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Significance to Industry: Demand for native wildflowers is growing but there is
limited information about container production protocols. Seed sowing date,
seedling fertilization rate, potting date, container size, and container fertilizer rate
were evaluated for container production and time until shipping of Coreopsis
floridana (Florida coreopsis). Within container size, all regimes resulted in few
significant differences in plant height. Shipping dates varied by only 18 days
across seeding date and fertilizer treatments despite a 4 month range in
seeding/potting dates. Plants in #1 containers were ready to ship 1 week earlier
than those in 4.25-inch containers. This research suggests commercial growers
could reduce production costs using a May seeding date, July potting date and
the lowest fertilizer level (4.2 lb/yd3 Osmocote Plus 15-9-12 (12-14 month
Southern).
Nature of Work: As the demand for herbaceous native wildflower perennials
increases in the southern U.S. the need to supply quality plants to the consumer
to satisfy this market naturally follows. While numerous studies have centered
on propagation protocols of native species (1,4) few studies have addressed
container production protocols (3,5,6).
The objective of this study was to assess production regimes for large (#1) and
small (4.25-inch) containers of Florida coreopsis (Coreopsis floridana), a native
wildflower with promising ornamental potential (2). Seeds were harvested on 30
November 2005 from a field plot at the North Florida Research and Education
Center (NFREC) in Quincy, FL (seed origin was from a natural population in Polk
County), cleaned, and stored at 68-78oF and 24-34% relative humidity. Seeds
were sown on three dates in a greenhouse––3 January (Group 1), 2 March
(Group 2), and 1 May 2006 (Group 3)––on Metro Mix 200 substrate (MM200;
The Scotts Co., Marysville, OH) in 11 x 21-inch flats and lightly covered with MM
200 sifted through a #12 U.S.A. standard test sieve (Fisher Scientific Co.
Pittsburgh, PA). These flats were placed on 20 x 60-inch thermostaticallycontrolled propagation mats (Pro-Gro PGPM9A; Cassco, Montgomery, AL) set at
70oF, elevated at ~30o angle for drainage. Flats were overhead irrigated daily via
a mist system. Commencing 10 days after seeds were sown, all three Groups of
seedlings were fertilized weekly for 4 weeks with 50 ppm N (Miracle-Gro All
Purpose 15-30-15 with minors; Scotts Miracle-Gro Co. Marysville, OH).

Container Grown Plant Section
468

SNA Research Conference Vol. 52 2007
Seedlings of Group 1 were transplanted on 3 February, Group 2 on 4 April, and
Group 3 on 1 June 2006 into S1204 inserts (Cassco) with MM200. These flats
were placed on the propagation mats and bottom fertilized weekly for 4 weeks
with either 50 ppm N or 100 ppm N (Miracle-Gro All Purpose 15-30-15 with
minors). A single application of 0.64 oz/gal Iprodione Pro 2SE (Micro Flo Co.
LLC, Memphis, TN) was sprayed on each group of seedlings shortly after
transplanting to treat for Alternaria leaf spot. Greenhouse conditions during the
2-month seedling production cycle were Group 1: 50-85oF ambient and 65-85oF
propagation medium; Group 2: 55-100oF ambient and 70-95oF propagation
medium; Group 3: 60-115oF ambient and 70-110oF propagation medium.
On 7 March (Group 1), 1 May (Group 2), and 3 July (Group 3), seedlings from
both flat fertilizer rate treatments were potted into #1 containers (‘Classic 400’1.0 gal; Nursery Supplies, Inc. Fairless Hills, PA). Group 2 and 3 seedlings also
were potted into 4.25-inch containers (0.17 gal; Dillon Products, Middlefield, OH)
on 1 May and 3 July. Potting substrate was pine bark:sphagnum peat:sand
(3:1:1, by vol.) amended with Osmocote Plus 15-9-12 (12-14 month Southern;
#90328-6; The Scotts Co.) at 4.2, 9.7, or 15.2 lb/yd3. There were five single
container replications/potting date/flat fertilizer rate/container size/container
fertilizer rate. Containers were placed in a completely randomized design on an
outdoor production bed under full sun at the NFREC in Quincy, FL. Daily
overhead irrigation of 0.25 inches was applied in the morning until 1 May;
thereafter an additional 0.25 inch was applied in the afternoon. Plants were hand
weeded as needed. Plants were grown until the first flower of each plant showed
color, the stage at which it would be shipped to retailers. Shipping date of each
plant was recorded along with height, widest width, and the width perpendicular
to the widest point.
Results and Discussion: Size of liners to be transplanted generally was larger
the later the seeding date (results not shown). The larger seedlings probably
resulted from the higher greenhouse temperatures for each successive 2-month
greenhouse production cycle, and as well as the increased light intensity and day
length. Flat fertilizer rate had no effect on final plant height, growth index or
shipping date (results not shown).
Not surprisingly, plants in #1 containers tended to be larger than those in 4.25inch containers (Table 1). Within container size, all regimes resulted in few
significant differences in plant height. Consequently, commercial growers could
reduce production costs using the May seeding date and the lowest fertilizer
level. All regimes resulted in plant heights exceeding 18 inches (Table 1), a
maximum height considered to be a threshold for shipping of perennials (Sue
Watkins, pers. comm.).
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Shipping dates varied by only 18 days across seeding date and fertilizer
treatments despite a 4 month range in seeding/potting dates (Table 2). Using a
May seeding date or July potting date, commercial growers could save up to 4
months in production costs with relatively minor delays in product marketability.
Container size affected shipping date, with plants in #1 containers ready to ship 1
week earlier than those in 4.25-inch containers (15 Oct. vs. 22 Oct.). Future
research with Coreopsis floridana should examine later seeding/potting dates to
reduce production time and plant size as well as photoperiod manipulation to
stimulate earlier flowering.
Acknowledgement: The authors wish to thank Amanda Brock for her technical
assistance.
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Table 1. Effect of container size and fertilizer rate and potting date on plant height
and growth index of Coreopsis floridana.z
Container fertilizer
level of Osmocote
15-9-12
(lb/yd3)

Seeding/
Potting
dates

Plant
height
(inches)

Growth indexy
(inches)

4.25-inch cup
4.2

2 Mar/1 May

28 a

17 a

4.2

1 May/3 Jul

28 a

18 a

9.7

2 Mar/1 May

31a

20 a

9.7

1 May/3 Jul

24 b

16 b

15.2

2 Mar/1 May

30 a

19 a

15.2

1 May/3 Jul

31 a

20 a

1-gal pot
4.2

3 Jan/7 Mar

41 a

27 a

4.2

2 Mar/1 May

36 ab

25 a

4.2

1 May/3 Jul

30 b

20 b

9.7

3 Jan/7 Mar

35 a

26 a

9.7

2 Mar/1 May

36 a

26 a

9.7

1 May/3 Jul

37 a

25 a

15.2

3 Jan/7 Mar

35 a

26 ab

15.2

2 Mar/1 May

37 a

29 a

15.2

1 May/3 Jul

33 a

23 b

z

Means, within container size, container fertilizer rate, and potting date, followed
by different letters are significantly different at the 5% level of Tukey’s
Studentized Range test.
y
Growth index = (plant height + average width)/2.
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Table 2. Effect of potting date and fertilizer rate on shipping date of Coreopsis
floridana.z

Seeding/
Potting date
3 Jan/7 Mar
3 Jan/7 Mar
3 Jan/7 Mar

Container
fertilizer level
of Osmocote
15-9-12
(lb/yd3)
4.2
9.7
15.2

Shipping datey
17 Oct a
9 Oct a
7 Oct a

2 Mar/1 May
2 Mar/1 May
2 Mar/1 May

4.2
9.7
15.2

25 Oct a
15 Oct b
8 Oct b

1 May/3 Jul
1 May/3 Jul
1 May/3 Jul

4.2
9.7
15.2

24 Oct a
23 Oct a
21 Oct a

z

Means, within potting date and container fertilizer rate followed by different
letters are significantly different at the 5% level by Tukey’s Studentized Range
test.
y
Shipping date: when first flower showed color.
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How Much Water Does it Take to Grow a Ligustrum?
Richard C. Beeson, Jr. and Julie Brooks 1
1

MREC, IFAS, University of Florida
2725 S. Binion Road, Apopka, FL 32703
rcbeeson@ufl.edu
Index Words: nursery production, spacing, container production, water
conservation
Significance to industry: Spacing of containers is a simple subject that seems
to receive little attention, but has a substantial impact on plant growth, nursery
runoff of herbicides and fertilizer, plant quality and quantities, and profit. With
common ligustrum, we found substantial differences in plant growth, irrigation
need and pruning requirements as spacing was increased in half a container
diameters from 0.5 diameter to 1.5 diameters. Optimum spacing for this upright
spreading shrub is between 0.5 to 0.75 container diameters apart.
Nature of Work: As part of a larger project to develop models based on plant
size and reference evapotranspiration for precision irrigation of container-grown
shrubs, we uncovered an interesting effect of spacing on the growth of Ligustrum
japonica. Previous research had found tight relationships between plant water
use and the development of canopy closure, the point where plant canopies
touch and form a continuous leafy surface (1). However this research was
conducted at half a container diameter (0.5x) spacing. To validate the effect we
needed to verify the same effect occurred at other container spacings. In the
process, we uncovered an interesting effect on spacing on plant canopy growth.
In March 2005, rooted cuttings (from peat cups) were transplanted into black
polyethylene #3 full containers (10 in. top diameter) using a 70% composted pine
bark fine (<1.0 in.): 30 % NuPeat: 10% coarse sand substrate amended with 1.5
lbs of micronutrients and 5 lbs of dolomite per yd3 (Florida Potting Soil, Orlando,
FL). NuPeat is composed of 1/3 each of composted hard wood bark, Florida
sedge peat and composted yard waste screened to <½ inch. Plants were placed
on individually irrigated production pads to fill a 12 x 16 ft area where overhead
sprinkler uniformity was 0.85 or better (4). Containers were spaced using a
square configuration with 5, 10 or 15 inches (0.5x, 1x or 1.5x container
diameters) between the tops of containers using spacer blocks with treatments
assigned in a randomized design among 9 production pads. There were 4
replications of the 0.5x, 3 replications of the 1x and 2 replications of the 1.5x
spacings. Two suspension lysimeters, each containing 1 plant, were placed
within each pad (2). These were used to automate irrigation scheduling and
application quantity. Growth measurements consisting of the greatest plant width
and width perpendicular to it, and average canopy height, were recorded tri-
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weekly on the lysimeter plants and the 4 plants immediately adjacent to them.
Measurements were made until at least 88% of the measured plants within the
0.5x and 1x spacing treatment obtained marketable size of 21 inches average
height and 17 inches average spread (3). Due to an unusually delayed spring
bud break, this generally required 13.5 months after potting.
Results and Discussion: Plant growth index (width 1 x width 2 x height, GI)
was generally the same for all treatments until after the beginning of bud break in
late March 2006, commencing around the same time for all plants (day 370, Fig.
1). Canopies were pruned in late January 2006 (day 300), resulting in similar
canopy volumes. After bud break, GI increased faster for plants at the 0.5x and
1x spacing than those at the 1.5x spacing (Fig. 1). This was due to more rapid
increases in plant height at the 1x and 0.5x spacing, than at the 1.5x spacing
(Fig. 2). At the widest spacing, branched tended to grow more horizontal than
vertical, require more and heavier pruning to force vertical growth. At the closer
spacing, growth tended to be more vertical, especially after canopy closure was
obtained, leading a faster marketable size. Since ligustrum are sold by height
and quality, rather than width and quality, the closer spacing promoted the
desired vertical growth, with pruning increasing canopy density.
From a production perspective, optimum spacing is between 0.5 to 0.75
container diameters between containers. The half-container spacing was more
difficult to move through the plants for topdressing fertilizer, pruning or weeding
than the 1x spacing. However the 0.5x spacing produced good quality plants
with no disease problems and more plants per unit bed area. Additionally, the
0.5x spacing required less overhead sprinkler irrigation to produce 85% more
plants of the same quality than at the 1x spacing.
Literature Cited
1. Beeson, Jr., R. C. 2004. Modeling Actual Evapotranspiration of Ligustrum
japonicum from rooted cuttings to commercially marketable plants in 12
liter black polyethylene containers. Acta Horticulturae 664:71-77.
2. Beeson, Jr., R.C. 2006. Relationship of plant growth and actual
evapotranspiration to irrigation frequency based on managed allowable
deficits for container nursery stock. J. Am. Soc. Hort. Sci. 131:140-148.
3. Gaskalla, Richard, Director Division of Plant Industry. 1998. Grades and
Standards for Nursery Plants - 2nd edition. Fla. Dept of Agr. and
Consumer Services. Tallahassee, FL. pps. 237.
4. Haman, D.Z., A. Smaljstra, and D. Pitt. 1996. Uniformity of sprinkler and
microirrigation systems for nurseries. Fla. Coop. Extension Service
Bulletin 321. IFAS. Univ. of Florida
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Figure 1. Changes in canopy volume (growth index) of Ligustrum japonica with
time in production. Each point is the mean of 20 to 40 plant replicates. Spacing
treatments were 0.5 (●), 1.0 (■) and 1.5 (♦) container diameters between
containers.

