
1.0
1.5

z

Sources of variation
Substrate
N Fertilizer

Substrate Treatment
100% pine bark
100% pine bark
100% pine bark
100% pine bark
3/8: whole pine tree
3/8: whole pine tree
3/8: whole pine tree
3/8: whole pine tree

Plant response at 90 DAPz
Buddleia davidii ‘Pink Delight’
Flower #
Dry Wt (g)
10.4
41.8
7.8
44.9
10.0
48.4
7.3
48.3
9.2
37.3
9.3
39.0
7.8
37.8
10.5
40.6
*
NS

NS
*

NS
NS

(104 DAP dry weight)
Rosmarinus ofﬁcinalis ‘Irene’
GIw
Dry Wt (g)
GI
56.0
18.9
35.5
52.9
21.4
35.9
56.8
24.7
37.0
54.0
26.6
38.1
51.7
20.9
33.7
51.5
28.0
38.0
50.9
26.7
36.4
52.8
31.2
39.7

Table 1. Effects of whole tree substrates on growth of Buddleia davidii ‘Pink Delight’ and Rosmarinus ofﬁcinalis ‘Irene’.
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Controlling Little-leaf Disorder on
Loropetalum Chinese var. rubrum with
Foliar Applications of Copper
John M. Ruter
University of Georgia, Dept. of Horticulture, Tifton, GA 31794
ruter@uga.edu
Index Words: Chinese fringe ﬂower, Copper deﬁciency, Cupric sulfate,
Loropetalum chinense var. rubrum, Nickel sulfate, Zinc sulfate
Signiﬁcance to Industry: A study conducted in 2005 indicates that little-leaf
disorder on Loropetalum chinense var. rubrum is caused by a deﬁciency of
copper. Foliar applications of cupric sulfate to plants with severe deﬁciencies
temporarily corrected the problem. Further work is required to look at different
rates of cupric sulfate, other copper sources, and incorporation of copper into the
substrate at the time of potting as a way to prevent the problem in the future.
Nature of Work: Loropetalum chinense var. rubrum, Chinese fringe-ﬂower, was
introduced into the United States in 1989 and quickly became one of the most
popular plants in the nursery trade. Growth abnormalities (little-leaf disorder)
started to become a problem on container-grown plants in pine bark substrates
during the late 90’s. Symptoms are as follows: darkening of older growth,
shortening of internodes, upward cupping of leaves, crinkling of new growth,
particularly the distal part of the leaf, decrease in leaf size. In severe cases
leaf necrosis occurs along with stem elongation, thus branches appear to be
elongating without new leaves. Petioles become very short. Branchlets may also
be reﬂexed or drooping (5). In Florida, an eriophyid mite has been touted as the
causal agent for the disorder (1). Mixed results have been found using various
miticides in Central Florida. On plants sampled from Georgia nurseries, eriophyid
mites were not been detected on plants grown outdoors in 2005 but were found
on plants in spring of 2006. The cultivar ‘Ruby’ consistently has the problem,
while it has also been noted on ‘Chang’s Ruby’, ‘Sizzling Pink’ and ‘Suzanne’.
Plants in the ground do not express the problem. This leads me to believe there
is an element present in the native soil that we are not supplying in sufﬁcient
quantity in our pine bark substrates.
Foliage from a commercial nursery was sampled for micronutrients
concentrations. Initial data indicated that copper, zinc, and nickel were low and
could be causing the problem. Previous research at the Center for Applied
Nursery Research in Dearing, GA conducted by Dr. Jim Midcap had shown
that increasing rates of lime decreased growth of ‘Sizzling Pink’ and zinc or
manganese deﬁciency was suspected as the cause of the problem (2, 3).
Copper concentrations in the foliage were low but a copper deﬁciency was not
mentioned. On 12 May 2005, a study was initiated at a commercial nursery in
Grady County, GA. Plants of Loropetalum ‘Suzanne’ in #5 containers growing in
full sun under standard nursery conditions were selected for uniformity of littleleaf disorder. The following treatments were applied using a pressure sprayer at
the rate of ~100 gal/A: 1) control, 9.0 g urea (Fisher Scientiﬁc, Pittsburgh, PA) +
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4 ml Sil-Energy surfactant (Brewer International, Vero Beach, FL) per gallon, 2)
treatment 1 + cupric sulfate (Fisher Scientiﬁc) at 9.0 g per gallon, 3) treatment
1 + zinc sulfate (Fisher Scientiﬁc) at 18.0 g per gallon, and 4) Nickel Plus at
10 ml (nickel sulfate + urea; Nipan, LLC, Valdosta, GA) plus 4.0 ml of Sil-Energy
surfactant per gallon. Treatments were applied between 10:30 and 11:00 am
under sunny conditions with a temperature of 26.8 C (80.3 F) and a relative
humidity of 59%. The plants were arranged as a completely randomized design
with four treatments and six individual plant replicates. Plants were rated at three
and six weeks after treatment using the following rating scale: 1 = no normal
growth, 2 = <50% normal growth, new growth showing little-leaf, 3) >50% normal
growth, new growth showing little-leaf, and 4 = normal new growth.
Results and Discussion: Within two weeks after treatment, plants sprayed with
cupric sulfate resumed normal growth. At three weeks after treatment, all plants
sprayed with copper had ratings of 4.0. At six weeks, copper treated plants had
a rating of 2.5, while all other treatments had ratings of < 1.9. Control plants, or
plants treated with zinc or nickel did not resume normal growth. Similar to nickel
on river birch (4), the response to copper was rapid and shows that little-leaf
disorder on Loropetalum is caused by a deﬁciency of copper.
Since copper is an immobile element, it is not surprising under the severe
deﬁciency symptoms of plants used in this study that new growth began to show
symptoms of little-leaf several weeks after initial treatment. Repeated applications
of foliar micronutrients are often required under such conditions. Copper
deﬁciency impairs lignin formation in cell walls. Lignin is essential for cell wall
rigidity. Without lignin, young leaves and stems become distorted, a symptom
typical of little-leaf disorder on Loropetalum. Healthy plants typically have copper
foliage concentrations of ﬁve to 10 ppm. All symptomatic plants I have analyzed
have had copper concentrations of <5.0 ppm. Further work is planned to look
at different rates of cupric sulfate, other copper sources, and incorporation of
copper into the substrate at the time of potting as a way to prevent the problem
in the future. Studies will also look at the possible interactions of eriophyid
mites and copper treatments on growth and development of little-leaf disorder
on Loropetalum.
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Container Spacing Effect on Runoff During
Production of Sweet Viburnum
Jeff Million1, Tom Yeager1 and Joseph Albano2
Dept. of Environmental Horticulture, University of Florida,
Gainesville, FL 32611-0670
2
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Index Words: controlled-release fertilizer, nitrogen, nutrient load, phosphorus,
potassium, water quality
Nature of work: Plant spacing management plays a crucial role in optimizing
production per unit area. It inﬂuences substrate temperature (2) and light
interception (4) which greatly affect plant growth and quality. In turn, plant growth
inﬂuences runoff (un-intercepted irrigation and rainfall) volume by affecting
water demand through evapotranspiration and irrigation capture through canopy
interception (1). Because temperature controls rates of nutrient release from
controlled-release fertilizer (CRF), plant spacing management may indirectly
affect nutrient quantities in runoff beyond that indicated by container density.
The purpose of this research was to compare the effects of two plant spacing
arrangements on the quantity and quality of runoff collected continuously during
production of sweet viburnum [Viburnum odoratissimum (L.) Ker-Gawl.], an
ornamental shrub with relatively high water and fertilizer requirements.
This experiment was conducted at the Univ. of Florida in Gainesville. Four raised
platforms each 4 ft x 4 ft (1.5 m2) and covered with pond liner and groundcloth
were placed within a 20 ft x 20 ft irrigation zone. The platforms were slightly
sloped to collect runoff into 31-gallon plastic tubs. Overhead irrigation water
was applied predawn at 1 cm/day (0.4 in/day) at a rate of 1.8 cm/hr (0.7 in/hr).
Irrigation and rain inputs were monitored with two gauges per platform. On 18
Mar 2003, sweet viburnum liners (32/tray) were planted one per #1 (16-cm
top diameter) container containing a 2:1:1 (v:v:v) aged pine bark:sphagnum
peatmoss:sand substrate. After watering in by hand, 15 g of 18N-2.6P-10K
resin-coated CRF (Osmocote® 18-6-12, 8-9 month 21ºC; Scotts Co., Marysville,
Ohio) was surface-applied to each container. Containers were placed on
platforms at one of two spacing treatments: 1) spaced-at-planting (SP) = 16 per
m2 (150/100 ft2) throughout the experiment, or 2) spaced-midseason (SM) =
32 per m2 (300/100 ft2) for weeks 1-13 then 16 per m2 for weeks 14-19. The
32 per m2 spacing was equivalent to a pot-to-pot, square pattern. Canopy size
was measured at 3-week intervals until the experiment was terminated on 29 July
(19 weeks). Runoff water was collected on a weekly basis and samples analyzed
for nutrient content by the U.S. Horticultural Research Laboratory in Fort Pierce,
FL. Weekly nutrient loads were calculated by multiplying runoff volume by
nutrient concentration. The experiment was analyzed as a split-plot design with
spacing treatment as the main plot factor and time (week) as the subplot factor.
Results and Discussion: Spacing containers at planting (SP) reduced plant
growth. The effect became signiﬁcant at week 10, which coincided with the onset
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of rapid plant growth (Fig. 1). At termination, canopy height, width, and size index
averaged 53, 53, and 53 cm, respectively, for SM plants, and 38, 48, and 43 cm,
respectively, for SP plants. We attributed the 19% decrease (P<0.05) in ﬁnal size
index to heat stress in SP containers. Substrate temperatures (n=6) at 1530 HR
taken 2 cm inside the southwest-facing container wall at a depth of 8 cm were
6ºC higher (34 vs. 28ºC) in SP containers on 15 May (week 8), 7ºC higher (38 vs.
31ºC) on 27 May (week 10), 3ºC higher (36 vs. 33ºC) on 24 June (week 14) and
2ºC higher on 25 July (week 19).
Total irrigation plus rainfall averaged 172 cm (1720 L•m-2). Total rainfall was
57 cm, with signiﬁcant rainfall occurred during weeks 2, 12, 14, and 19 (Fig. 2).
SP increased weekly runoff volume by 19% on an area basis and by 68% on
a per pot basis. There was a signiﬁcant week by spacing effect (P<0.05) with
greatest increases in runoff due to SP observed for weeks 9 and 10.
Nutrient loads (g•m-2) in runoff were not greatly affected by spacing despite
doubling the density of containers for SM during the ﬁrst 13 weeks (Table 1).
This was due to greater nutrient loss on a per-container basis for SP containers.
Nutrient load data is meaningful for environmental risk assessments (3).
Concentration data, however, can be useful for assessing impacts on local
drinking water quality or can be used for designing/managing nutrient recycling
systems. Average concentrations of NO3-N, P, and K in runoff were 3.5, 0.9, and
7.8 mg•L-1, respectively. The highest NO3-N concentration was observed during
week 1 (10.0 mg•L-1) and the highest P concentration in week 2 (3.1 mg•L-1).
On a per-container basis, SP increased NO3-N, P, and K losses 50%, 33%,
and 47%, respectively, compared to SM. We attributed this to an increase in
nutrient release from CRF due to higher substrate temperatures in SP containers
and a decrease in nutrient uptake as a result of reduced growth of SP plants.
There was a signiﬁcant (P<0.05) week by treatment effect on runoff losses of
all nutrients with greatest losses per container occurring from week 10 to week
19 (Fig. 3). This period coincided with higher temperatures and increased plant
growth. Losses as a percent of that applied in CRF were 9% N, 15% P, and 35%
K for SP and 6% N, 12% P, and 24% K for SM.
Signiﬁcance to the Industry: Results from this experiment showed that spacing
containers at planting instead of later in the season increased leaching losses of
N, P, and K on a per-container basis. Regardless of any effects on runoff, spacing
plants early decreased plant growth and, therefore, would not be recommended.
The ﬁndings validate the best management practice of placing newly-planted
containers in a close arrangement to maximize efﬁcient use of water, light, and
applied nutrients.
Acknowledgements: This research was supported by the Florida Agricultural
Experiment Station and a grant from the Floral and Nursery Research Initiative,
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Table 1. Effect of container spacing treatmentz on total volume and nutrient
content of runoff during sweet viburnum production in #1 containers with
irrigation water applied at 1 cm/day. Osmocote® 18N-2.6P-10K (8-9 month 21ºC)
was surface-applied at 15 g/container. Season totals are based on 19 weekly
collections of runoff (n=38) and are presented both on a per-area basis (above)
and a per-container basis (below). Signiﬁcant (P<0.05) week x spacing effect.