Figure 2. Mean canopy height of Ligustrum japonica the last 6 weeks before
>85% of the measured plant obtained marketable size. Spacing treatments were
0.5 (black bar), 1.0 (light gray bar) and 1.5 (dark gray bar) container diameters
between containers. Each bar represents the mean of 20 to 40 plant replicates.

Container Grown Plant Section
475

SNA Research Conference Vol. 52 2007

Pulp Mill Ash as a Substrate Component for Greenhouse Crops
G. Bi1, W.B. Evans1 and G.B. Fain2
1

Mississippi State University, Truck Crops Experiment Station
Crystal Springs, MS 39059
2
USDA-ARS Southern Horticultural Laboratory, Poplarville, MS 39470
gb250@msstate.edu
Index Words: pulp mill ash, peat moss, growth index
Significance to Industry: This study evaluated the potential of utilizing wood
ash from pulp mill as a substrate component for the green industry. Results
indicate that uniform crops of annual plants can be grown in peat moss based
substrate with the addition of 10-50% ash, depending on plant species. Use of
this ash waste product could potentially decrease nursery production costs by
reducing the use of peat moss or pine bark.
Nature of Work: One of the nursery industry’s biggest cost is growing media.
Low-cost amendments to a substrate blend can reduce costs if they neutrally or
positively influence the physical and chemical performance of a substrate. The
pulp and paper industry produces large quantities of ash from wood fired boilers.
That industry has historically applied the ash to agricultural land as a liming
material (3) or disposed of it in landfills. Campbell (1) reported that up to 90% of
wood ash produced in the southeast is disposed of in landfills, landfills that could
now be mined for the ash. With paper mills and their landfills scattered
throughout the southeastern states, all blenders of growing substrate would have
access to this material.
A survey of boiler ash products by Muse and Mitchell (4) found that mean
physical and chemical properties included: 0.51 g/cm3 bulk density; pH of 9.9,
C:N ratio of 55.5; and mean elemental concentrations (g/kg) of total N 4.52, total
P 3.00; K 13.3, C 247; Fe 6.26; Mg 7.73; and Mn 2.60, while heavy metal
concentrations were considered to be “low “. Wood ash can increase soil EC
also (2, 6). Soil applied ash had little significant effect on snap bean growth, but
has been shown to increase growth of tree seedlings (6), alfalfa and barley (5),
among others.
The objective of this study was to evaluate the influence of pulp mill ash on
substrate characteristics and use of pulp mill ash as a substrate component for
production of container-grown greenhouse crops.
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The substrate physical characteristics were conducted at the USDA-ARS
Southern Horticultural Laboratory in Poplarville, MS. The plant growth study was
conducted at Truck Crops Experiment Station in Crystal Springs, MS. Pulp mill
ash was blended with 50 to 90% (by volume) peat-based media and compared
with commercial growing media. Treatments evaluated are listed in Table 1.
Peat-based blend contains peat moss, vermiculite and perlite (75:10:15 by
volume). Each substrate blend was incorporated with 5.93 kg/m3 (10 lb/yd3)
Osmocote 14-14-14 (3-4 months) (Scotts-Sierra Company, Marysville, OH) and
0.89 kg/m3 (1.5 lb/yd3) Micromax (Scotts-Sierra). Substrates 2 and 3 were
incorporated with 2.97 kg/m3 (5 lb/yd3) dolomitic limestone. Two annual species,
French marigold ‘Janie Deep Orange’ (Tagetes patula) and tomato ‘Mountain
Spring’ (Lycopersicon esculentum Mill.), were transplanted from standard 72 cell
flats into 6” round azalea plastic pots (one plant/pot) on April 5, 2007.
All plants were placed on benches in the greenhouse. Plants were arranged by
species in a completely randomized design with each treatment unit (pot)
replicated ten times for each substrate. Plants were hand watered as needed.
Plants were harvested 5 weeks after transplanting. At harvest, leaf chlorophyll
content was quantified using a SPAD-502 Chlorophyll Meter (Minolta, Inc.).
Growth indices ([height +width1 + width2] / 3 (cm)) and number of open flowers
(marigold) were recorded. Plants were separated into shoots (stems+leaves) and
flowers (marigold only). Samples were placed into a 60°C oven, and dried. Dry
weight was recorded for each tissue type.
Results and Discussion: The ash used in this study has the following
characteristics: pH 8.3; total N 0.1 %; available P 0.1 %; and available K 0.4 %.
As expected particle size distribution shows that the substrates containing higher
volumes of ash has finer particles (data not shown). This higher percentage of
fine particles is reflected in the differences seen in substrate air space, water
holding capacity and bulk density (Table 2). Substrates containing ash had less
air space and more water holding capacity than standard substrates. In addition
bulk density increased with increasing ash content, with treatment 8 (50% ash)
showing a 120% increase in bulk density over a standard commercially available
substrate (treatment 1). This high bulk density could potentially pose problems in
shipping and handling. Marigold plants grown in peat based substrate with the
addition of 0-50% ash and fertilizer had similar GI, flower dry weight and number
of flowers as plants grown in commercial substrate (Table 3). Marigolds grown in
30-50% ash had lower shoot dry weight, and plants grown in 50% ash had lower
SPAD reading than plants grown in commercial substrate. Plants grown in 1050% ash had similar number of flowers and flower dry weight, however, plants
grown in 10-20% ash had greater GI and shoot dry weight than plants grown in
30-50% ash. Marigold plants grown in peat based substrate with no addition of
ash and fertilizer had the smallest GI, flower and shoot dry weights, number of
flowers and SPAD reading.
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Tomato plants grown in 0-30% ash (with fertilizer) had similar GI as plants grown
in commercial substrate, but higher or similar GI than plants grown in 40-50%
ash (Table 4). Plants grown in 10% ash has similar shoot dry weight as plants
grown in 20% ash and commercial substrate, but higher shoot dry weight than
plants grown in 30-50% ash. Tomatoes grown in ash had smaller SPAD reading
than plants grown in commercial substrate. As with marigolds, tomato plants
grown in peat based substrate with no addition of ash and fertilizer had the
smallest GI and shoot dry weight.
These results indicate that pulp mill ash has the potential to be used as a
substrate component for greenhouse container production of marigold and
tomato. The growth response varied depending on species. Further work needs
to be conducted to evaluate the growth response of a wide range of greenhouse
crops to substrates blended with ash.
Literature Cited:
1. Campbell, A.G. 1990. Recycling and disposing of wood ash. Tappi J. 73:141146.
2. Chirenje, T . and Lena q. Ma. 2002. Impact of high volume wood-fired boiler
ash amendment on soil properties and nutrients. Comm. Soil Sci. Plant Anal.
33(1&2):1-17.
3. Lerner, B.R. and J. D. Utzinger. 1986. Wood ash as a soil liming material.
HortScience 21:76-78.
4. Muse, J.K. and C.C. Mitchell. 1995. Paper mill boiler ash and lime byproducts as soil liming materials. Agron. J. 87:432-438.
5. Myers, N. L. and M.J. Kopecky. 1998. Industrial wood ash as a soil
amendment for crop production. Tappi J. 81(4):123-130.
6. Rakala, R. and H.J. Jozefek. 1990. Effect of dolomite lime and wood ash on
peat substrate and development of tree seedlings. Silva Fennica. 24(4):323334.
Table 1. Substrate blends used in this study.
Treatment
1
2
3
4
5
6
7
8

Substrate
Fafard 3B
Peat-based blend (100%)
Peat-based blend (100%) (no fertilizer)
Peat-based blend (90%) + Ash (10% by volume)
Peat-based blend (80%) + Ash (20%)
Peat-based blend (70%) + Ash (30%)
Peat-based blend (60%) + Ash (40%)
Peat-based blend (50%) + Ash (50%)
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Table 2. Physical properties of substrate blends.
Substrate
Air
Water Holding
Total
Bulk
Treatment
Space (%)
Capacity (%)
Porocity (%) Density (g/cm3)
83.4 c
63.1 c
0.132 f
1
20.3 az
85.3 bc
2
20.0 a
65.2 bc
0.137 ef
88.0 a
3
21.5 a
66.5 b
0.108 g
89.5 a
4
18.3 bc
71.2 a
0.146 e
88.1 a
5
17.7 c
70.4 a
0.177 d
85.3
bc
6
12.6 d
72.8 a
0.246 b
86.2 b
7
13.5 d
72.6 a
0.235 c
83.6 c
8
13.9 d
69.6 a
0.290 a
z
Means within the same column with different letters are significantly different,
Duncan’s multiple range test (α = 0.05, n = 10).

Table 3. Growth, flowering and foliar color (SPAD reading) of container marigold
in response to different substrate blends.
Open
Shoot
Flowers
SPAD-502
Dry Weight
Treatment Index (cm) Dry Weight (g)
(#)
Values
(g)
z
1
22.80 ab
3.10 a
6.07 ab
7.60 a
48.80 a
2
22.87 ab
3.24 a
5.43 bc
7.50 a
48.02 ab
3
15.43 c
1.15 b
1.19 e
3.20 b
44.76 c
4
24.17 a
2.67 a
6.16 ab
6.33 a
47.33 abc
5
23.97 a
3.02 a
6.75 a
6.50 a
46.30 abc
6
22.47 b
2.56 a
5.00 cd
6.60 a
46.28 abc
7
21.60 b
2.62 a
4.52 d
7.50 a
46.61 abc
8
22.40 b
3.02 a
4.74 cd
7.90 a
45.28 bc
z
Means within the same column with different letters are significantly different,
Duncan’s multiple range test (α = 0.05, n = 10).
Substrate

Growth

Flower
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Table 4. Growth and foliar color (SPAD reading) of container tomatoes in
response to different substrate blends.
Substrate
Growth
Shoot
SPAD-502
Treatment
Index (cm)
Dry Weight (g)
Values
z
1
37.73 ab
16.25 a
42.64 a
2
35.83 bcd
14.10 b
41.38 ab
3
21.57 e
1.68 d
39.42 bc
4
38.70 a
15.39 ab
39.32 bc
5
36.50 abc
14.10 b
37.83 cd
6
35.77 bcd
12.34 c
36.41 d
7
34.97 cd
11.15 c
36.31 d
8
33.50 d
11.59 c
36.57 d
z
Means within the same column with different letters are significantly different,
Duncan’s multiple range test (α = 0.05, n = 10).
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WholeTree as a Substrate for Lantana camara
*C.R. Boyer1, G.B. Fain2, C.H. Gilliam1, H.A. Torbert3, T.V. Gallagher4,
and J.L. Sibley1
1

Auburn University, Department of Horticulture, Auburn, AL 36849
USDA-ARS Southern Horticultural Laboratory, Poplarville, MS 39470
3
USDA-ARS National Soil Dynamics Laboratory, Auburn, AL 36832
4
Auburn University, School of Forestry & Wildlife Sciences, Auburn, AL 36849
boyercr@auburn.edu
2

Index Words: Forest residuals, pine bark, container plant production, nursery
crops
Significance to Industry: This study evaluated growth of Lantana camara in
substrates composed of 100% WholeTree (WT), WT mixed with 25% or 50%
pine bark and a standard substrate mix (6:1 pine bark:sand). Results indicate
that Lantana camara has similar growth when produced in any of the tested
substrates. This research adds to the body of evidence suggesting that
substrates containing a high percentage of wood can be used for containerized
nursery crop production.
Nature of Work: As forestry production in the U.S. decreases, and is moved
away from tree processing at mills and toward in-field harvesting of trees, the
supply of pine bark available to nursery growers has and will continue to steadily
decrease. Competition for pine bark from various other industries (3) and high
shipping costs are adding to the rising costs of pine bark. Thus a serious need
exists to develop an alternative to pine bark substrates. Recent studies (1, 2)
have identified a potential material to meet nursery grower’s needs: WholeTree
(WT). WT is composed of whole pine trees (small caliper < 6 in.) that have been
chipped and further processed through a hammer mill to reduce particle sizes
before being used as a growth substrate.
In a study by Fain et al. (2) three pine species were prepared as WholeTree
substrates and evaluated as growth substrates for container-grown annual vinca
(Catharanthus roseus). While shoot dry weight for plants grown in WT was 15%
less than that of plants grown in pine bark, all plants had similar growth indices,
root growth and macro-nutrient leaf tissue content. Results indicated that
WholeTree substrates derived from loblolly pine, slash pine, or longleaf pine
have potential as an alternative, sustainable source for producing short term
horticultural crops. The objective of this study was to evaluate the potential of
whole chipped pine trees (wood, needles and bark) as a horticultural substrate
for Lantana camara.
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This study was conducted at Auburn University to evaluate freshly ground whole
pine trees as an alternative substrate in container nursery crops. Whole tree
substrate (WT) was tested alone and in combination with aged pine bark (PB)
and peat (P). A 6:1 (v:v) PB:sand control treatment was also included. WT
substrates were composed of small caliper (1 to 6 in.) Pinus taeda processed in
a chipper (including needles), followed by further processing through a hammer
mill with a 3/8 inch screen. Treatments included were 100% WT, 3:1 (v/v)
WT:PB, 3:1 (v/v) WT:P, 1:1 (v/v) WT:PB, 1:1 (v/v) WT:P and 6:1 PB:sand as a
control. Each substrate was amended per cubic yard with 1 lb. gypsum, 14 lb
Polyon 17–6–12 and 1.5 lb. MicroMax. Trade gallon (2.8-L) containers were filled
with respective substrates and planted with Lantana camara ‘New Gold’ on July
20, 2005.
Results & Discussion: Shoot dry weight (Fig. 1) and plant growth index ([height
+ width at widest point + perpendicular width] / 3, data not shown) data indicated
that WT combined with peat had similar growth to the control while all other
treatments had less growth when compared to the control. This is most likely due
to greater water holding capacity provided by the peat. Root rating data showed
that 1:1 WT:PB had less growth when compared to the control while all other
treatments were similar to the control (Fig. 2). Substrate shrinkage was the
greatest in treatments containing peat. All treatments had greater shrinkage than
the control treatment (0.4-0.7 in.). No differences existed among treatments for
leaf chlorophyll content at 27 days after planting (DAP) or 70 DAP (data not
shown). Air space (AS) in all treatments was above the recommended level with
the exception of 3:1 WT:peat and 1:1 WT:peat (Table 1). Similarly water-holding
capacity (WHC) was lower in treatments with a high percentage of AS.
Plants grown in whole chipped pine trees grew as well as plants grown in a
standard media when peat was a component of the substrate. Additional work is
needed to determine optimal blends of substrate amendments utilizing WT to
obtain similar plant growth to the control. Research looking at different particle
sizes and particle size distribution of the whole tree substrate blends could result
in a substrate with WHC and AS within recommended ranges. Also, additional
research is needed to establish fertilizer practices to address possible N
immobilization that might occur with the whole tree substrate. However, freshly
ground WholeTree has potential as a sustainable and economical growth
substrate for horticultural crops.
Literature Cited:
1. Fain, G.B. and C.H. Gilliam. 2006. Physical properties of media composed
of ground whole pine trees and their effects on vinca (Catharanthus
roseus) growth. HortScience 40:510. Abstr.
2. Fain, G.B., C.H. Gilliam, J.L. Sibley and C.R. Boyer. 2007. WholeTree
substrates derived from three species of Pinus in production of annual
vinca (Catharanthus roseus). HortTechnology 14:(In Press)
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Table 1. Physical properties of horticultural substrates.
Treatmentsz