Container
spacingz

Irrigation +
rain

Runoff
volume

- - - - - L•m-2 - - - - -

Cumulative nutrient load in runoff
NO3-N

NH4-N

P

K

- - - - - - - - - - - g•m-2 - - - - - - - - - - - -

SP

1730

1340

3.8

0.2

1.0

8.7

SM

1700

1130

4.7

0.2

1.2

10.4

- - - - L/container - - - -

- - - - - - - - mg/container - - - - - - - -

SP

108

84

246

10

60

SM

73

50

164

8

45

532
361

SP=spaced at planting (16/m ); SM=spaced midseason (32/m for weeks 1-13 then 16/m for
weeks 14-19).

Z
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Figure 1. Plant size index [canopy height + avg. width)/2] of sweet viburnum
grown in #1 containers either spaced at planting (SP) or spaced midseason (SM).

Figure 2. Rainfall and average daily air temperatures during the experiment
(week 1=18 March).
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Figure 3. Cumulative pattern of nitrate-N, P, and K losses from containers during
production of #1 sweet viburnum irrigated daily with 1 cm of water. Controlledrelease fertilizer (Osmocote® 18N-2.6P-10K, 8-9 month 21 ºC) was surfaceapplied at 15 g/container at planting. SM=spaced midseason, SP=spaced
at planting.
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Taking a Stab at Sourwood – Pruning Techniques
to Enhance Branch Development
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Department of Horticulture, University of Kentucky, Lexington, KY 40546
2
Department of Horticulture, University of Kentucky Research and
Education Center, Princeton, KY 42445
3
Kentucky Cooperative Extension Service, Paducah, KY 42001
afulcher@uky.edu
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Signiﬁcance to the Industry: Sourwood, Oxydendrum arboreum, is an
ornamental native tree that occupies a niche in nursery crops sales. Identifying
a protocol for developing a well-branched sourwood would be an asset to
nursery producers.
Nature of Work: Sourwood is a midcanopy tree and thus is able to grow in
shade conditions. However, it exhibits a shade avoidance response to low light
conditions. Under high light levels sourwoods are shorter and more branched
and under low light levels sourwoods grow taller and are more sparsely branched
(3). In a study of retail customer preferences of a similar plant, Cornus ﬂorida,
consumers identiﬁed branch structure, fullness, and symmetry as important
attributes (2).
Branching is partially controlled by apical dominance. Apical dominance refers
to the apical meristem controlling the development of lateral buds. Due to apical
dominance, a plant will have a strong central leader and suppress growth of
lateral branches in relationship to the central leader. Auxin is the plant produced
hormone responsible for apical dominance. Many training techniques manipulate
auxin translocation.
Several pruning techniques have been used on woody plants. The heading
back cut is a common orchard and nursery pruning technique, which involves
removing the tip portion of a central leader. Notching involves using a knife to
cut through the bark above an individual bud. Spacing, or lateral positioning, is
used frequently in orchards (1). Spacing involves positioning lateral branches
horizontally with spacers or weights.
This pilot study was conducted in order to: 1) identify and examine pruning
methods that can be utilized to control branch development on Oxydendrum
arboreum and 2) develop a protocol for future pruning research.
Study #1: On April 5, 2004, seedling liners were planted at the University of
Kentucky Research and Education Center. Liners were 5-6’ tall, in #2 containers,
and ranged in caliper from 0.295 to 0.591 inches. Five plants were potted into
#6900 containers (Nursery Supplies, Inc., McMinnville, OR) with Morton’s
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Nursery Mix (Morton Horticultural Products, Inc., McMinnville, TN) and placed in
a pot-in-pot (PNP) production system. The remaining ﬁve plants were lined out
in the ﬁeld nursery. On April 6, 2004, 100 grams of Harrell’s 18-5-10, 5-6 month
controlled-release fertilizer was applied. On April 7, 2004, Snapshot® was applied
to both ﬁeld and container trees at a rate of 150 pounds per acre. The following
treatments were made on May 6, 2004: heading back, notching, bending
leaders into a lateral position, and heading back and bending the leader into a
horizontal position.
Study #2: On April 15, 2005, the trees in the PNP were fertilized with 323
grams of Harrell’s 14-4-10 and were kept weed free during the season by hand
weeding. On June 20, 2005, these plants were subjected to “whipping”, in an
effort to duplicate a defoliation event of the previous summer, which preceded
buds breaking on the central leader from the apex to ground level. Whipping is
an industry term used to describe the removal of all growth from the leader.
Results and Discussion: This preliminary pruning project trialed several
techniques to induce branching on sourwood. Due to plant mortality in the ﬁeld
plot, observations reﬂect the performance of plants in the PNP plot. With few
replications and one season of data per treatment, it is not possible to show
that the pruning treatments are responsible for the variation in branch number.
However, the following observations were made:
• Seedling variation likely plays a role in branch development. The number
of branches varied from 4-18, prior to imposing the pruning treatments. The
opportunity for plant selection based on canopy development and other
qualities exists.
• High light levels provided by appropriate plant spacing appear to be
sufﬁcient stimulus for moderate branch development on most plants. Prior
to imposing the pruning treatments there was an average of 10.7 branches
in the top 24” of the central leader. These branches were not always evenly
spaced along the 24” section of trunk.
• Pruning treatments to induce branching may be unnecessary and
increase production costs: heading back the leader did not noticeably
induce branching as compared to control plants; spacing/lateral
positioning appears to be very effective at inducing bud break and branch
development, however, it is laborious and requires further study to reﬁne
the method; notching was ineffective at inducing buds to break. It is
possible that the notches were made too deeply and damaged the buds.
On average, plants that were whipped had less than half of the branches of
the control.
Due to the response of sourwood to high light levels, production may be
optimizing by purchasing trained liners for their tall, straight leaders and providing
a high light spacing with minimal pruning for initial canopy development. To more
fully assess these pruning techniques, examination at different stages of growth
and over multiple seasons is necessary.
Ackowledgements: Appreciation is expressed to Harrell’s Inc. for
donating fertilizer.
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Fertility Rates for Producing Native
Species for Wetlands Mitigation
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Signiﬁcance to Industry: Market demand for plants to be used in restoration
or mitigation projects present the nursery industry with new challenges.
Some nurseries are growing plants that have not previously been considered
ornamental; they are growing for a market more interested in diversity than
uniformity; and the market needs to transport large numbers of plants, sometimes
great distances, by hand. “Weeds” have become crops; crops are not uniform;
and small (light weight) plants are preferred.
With the different quality standards, nurseries have to adjust growing practices.
Fertilizer is an expense as well as a liability if not managed carefully. For crops
with few if any published production guidelines, nurseries risk both excess
expense and environmental damage. It is useful to know that the lowest
suggested fertilizer rate can produce as much growth as a high rate that is
effectively twice as much product. This knowledge allows reduced expense for
fertilizers and less chance of losses to the surrounding environment. Growers
can now ask, “How much lower can I go and still produce an acceptable plant?”
Nature of Work: Mellow Marsh Farm (Chatham County, North Carolina)
specializes in providing wetland plants native to the southeastern United States
for mitigation and restoration projects. Their clients usually prefer small plants
that can be introduced in large quantities with minimal labor. For this market
the large growth many nurseries require is less desirable. Some of their crops
are also regarded as weeds with most interest dedicated to their control rather
than their culture. In cases where fertility has been studied, it is usually in ﬁeld
studies more interested in plant community diversity (1) or for hay production (2).
We set out to determine fertility parameters that would provide sufﬁcient but not
excessive growth in nursery production.
Seeds of Iris virginica var. shrevei and Juncus effusus were germinated in Metro
Mix 360 in plug trays, 50 plugs per tray. Plants were fertilized weekly with an
overhead application of Scott’s Peters Professional 20-10-20 Peat Lite Special
applied at 150 ppm N (low), 200 ppm N (medium), and 300 ppm N (high). Each
fertility treatment was replicated 3 times.
For each species, four ﬂats per treatment were randomly distributed in openended quonsets with 30% shade. Growing beds consisted of a sand base in lined
6 by 12 foot frames. One of the four ﬂats was removed weekly to measure pH
and electrical conductivity (EC) by the pour through extraction method.
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Fertilizing began on June 10 and continued weekly. Plant height was measured
on August 29, after eleven weeks of growth. In each of the 4 ﬂats per treatment,
the ten tallest plants were measured for height. All variables were tested for
differences using the general linear model and regression analysis at P<0.05.
Results and Discussion: An obvious and observable (but not measured) result
of handling one ﬂat of plants every week for pH and EC measurements was the
reduced size of plants in that ﬂat. All ﬂats were well rooted into the sand medium
below the ﬂats. Since the beds were lined, there was always residual water in
the sand and probably residual fertilizer. (Since there was only one treatment per
bed, rate was not compromised.) Plants that were not disturbed and were well
rooted in the sand had observably greater height growth compared to the ﬂats
that were handled weekly.
Height of Juncus effusus ranged from an average 14.0 inches (low rate) to
15.1 inches (high rate) with no signiﬁcant difference among treatments. Greatest
height of Iris virginica var. shrevei was achieved with the lowest fertilizer rate,
11.8 inches. Other Iris heights were 11.3 inches (medium rate) and 11.5 inches
(high rate). There was no signiﬁcance in height difference.
pH of the irrigation water ranged from 7.6 to 8.0 with slightly elevated carbonate
levels (total alkalinity 140 ppm, data not shown). Irrigation water quality probably
contributes to media pH that was above 7.0 for the ﬁrst six weeks after treatment
initiation. Except for an unexplained “spike,” media pH generally followed about
0.6 to 0.8 units below irrigation water pH (see ﬁg. 3).
Based on these results, there is no obvious reason to fertilize these species at
rates above the minimum recommended for the product. Subsequent studies will
ask, “How low can you go?”
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Figure 1. Juncus heighta

a

Height differences not signiﬁcant at p=0.05

Figure 2. Iris heighta

a

Height differences not signiﬁcant at p=0.05
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Figure 3. pH by treatment
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Controlled-Release Fertilizer Selection Affects
Azalea Growth and Nutrient Status
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Signiﬁcance to Industry: The container nursery industry relies heavily on
slow- and controlled-release fertilizers (CRF) to supply the nutrient needs of its
crops. Despite their apparent advantages over fertigation, nutrient release and
crop yield and quality responses are often unpredictable with CRF, as many
factors affect their performance. Results from this study indicate that azalea
plant growth and shoot nutrient concentrations respond differentially to various
CRF, despite sharing similar nutrient ratios and longevity ratings (i.e. release
periods). Growers are thus advised to evaluate on a small scale any new CRF
formulations or chemistries before using them extensively in their operations.
Nature of Work: Fertility programs for container nursery stock are typically
based on slow- or controlled- release fertilizers (CRF). Theoretically, the use
of these fertilizers offers several advantages over fertigation, like avoidance of
high initial salt levels in the substrate and the provision of a gradual, localized
long term nutrient supply that improves fertilizer use efﬁciency, and reduced
nutrient leaching losses (4). Use of CRF has also resulted in equivalent or
enhanced plant growth compared to plants fertilized by fertigation (6). The most
common complaint with CRF is that their nutrient release does not parallel
plant nutrient demand, with relatively high releases occurring at the beginning
of the growing season when plants are small and their nutrient requirements
lower, and the opposite happening later in the season (2, 6). Nutrient release
from most polymer-coated CRF is temperature dependent (4, 6), but are also
affected by the type and thickness of the coating, the application method and
irrigation practices (i.e. moisture conditions in the pot). Besides these factors, the
chemical composition of the salts used inside each CRF particle could also play
a major role in plant nutrition and its concomitant growth response. In this study
seven commercial, polymer-coated CRF were evaluated in the production of
containerized azalea plants.
On April 7, rooted cuttings of “Apple Blossom” azalea (a Kurume Hybrid)
were transplanted to #1 (one-gallon) plastic containers ﬁlled with peat moss:
vermiculite: sand (2:1:1 v/v) growing medium amended with dolomitic limestone
and Micromax at 4 and 1 lb/yd3, respectively. The plants were fertilized with
seven controlled-release fertilizers (CRF) with similar nutrient (NPK) composition
and release period (8-9 month formulations; see Table 1). The widely used
and popular Osmocote 18-6-12 was chosen as the reference CRF, and its
medium application rate of 9 lb/yd3 or 14 grams per 1-gallon container (as per
manufacturer’s recommendations) yields an equivalent application of 2.52 grams
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of nitrogen (N) per 1-gallon container. Considering that N is the nutrient that
most signiﬁcantly affects crop yields and quality, the rest of the fertilizers were
applied at rates that provided the same N amount per pot as Osmocote 18-6-12.
The CRF were evenly topdressed over the medium surface, and two of them,
Osmocote 18-6-12 and Polyon 25-4-12, were also incorporated into the medium
to evaluate the effect of CRF application method. The effect of these same
seven CRF and treatments on N leaching losses were evaluated in a companion
greenhouse study (2). The azalea plants, arranged on a randomized completeblock design with ﬁve replications per treatment, were grown outdoors (New
Brunswick, NJ) for 27-weeks on gravel beds and were irrigated with tap water
delivered through calibrated spray stakes (one per pot). They were irrigated with
sufﬁcient water to produce a leaching fraction of ~30%. Following leaf chlorophyll
(SPAD) determinations, the plant tops (above ground biomass= leaves plus
stems) were harvested on October 13. Fresh and dry weights were determined;
the whole top tissues (leaves plus stems) were ground to pass a 40-smesh
screen and then subjected to full tissue analyses (Scotts Testing Laboratory,
Allentown, PA).
Results and Discussion: The fertilizers Osmocote 24-4-8 High N (OSM-HN)
and Osmocote 18-6-12 (OSM) produced among the highest fresh and dry
weigh biomasses, but interestingly, the closely related Osmocote 18-6-12 Fast
Start (OSM-FS) did not (Table 1). More than likely the thinner polymer coating
thickness in OSM-FS allows for earlier and higher nutrient releases, compared
to OSM-HN and OSM, that it may have limited azalea plant growth later in the
season. Certainly the nitrogen leaching data in a companion study evaluating
these same CRF conﬁrms this contention (2). The CRF Woodace 20-4-11 (WDC)
and Nutricote 18-6-8 (NUTR) produced intermediate biomass yields (Table 1).
Worrall et al. (5) have reported better plant growth response in plants fertilized
with OSM than with NUTR. They also noted, however, that plants with high
growth rates were not always very responsive to higher nutrient release rates
(as in OSM versus NUTR), and conversely, plants believed to respond poorly to
fertilizer applications (i.e., with low growth rates) responded more favorably to the
higher release rates from OSM. Despite sharing the same coating technology as
NUTR and WDC (3), the azaleas grown with Prokote 20-3-10 (PROK) had the
lowest yields (Table 1), likely resulting from faster and higher losses of nutrients
early in the season (2), when the plants are small and can not effectively
utilize them.
To evaluate the effect of application method two of the tested CRF were
topdressed and incorporated into the growing medium, but yield differences were
observed only in Polyon 25-4-12 (POLY), whose incorporation produced larger
plants (Table 1).
As an indicator of plant quality, foliage greenness was evaluated with a
chlorophyll meter (Minolta SPAD-502), which indicated no signiﬁcant differences
among CRF treatments. Interestingly, shoot (leaves plus stems) tissue nitrogen
(N) concentrations were also statistically similar among all treatments (0.90 %),
an observation that suggests that biomass differences among treatments
may have been due to other nutrients or factors. Besides N, shoot tissue
concentrations of calcium (0.65%), magnesium (0.28%) and iron (58 mg/Kg)
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were also not affected by CRF. Table 2 shows the shoot nutrients that were
signiﬁcantly affected by the CRF treatments. Among the notable observations
is that the Osmocote fertilizers generated on average the highest shoot
phosphorous concentrations, contrasting the lowest observed with NUTR. The
other remarkable observation is the higher potassium, manganese, zinc and
copper (plus N and Fe not shown) shoot concentrations in plants that received
topdressed OSM and POLY applications compared to those that had them
incorporated. Nutrient release in topdressed CRF is presumably extended over
incorporation due to intermittent drying of the upper growing medium layers
between irrigations (1), thus allowing the plants more opportunity to absorb
them. In addition, as nutrients are released from topdressed CRF they have to
travel throughout the growing medium proﬁle, increasing the chances of being
adsorbed by the medium and absorbed by the plant. In contrast, if the CRF
is distributed throughout the medium, nutrients released from CRF particles
located in the lower portion of the pot will be less available for medium retention
and plant uptake, thus leaching more readily and contributing to higher total
nutrient losses (2).
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Table 1. Biomass yields and chlorophyll readings on “Apple Blossom” azaleas
grown for 27-weeks with select controlled release fertilizers. All fertilizers are
rated for an 8-9 month nutrient release period.