ASy

WHCx

TPw

BDv

100% WT

55.8u a

29.1 d

84.9 a

0.131 c

3:1 WT:PB

46.8 b

35.7 c

82.5 ab

0.143 b

3:1 WT:P

29.3 c

51.6 b

80.8 b

0.131 c

1:1 WT:PB

50.4 b

32.0 d

82.4 ab

0.146 b

1:1 WT:P

22.1 d

59.5 a

81.6 ab

0.125 c

6:1 PB:sand

33.0 c

38.1 c

71.1 c

0.347 a

z

WT = whole chipped pine tree processed to pass a 0.95 cm screen, PB = pine bark, P = sphagnum peat moss.
Air space. Recommended range is 10-30%.
x
Water holding capacity. Recommended range is 46-65%.
y

w

Total porosity. Recommended range is 50-85%.
Bulk density. Recommended range is 0.19-0.70 g/cm3.

v

u

=0.05).
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Clean Chip Residual Amended with Composted Poultry Litter as
a Substrate for Lantana camara
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Index Words: in-field harvesting, substrate, pine bark, peat moss, CCR,
container plant production, nursery crops
Significance to Industry: Lantana camara ‘New Gold’ plants were grown in ten
substrates. Treatments contained either 100% pine bark (PB), 100% Clean Chip
Residual (CCR) or a blend of one of PB or CCR with peat or composted poultry
litter (CPL). Results show that all plants had similar growth to 100% pine bark at
the conclusion of the study. Substrates containing CPL produced plants with
darker leaves at 60 days after planting, but substrate shrinkage was evident with
higher percentages of CPL. Plants grown in CCR were similar in size to plants
grown in PB.
Nature of Work: Rising costs (4) for containerized nursery crop substrates (pine
bark and peat) have driven the recent trend in substrate research (1, 2, 3, 6).
Among the potential media resources is Clean Chip Residual (CCR), a byproduct of the forestry industry. CCR is the material left on the forest floor
following the harvest of “clean chips” for use in the paper industry. This “waste” is
composed of approximately 49% wood, 9% needles, and 42% bark. Roughly
25% of the biomass at these production sites is CCR and the material is
generally spread back over the site or sold to pulp mills for fuel, a practice
resulting in little or no income for landowners. Use of CCR in container plant
production could provide a viable pine bark alternative for nursery producers.
Poultry litter is a major agricultural waste problem in the Southeast. Developing
alternative uses for this material is an important environmental issue. Composted
poultry litter (CPL) has the potential to provide necessary macro- and
micronutrients that may enhance plant growth. However, CPL can potentially
harm some crops due to high pH and soluble salts (EC) (5). The objective of this
study was to evaluate pine bark and CCR alone and in combination with peat
and CPL.
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Aged pine bark and fresh CCR were tested alone and in combination with peat
and CPL. CCR was obtained from a stand of Pinus taeda (about 12 yrs old) and
processed to pass a 3/8” hammer mill screen. The CPL was composted for three
days in an in-vessel composter. On July 24, 2006 substrates listed below were
mixed with the addition per cubic yard of 5 lb. dolomitic lime, 1.5 lb. Micromax
and 8 lb. 16-6-13 Polyon 5-6 month fertilizer. Trade gallon containers were filled
and planted with liners (72 cell) of Lantana camara ‘New Gold’, placed in full sun
and irrigated twice daily by overhead irrigation for 30 min. each (total of ½ inch
daily). Treatments were mixed on a volume : volume ratio as follows: 100% PB,
PB:CPL 3:1, PB:Peat 3:1, PB:CPL 7:1, PB:Peat 7:1, 100% CCR, CCR:CPL 3:1,
CCR:Peat 3:1, CCR:CPL 7:1, and CCR:Peat 7:1.
Results & Discussion: At 30 days after planting (DAP) leaf chlorophyll content
(Fig. 1) in four treatments had lower SPAD-502 values than 100% PB: PB:CPL
3:1, CCR:CPL 3:1, CCR:Peat 3:1, and CCR:Peat 7:1. However, by 60 DAP those
differences (from 100% PB) no longer existed. At 60 DAP treatments containing
CPL (except PB:CPL 7:1) increased in SPAD values above that of 100% PB.
While differences existed in shoot dry weight at 72 DAP, all treatments had
similar or greater growth than plants grown in 100% PB (Fig. 2). The greatest
shoot dry weight occurred with PB:CPL 7:1. pH (Table 1) remained within
recommended ranges for the duration of this study though pH in treatments with
CCR and/or CPL tended to be higher than those containing PB or peat at the
beginning of the study. As expected, EC was high in all treatments 1 DAP, but all
decreased to acceptable levels by 30 DAP. Treatments containing CPL were
highest throughout the study. Tissue nutrient content showed increased nitrogen,
phosphorus, manganese, and copper in treatments containing CPL (data not
shown).
Plants of Lantana camara ‘New Gold’ grown in CCR with and without CPL grew
as well as plants grown in 100% pine bark. Plants grown in substrates containing
CPL had less growth early in production, but by termination were larger than
control plants. Substrate shrinkage (data not shown) was evident in treatments
containing 25% CPL and may render plants grown in CPL at high rates
unacceptable for retail sale. For short-term crops incorporation of CPL at low
concentrations may increase plant size and quality. More studies with a variety of
species is needed before recommendation of these substrates can be
suggested. This study does, however, indicate that freshly ground CCR has
potential as a sustainable and economical growth substrate for horticultural
crops.
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Table 1. Solution pH and electrical conductivity (EC) of substratesz.
Treatment
100% PB
3:1 - PB: CPL
3:1 - PB: Peat
7:1 - PB: CPL
7:1 - PB: Peat
100% 3/8" CCR
3:1 - 3/8" CCR: CPL
3:1 - 3/8" CCR: Peat
7:1 - 3/8" CCR: CPL
7:1 - 3/8" CCR: Peat

1 DAPy
pH
EC (dS/m)
4.7 dx
6.6 b
5.0 d
6.4 b
4.8 d
5.5 c
7.2 a
5.0 d
7.1 a
5.0 d

2.9 c
13.1 a
3.3 c
8.7 b
3.3 c
2.4 c
10.8 ab
3.0 c
7.6 b
2.8 c

pH
5.1 c
7.5 a
5.2 c
6.7 b
4.9 c
5.5 c
7.5 a
5.5 c
6.7 b
5.2 c

15 DAP
EC (dS/m)
2.2 ab
3.4 a
2.5 ab
2.9 ab
1.8 b
2.5 ab
1.9 ab
2.0 ab
1.5 b
1.8 b

pH

30 DAP
EC (dS/m)

5.4 cde
6.1ab
5.0 e
5.7 bcd
5.1 de
5.8 bc
6.5 a
5.7 bcd
6.3 ab
5.9 abc

0.3 a
1.0 a
0.4 a
0.9 a
0.3 a
0.3 a
0.9 a
0.3 a
0.7 a
0.9 a

pH

60 DAP
EC (dS/m)

6.4 d
6.7 abc
6.4 d
6.7 bc
6.6 cd
6.9 abc
7.0 a
6.9 abc
6.9 ab
6.9 ab

0.3 c
0.4 ab
0.3 bc
0.4 ab
0.4 abc
0.3 bc
0.5 a
0.4 abc
0.4 ab
0.3 bc

z

pH and EC of solution obtained by the pour through method.
Days after potting.

y
x
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Production of Buddleia davidii and Verbena Canadensis in
Clean Chip Residual
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Index Words: pine bark, peat moss, substrate, CCR, container plant production,
nursery crops
Significance to Industry: This study evaluated growth of Buddleia davidii ‘Pink
Delight’ and Verbena canadensis ‘Homestead Purple’ in various substrates.
Treatments included 100% pine bark (PB; from two sources, Alabama and
Mississippi), 100% Clean Chip Residual (CCR) in two screen sizes (¾” and ½”),
and mixtures of these materials on a 4:1 basis with peat moss. Few differences
in plant growth were recorded indicating that CCR is a feasible alternative to pine
bark for container-grown nursery crop production.
Nature of Work: A trend away from traditional forestry practices towards in-field
harvesting of pine trees coupled with an increase in use of pine bark in other
industries (2) is resulting in a decrease in the availability of pine bark or
increased costs for nursery growers. Recent research has discovered a viable
option in the forest residual product Clean Chip Residual, which is the material
left behind when in-field harvesting of pine trees for “clean chips” occurs. A study
by Boyer et al. (2) showed that annual bedding plants (Ageratum and Salvia)
grown in CCR had similar growth to plants grown in traditional pine bark
substrates. However, additional research is warranted to determine the most
appropriate production methods and to further evaluate suitability of CCR for
production of a number of additional species. The objective of this work was to
evaluate CCR as a substrate for production of container-grown perennials.
CCR used in this study was obtained from a 10 year old pine plantation near
Evergreen, AL. Loblolly pine (Pinus taeda) were thinned and processed for clean
chips using a total tree harvester. CCR was further processed through a
horizontal grinder with four inch screens. CCR was then run through a hammer
mill to pass either a ¾ or ½ inch screen. These two CCR sizes were used alone
or blended 4:1 (by vol) with peat and compared with to pine bark from suppliers
in Mississippi and Alabama (Table 1). This study was initiated at the USDA-ARS
Southern Horticultural Laboratory, Poplarville, MS on March 30, 2006. It was
repeated at Auburn University, AL; however, due to space restrictions only the
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MS data is presented. Each substrate was amended per yd3 with 14 lb 18-6-12
(Polyon 9 month), 5 lb dolomitic limestone and 1.5 lb Micromax (Scotts Co.). Two
perennial species, Buddleia davidii ‘Pink Delight’ and Verbena canadensis
‘Homestead Purple’, were transplanted from standard 72 cell flats and grown in
trade gallon containers, placed outside in full sun and overhead irrigated as
needed.
Results & Discussion: Results with Buddleia and Verbena were similar in that
initial growth differences occurred among substrates (Table 1 and 2); however,
these differences were minor and were likely due to varying irrigation needs
among plants in the different substrates. By 64 days after planting (DAP) for
Buddleia and 103 DAP for Verbena no growth differences were measured. The
pine bark (AL)-peat (4:1) treatment had more flowers at the end of the study than
most treatments which likely contributed to the larger shoot dry weight. Plants in
treatments with the AL pine bark tended to exhibit excellent growth either alone
or in combination with peat. In contrast, plants grown in the MS pine bark tended
to have the least growth. These results with two different sources of pine bark
indicate the variability in physical characteristics that often occurs among pine
bark sources in the industry. Also, these results show that CCR can be used to
grow plants as well as or better than some pine bark substrates currently used.
All plants were commercially acceptable at the conclusion of the study.
Substrate pH measurements were within acceptable ranges (5.5 to 6.5) for the
duration of the study. For EC all treatments at 15 DAP were above the
recommended range (0.2 to 0.5 mS/cm). Only two substrates were within the
recommended EC levels at 32 DAP: 4:1 pine bark: peat (both MS and AL). All
other treatments at 32 DAP and all treatments at 63 DAP were below the
recommended EC range. Shrinkage data showed slight differences in the height
of the media surface (cm below the top of the pot) at 7 DAP (data not shown).
However, at the conclusion of the study all treatments had the same substrate
level indicating that use of CCR alone or in combination with peat does not
significantly increase media settling due to decomposition of the wood.
Similarities among treatments in this study indicate that CCR is a viable substrate
option for containerized plant production in nurseries. Plant growth among
species in this test were similar compared to control plants, indicating that plant
growth in CCR substrates are comparable to those grown in pine bark. Additional
research to determine appropriate irrigation and fertilizer regimes as well as
document the growth responses of other plant species grown in CCR is needed.
Adoption of CCR as a substrate for nursery crop production could significantly
increase substrate availability for nursery producers.
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A Pot-in-Pot System for the Forcing of Herbaceous and
Woody Perennials
Shari Dutton, Richard Durham and Robert McNeil
University of Kentucky, Department of Horticulture, Lexington, KY 40546
sdutton@uky.edu
Index words: pot-in-pot, perennials, forcing, display
Significance to the Industry: A modified pot in pot system may be beneficial to
retail marketers. Forcing and display of cultivars of early and mid-season
herbaceous and woody perennials can be achieved with minimal input. Plants
were potted in three gallon nursery containers and maintained outdoors until late
January, at which time they were moved to a heated greenhouse for forcing.
Many plant species resumed growth and flowered within three weeks. This
system may be attractive to nurseries for preseason displays of herbaceous
perennials or for the production of certain large, specimen perennials for niche
market sales. This system also may be of value to educators during off season
teaching efforts, and may allow opportunity for contained demonstrations of
invasive species.
Nature of Work: An effective, low maintenance means of forcing perennials for
early season display is beneficial to both educators and the retail/wholesale
nursery industry. The pot-in-pot system has been developed within the nursery
industry for the production of woody trees and shrubs (3). The traditional system
consists of a permanent in-ground socket container which holds the production
liner. The system provides wind stability, root protection from cold and heat,
water and nutrient application ease and on point harvest within seconds.
The traditional pot-in-pot system has been modified to an above ground pot-inpot system for herbaceous and woody perennials (1). Our system was adopted
to meet the teaching needs of several classes taught in the University of
Kentucky horticulture department, and to serve as a vehicle for maintaining
plants from the PLANET student career days annual and perennial identification
list. (2).
Materials and Methods: The system was installed as a raised bed, in a gravel
compound area on University grounds near the teaching greenhouse complex.
An 8 ft. by 44 ft. area was raked level. A bed frame was constructed using
fourteen 2 in. x 12 in. pressure treated lumber. Horizontal stability was achieved
by overlapping the boards by 4 feet and bolting each joint using carriage bolts.
Vertical stability was accomplished by drilling ½ in. holes, 18-30" apart, within the
overlapped area and inserting 2 ft. pieces of 1/2" rebar through the boards and
into the ground. The raised bed frame was lined with landscape cloth and
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accommodates 140, GL1250 econo-grip, black socket pots (Nursery Supplies,
Inc.) placed on 16 in. centers. The space between the socket pots was filled with
locally acquired hardwood mulch. The mulch was compressed around the pots
by repeated tamping and backfilling until a firm 9" layer was obtained.
One hundred and twenty woody and herbaceous perennials were planted into
the system during the early 2006 summer months. The substrate most commonly
used among the species was Barky Beaver's, Professional Grow Mix with
substrate modifications to be made for some species (Table 1). Harrell's custom
formulation for hydrangeas (18-2-14, 1 teaspoon per pot) was used to
topdressing all species, with the exception of the sedum. Irrigation was provided
as needed by drip emitters. Species were maintained in this system through
summer and into the fall, with additional fertilization on certain species that
exhibited nutrient deficiency symptoms late in the summer. Plants remained in
the system and were allowed to go dormant under natural conditions.
Plants were removed from the pot-in-pot system on January 22nd, 2007, and
were placed in a greenhouse environment with a 70 - 74°F daytime and 70°F
nighttime temperature. Hand watering was done as needed, and removal of
previous season's growth and of cool season weeds was performed. Ratings
were taken on January 23, 2007 to establish a dormant picture of each species.
Two additional ratings, taken at 10 day intervals and degree of growth and/or
flowering was recorded. At the end of the evaluation window, three distinct levels
of maturity were evident (Table 1).
Talstar-One (Bifenthrin) was applied on January 28, 2007, at a rate of 2oz /10gal
as a drench to each liner (with the exception of the equisetum) in an effort to
control a severe millipede infestation in the substrate. Once healthy growth
resumed (February 5) Harrell's 18-2-14 was applied at a rate of 1 teaspoon per
liner. On April 1, all liners were moved to the outdoors. They were transitioned
for two weeks in a protected area with light cotton cover (remay fabric), and
returned to their socket pots. Drip irrigation resumed in late May.
Discussion: Successful forcing of a variety of herbaceous and woody perennials
was achieved using the modified above ground pot-in-pot system. Within the
evaluation window, species which normally flower early from preformed buds
showed the best results with foliage and flowers developing quickly. Those
species that normally bloom later in the season generally displayed a robust flush
of growth but did not flower. Many of the species evaluated are marketed for
their foliage attributes which performed very well with the exception of Hosta .
Also, the millipede infestation may have had an adverse effect on the health of
plant roots and exposed crown tissue, delaying growth and development.
For retail and wholesales marketers, cultivars of early season blooming
perennials can be easily forced to begin the sales window several weeks earlier.
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For educators, results show this system is a valuable teaching aid, providing
foliage and plant habit characteristics in the majority of species evaluated. This
system has proven to be a versatile and useful tool in teaching programs, and
may be valuable in a production setting as well.
Literature Cited:
1. Nursery Supplies Inc., 2006. AGS® Above Ground System Pot in Pot.
http://www.nurserysupplies.com.
2. PLANET - Professional Landcare Network. 2007.
http://www.landcarenetwork.org.
3. Ruter, J.M. 1997. The practicality of pot-in-pot. American Nurseryman
185:32-37.
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Table 1. Regrowth and flowering resulting from greenhouse forcing of
herbaceous and woody perennials grown in a modified pot-in-pot system.
Group 1 – Buds or flowers evident
Baptisia australis
Clematis spp.
Dianthus chinensis
Dicentra eximia
Helleborus orientalis
Heuchera hybrid
Limonium latifolium
Polygonatum odoratum ‘Variegatum’
Saponaria ocimoides
Vinca minor

Aurinia saxatilis*
Centaurea montana
Convallaria majalis
Dianthus gratianopolitanus
Geranium sanguineum
Iberis sempervirens
Pachysandra procumbens
Pulmonaria longifolia ‘Bertram
Anderson’
Verbena canadensis
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Group 2 – Leaves fully expanded but
no flower buds evident
Achillea millefolium
Aegopodium podagraria
Alcea rosea
Allium tuberosum
Aquilegia x hybrida
Artemisia schmidtiana ‘Silver Mound’
Astilbe Arendsii group
Brunnera macrophylla
Campanula carpatica
Ceratostigma plumbaginoides
Crocosmia crocosmiiflora
Coreopsis grandiflora
Delphinium hybrids
Dendranthema x grandiflorum
Digitalis purpurea
Echinops ritro
Epimedium x versicolor ‘Sulphureum’
Gaillardia pulchella
Gaura lindheimeri
Gypsophila paniculata
Hemerocallis spp.
Houttuynia cordata ‘Chameleon’
Iris ensata
Iris siberica
Lamium galeobdolan ‘Variegatum’
Lavandula angustifolia ‘Provance’
Limonium latifolium
Lobelia cardinalis
Lysimachia nummularia
Melisa officinlis
Ophiopogon japonicus
Papaver orientale
Perovskia atriplicifolia
Primula pruhonicensis hybrid
Rudbeckia hirta
Santolina chamaecyparissus
Scabiosa procumbens
Sempervivum spp.*
Stokesia laevis
Thymus spp.
Tricyrtis hirta

Achillea filipedulina
Acorus gramineus
Agastache rupestris
Alchemilla mollis
Anemone x hybrida
Armeria maritima*
Aster novi-belgii*
Bergenia cordifolia
Boltonia asteroids
Campanula glomerata
Chrysanthemum balsamita
tanacetoides
Coreopsis auriculata
Coreopsis verticillata ‘Moonbeam’
Delosperma nubigenum
Dianthus barbatus
Echinacea purpurea
Euonymus fortunei
Equisetum hymale**
Galium odoratum
Geranium x cantabrigiense ‘Biokovo’
Hedera helix
Heuchera ‘Palace Purple’
Hibiscus moscheutos
Hydrangea macrophylla
Iris German hybrids
Kniphofia hybrids
Lamium maculatum
Leucanthemum x superbum
Liriope muscari
Lupinus Russell hybrids
Lysimachia punctata
Monarda didyma
Pachysandra terminalis
Penstemon x hortorum
Phlox paniculata
Pyrethrum coccineum
Rudbeckia fulgida var. sullivantii
‘Goldsturm’
Santolina rosmarinifolia
Sedum ‘Autumn Joy’
Stachys byzantina
Teucrium chamaedrys
Tiarella cordifolia
Veronica spicata
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Group 3 – No growth from dormancy
Asarum canadense
Eupatorium purpureum
Liatris spicata*
Mirabilis jalapa
Paeonia spp.

Ajuga reptans
Campanula persicifolia
Hosta spp.
Lillium spp.
Miscanthus sinensis

Planting medium consisted of Barkey Beaver Mix alone or with *50% by volume
perlite or **100% field soil (Maury silt loam). All plant names are consistent with
those provided for PLANET identification competitions.
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container production pine bark, peat moss
Significance to the Industry: A new substrate (WholeTree) made from loblolly
pine (Pinus taeda) was evaluated along with starter fertilizer rates in the
production of container-grown, hardy garden chrysanthemums. Results indicated
that with adequate nutrition and attention to watering WholeTree based
substrates are suitable for the production of chrysanthemums and should be
considered a viable alternative to standard pine bark and peat moss based
substrates.
Nature of Work: Peat moss and pine bark are the primary components of
horticultural substrates. Rising transportation cost of peat moss from Canada or
Europe is affecting the profitability of many growers (personal grower
communication). Similarly rising costs and reduced availability of horticultural
grade pine bark has many growers deeply concerned for the future. Many
alternative substrates have been evaluated over the years, however the biggest
obstacle is the availability of a consistent quality product in quantities great
enough to sustain the horticultural industry into the future. Extensive research
has been conducted outside the United States on substrate alternatives. Some
of the more promising substrates are alternatives made of wood fiber from
coniferous trees. Studies in Europe have demonstrated the suitability of
substrates made from spruce (Picea abies) wood chips as an alternative for peat
moss-based substrates in cultivation of lettuce seedlings and tomato transplants
(3,4,5). Muro et al., (7) compared a pine fiber substrate (Fibralur) made from
sawmill residues to coir and perlite in hydroponic production of tomatoes, and
found Fibralur produced similar tomato yields both quantitatively and qualitatively
to those of coir and perlite.
Research has also been conducted in the United States on high wood fiber
content substrates. Boyer et al. (1), reported that container-grown lantana
(Lantana camara L.) could be produced in substrates containing from 50% to
100% WholeTree. Fain et al. (2), reported that greenhouse-grown marigold in a
4 WholeTree : 1 sphagnum peat moss (by volume) substrate equaled those in an
8 sphagnum peat moss : 1 vermiculite : 1 perlite (by volume) substrate. Wright
and Browder (8) demonstrated that Japanese holly (Ilex crenata Thunb.
‘Chesapeake’) grown in a substrate made from loblolly pine chips (PC)
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performed as well as those grown in standard pine bark (PB) substrate when PC
received periodic liquid feeds of N-P-K in order to maintain EC readings near
those of PB. One concern with the use of high wood fiber substrates is the
reported need for higher fertility applications to achieve similar growth to
standard substrates (5,6,8)
The objective of this research was to evaluate supplemental starter fertilizer rates
in combination with WholeTree as an alternative growth substrate or substrate
component for container-grown hardy garden chrysanthemum. WholeTree is a
substrate made from whole pine trees (Pinus taeda) harvested (at ground level)
from pine plantations at the thinning stage, chipped and further ground to
specifications depending on the crops to be grown. WholeTree is comprised of
all shoot portions of the tree including wood, bark, limbs, needles and cones if
present. Concurrent trials were conducted in the summer of 2006 at the USDAARS Southern Horticultural Laboratory (SHL) in Poplarville, MS and a grower
location in Auburn, AL (AUB). WholeTree (milled to pass a ¼” screen) at 100%
was compared to 8.5 : 1.5 (by volume) WholeTree : peat moss and a standard
mum mix of approximately 6 : 3 : 1 (by volume) pine bark : peat moss : perlite.
All substrates received a nutrient package consisting of dolomitic lime (5 lbs/yd3),
0-46-0 (0.43 lbs/yd3), hydrated lime (0.1 lb/yd3), gypsum (0.9 lbs/yd3) and
micromax 0.7 lbs/yd3) and 13-13-13 (9 lb/yd3 – Nutricote Type 140). In addition
all substrates were incorporated with 0, 2, 4, or 6 lb/yd3 of a supplemental quick
release starter charge (7-3-10 Harrell’s custom blend). One rooted liner (1.64 in3
peat plug) was placed into 8-inch mum pans (East Jordan Plastics SP 750),
grown outdoors and watered as needed. Data collected was plant growth index,
flower bud number, leaf chlorophyll content, root rating, shoot dry weight and
plant tissue nutrient content.
Results and Discussion: Results were similar at both SHL and AUB, however
due to space constraints only the data from SHL will be reported. By 82 days
after potting (DAP) all mums at SHL were considered marketable that received at
least 2 lb/yd3 of starter fertilizer (grower evaluation). Analysis of plant tissue
macro nutrient content at 54 DAP revealed no differences regardless of substrate
and little difference with regard to supplemental fertilizer rate (data not shown).
Visual inspection of plant roots at 54 and 82 DAP revealed no differences in root
development (data not shown). At 82 DAP there was a significant linear fertilizer
rate response within all substrates for bud number, growth index and plant shoot
dry weight (Table 1). At 82 DAP there were no differences (between substrates)
in number of flower buds per plant or plant growth index when substrates
received at least 4 lb/yd3 starter fertilizer. In general plants grown in the standard
substrate had greater shoot dry weight than those in the other substrates.
Analysis of substrate physical properties revealed that the WholeTree substrate
had more air space and about 20% less water holding capacity than the standard
substrate (Table 2). This is most likely a significant contributing factor toward
the difference in plant dry weight between these substrates especially
considering the plants were watered similarly.
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In conclusion, with special attention to nutrition and watering WholeTree offers
great potential as a substrate or substrate component in place of standard pine
bark and peat moss based substrates. An added benefit is that the wide range of
particle sizes achieved from the production of WholeTree substrate provide
needed structure and can eliminate the need for expensive aggregates such as
perlite. In future studies, WholeTree will be processed to have similar physical
properties to the standard substrate being tested in order to minimize the
differences in water requirements. What is most promising about WholeTree is
the possibility of an economically, sustainable substrate that could be available in
close proximity to major horticultural production areas throughout the
Southeastern United States.
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Table 1. Effects of starter fertilizer rate on growth of Garden Mums in WholeTree substrate.
Substrate