Application
Fertilizer
Method
Osmocote 24-4-8 High-N
Topdressed
Osmocote 18-6-12
Topdressed
Osmocote 18-6-12
Incorporated
Osmocote 18-6-12 Fast Start Topdressed
Topdressed
Woodace 20-4-11
Topdressed
Nutricote 18-6-8
Topdressed
Prokote Plus 20-3-10
Topdressed
Pursell Polyon 25-4-12
Pursell Polyon 25-4-12
Incorporated
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Fresh
Dry
Weight
Weight Chlorophyll
(g/plant) (g/plant)
(SPAD)
210 ab
83 a
34.3 a
212 a
83 a
34.5 a
200 abc
80 a
32.0 a
153 cd
59 b
36.7 a
187 abcd
72 ab
31.1 a
168 abcd
71 ab
34.0 a
149
d
57 b
32.0 a
139
d
55 b
33.8 a
161 bcd
66 ab
31.9 a
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Fertilizer and Application Method
Osmocote 24-4-8 HN
Top
Osmocote 18-6-12
Top
Osmocote 18-6-12
Incorp.
Osmocote 18-6-12 FS
Top
Woodace 20-4-11
Top
Nutricote 18-6-8
Top
Prokote Plus 20-3-10
Top
Pursell Polyon 25-4-12
Top
Pursell Polyon 25-4-12
Incorp.