Fertilizerz
(lbs/yd3)

54 DAPy
LGx

Bud (ct)

100% WholeTreeu
100% WholeTree
100% WholeTree
100% WholeTree
85% WholeTree:15% Peat
85% WholeTree:15% Peat
85% WholeTree:15% Peat
85% WholeTree:15% Peat
60% Pinebark:30% Peat:10% Perlite
60% Pinebark:30% Peat:10% Perlite
60% Pinebark:30% Peat:10% Perlite
60% Pinebark:30% Peat:10% Perlite

0
2
4
6
0
2
4
6
0
2
4
6

49.1
50.4
52.5
52.6
50.0
49.6
53.3
51.8
50.6
52.7
53.0
52.4

285
381
418
399
346
403
449
471
422
376
438
477

37.4
38.5
40.8
39.6
37.4
40.5
39.7
41.8
40.2
40.4
41.3
42.3

48.3
61.1
70.7
69.1
57.6
67.9
73.8
82.1
62.1
74.5
80.0
89.1

5.4

90.3

3.1

14.1

HSDt

82 DAP
GIw (cm) Dry Wtv (g)

Fertilizer Rate Response
100% WholeTree
85% WholeTree:15% Peat
60% Pinebark:30% Peat:10% Perlite

s

0, 2, 4, 6
0, 2, 4, 6
0, 2, 4, 6

L*
NS
NS

L***Q**
L***
L*Q*

L*
L***
L*

L***Q*
L***
L***

z

Supplemental starter fertilizer (Harrell's 7-3-10 custom blend) incorporated at 0, 2, 4 or 6 lbs per cubic yard.
DAP = Days after potting (one rooted cutting per 8 inch mum pan).
x
Leaf greenness (chlorophyll content) quantified using a SPAD-502 chlorophyll meter (average of 4 leaves per plant).
w
Growth index = (height + width 1+ width 2) / 3.
v
Plant shoot dry weight in grams.
u
WholeTree substrate made form 12 year old Pinus taeda mechanically processed to pass a 1/4" screen.
t
Tukey's honest significant difference (P ² 0.05, n = 8).
s
Non Significant (NS), linear (L) or quadratic (Q) response at P < 0.05 (*), 0.01 (**) or 0.001 (***) based on
single-degree-of-freedom orthogonal contrasts.
y

Table 2. Physical properties of substrates.z
Air
space

Container
capacity

Substrate
100% WholeTreey
85% WholeTree:15% Peat
60% Pinebark:30% Peat:10% Perlite

Total
porosity

(g/cm3)

(% vol)

55 ax
47 b
26 c

38 c
45 b
59 a

Bulk
density

92.9 a
92.3 a
85.1 b

0.116 b
0.118 b
0.163 a

z

Analysis performed using the NCSU porometer.
WholeTree substrate made form 12 year old Pinus taeda mechanically processed to pass a 1/4" screen.
x
Means (within column) followed by different letters are different (Tukey's HSD (P ² 0.05, n = 4)).
y
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The Effect of Cyclic Irrigation and Fertilization on Growth of Two
Container Grown Shrubs
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Significance to Industry: To obtain fast-growing, high quality plants, high
amounts of water and fertilizers are often distributed in nurseries. Concerns over
water quality have placed pressure on growers to adopt practices that reduce or
eliminate nutrient contamination in irrigation effluents. Previous research
indicated the effectiveness of pulse irrigation in reducing water and herbicides
losses. The aim of this work was to test, at two fertilization rates, different
scheduling and timing for pulse irrigation in order to achieve maximum irrigation
efficiency and to reduce nutrient leaching.
Nature of Work: Cyclic irrigation is the practice that consists in applying the daily
water allotment with multiple irrigation events with a resting interval between
irrigation (4). Previous research has shown that this method can improve
irrigation application efficiency {[(irrigation volume applied – volume
leached)/volume applied] x 100} from 24% to 39% compared to a single event (6,
11, 12, 14). Improving application efficiency increases the percentage of moisture
retained in container substrate (7, 14). Greater water retention in container
medium reduces leaching fraction (LF is the portion of applied water that seeps
from container after an irrigation event) (1, 2, 16). While normal irrigation results
in periodic cycles of excessive soil wetting (suddenly after irrigation) and drying
(especially in the warmest hours of the day), cyclic irrigation maintains soil
moisture near constant. This enhances plant growth (5) probably reducing or
avoiding midday stomatal closure due to reduction of soil water potential and
increased VPD determined by soil drying.
Nutrients are in a dynamic equilibrium between the solid component of the
growing medium and the water that fill its porosity. When water is lost by
percolation, most of the nutrients in the circulating solution are leached out; this
may lead to fertilization inefficiency and environmental damage. On the contrary,
decreasing water and nutrient leaching by efficient irrigation management, it
should be possible to reduce total amount of fertilizers distributed in the medium
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without affecting plant growth. The irrigation events should occur in the early
morning to reduce evaporation and wind action (17). However, previous research
has shown that irrigation during the day is effective in decreasing substrate and
canopy temperature and thus it minimizes water stress in the latter part of the
day; these micro-environmental changes may allow a greater plant growth (9,
15). The study was conducted in an experimental nursery located nearby Milan
(Italy; 45°44’ N, 9°04’ E), during 2006 summer (May – October) to evaluate the
effect of cyclic irrigation at two fertilizer rates on growth of containerized shrubs.
One-year-old uniform rooted cuttings of Prunus laurocerasus ‘Rotundifolia’ (320
plants) and Viburnum tinus ‘Eve Price’ (320 plants) were potted on May 2006 into
3 L (0.8 gal) plastic containers. Substrate was made by a mixture of sphagnum
peat and pumice stone in the proportion of 4/1 (v/v). Calcium carbonate at 4
Kg·m-3 (6.8 lb·yd-3) was added to correct pH. A controlled release fertilizer,
Ficote® (15-8-12) was incorporated into the medium before potting. Fertilization
rate varied according to the different treatments, as explained below. Plants were
placed in 8 randomized blocks (2 fertilizers x 4 irrigations) repeated 4 times.
The fertilization rates were: 1) 3 kg·m-3 (5.6 lb·yd-3) 2) 6 kg·m-3 (10.1 lb·yd-3). The
irrigation treatments were: 1) 12.6 mm (0.5 in) of water in a single daily irrigation
at 7:00 A.M.; 2) 12.6 mm of water applied divided into 4 daily applications, start
at 5:00 A.M. with a one hour rest interval between each event; 3) 12.6 mm of
water applied divided into 4 applications, start at 4:00 A.M. with a two hours rest
interval between each event; 4) 12.6 mm of water daily applied divided into 4
daily applications, start at 5:00 A.M. with a five hours rest interval between each
event. Water was applied through sprinkle irrigation. Standard nursery
procedures for pest control were followed.
In order to collect leached volumes, one bucket per block (32 buckets per
species) was tightly placed under plant containers. Leached volumes were
evaluated every 4 days (from July to September) with the exception of rainy
events. The buckets were emptied after every rainy event. Plants height was
measured at the beginning and at the end of the growing season. Plant weight
was recorded at the end of the growing season on twelve plants per species and
per treatment. Roots were cleaned from the growing medium with a flush of air.
To determine dry weight, leaves, stems and roots were put in oven at 105°C
(191°F) till constant weight was reached. The shoot to root ratio was determined
on dry weight. Chemical analyses of leaching water were made on 25th July and
9th October using the methods described by CNR-IRSA (3). Data collected in
October confirmed the differences among treatments found on July therefore, for
reason of synthesis, only the latter are reported in tables 2 and 3. We choose to
report data collected in July because nutrient runoff was higher than in October
because of higher temperature and higher nutrient release from Ficote®. All data
were subjected to two-way analysis of variance (ANOVA) using SPSS statistical
package for Windows (SPSS Inc., Chicago, IL). Difference between means of
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investigated parameter were tested with Duncan’s multiple range test (P≤0,05).
Results and Discussion: Prunus laurocerasus. Plants supplemented with the
highest rate of fertilizer were significantly taller than those that received less
amount of fertilizer, while irrigation failed to affect plant height (Tabl. 1).
Both irrigation and fertilization significantly affected total plant and shoot
biomass, while no difference were found on root dry weight. In general, as we
expected, plants that received higher amount of fertilizer had greater shoot
biomass. We found a significant interaction between irrigation and fertilization.
The greatest biomass production was obtained in plants fertilized at higher rates
and irrigated cyclically with resting intervals of 2 hours between irrigation events.
Unexpectedly, plants irrigated with treatment 4 (5 hours resting interval) showed
the lowest shoot biomass if fertilized with 3 kg·m-3 (data not shown). Shoot to root
ratio was greatly influenced by fertilization, while no effect of irrigation was found.
Higher amount of fertilizer in the medium increased shoot/root ratio in all
irrigation treatments to values described as optimal (10) (Table 1).
Viburnum tinus. Fertilization rate is positively correlated with plant height. Height
was similar in all irrigation types, except in treatment 3 that produced significantly
shorter plants. Cyclic irrigation failed to increase total plant and shoot biomass
which resulted similar (treatments 3 and 4) or lower (treatment 2) than control. As
observed in P. laurocerasus, root dry weight was unaffected by irrigation
treatment. The high fertilization rate significantly increased total and shoot dry
biomass, but slightly decreased root dry weight. Shoot to root ratio was
influenced by both irrigation and fertilization. High concentration of fertilizer in the
potting medium increased this ratio. Only irrigation 4 significantly decreased
shoot/root ratio, while other treatments were not different compared to control
(Table 1).
Water application efficiency and nutrient leaching: when the medium is saturated
with water above Field-Capacity, the gravitational fraction of water is lost by
percolation. This part greatly contributes to irrigation inefficiency (13, 8).
Distributing the same amount of water with multiple events, cyclic irrigation can
avoid the saturation of the substrate and maintain it near to Field-Capacity,
limiting therefore percolation of water and nutrient leaching. In our experiment,
only irrigation treatment 4 was effective in reducing the runoff of water out of the
container. This effect was clear in both the species considered, even if significant
differences appeared only for Viburnum (Table 4). Runoff of water from nurseries
may result in environmental damage to rivers and aquatic ecosystem especially if
water has a high content of nitrate and phosphorus. Although irrigation treatment
didn’t affect the amount of nutrients per litre of leached water, since irrigation
treatment 4 significantly reduced water runoff, cyclic irrigation with 5 h resting
interval can be considered a useful mean to reduce chemical externalities from
nurseries. Nutrient leaching was slightly higher from plants fertilized with the
highest rate, but no significant difference between fertilization treatments
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appeared except for Mg2+ in Viburnum and Ca2+ and Mg2+ in Prunus (Table 2).
Anyway, all values found in the runoff water were below the threshold limit
established by the current normative in Italy (D.L. 152/99 – 91/271/CEE). Nutrient
leaching was also affected by the species (Table 3): greater NO3-, K+ and Mg2+
leaching was observed in Viburnum than in Prunus lauroceraus. This
demonstrated that the fertilization planning and scheduling must take in account
the nutrient absorption capacity of the species.
Acknowledgements: We would like to thank Regione Lombardia Project
“Tecniche eco-compatibili innovative per le produzioni florovivaistiche” (Piano per
la ricerca e lo sviluppo 2005).
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Table 1. Effect of different fertilizer rates and irrigation treatments on height and
biomass accumulation on Prunus laurocerasus ‘Rotundifolia’ and Viburnum tinus
‘Eve Price’ containerised plants.
Prunus laurocerasus ‘Rotundifolia’
Height
Increase
(cm)
1- One event at 7:00
2 - 4 events at
5:00/6:00/7:00/8:00
3 - 4 events at
4:00/6:00/8:00/10:00
4 - 4 events at
4:00/9:00/14:00/19:00.
P-value
3 Kg·m-3
6 Kg·m-3
P-value
P-value

1- One event at 7:00
2 - 4 events at
5:00/6:00/7:00/8:00
3 - 4 events at
4:00/6:00/8:00/10:00
4 - 4 events at
4:00/9:00/14:00/19:00.
P-value

Shoot dry
weight (g)

Root dry
weight
(g)

z

75.8 b

Irrigation
24.6

64.4 ab

79.8 b

28.4

68.8 a

90.0 a

27.3

63.6 b

81.4 b

29.5

0.111

0.001

68.3 ab

Whole
plant dry
weight
(g)

Shoot/
root
ratio

100.4 b
108.3
ab

3.7

117.3 a

3.6

3.2

110.9
ab
0.045

3.3

0.492
Fertilization
55.9
66.5
28.8
95.3
76.7
97.0
26.2
123.2
0.000
0.000
0.260
0.000
Irrigation x Fertilization
0.354
0.000
0.029
0.001
Viburnum tinus ‘Eve Price’
Whole
Height
Root dry
Shoot dry
plant dry
Increase
weight
weight (g)
weight
(cm)
(g)
(g)
Irrigation
25.8 az
63.6 a
21.4
85.0

0.408
2.6
4.3
0.000
0.651
Shoot/
root
ratio
3.1 ab

27.6 a

56.0 b

20.5

76.5

2.9 bc

20.9 b

66.0 a

21.1

87.1

3.3 a

24.7 a

62.0 a

23.7

85.7

2.7 b

0.000

0.007

3 Kg·m-3
6 Kg·m-3
P-value

22.4
27.0
0.000

P-value

0.005

0.218
0.051
Fertilization
54.8
22.9
77.8
69.0
20.4
89.4
0.000
0.035
0.000
Irrigation x Fertilization
0.253
0.889
0.508

0.003
2.5
3.5
0.000
0.538

z

Means within the same column with different letters are significantly different,
Duncan’s multiple range test (P≤0.05).
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Table 2: Chemical analysis in July of the leaching fraction of water.

1- One event at 7:00
2 - 4 events at
5:00/6:00/7:00/8:00
3 - 4 events at
4:00/6:00/8:00/10:00
4 - 4 events at
4:00/9:00/14:00/19:00.
P-value

Prunus laurocerasus ‘Rotundifolia’
pH
EC
NO3K+
Ca2+
(mS/cm)
(mg/l)
(mg/l) (mg/l)
Irrigation
8.08
0.39
2.33
4.17
49.5
7.9
0.39
3.8
3.8
47.8

Mg2+
(mg/l)

P2O5
(mg/l)

11.5
11.4

0
0.2

7.9

0.41

2.5

4.33

48.17

11.83

1

7.6

0.43

0.5

5.67

50

12.17

0.5

0.08

0.659

0.908

0.354

3 Kg·m-3
6 Kg·m-3
P-value

7.9
7.8
0.489

0.39
0.43
0.079

10.75
12.83
0.008

0.76
1.34
0.2

P-value

0.015

0.93

0.829

0.837

0.472
0.35
0.979
Fertilization
1.5
3.75
45.92
3.46
5.33
52.25
0.274 0.904
0.041
Irrigation x Fertilization
0.109 0.892
0.776

Viburnum tinus ‘Eve Price’
EC
NO3K+
(mS/cm)
(mg/l)
(mg/l)
Irrigation
7.72
0.55
4.17
11.6
7.98
0.42
1.33
4.8
pH

1- One event at 7:00 A.M.
2 - 4 events at
5:00/6:00/7:00/8:00
3 - 4 events at
4:00/6:00/8:00/10:00
4 - 4 events at
4:00/9:00/14:00/19:00.
P-value

Ca2+
(mg/l)

Mg2+
(mg/l)

P2O5
(mg/l)

66.8
53.4

16.6
12.6

0.6
0.2

7.51

0.61

1.83

17

67.5

17

5.5

7.65

0.48

3.5

15.67

52.67

12.67

0

0.535

0.583

0.655

0.386

0.752

0.548

0.44
3

11.13
19.88
0.011

0.08
3.125
0.285

0.665

0.419

Fertilization
3 Kg·m
7.66
0.42
2.75
8.29
51.38
6 Kg·m-3
7.83
0.64
5.33
17.5
72.5
P-value
0.484
0.096
0.131
0.140
0.176
Irrigation x Fertilization
P-value
0.569
0.595
0.575
0.616
0.670
Significant differences between treatments for P≤0.05.
-3
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Table 3: Differences in leaching fraction water quality between the two tested
species.
pH

EC

NO3-

K+

Ca2+

Mg2+

P2O5

(mS/cm)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

(mg/l)

Prunus laurocerasus

7.85

0.41

2.48

4.54

49.08

11.8

0.44

Viburnum tinus

7.75

0.53

11.88

12.9

61.94

15.5

1.6

P-value

0.407

0.018

0.047

0.001

0.045

0.004

0.295

Significant differences between treatments for P≤0.05.
Table 4: Daily mean quantity of water leached from containers.
Leaching fraction (ml/day)
Prunus
laurocerasus

Viburnum
tinus

Irrigation
1- One event at 7:00

352.1

137.6 az

2 - 4 events at
5:00/6:00/7:00/8:00

348.6

159.8 a

3 - 4 events at
4:00/6:00/8:00/10:00

330.5

125.3 a

4 - 4 events at
4:00/9:00/14:00/19:00.

278.2

73.3 b

P-value

0.740

0.007
Fertilization

3 Kg·m-3

326.8

154.3 a

6 Kg·m-3

327.9

93.8 b

P-value

0.983

0.001

Irrigation x Fertilization
P-value

0.605

0.448

z

Means within the same column with different letters are significantly
different, Duncan’s multiple range test (P≤0.05).
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Comparison of Phytophthora Infection in Impatiens in
Composted Bark Mixes to Chemical and Biological Controls
1

Derald A. Harp1, Jennifer Green, and Kevin Ong2
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, Texas 75482
2
Texas A&M University – Dallas, Dallas, Texas 75252
Derald_Harp@TAMU-Commerce.edu

Index Words: Disease control, root rot
Significance to Industry: Impatiens plugs were grown in 1801 trays containing
either 35% composted bark mulch, Banrot at 0.6 g/l of media, Actino-Fe at 5.1 g/l
of media, Root Shield at 1.6 g/l of media, or Soilgard at 1.6 g/l of media. All pots
were inoculated with 5 ml of a Phytophthora infused solution and placed on a
mist bench. Based on shoot damage assessment, the composted bark mulch
provided similar disease suppression as chemical and biological controls.
However, the disease did affect a higher percentage of the crop and could limit
its acceptance as a lone treatment.
Nature of Work: The disease suppressing qualities of composted wood
products was first identified as nurseries began experimenting with these
products as a peat moss replacement. Plants grown in compost amended pots
grew more vigorously and Phytophthora disease incidence lessened (4).
Numerous studies have documented Phytophthora disease suppression in
Rhododendon (2), Lupine (3), tomato (5) and Banksia (1).
‘Elfin’ Impatiens (Impatiens X wallerana ‘Elfin’) plugs were obtained in 288 count
plug trays from commercial sources. Plugs were transplanted into 1801 trays
containing Berger BM-7 35% composted bark and 1 of 5 treatments: 1) No
fungicide, 2) Etridiazole (Banrot 40WP) at 0.6 g / l of media, 3) Streptomyces
lydicus (WYEC 108) (Actino-Iron, Natural Industries Inc., Houston, Texas) at 5
lbs/yd3 (5.1 g /l), 4) Trichodermum harzianum (T-22) (RootShield, BioWorks, Inc,
Fairport, NY) at 1.6 g / l of media, or 5) Gliocladum virens (GL-21) (Soilgard,
Olympic Horticultural Products, Inc, Mainland, PA) at 1.6 g / l of media.
Phytophthora strains were obtained from known infected populations and grown
at 25°C on a carrot pulp media for 4 weeks. Strains were combined by blending
infected agar with 100 ml distilled water. Mixture was pulsed for 1 minute. An
additional 200 ml of distilled water was added, and the mixture was blended
lightly to ensure even distribution throughout the mix.
Plants were grown for 2 weeks to ensure root growth throughout the pot prior to
inoculation, and placed in a randomized block design with replicates of 3 plants
each. Plants were misted twice daily for 15 minutes each. Plants were rated
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visually each week on a scale of 0 to 5, with 0 indicating no sign of disease and 5
representing plant death. Data were analyzed using a Kruskal-Wallis ANOVA for
non-parametric data. Also, a percentage of undamaged plants was calculated by
subtracting out those plants receiving a score of 2 or higher.
Results and Discussion: All treatments tested in this experiment provided
effective control of Phytophthora, with all treatments receiving a 100% survival
rate. The lowest damage was found in the group treated with Streptomyces
lydicus, with 94.4% of the plants showing minimal to no damage. Etradiazole,
Trichodermum harzianum, and Gliocladum virens also provided excellent control
with each of these treatments receiving a visual infection score of 1.0 or lower,
indicating the occurrence of only very minimal damage. While the composted
bark mix had the highest infection rate of 1.1 (Table 1), this score was not
significantly different from other treatments and demonstrates good control can
be obtained with only composted bark. However, the sole use of composted
bark did result in identifiable damage to 27.7% of the crop (Table 1).
Literature Cited:
1. Dixon, K.W., K. Frost, and K. Sivasithamparam. 1990. The effect of
amendment of soil with organic matter, a herbicide, and a fungicide on the
mortality of seedlings of two species of Banksia inoculated with
Phytophthora cinnamomi. Acta Hort. 264:123-31.
2. Han, J.H., G.L. Good, E.B. Nelson, and H.M. Van Es. 2005. Suppression
of Phytophthora cinnamoni activity on Rhododendron X PJM ‘Elite’ by two
compost-amended container media under two irrigation regimes and
nursery conditions. HortScience 40:997.
3. Hoitink, H.A.J., D.M. VanDoren, Jr., and A.F. Schmitthenner. 1977.
Suppression of Phytophthora cinnamomi in a composted hardwood bark
potting medium. Phytopathology 67:562-565.
4. Hoitink, H.A.J. and M.E. Grebus. 1994. In Composting Source Separated
Organics; Plant Disease Control. J.G. Press, Emmaus, PA pp 204-209.
5. Szczech M., W. Rondomanski, M.W. Brzeski, U. Smolinska, and J.F.
Kotowski. 1993. Suppressive effect of a commercial earthworm compost
on some root-infecting pathogens of cabbage and tomato. Biol Ag and
Hort 10, pp. 47–52.
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Table 1. Comparison of fungicide treatments for control of Phytophthora. Scores
range from 0 to 5, with 0 representing no infection and 5 indicating plant death.
Percent undamaged refers to the percentage of the crop receiving a score of 1 or
lower.
Score

Percent
Undamaged

Composted Bark

1.1

72.3%

Etradiazole (Banrot)

0.9

83.3%

Streptomyces lydicus
(Actino-Iron)

0.5

94.4%

Trichodermum
harzianum
(Rootshield)