P
%
0.09 cd
0.12 b
0.13 b
0.16 a
0.10 c
0.06 e
0.08 de
0.09 cd
0.08 de

K
%
0.86 a
0.82 ab
0.71 cd
0.82 ab
0.83 ab
0.78 abc
0.85 ab
0.75 abc
0.67 d

B
mg/Kg
31 b
31 b
31 b
31 b
31 b
40 a
32 b
32 b
33 b

Mn
mg/Kg
102 abc
86 bcd
71 d
120 a
112 ab
83 cd
114 a
105 abc
95 abcd

Zn
mg/Kg
35 ab
36 ab
32 b
52 ab
59 a
34 ab
52 ab
40 ab
31 b

Cu
mg/Kg
4.0 ab
5.1 ab
4.4 ab
4.9 ab
5.8 a
5.2 ab
5.5 ab
4.8 ab
3.7 b

Table 2. Nutrient concentrations on shoots (leaves plus stems) of “Apple Blossom” azaleas grown for 27-weeks with select controlled
release fertilizers (CRF). Shown are only those nutrients that showed signiﬁcant differences between CRF treatments.
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Response of Containerized Herbaceous
Perennials to Salinity Stress
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1
Dept. of Horticultural Sciences, Texas A&M University,
17360 Coit Road, Dallas, TX 75252
2
Dept. of Horticultural Sciences, Texas A&M University,
1380 A&M Circle, El Paso, TX 79927
rcabrera@dallas.tamu.edu
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Signiﬁcance to Industry: In this preliminary study, several herbaceous
perennials were grown in containers and irrigated with water of increasing
salinity. Lantana x hybrida ‘New Gold’ and Cuphea hyssopifolia ‘Allyson’ tolerated
extremely well salinities up to 12 mM NaCl: CaCl2, whereas Rudbeckia hirta
‘Becky Orange’, Phlox paniculata ‘John Fanick’ were signiﬁcantly and adversely
affected even by the lowest salt treatment of 1.5 mM NaCl: CaCl2, with dry weight
reductions of ~25% compared to the non-salinized controls. Coreopsis grandiﬂora
‘Early Sunrise’ plants had intermediate growth responses to salt stress. Besides
growth and quality, the nutrient status of these and other commercially important
herbaceous perennials in response to salinity is currently being evaluated, and
could prove important in the development of successful irrigation and fertilization
programs when using saline and poor-quality water supplies.
Nature of Work: Most regions within the southwestern US, including Texas,
are experiencing tremendous population growth and severe droughts that are
putting a strain on current water supplies. Municipal water authorities continue to
implement water landscape conservation programs on an annual basis. Intensive
agricultural operations like nurseries and greenhouses, located nowadays in
suburban areas, are also facing water shortages, higher usage of poor-quality
irrigation waters (6), and also regulatory and environmental pressures to capture,
recycle and reuse drainages & efﬂuents. Given these conditions water availability
and water quality issues are signiﬁcantly impacting the future of the ornamental
and landscape industries in the southwestern US, and therefore the need for
research that addresses them. Our research group has taken as a priority the
study and evaluation of water use and salinity tolerance in ornamental and
landscape plants of commercial importance. The speciﬁc objectives of our overall
research are to study and valuate the relative water use and salinity tolerance of
selected, and economically important, nursery and landscape plants. In here we
report the results to date on a preliminary salinity study conducted on selected
herbaceous perennial plants.
The following species were used in this experiment: Rudbeckia hirta ‘Becky
Orange’, Phlox paniculata ‘John Fanick’, Coreopsis grandiﬂora ‘Early Sunrise’,
Lantana x hybrida ‘New Gold’ and Cuphea hyssopifolia ‘Allyson’. Vegetativelypropagated liners of these herbaceous perennials were transplanted on June 17,
2005 to #4 containers ﬁlled with a peat moss: pine bark: sand (3:1:1) growing
medium amended with dolomitic limestone (4 lb/yd3), Micromax (1 lb/yd3) and
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topdressed with a controlled-release fertilizer (Osmocote 18-6-12 at 60 g/pot).
The plants were irrigated with individual Roberts spitters and received saline
solutions made up with tap water and NaCl: CaCl2 salts (2:1 molar ratio) at
concentrations of 0, 1.5, 3, 6, 12 and 24 mM. The salt treatments were arranged,
per species, on a randomized complete-block design with six replications per
treatment, and grown outdoors (Dallas, Texas) on gravel beds lined with weedbarrier fabric.
Irrigation was based on the rate of evapotranspiration (ET), measured
gravimetrically from selected control plants. Enough solution was applied
to each treatment at every irrigation event to meet ET and produce target
leaching-fractions of 25%. Salt treatments started on June 23 and continued
until September 27 (14 weeks). Plant height, width, dry weight, leaf chlorophyll
readings and quality and salt burn ratings were recorded at the end of the
experiment. Harvested tissues were oven-dried, and the leaves are being
subjected to nutrient analyses, paying particular attention to Cl and Na.
Results and Discussion: Increasing salt stress had differential effects on the
growth, quality and leaf Cl accumulation in the evaluated herbaceous perennials
(Figure 1). The growth of Rudbeckia and Phlox was signiﬁcantly affected even
by the lowest salt treatment of 1.5 mM NaCl: CaCl2, with dry weight reductions
of about 25% compared to the non-salinized controls, and then continued to
decrease at a lower rate with increasing salinity stress (Figure 1A). The other
species, particularly Lantana and Cuphea tolerated extremely well salinity up
to 12 mM NaCl: CaCl2, where dry weight reductions where less than 10% of
the salinized controls. The Coreopsis plants were intermediate in terms of dry
weight response to salt stress. The ﬁrst salt solution treatment of 1.5 mM NaCl:
CaCl2 provided an EC of about 0.7 dS/m and Na and Cl concentrations of 62
and 125 ppm, respectively, including the contribution of the tap water used to
prepare the solutions. According to water quality literature for ornamental plants,
these Na and Cl concentrations are approaching the maximum recommended
limits before plant yield and quality begins to suffer (4, 5). Conversely, the salt
solution treatment of 12 mM NaCl: CaCl2 provided an EC of about 2.1 dS/m and
Na and Cl concentrations of 223 and 621 ppm, respectively, all of which would be
considered absolutely inadequate for most ornamental plants.
The remarkable salt tolerance of Lantana x hybrida ‘New Gold’, expressed also
in excellent quality ratings (i.e., no salt burn; Fig. 1B), conﬁrms and adds to its
already proven drought and heath tolerance (named a Texas Superstar™ by
the CEMAP Program of Texas Cooperative Extension). Although the Mexican
heather (Cuphea) and Coreopsis plants also had good growth at high levels
of salinity, they showed intermediate foliage quality with increasing salinity,
where salt burn/scorching symptoms rendered them as unsalable beyond the
6 mM NaCl: CaCl2 salt treatment. The Lantana and Mexican heather plants also
showed the lowest accumulation of leaf Cl with increasing salinity (Figure 1C),
but interestingly, the relatively salt-tolerant Coreopsis showed the highest Cl
accumulations at any salinity level. There is the possibility that Coreopsis plants
may use Cl as an osmotic component that allows them to cope physiologically
with increasing salt stress. We are currently analyzing these plants for their Na
accumulation, as well as other nutrients, to see how plant nutrition is affected by
increasing salinity.
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Plots of leaf Cl concentration against dry weight (Figure 1D) showed steeply
declining relationships for Rudbeckia and Phlox plants, conﬁrming our
observations and assessment that these species are to be considered saltsensitive. The less steep reductions in plant dry weight as a function of leaf Cl in
the other three species also points to a better degree of salt tolerance. It should
be noted, however, that irrigation management and delivery could play a big
role in plant response to salinity. In previous studies with other species (1, 2, 3),
it has been observed that spraying or misting of saline solutions directly on the
foliage accelerates or exacerbates salt burn/scorch symptoms and overall plant
response to salinity. Therefore, it is possible that the response of relatively saltsensitive plants like Rudbeckia and Phlox could be improved by minimizing
foliar salt misting/spraying. Growers and landscapers using saline or recycled/
reclaimed waters should take note that overhead sprinkler irrigation systems will
accelerate and exacerbate salinity problems and it is imperative that they switch
to other water delivery methods.
Acknowledgements: This project was ﬁnancially supported by the Texas
Nursery & Landscape Association and the Rio Grande Basin Initiative
(CSREES – USDA No. 2005-34461-15661).
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Figure 1. Growth (A), quality (B), leaf chloride (C) accumulation and its
relationship to growth (D) in selected herbaceous perennial plants subjected to
increasing salinity stress over a 14-week period.
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Index Words: Crop coefﬁcients, irrigation, water conservation
Signiﬁcance to Industry: Conserving water in nurseries and landscapes is of
great interest as water availability becomes more limited. Irrigation efﬁciency can
be improved by grouping plants with similar water use and scheduling irrigation
based on actual water requirements. However, little quantitative information of
the actual water needs for speciﬁc ornamental plants exists. In this study, water
use, crop coefﬁcients (Kc), and the overall growth of ﬁve landscape plants grown
in 3-gallon containers (commercial nursery practice) and drainage lysimeters (a
simulation of landscape conditions) were determined and compared. Water use
per unit leaf area in the two culture systems was similar within species, although
the overall growth and water use per plant and Kc varied with culture system
and species. Water use of container-grown plants, which can be determined
readily, may be used to predict or estimate the water use of the same species
that are grown in a landscape situation, provided that the amount of leaf area can
be estimated.
Nature of Work: Water use of plants is a function of evaporation and
transpiration (evapotranspiration, ET); therefore, it ﬂuctuates with climatic
conditions. Methods of estimating actual water use include direct measurement
by weighing or drainage lysimeters (3, 5, 6), gravimetrical method (2, 3, 5, 7),
and soil moisture balance (4). Although planting crops in lysimeters simulates
landscape conditions, building lysimeters is costly. Water use of container-grown
plants can be readily and accurately determined gravimetrically. It is unknown if
information developed from container-grown plants placed on the ground can be
used for estimating that of plants in a landscape situation. The objectives of this
study were to determine and compare the water use and crop coefﬁcients of ﬁve
landscape plants grown in drainage lysimeters and in conventional above-ground
containers simultaneously in the same ﬁeld plot.
The following species were purchased in 2.6-L containers (# 1) from a local
nursery: Abelia grandiﬂora ‘Edward Goucher’, Buddleia davidii ‘Burgundy’, Ilex
vomitoria ‘Pride of Houston’, Euonymus japonica, and Nerium oleander ‘Hardy
Pink’. Ten plants of each species were transplanted in mid-June into 10-L
containers (# 3) ﬁlled with a substrate containing composted mulch (Western
Organics, Tempe, AZ) and Sunshine Mix no. 4 (SunGro Hort., Bellevue, WA)
at a ratio of 1 to 1 (by vol). The plants were placed on ground and arranged in
a completely randomized design in the ﬁeld and were spaced at approximately
10 cm (4 in) to simulate commercial nursery practices. Seven plants from each
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species were transplanted to the 56-L (15 gal) drainage lysimeters in midJune to simulate landscape conditions. The cylinder-shaped lysimeters were
ﬁlled with sandy loamy soil with a 5-cm (2 in) layer of 1.9 cm (3/4 in) gravel at
the bottom. Each lysimeter had a single 3.8-cm (1.5 in) drainage hole at the
bottom. The ﬁve species were arranged in a randomized design within the
35 lysimeters and spaced 0.79 m x 1.19 m (2.6 ft x 3.9 ft) apart. All plants were
well watered every 3 to 6 days depending on species and climatic conditions.
Irrigation timing was determined based on container weight in the ﬁeld and by
soil moisture content in the lysimeters (≥ 20% volumetric content). Water use of
the container-grown plants was determined gravimetrically and that of lysimetergrown plants was estimated by monitoring the soil moisture depletion using the
ECH2O soil moisture probes (Decagon Devices, Inc., Pullman, WA), which were
buried inside the lysimeters (5). ET was calculated using the following equation:
ET (cm) = Volume of water (cm3)/container surface area (cm2). Crop coefﬁcient
was calculated as Kc = ET/ET0. ET0 was determined according to Allen et al. (1).
Climatic conditions were recorded by a weather station on site.
Results and Discussion: Due to the differences in plant size and leaf area,
water use of plants was expressed in daily water use per plant and per unit leaf
area (determined in August and October, data not shown). Water use per plant
and crop coefﬁcient differed by species and culture system, but water use per
unit leaf area within species was not affected by the culture system (Table 1).
In both culture systems, water use per plant was highest in B. davidii and
N. oleander
oleander, which had the highest growth index; A. grandiﬂora and E. japonica
had the lowest water use. When expressing water use per unit leaf area, there
were no signiﬁcant differences among A. grandiﬂora, B. davidii, and I. vomitoria.
Water use per unit leaf area of E. japonica was similar to that of N. oleander.
Culture system and species had signiﬁcant effect on water use per plant and Kc.
The water use per plant in E. japonica was generally higher in container-grown
plants than those in lysimeters from early July to August (Fig. 1). Plants in the
lysimeters were widely spaced so that there was no shading from adjacent
plants and it is possible that heat load (heat stress) was higher in lysimetergrown plants. There were 10 d in July with maximum temperatures over 40 C
(104 F) and 25 d with solar radiation over 30 MJ m-2 d-1. Similarly, water use of
A. grandiﬂora was higher in the containers than lysimeters for the same period.
The water use of B. davidii and N. oleander was much higher from mid-August to
September because of their rapid growth. The average Kc over the four months
of A. grandiﬂora, E. japonica, and I. vomitoria was the same for the two culture
systems and among the species (Table 1). The Kc of B. davidii in the lysimeters
was 3.3 times larger than in container-grown plants due to the leaf area in the
lysimeters exceeding 3.1 times that of the container-grown plants. Similarly,
Kc of N. oleander in the lysimeters was much higher than that of containergrown plants.
In summary, water use and Kc differed by species, growth, and months or days
and culture system. Water use per unit leaf area of the same species was similar
in both culture systems. Therefore, water use and Kc of container-grown plants
may be used to estimate that of landscape plants, provided that leaf area or
growth index can be quantiﬁed.
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Table 1. Average water use and crop coefﬁcients of Abelia grandiﬂora ‘Edward
Goucher’, Buddleia davidii ‘Burgundy’, Ilex vomitoria ‘Pride of Houston’,
Euonymus japonica, and Nerium oleander ‘Hardy Pink’ grown in containers and
drainage lysimeters over the four months.
Species
A. grandiﬂora E. japonica B. davidii I. vomitoria N. oleander
Culture system
Water use per plant (L/d)
Lysimeter
0.23 b z
0.30 b
1.13 a
0.46 b
1.16 a
Container
0.31 b
0.39 ab
0.39 ab
0.40 ab
0.54 a
tt- test
NS y
NS
***
NS
***
Lysimeter
Container
tt- test

0.60 a
0.76 ab
NS

Lysimeter
Container
T – test

0.84 b
0.93 b
NS

Water use per unit leaf area (mL/cm2/d)
0.21 b
0.59 a
0.72 a
0.20 c
0.64 b
0.87 a
NS
NS
NS
Crop Coefﬁcient (Kc)
1.20 b
4.37 a
1.78 b
1.29 ab
1.29 ab
1.30 ab
NS
***
NS

0.24 b
0.28 c
NS
4.30 b
1.74 a
***

z

Means within each row followed by the same letters are not signiﬁcantly different tested by StudentNewman-Keuls multiple comparison at P = 0.05.

y

NS, *** nonsigniﬁcant, signiﬁcant at P = 0.001, respectively, between the two culture systems.
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Figure 1. Water use per plant and crop coefﬁcient of Abelia grandiﬂora ‘Edward
Goucher’, Buddleia davidii ‘Burgundy’, Ilex vomitoria ‘Pride of Houston’,
Euonymus japonica and Nerium oleander ‘Hardy Pink’ grown in containers and
drainage lysimeters from July to October. Vertical bars are std. errors.
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Signiﬁcance to Industry: Water conservation in urban landscape has become
a critical issue in recent years due to limited water supplies. It is generally
considered that turf uses more water and needs to be irrigated more often than
most of other landscape plants. Therefore, many municipalities in arid and semiarid regions encourage homeowners to reduce turf coverage. An alternative to
turf may be the use of drought tolerant herbaceous perennials. Although growth
reduction was observed, the herbaceous perennial species used in this study
generally performed well under mild drought stress and hot environment and may
be used for low maintenance landscapes.
Nature of Work: Low maintenance, drought tolerant plant species are becoming
increasingly desirable in regions where water shortage or frequent drought
occurs. Herbaceous perennials are popular commodity for urban landscapes due
to increasing of diversity and low maintenance (2, 3). However, species selection
is hindered by the lack of information on their tolerance and adaptation to dry
and hot environment. In this study, the drought tolerance and performance of
the following herbaceous perennials were investigated: Achillea millefolium L.,
Gaillardia aristata Foug., Rudbeckia hirta L., Rudbeckia laciniata L. Per., Salvia
azurea Lam. var. grandiﬂora Benth., and Salvia coccinea Juss ex J.
Seeds of the above six herbaceous perennial species were purchased from a
commercial nursery (Albuquerque, NM) and sowed on March 10 in plug trays and
seedlings were further transplanted to 4-inch pots ﬁlled with Sunshine Mix No. 4
(SunGro Hort., Bellevue, WA) at the end of April and grown in the greenhouse
until June 15. Plants were transplanted to the ﬁeld raised ﬂower beds {4.9 x
19.7 x 0.7 ft (1.5 x 6 x 0.2 m)}, which were divided into two equal sections. Three
plants of each species were randomly planted in each section of the bed at a
density of 6 plants/m2. Flower beds were ﬁlled with a soil mix of blue point loamy
sand and Canadian sphagnum peat moss in 2:1 (by vol.). Drought stress was
imposed gradually from early July to mid-August by decreasing the irrigation time
and frequency. From late July to mid-August, the four ﬂower beds were irrigated
at approximately 130%, 90%, 50%, or 35% PET (potential evapotranspiration).
PET was calculated according to Allen et al. (1) using the climatic conditions
collected by a weather station on site. Drought stress could not be maintained
due to rain from mid-August until early September when the experiment was
terminated. Soil moisture content in the upper 6 cm was measured at around
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4:00 PM using a Theta Probe (Type HH2, Delta-T Devices, Cambridge, UK),
which was calibrated against the soil mix. Upon termination, shoots dry weight
and growth index were determined. Leaf osmotic potential of stressed and
well-irrigated plants was determined by a vapor pressure osmometer (Vapro
Model 5520, Wescor, Logan, UT). Osmotic adjustment was then estimated for
each species.
Results and Discussion: The maximum temperature was over 40 °C for more
than a week (Fig. 1). Solar radiation, measured using a pyranometer, was over
30 MJ m-2 d-1 for 25 d during the experimental period. Daily average temperature
ranged from 24 to 33 °C. Relative humidity ranged from 12 to 35% for most days
in July and 40 to 60% for the rest of the experiment. Soil moisture at the top 6-cm
surface was approximately 20% for Bed 1 (130% PET) and Bed 2 (90% PET)
and was between 15 and 20% for Bed 3 (50% PET) and Bed 4 (35% PET) until
the end of July. The soil moisture content dropped to below 15% (Fig. 2) from the
end of July to mid-August. During the drought cycle, most plants showed wilting
in the afternoon when the soil moisture content decreased to around 10%, but
they all recovered in the morning.
Since there were no differences in soil moisture contents and growth (dry weight
of shoots and growth index) of plants in Bed 1 (130% PET) and Bed 2 (90%
PET), dry weight of shoots, growth index and osmotic potential were pooled for
these two beds and considered as a control (Fig. 3, Tables 1 and 2). Drought
stress reduced dry weight of shoots of all species, except for S. coccinea.
Although there were no signiﬁcant differences in S. coccinea among the irrigation
regimens, dry weight of shoots tended to be higher in the control than that in the
drought stressed beds, and plants tended to be bigger. There were no differences
in dry weight of shoots between control and 50% PET or between 50% PET and
35% PET in A. millefolium, G. aristata, R. hirta, and R. laciniata. However, plants
in 50% PET were generally larger than those in 35% PET for all species. Growth
index was smaller in drought stressed beds, except for S. azurea grandiﬂora
(Table 1).
There was no difference in osmotic potential among the treatments for
A. millefolium and S. coccinea (Table 2). In G. aristata, R. hirta, R. laciniata and
S. arurea grandiﬂora, osmotic potential was lower in 35% PET compared to the
control. Osmotic adjustment was highest in R. hirta, followed by R. laciniata,
S. azurea grandiﬂora and G. aristata, in descending order. In R. laciniata, there
were signiﬁcant differences in osmotic potential among the irrigation treatments.
Achillea millefolium and S. coccinea did not have osmotic adjustment. However,
these species had more severe wilting than other species in the late afternoon.
This may indicate that A. millefolium and S. coccinea tolerated drought by
avoidance. Although growth was reduced, all species performed well as
landscape plants under the mild drought stress and hot environment.
Acknowledgements: This project was supported by the Texas Water
Development Board and the Rio Grande basin Initiative (CSREES – USDA No.
2005-34461-15661).
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Figure 1. Average and maximum air temperature and irradiance during the
experimental period.

Figure 2. Soil moisture content of the upper 6-cm of the ﬂower beds measured at
late afternoon.
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Figure 3. Dry weight of shoots of Achillea millefolium, Gaillardia aristata,
Rudbeckia hirta, Rudbeckia laciniata, Salvia azurea grandiﬂora, and Salvia
coccinea. Data in cont were pooled from 130% and 90% PET. For the same
species, bars with same letters are not signiﬁcantly different tested by StudentNewman-Keuls multiple comparison at P = 0.05.

Table 1. Growth index of Achillea millefolium, Gaillardia aristata, Rudbeckia hirta,
Rudbeckia laciniata, Salvia azurea grandiﬂora and Salvia coccinea as inﬂuenced
by irrigation regimens. Data in Control were pooled from 130% and 90% PET.
Species
Control
31.0 a z
48.7 a
45.6 a
27.0 a
49.5 a
57.8 a

A. millefolium
G. aristata
R. hirta
R. laciniata
S. grandiﬂora
S. coccinea
z

Growth index
50% PET
23.2 b
40.2 b
41.6 ab
23.2 b
46.1 a
52.0 ab

35% PET
20.8 b
39.6 b
36.1 c
21.3 b
43.5 a
47.2 b

For the same species, mean within the same row followed by the same letters are not signiﬁcantly
different tested by Student-Newman-Keuls multiple comparison at P = 0.05.