1.0

83.3%

(Gliocladum virens)
Soilgard

0.8

83.3%

Treatment
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Greenhouse Fertilizer Requirements for Ornamental Varieties of
White Clover (Trifolium repens L.)
Derald A. Harp and Steven Pulatie
Texas A&M-Commerce, Dept of Ag Sciences, Commerce, TX 75482
Derald_Harp@TAMU-Commerce.edu
Index Words: Rhizobium, ‘Dark Dancer’, ‘Salsa Dancer’
Significance to Industry: ‘Dark Dancer’ and ‘Salsa Dancer’ white clover were
grown at 0, 100, 200, and 300 ppm N, with one-half of the study receiving
Rhizobium inoculum. While plants at the higher fertilizer levels were significantly
larger, those plants were of lower quality and lacked the drought tolerance of the
smaller plants. Results from this study allow us to demonstrate the ability to
produce a quality crop with little or no fertilization.
Nature of Work: White clover is a species that has long been used as a forage
crop (2). Recent adaptations have been identified that have outstanding
ornamental qualities. These new cultivars have many of the advantages of the
species, low fertilizer requirements and good spring growth. Cultivars currently
on the market include ‘Dark Dancer’, a compact form, with dark purple foliage,
‘Salsa Dancer’, an upright form, with light green foliage and a red leafmark;
‘Good Luck’, with a dark red leaf center, and ‘Dragon’s Blood’, with a green leaf
center and a white and red leaf edge. However, no information is available
concerning greenhouse production of these new varieties and cultivars.
Dark Dancer and Salsa Dancer white clover plugs were obtained from
EuroAmerican Propagators (Bonsall, CA) in 84 count trays in March 2007. Plugs
were immediately planted into 6” azalea pots containing BM-7 35% bark growing
media (Berger Horticulture, St. Modeste, QC, Can.). Plants were watered in and
each variety randomly arranged in the greenhouse. At the end of the first week,
all plants were treated with Imidicloprid (Marathon 1% G, Olympic Horticultural
Products, Mainland, PA) at the rate of 2 g (1/2 tsp) per pot.
At the beginning of the 2nd week, pots were divided into 2 groups. One-half of
each variety was inoculated with Rhizobium bacterium. The pots were then
randomly assigned to 1 of 4 fertilizer treatments: 1) Control, No fertilizer, 2) 100
ppm N, 3) 200 ppm N, and 4) 300 ppm N. Fertilizer was mixed using Peters’ 2010-20 GP water soluble fertilizer. Fertilizer was applied twice weekly using a 7.5
l (2 gal.) watering can at the rate of 750 ml (25.4 oz.) per pot. Plants received
additional water as needed.
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Weekly measurements were made of plant height and width. Average plant
width was determined by averaging and doubling 3 radius measurements of each
individual. At study end, 5 plants from each treatment were used to determine
root and shoot fresh and dry weights. Also, root nodules were counted on every
specimen. Linear regression models were developed for each physical attribute
measured and analyzed using SAS (SAS Institute, Cary, NC) Proc REG. Visual
quality measurements were made by ranking the plants on a scale of 1 to 10 with
1 being poor quality and 10 the highest quality. Data were analyzed using
Kruskal-Wallis one-way ANOVA by ranks.
Results and Discussion: Both varieties had similar responses to the fertilizer
treatments (Figures 1-4). In both Salsa Dancer and Dark Dancer, higher N levels
were associated with increased shoot growth (Figures 1 and 3) with average dry
shoot weights increasing from 6.02 g at 0 ppm N to 10.94 g at 200 ppm N in Dark
Dancer and from 10.73 g at 0 ppm N to 16.13 g at 300 ppm N in Salsa Dancer
(Figures 2 and 4). However, R2 values were very low, suggesting that size
differences were not strongly related to N level and that other factors may have
affected plant size in this study. This may be related to greenhouse
temperatures exceeding cardinal temperatures for this species (3).
Corresponding increases were found in plant height, but no differences were
found in plant width, a factor possibly limited by pot size. Troublingly, increased
fertility resulted in decreased root mass. Salsa dancer dry root weights
decreased from 9.13 g at 0 ppm to 6.23 g at 300 ppm (Figure 3). Dark dancer
dry roots weights also decreased from 5.43 g at 0 ppm to 3.5 g at 300 ppm
(Figure 1).
The use of Rhizobium inoculants had no effect on plant growth. Inoculated
plants had fewer than 10 identifiable nodules, and all were less than 0.5 mm in
size. It is unclear if this poor inoculant performance is related to media
composition, insecticide toxicity, soil chemistry, or greenhouse conditions, but
data is insufficient to recommend their use in greenhouse production.
While plant sizes increased with fertilizer level, increases in fertilizer level were
generally associated with lower visual quality scores in Dark Dancer (Table 2).
Plants grown at 0 ppm N were the highest quality, with average quality scores of
8.0. These plants were more compact and had the darkest foliage. Plants grown
at 200 and 300 ppm N were the lowest quality with average scores of 4.3 and
4.8, respectively. The foliage color lightened from a dark purple to a pale green.
As no information is available concerning the use of PGRs for ornamental clover,
it is unclear how their use may have affected these scores.
The increased shoot mass and decreased root mass of plants fertilized at 200
and 300 ppm N resulted in poor drought tolerance in both varieties.
Unfortunately, the effect was pronounced enough in Salsa Dancer to cause a
near complete loss of the crop in the absence of daily irrigation. It is likely this
was exacerbated by greenhouse temperatures that frequently exceeded 95°F
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during the study, when white clover cardinal temperatures are between 45 and
80°F (8 and 27°C) (2,3).
From the results of this study, we recommend fertilizing ornamental clover at 100
ppm or less. While plant growth is minimized, the increases in plant quality result
in a much more marketable crop. Further testing is warranted and planned
concerning issues such as greenhouse temperatures, alternate fertilizer sources,
and the use of PGRs.
Literature Cited:
1. Castle, M.L., J.R. Crush, and J.S. Rowarth. 2006. The effect of root and
shoot temperature of 8°C and 24°C on the uptake and distribution of
nitrogen in white clover (Trifolium repens L.). Australian Journal of
Agricultural Research 57:577-581.
2. Duke, J.A. 1981. Trifolium repens in: Handbook of Legumes of World
Economic Importance. Plenum Press, New York and London, pp. 255262.
3. Murray, P.J., M. Jorgensen, and E. Gill. 2000. Effect of temperature on
growth and morphology of two varieties of white clover (Trifolium repens
L.) and their impact on soil microbial activity. Ann. Appl. Bot. 137:305309.

Figure 1. Comparison of Trifolium repens ‘Dark Dancer’ dry root and shoot
weights under varying fertilizer levels.
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Figure 2. Comparison of Trifolium repens ‘Dark Dancer’ plant height and width
under varying fertilizer levels.

Figure 3. Comparison of Trifolium repens ‘Dark Dancer’ dry root and shoot
weights under varying fertilizer levels.
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Figure 4. Comparison of Trifolium repens ‘Salsa Dancer’ plant height and width
under varying fertilizer levels.

Table 1. Visual quality assessment of Trifolium repens ‘Dark Dancer’. Scale
ranges from 1 to 10 with 1 representing poor quality and 10 excellent quality.
Fertilizer Level (ppm N)
0

Average Score
8.00

100

6.50

200

4.33

300

4.83
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Pine Tree Substrate: Current Status
Brian E. Jackson, Robert D. Wright, and John O. James
Virginia Tech, Dept. of Horticulture, Blacksburg, VA 24061
jacksonb@vt.edu
Index Words: Container media, alternative substrates, renewable substrates,
peat alternative, nursery crops, physicalproperties, fertilization, Loblolly Pine,
Pinus taeda
Significance to Industry: After several years of continued research and
development, pine tree substrate (PTS) shows excellent promise as an
alternative and renewable container substrate for nursery and greenhouse crop
production. PTS is competitively priced, locally available, and of consistent high
quality.
Nature of Work: Pine bark (PB) and peat moss (P) are the two most common
substrate components currently used for horticulture crop production in the
southeastern U.S. The availability and cost of PB remain unpredictable due to
reduced forestry production and increased use as fuel and landscape mulch (5).
The cost of P substrates continue to rise due to transportation and growing
environmental concerns over the mining of P bogs in Canada and Europe.
Alternative substrates for container production of horticultural crops are therefore
important. Alternative substrates produced from wood and wood based products
have been investigated as suitable substrates or substrate components in
horticulture crop production (1, 2, 7). European research in this area has been
conducted for two decades, resulting in numerous successful commercialized
wood substrates (4, 6). More recently, a substrate has been developed from
ground whole loblolly pine logs (Pinus taeda L.) to successfully produce
numerous annual, herbaceous, and woody crops (7, 8, 9).
The objective of this research has been the development of a substrate produced
from trees that could be manufactured to meet the needs of the horticulture
industry by providing a cost effective and reliable alternative to traditional
substrates. This paper reports the status of nearly four years of extensive
research that has been conducted at Virginia Tech on the development of PTS
including manufacturing process, particle size, cost, growth trials, wood toxicity,
fertility management, and post-transplant landscape evaluation. This is a totally
different approach to container substrate production in that a new material is
created for use as a container substrate rather than mining P (a non-renewable
resource) or using PB (a by-product of another industry).
Results and Discussion: Producing PTS. Pine tree substrate is produced by
further grinding coarse (1.0 inch x 1.0 inch x ¼ inch) loblolly pine chips (from
chipped pine logs) with a hammermill to produce a substrate designed to meet

Container Grown Plant Section
518

SNA Research Conference Vol. 52 2007
specific substrate requirements (porosity, water holding capacity, etc.) (Table 1)
for a wide variety of plant genera and plant sizes. Pine tree substrate is made
from freshly ground loblolly pine trees that are native to the southeastern U.S.,
but have a distribution and potential planting range across much of the U.S.
(Figure 1). The large potential growing area for loblolly pine means that trees
can be grown in close proximity to greenhouse and nursery operations across a
large portion of the country. Using locally-available pine trees results in reduced
shipping costs and fuel surcharges that typically occur when purchasing P or PB
substrates from long distances. Likewise the harvest of pine trees is less
weather dependent than peat harvest, pine trees are renewable and pose fewer
environmental concerns associated with harvest, and substrates produced from
pine trees appear to be of consistent quality over time.
Cost of Pine Tree Substrate. Pine chips produced for the paper industry or for
fuel can be purchased for $5-$6 per cu. yd. After adding the costs of grinding
and fertilizer, one could conceivably produce a substrate for under $15 per cu.
yd. compared to $40 plus for traditional P substrates and $15 plus for aged PB.
Since PTS is ground to the correct particle size to provide the desired aeration
and water holding capacity, there is no cost associated with adding aggregates
such as perlite and vermiculate as required for P substrates.
Growth Results. Due to the manufacturing of PTS to provide desired substrate
physical properties (air space and water holding capacity), irrigation requirements
for PTS during production can be similar to commercial substrates. A wide range
of greenhouse crops have been produced successfully with PTS including
chrysanthemums, poinsettia, as well as fourteen other genera of bedding plants
and vegetables, and seven genera of herbaceous perennials. In some instances
when freshly harvested trees are ground, there can be a considerable growth
reduction of young marigold and tomato seedlings when planted as 144 cell
plugs into PTS. However, aging of logs before grinding and aging of PTS after
grinding reduced the extent of toxicity. Woody plants have been thoroughly
tested in PTS with results indicating that over thirty species exhibit comparable
growth to plants grown in PB. Root growth of annual and woody plants grown in
PTS is equal, and most often better, than root growth of the same plants in P or
PB.
Fertilizer Requirements. In most studies additional fertilizer is required for PTS
compared to commercial P or PB substrates. Research has concluded that it
takes about 100 ppm more N from a 20-10-20 soluble fertilizer to produce
comparable growth of bedding plants, poinsettia and chrysanthemums in PTS
compared to P substrates. The addition of low rates of P or 5% calcined clay to
PTS has been shown to improve plant growth, especially at lower fertilizer rates.
This is likely because P increases the retention of nutrients available for plant
uptake by increasing the cation exchange capacity (CEC) of the PTS. For woody
plants it has been shown that an additional 2-4 lbs·yd-3 controlled release fertilizer
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is required (depending on species, PTS particle size, irrigation regime, etc.) for
optimal plant growth in PTS compared to PB. Reasons for the higher N
requirement are likely two-fold: there is more nutrient leaching from PTS since
the CEC is very low compared to P and PB, and there is microbial immobilization
of N with PTS due to the high C:N ratio of the non-composted wood. Evidence of
a higher level of microbial immobilization of N has been documented by
demonstrating that substrate respiration (measure of microbial activity) for PTS is
about 5 times higher than that of P and 3 times higher than PB. Even though
there is evidence of microbial activity, it does not result in substrate shrinkage of
PTS over a 2 to 3 month plant production cycle for greenhouse crops. Even after
two years in larger containers with woody nursery crops no visible degradation or
shrinkage has occurred with the PTS substrate compared to PB.
Post-transplant evaluation of PTS grown plants. No differences in appearance or
growth index has been observed after 2 years for twelve species of woody plants
including red maples (Acer rubrum L.) and pin oaks (Quercus palustris
Muenchh.) planted from 15 gallon containers. The landscape performance of
four annual species and five perennial species also shows no differences in
visible appearance or growth index. Evaluations indicate that plants grown in
PTS establish and perform just as well as plants grown in P or PB.
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1.
Boyer, C.R., G.B. Fain, C.H. Gilliam, T.V. Gallagher, H.A. Torbert, J.L.
Sibley. 2006. Clean chip residual: a new substrate component for
container-grown plants. Proc. Southern Nur. Assoc. Research
Conf. 51:22-25.
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Sibley. 2007. Forest Residuals: New substrates for container-grown crops.
HortScience 42:861
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production of vegetable transplants I. Physical properties of wood fiber
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Estimation of U.S. bark generation and implications for horticultural
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Table 1. Physical properties of peat (P) and pine tree substrate (PTS)
produced with a hammermill fitted with five screen sizes.
Air
Container
Available
Percent
space
capacity
water
Fines
Substrates
(% vol)
(% vol)
(% vol)
(<0.5 mm)
P
16.8
68.4
46.1
NA
PTS
1.59 mm
2.38 mm
3.18 mm
4.76 mm
6.35 mm
Significance (PTS)

18.2
23.2
31.8
31.3
39.1
L***

65.1
62.5
54.8
47.9
43.3
L***

50.4
42.8
33.6
25.7
19.8
L***

54
47
29
20
14
L**
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Figure 1. Potential planting range for loblolly pine trees in the United States (1).