Table 2. Osmotic potential (OP) and osmotic adjustment (OA) of Achillea
millefolium, Gaillardia aristata, Rudbeckia hirta, Rudbeckia laciniata, Salvia
azurea grandiﬂora and Salvia coccinea as inﬂuenced by irrigation regimens. Data
in control were pooled from 130% and 90% PET.
Species
A. millefolium
G. aristata
R. hirta
R. laciniata
S. grandiﬂora
S. coccinea
z

Control
1.48 a z
0.92 b
1.25 b
0.87 c
1.06 b
1.04 a

OP (- MPa)
50% PET
35% PET
1.48 a
1.57 a
1.07 ab
1.21 a
1.51 b
1.97 a
1.17 b
1.49 a
1.08 b
1.44 a
1.00 a
1.00 a

OA (MPa)
50% PET
35% PET
--0.15
0.29
0.27
0.73
0.30
0.62
-0.38
---

For the same species, mean within the same row followed by the same letters are not signiﬁcantly
different tested by Student-Newman-Keuls multiple comparison at P = 0.05.
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Signiﬁcance to Industry: Addition of calcined clay products at 10% v/v to
a commercial bark-based substrate increased growth of containerized ‘Karl
Foerster’ feather reed grass and the grasslike ‘Oborozuki’ Japanese sweetﬂag.
However, pasteurized clay did not affect feather reed grass and decreased
growth of Japanese sweetﬂag, suggesting that the former is more salt
tolerant than the latter. Even plants of similar types may differ in their nutrient
requirements. Only by determining the sufﬁciency range of nutrients for each
crop and then applying nutrients and irrigation accordingly can growers maximize
crop nutrient efﬁciency and minimize nutrient loss.
Nature of Work: The EPA has set national safety standards for over 80
contaminants that may occur in drinking water, including nitrate and phosphate.
Yet, nitrogen and phosphorous are nutrients traditionally applied in relatively large
amounts during crop production. The nursery industry is reducing wastewater
discharge volumes and nutrient amounts in discharge, and improved greenhouse
and nursery management practices are being adopted to increase efﬁciency
of nutrient and water use. To help achieve these goals, some producers of
container-grown nursery and greenhouse crops are incorporating relatively low
amounts of calcined clays into their substrates.
Greenhouse container studies conducted during 2002-05 determined the
effects of attapulgite-type clays used as substrate amendments (up to 15% v/v)
during production of poinsettias (Euphorbia pulcherrima Willd. ex Klotzsch) and
chrysanthemums [Dendranthema x grandiﬂorum (Ramat.) Kitamura] (1,2,3,4).
Variables for clay included volume used, source, placement in container, and
extent of processing (temperature and particle size). Results suggested that
when clays were incorporated at up to 10% v/v in a peat-based substrate,
growth was generally comparable but leachate soluble salt levels were reduced,
particularly during the ﬁrst weeks after potting. Methods for these studies were
developed based on best management practices for small scale growers with
open irrigation systems.
During summer 2005, ‘Oborozuki’ Japanese sweetﬂag (Acorus gramineus Ait.
‘Oborozuki’) and ‘Karl Foerster’ feather reed grass (Calamagrostis acutiﬂora
Adans. ‘Karl Foerster’) were grown in a glass greenhouse in trade gallon
(3 qt.) containers with Morton’s Nursery Mix (Morton’s Horticultural Products,
McMinnville, TN), which consists of pine bark, peat moss and sand. AttapulgiteContainer-Grown Plant Production Section
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type clays (16/30 particle size) from three sources (Taft, CA, pasteurized;
Ochlocknee, GA, calcined; Ripley, MS, calcined) were incorporated at 5 or 10%
v/v. Containers were arranged in a randomized complete block experimental
design with a total of 10 containers per treatment. A commercial controlled
release fertilizer [Osmocote 14N-6.2P-11.6K (14-14-14), 3-4 mo. Release, Scotts
Co., Marysville, OH] was top dressed at 0.86 oz/pot. Containers were irrigated
when container capacity dropped to a predetermined level with sufﬁcient volume
of tap water to achieve a leaching fraction around 0.5. Leachate was collected
from each container at each irrigation and analyzed for electrical conductivity
(EC) and pH. Growth data were collected at crop ﬁnish, analyzed using SAS, and
means separated (0.05) where appropriate.
Results and Discussion: With sweetﬂag, shoot dry weight and visual quality
decreased with the CA pasteurized clay, while shoot dry weight increased with
the calcined MS clay at 10% (data not shown). With feather reed grass, shoot
dry weight increased with the calcined GA and MS clays at 10%. EC of leachate
from containers with 10% CA pasteurized clay was increased by 21-32% over the
course of the study in comparison with the no-clay control. While EC of leachate
from the 10% GA calcined product was reduced by up to 15% versus the control
within the ﬁrst week after potting, no reduction was observed when leachate EC
values were averaged over the course of the experiment. Data suggest that,
under the conditions under which plants were grown in this study, ‘Karl Foerster’
feather reed grass was more tolerant of high soluble salt levels due to the
pasteurized clay than ‘Oborozuki’ sweetﬂag.
In previous work, comparable or increased growth and quality have been
observed when a number of woody plants grown with calcined clay amendments
(5,6,7,8,9). This study suggests comparable growth beneﬁts for selected
herbaceous plants. Although calcined clays produced only transient reductions
in leachate soluble salts in this study, previous studies demonstrated more
speciﬁc reductions of phosphorus loss from containers due to certain calcined
clays (7,9,10). Other beneﬁts noted in previous work due to clay products include
reduced fertilizer and irrigation inputs (2,6,7,8) and easier handling during
propagation (5). Future research is likely to include more studies on reducing
fertilizer and irrigation inputs to save resources and money.
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Environmental Compatible Nursery Production
1

T. E. Bilderback, S. L. Warren1, J. S. Owen Jr.2 and J. P. Albano3
N. C. State University, 2Oregon State University and 3USDA-ARS
Ted_Bilderback@ncsu.edu

Index Words: Industrial Mineral Aggregate, Container Substrates, Pine Bark
Signiﬁcance to Industry: Amending bark substrates with clay signiﬁcantly
increases water use efﬁciency and decreases phosphorus leaching from
containers. Best results were achieved with a small particle 24-48 sieved clay
that was heat treated at 1472)º F (800º C) (LVM).
Nature of Work: Three years of research focused on determining beneﬁts of
adding industrial mineral aggregate clays to pine bark nursery potting substrates.
The ﬁrst study, “Does Clay Save?” compared irrigation requirements and nutrient
losses between a traditional pine bark:sand (8:1 by vol.; 11% sand) substrate
with four industrial mineral aggregate products including two particle size
distributions and two temperature treatments (1). The objective of the study was
to determine if any of the industrial mineral aggregrates signiﬁcantly reduced
irrigation requirements and/or reduced nutrient leaching from nursery containers.
The four industrial clays were incorporated into pine bark at 8% by volume
based upon a previous study (4). Water application to maintain a 0.2 leaching
fraction, nutrient leachate loses and growth of Cotoneaster dammeri ‘Skogholm’
were compared among substrates. The second sequential study “Finding the
Balance” sought to ﬁnd the optimal rate of incorporation for water savings and
nutrient leaching reduction beneﬁts. In this study a 24/48 sieve range (0.25 to
0.85 mm) high temperature 1472º F (800º C) treated low volatile material (LVM)
clay was incorporated into pine bark at 0,8,12,16 and 20% (by vol.). The third
study “How Low Can You Go” manipulated irrigation by reducing leaching fraction
to 0.1 compared to 0.2 and reducing phosphorus using Harrell’s/Polyon 19-2-8
compared to 19-4-8.
Results and Discussion: Does Clay Save? The 24-48 small particle size &
high temperature heated clay reduced water application required to maintain
a 0.2 leaching fraction (20% of the volume applied) by ≥ 100,000 gallons of
water growing acre-1 season-1 resulting in 60% less phosphorus leaching from
the container.
Finding the Balance!- Skogholm cotoneaster growth was maximized at 11% LVM
clay amendment .
How Low Can We Go? Irrigation application was reduced from 0.2 to 0.1
leaching fraction with a 15% increase (43 mL g-1) in water use efﬁciency.
Reducing the phosphate rate by 50% increased P use efﬁciency 64% while plant
growth was increased 46%.
Acknowledgements: We would like to thank the U.S. Department of
Agriculture’s Agricultural Research Service, Horticulture Research Institute, OilDri Corporation of America , The North Carolina Association of Nurserymen,
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Fertilizer and Pursell Technologies for providing materials and ﬁnancial support
for these studies.
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Pine Chips: Peat Substrate Ratios and
Fertilizer Rates Affect Plant Growth
Jake F. Browder, James W. Smithson, Brian E. Jackson and Robert D. Wright
Virginia Tech, Dept. of Horticulture, Blacksburg, VA 24061
wrightr@vt.edu
Index Words: container media, nutrition, loblolly pine, wood ﬁber
Signiﬁcance to the Industry: This study shows that plants can be grown
in 100 percent pine chips if fertilizer rates are increased from 200 ppm N to
300 ppm N or with no additional fertilizer if pine chips contain at least 40 percent
peat moss by volume.
Nature of Work: The increased cost and limited availability of pine bark (PB)
and peat moss (PM) have prompted many studies related to the development of
a new substrate for growing nursery crops. Wright and Browder (2) conducted
studies to evaluate the potential of pine chips (PC) as a suitable alternative
nursery substrate to PB and PM. They concluded that PC is capable of growing
nursery crops, but it was noted that the electrical conductivity (EC) of the PC
substrate was lower than a PB substrate, possibly due to nutrient leaching in the
more porous substrate. They hypothesized that by adding PM or other composts
to the PC substrate, container capacity could be increased and aeration
decreased thereby improving plant growth.
The objective of this research was to determine if adding various amounts of
sphagnum PM to PC would increase plant growth due to PM’s high water holding
capacity (WHC) and cation exchange capacity (CEC), and to determine the
quantity of fertilizer required as percent PM increased.
On February 2, 2006 coarse loblolly pine (Pinus taeda L.) chips were further
ground in a hammer mill (Meadows Mills, Inc., North Wilkesboro, NC) ﬁtted with
a 4.76 mm (3/16 inch) screen to a particle size suitable for plant growth. The
initial chips were produced by grinding a 17 m long by 25 cm basal diameter
debarked loblolly pine log with a Morbark Chipper (Winn, MI) operated at Wood
Preservers, Inc., Warsaw, VA. Pine chips were amended with PM (Premier ProMoss) (Premier Tech, Quebec, Canada) at the following levels as percent of the
total volume: 0 to 100% in 10% increments. Marigold (Tagetes erecta Big. ‘Inca
Gold’) seeds were sown on February 3, 2006 in a 144 plug tray. The marigolds
were transplanted into 1-quart containers containing the various treatments on
February 17. All treatments were fertilized at each watering (250 mL of beakerapplied) with either 50, 100, 200, or 300 ppm N using a 20N-4.4P-16.6K fertilizer
(20-10-20 Peat-lite, Scotts Company, Marysville, OH). There were two reps per
fertilizer rate per treatment. Calcium sulfate (CaSO4) was pre-plant incorporated
into each substrate at a rate of 0.6 kg/m3 (1 lb/yd3) also dolomitic lime was
pre-plant incorporated to the peat at a rate of 3.6 kg/m3 (6 lb/yd3). Shoots were
severed at the substrate surface on March 16, dried at 65° C, and weighed.
This experiment was a completely randomized design with two single container
replications per treatment per fertilizer rate and was subjected to regression
analysis using SigmaPlot (version 9.01 SPSS Inc., Chicago, IL).
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Results and Discussion: Shoot dry weight of marigolds grown in ground
pine chips fertilized with 50, 100, and 200 ppm N increased as the percent PM
increased (Fig. 1). However, the dry weight of plants fertilized at 300 ppm N did
not increase with an increasing PM amendment since the higher fertility rate
provided sufﬁcient nutrients without the addition of PM. Results are consistent
with Wright and Browder (2) demonstrating the suitability of PC as an alternative
substrate; however, additional fertilizer (300 vs 200 ppm N) is required for
marigold unless PM is incorporated at rates of at least 40 percent.
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Figure 1. Shoot dry wt of marigold grown in pine chips amended with varying
percentages of peat by volume and fertilized at 50, 100, 200, and 300 ppm N.
R2 and equations are: 50 ppm (•), r2 = 0.98; y = 0.5871 + 0.0264x – 4.0093x2;
100 ppm (◊), r2 = 0.97; y = 1.4392 + 0.0361x – 0.0001x2; 200 ppm (x), r2 = 0.80;
y = 2.6471 + 0.0464 – 0.0003; 300 ppm (Å), r2 = 0.69; y = 4.1369 + 0.0142x –
0.0001x2.
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Nitrogen Nutrition of Containerized
Viburnum ruﬁdulum
Jason J. Grifﬁn
John C. Pair Horticultural Center, Kansas State University,
1901 E. 95th Street South, Wichita, KS 67060
jgrifﬁn@ksu.edu
Index Words: Fertilization, Mineral Nutrition, Rusty Blackhaw,
Southern Blackhaw
Signiﬁcance to Industry: Results from this research suggest that maximum
growth of containerized southern blackhaw viburnum (Viburnum ruﬁdulum Raf.)
can be attained by applying approximately 100 ppm ammonium nitrate three
times weekly. At this rate, both root growth and shoot growth are maximized.
Nature of Work: Southern blackhaw viburnum is native to coastal North
Carolina, south to the Florida panhandle, and west to central Texas, Oklahoma,
Missouri, and southeastern Kansas (6). The species is well adapted to a wide
range of climates and soil characteristics, suggesting it may be useful in a variety
of landscape situations over a large geographical range.
Southern blackhaw will eventually form a large shrub or can be trained into a
small single stemmed tree reaching approximately 6 m (20 ft) in height with
a rounded canopy. The species ﬁts a nice niche, where a small deciduous
ﬂowering tree is needed. Individual spring ﬂowers are small, yet the inﬂorescence
can be a 5 inch (13 cm) diameter ﬂat-topped cyme resulting in a showy display.
Clusters of 1.25 cm (½ in) long green drupes are visible throughout the canopy
after ﬂowering. By mid summer most of the fruits have begun to change to a
creamy white that immediately progresses to a pink/rose color by late summer
(3). These attractive and pest free plants could have many uses throughout the
landscape, however, their availability is restricted due to propagation difﬁculties
and information related to subsequent growth. Therefore, the following research
was conducted to determine the appropriate nitrogen (N) nutrition concentration
to maximize growth of containerized southern blackhaw viburnum.
Rooted cuttings of southern blackhaw from Summer 2004 were over-wintered in
an unheated polyhouse. As bud-break began in Spring 2005, uniform plants were
potted in 3.8 liter (1 gal) containers utilizing a substrate of pine bark:sand (8:1 by
vol.) amended with 0.7 kg·m-3 (1.5 lbs·yd-3) Micromax (Scotts-Sierra Hort. Prod.
Co., Marysville, OH) and 0.9 kg·m-3 (2 lbs·yd-3) dolomitic limestone. Containerized
plants were placed in a greenhouse and given 14 days to acclimate before
treatments began. On April 4, 2005 ﬁve N application rates (NAR) were initiated.
Plants were greenhouse grown with natural irradiance and photoperiod.
Greenhouse temperatures ranged from 18C (65F) to 29C (85F). Plants were
fertigated three times weekly with a nutrient solution containing 30 ppm P
(K2H2PO4), 50 ppm K (K2SO4 and K2H2PO4), and N at 0, 25, 50, 100 or 200 ppm
(NH4NO3). Substrate solution samples were collected bi-weekly using the pour
through extraction method (7). The samples were then analyzed for electrical
conductivity (EC) and pH.
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After 13 weeks, plants were removed from their containers, the substrate washed
from the roots, and the plants were separated into roots, stems, and leaves. All
plant tissue was dried at 70C (158F) for 7 days, then weighed. The experimental
design was a randomized complete block design with ﬁve NAR and six single
plant replications. Data was subjected to ANOVA and regression analysis.
Results and Discussion: Maximum root growth was reached at 100 ppm
NAR (Table 1), and all NAR were greater than the control. This is in contrast to
previous reports that indicate a decrease in root production with increasing NAR
(2, 4, 5). Leaf and stem weight also increased with greater NAR. Both reached
a maximum at approximately 100 ppm NAR. Total plant weight (roots, stems,
and leaves) increased with increasing NAR. Again, maximum plant weight was
reached at approximately 100 ppm NAR. The ratio of root:shoot (stem and
leaves) weight decreased with increasing NAR. This response to increasing NAR
has been reported previously (4, 5). This suggests that the carbon gain to the
aerial portion of the plant increased to a greater extent than the carbon gain to
the roots. Overall, best growth was recorded at a NAR of approximately 100 ppm,
which corresponded to a substrate solution EC of 2.0 mS/cm. Although, 2.0 mS/
cm is at the high end of the recommended range for container nursery substrates
(1), the irrigation water had an EC of 0.95 mS/cm, which contributed to the total
substrate solution EC.
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Table 1. Effect of nitrogen application rate (NAR) on root, stem, leaf, and total
plant dry weights of containerized Viburnum ruﬁdulum.
NAR
0
25
50
100
200
Sig
Lin
Quad

Root Wt
(g)
2.9
4.9
4.7
6.1
4.9
**
NS
NS

Stem Wt
(g)
1.1
2.4
2.8
3.9
3.4
**
NS
*

Leaf Wt
(g)
1.2
3.1
3.5
5.4
4.8
**
NS
*

Plant Wt
(g)
5.1
8.8
11.0
15.4
13.0
**
NS
**

RW:SW
1.4
0.9
0.8
0.7
0.6
**
**
**

NS, *, ** = Nonsigniﬁcant, signiﬁcant at P<0.05, and signiﬁcant at P<0.01, respectively.
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