Container Grown Plant Section
522

SNA Research Conference Vol. 52 2007

Pine Tree Substrate: Fertility Requirements
Brian E. Jackson, Robert D. Wright
Virginia Tech, Dept. of Horticulture, Blacksburg, VA 24061
jacksonb@vt.edu
Index Words: Container media, alternative substrates, nursery crops, CO2 efflux,
nitrogen immobilization, fertilization, nitrogen drawdown index, Loblolly Pine,
Pinus taeda
Significance to Industry: Understanding the reasons for additional fertilizer
requirement in pine tree substrate (PTS) allows for more accurate fertility
management when growing plants in this substrate. Despite the higher fertilizer
requirement, the potential for PTS to be successfully used in greenhouse and
nursery crop production is evident in the promising results that have been
reported in recent years.
Nature of Work: Recently, much work has been published on the use of
alternative substrates produced from wood and wood based products as suitable
substrates, or substrate components, in horticulture crop production (1, 7, 8).
The need for alternative substrates is caused in part by the decreasing
availability and increasing costs of pine bark (PB) and peat moss (P).
Work in Europe has been conducted for over two decades on the development of
alternative and renewable substrates composed of wood. Researchers have had
success using wood substrates, and have developed several commercialized
products currently available to growers (5). More recently at Virginia Tech, PTS
has been developed from ground whole loblolly pine logs (Pinus taeda L.) to
successfully produce numerous annual, herbaceous, and woody crops (7, 8).
However, the problem with wood substrates is their requirement for higher
fertilizer applications to achieve optimal plant growth. Jackson et al., (4) reported
that Japanese holly (Ilex crenata Thunb.‘Compacta’) required an additional 1.8
kg·m-3 (4 lb·yd-3) of controlled release fertilizer when grown in PTS to achieve
comparable growth to plants grown in PB. Greenhouse crops have also shown
the need for additional fertilizer based on work by Wright et al., (9) who reported
that chrysanthemums grown in PTS required an additional 100 ppm N to perform
as well as plants grown in a commercial P substrate. It is has been hypothesized
that N-immobilization is the primary reason for the lower nutrient levels that are
reported in growth trials when using PTS, but it has not been proven (4, 9).
Numerous authors have reported that N-immobilization occurs in wood
substrates during the production of horticulture crops (2, 3, 5), however no
studies have been conducted on PTS to understand its N-immobilization rate
during crop production. The higher fertilizer requirement for PTS compared to
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PB and P is of concern and must be addressed before PTS can become a viable
substrate for nursery and greenhouse crop production.
The objective of this work was to determine if N-immobilization is occurring in
PTS causing the need for additional fertilizer applications to maintain acceptable
nutrient levels (and plant growth) compared to PB and P. Pine chips were
produced by taking chips from roughly ground pine logs (freshly harvested) and
further grinding them in a hammer mill (Meadows Mills, Inc., North Wilkesboro,
NC) to pass through a 4.76 mm (3/16 inch) screen. Pine chips were pre-plant
incorporated with 0.6 kg·m-3 (1 lb·yd-3) CaSO4. Pine bark and P were pre-plant
incorporated with 2.7 kg·m-3 (6 lb·yd-3) dolomitic lime and 0.6 kg·m-3 (1 lb·yd-3)
CaSO4. Twelve day old marigold seedlings were planted in 2 liter (2 quart)
containers containing the different substrates. All plants were equally fertilized
three times per week with a 200 ppm NO3-N fertilizer derived from Ca(NO3)2 and
KNO3 sources as outlined by Handreck (3) and grown for 28 days (4 weeks) on
greenhouse benches in Blacksburg, VA. Every 7 days three single container
reps of each substrate were taken from the greenhouse and prepared for
nitrogen drawdown index (NDI) testing to determine N-immobilization (2). Nimmobilization is estimated by measuring the difference in NO3-N available in the
substrate solution after different lengths of incubation. The final NDI is
represented as a range between 0-1 with a value of 1 representing no Nimmobilization and a value of 0 representing severe N-immobilization. After 4
weeks shoot dry weights were determined on six container replications as well as
substrate respiration rates (µmol CO2.m-2·s-1) for each substrate using a LI-6200
(LI-COR, Lincoln, NE) and a CO2 flux soil chamber designed to take
nondestructive respiration measurements from the substrate filled containers.
Substrate CO2 efflux is considered an assessment of microbial metabolic activity
and therefore is an indicator of the potential for N-immobilization to occur (6).
The experiment was a completely randomized design with fifteen single container
replications per substrate. Data were analyzed using GLM procedures and
means separation using Least Significant Differences (P = 0.05).
Results and Discussion: Results from the NDI show that PB and PTS have
significantly higher rates of N-immobilization occurring over 4 weeks than does P
(Figure 1). Peat does show initial N-immobilization during the first two weeks
(Figure 1), a reason why commercial P substrates are most often pre-charged
with an N source to compensate for initial losses. The severity of Nimmobilization decreases during the four weeks for all substrates suggesting that
less fertilizer is required after the first 2-3 weeks of plant production to satisfy the
needs of the plants and microbial immobilization of N. The authors have made
personal observations that the initial fertilizations during the first week of
herbaceous plants (after being transplanted into PTS) are the most critical for
plants in PTS to perform as well as plants in PB or P. Data from the NDI analysis
showing severe initial N-immobilization in PTS helps to explain the possible
reason for those observations. Substrate respiration rates were highest in PTS
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followed by PB (Figure 2), indicating increased microbial activity in these
substrates. Higher CO2 rates (microbial activity) are likely due to the higher C:N
ratio of PB and even more so in PTS compared to P. Plant growth decreases as
CO2 efflux increases in PB and PTS, with PTS plants being less than half the
size of plants in PB and P (Figure 2). These data suggest that plant growth was
reduced as a result of the severe N-immobilization that occurred in PTS. Longer
N-immobilization evaluations are needed to monitor N losses in PTS over several
months so that long term fertility management strategies can be determined.
Also, future work needs to be conducted on nutrient leaching from PTS, which is
a second potential reason for lower nutrient levels, in addition to the Nimmobilization that we now know is occurring.
Literature Cited:
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Figure 1. Nitrogen Drawdown Index (NDI) on peat (P), pine bark (PB), and pine
tree substrate (PTS) when fertilized at 200 ppm N. NDI values range from 0-1,
with 1 representing no N-immobilization, and 0 representing total (severe) Nimmobilization.

Figure 2. Substrate CO2 efflux (measured at day 28) and shoot dry weight of
marigolds grown for 28 days in peat (P), pine bark (PB), and pine tree substrate
(PTS) when fertilized at 200 ppm N.
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Growth and Physiology of Landscape Conifers in Response to
Nutrition and Container Media for Pot-in-Pot Production
Wendy Klooster1, Bert Cregg1,2, R. Tom Fernandez1, Pascal Nzokou2
1
Department of Horticulture, 2Department of Forestry
Michigan State University, East Lansing, MI 48824
Index Words: Living christmas tree, fertilizer, container production
Significance to Industry: Height and caliper growth were greatest for the
highest fertilizer level. Chlorophyll fluorescence indicated a media by species
interaction with the Fraser fir most efficient in the lighter media (90% pine bark:
10% peat moss) and the greatest efficiency for Black Hills spruce with the
heavier media (70:30). Colorado Blue spruce and Eastern white pine were not
affected by media type.
Nature of Work: Pot-in-pot (PIP) production is becoming well established as a
production method for landscape nursery trees. This method is also being used
to expand the niche market of living Christmas trees. In addition to the usual
benefits of PIP, such as elimination of blow-over, protection of roots from
extreme hot or cold temperatures, and reduced transplant shock (3, 4), PIP
Christmas trees can be harvested and placed in warmer environment in order to
make them flush in time for the holidays. Furthermore, with stricter regulations on
the environmental impact of nursery practices, there is a need for
recommendations for nutrient applications for the wide variety of container-grown
plants (1).
Many nurseries use a combination of pine bark and peat moss in their standard
above-ground container substrates to allow for adequate drainage and to make
the plants lightweight and easy to harvest. However, growers initially
implementing the PIP system often included soil with the container media mix.
This practice resulted in poor drainage and reduced growth of the trees as well
as negated the benefit of the containers being lightweight. The type of media
used also has an effect on the nutrient and irrigation requirements (1, 5).
A three by three media type and nutrient level factorial experiment with ten
replications was set up at the Michigan State University Horticulture Teaching
and Research Center, just south of the MSU campus. Seedlings (plug+2 or 2+2)
of Fraser fir (Abies fraseri), Colorado Blue spruce (Picea pungens), Black Hills
spruce (Picea glauca var. densata), and Eastern white pine (Pinus strobus) were
potted in 10.8 liter (#3) containers in May 2006. Media consisted of pine bark
(PB) and peat moss (P) in ratios of 90% PB: 10% P (v:v) (light), 80:20 (medium)
or 70:30 (heavy). Scott’s Osmocote® Plus 15-9-12 was applied corresponding to
high (80 grams per container) and low (40 g) recommended rates and one-half
the low recommended rate (20 g) was used as a control to observe symptoms of
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nutrient deficiency. Initial and final measurements were taken for height and
caliper to determine growth throughout the season. Photosynthesis rates (Amax)
were measured in August using a portable photosynthesis meter (LI-COR,
LI6400). Chlorophyll fluorescence (Fv/Fm) measurements were also taken in
August using a portable fluorometer (Hansatech Plant Efficiency Analyser).
The objective of this study is to correlate plant efficienty, productivity, and growth
to determine the best media composition and fertilizer rate for various species of
conifers grown using a PIP system. Trends across species and species by media
interactions will allow growers to group trees together according to nutrient or
irrigation requirements.
Results and Discussion: Both species and fertilizer rate had a significant effect
on Amax, Fv/Fm, height and caliper (Table 1). Caliper growth increased with
increasing fertilizer level for three of the four species and was highest with the
highest fertilizer rate for the fourth species (Figure 1). The relationship between
fertilizer and height growth was not as strong for fertilizer and caliper growth. This
follows the logic that height growth is largely determined early in the season
before the treatments were applied, while caliper continues to increase
throughout the growing season. Data collected during the second season of the
study is expected to have a stronger correlation between fertilizer level and
height increase.
Chlorophyll fluorescence was dependent upon media and species (Figure 2).
Black Hills spruce, a cultivar of white spruce, preferred the heavy media with its
greater water-holding capacity. As a native of low-lying areas, white spruce are
adapted to wetter conditions. Fraser fir, a somewhat drought-tolerant species (2),
preferred the lighter, better-drained media.
Literature Cited:
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Table 1. Effect of species, fertilizer rate, media composition, and their
interactions on chlorophyll fluorescence (Fv/Fm), photosynthesis (Amax), height
growth and caliper growth of Fraser fir, Colorado Blue spruce, Black Hills spruce
and Eastern white pine.
F-values
z
y
Source
df
Fv/Fm
Amax
Height
Caliper
Species
3
16.83**
219.40**
57.84**
6.19*
Fertilizer
2
6.42*
54.49**
3.43*
67.29**
Media
2
2.27
5.56*
0.05
5.99*
Spp*Fert
6
1.08
7.95**
1.18
2.71*
Spp*Media
6
3.54*
1.51
4.14*
0.52
Fert*Media
4
1.39
2.90*
1.09
0.54
Spp*Fert*Media
12
1.13
0.97
2.68*
0.98
*statistically different at P < 0.05 **statistically different at P < .0001
z
Using a Hansatech Plant Efficiency Analyser
y
Using a LI-COR 6400
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Response of Croton and Coco Plum to Phosphorus
Michelle Leonard and Michael Orfanedes
Broward County Extension Education, Davie, FL 33314
Tom Yeager
University of Florida, IFAS, Gainesville, FL 32611
yeagert@ufl.edu
Index Words: runoff, leachate, controlled-release fertilizer
Significance to Industry: Croton `Mammy´ (Codiaeum variegatum (L.) Blume
var. pictum (Lodd.) Müll. Arg.) and Coco Plum (Chrysobalanus icaco L.) grown in
a commercial nursery in south Florida were fertilized with four controlled-release
fertilizers (18-0-12, 18-1-12, 18-3-12, or 18-6-12) supplying 0, 0.21, 0.62 and
1.23 g, respectively, of phosphorus per #3 container. Plant growth indices were
similar 7.5 months later regardless if plants received the 1, 3, or 6% P2O5 fertilizer
treatment. These results indicate that a controlled-release fertilizer contains
excessive phosphorus if the phosphorus composition exceeds 1% P2O5.
However, additional evaluations are needed before making general
recommendations.
Nature of Work: Yeager and Wright (4) determined that shoot dry weights of Ilex
crenata Thunb. ‘Helleri’ grown in pine bark substrate (#1 container) without a
superphosphate amendment were smaller than plants grown in substrate
amended with 0.45-1.35 lb/cu yd of phosphorus from a superphosphate (20%
P2O5) amendment. However, shoot dry weights were not different due to the
phosphorus amendments of 0.45-1.35 lb/cu yd. Midcap (2) found a similar
response for Hydrangea macrophylla Thunb. Ser. (‘Nikko Blue’ and ‘Endless
Summer’) where growth indices were smaller for plants grown without
phosphorus compared to plants fertilized with controlled-release fertilizers labeled
as 2, 3, or 6% P2O5 that supplied 0.6, 0.9, or 1.1 g of phosphorus, respectively,
per #3 container. Growth indices were similar for plants that received controlledrelease fertilizer with the 2% or 6% P2O5 label. 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, and there is
a mandate to reduce phosphorus concentration in canal water discharged to the
Everglades. One approach to achieving a reduction of phosphorus loss from the
nursery is to reduce the amount of phosphorus applied in fertilizer. The purpose
of the following research was to evaluate the response of an exotic and a native
plant commonly grown in south Florida to various amounts of phosphorus
supplied with controlled-release fertilizer.
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Croton ‘Mammy’ and Coco Plum (trade 1-gallon) were transplanted into #3
(trade 3-gallon) containers on October 4 and 5, 2006, respectively, 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 polypropylene ground cover in a triangular spacing with
approximately 4.5 inches between bottoms of containers. The substrate of each
container was amended with 47 g of either 18-0-12, 18-1-12, 18-3-12 or 18-6-12
(9 months longevity at 80ºF, 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). There were four blocks each consisting of 12 plants per
treatment arranged randomly. On February 9 and April 10, 2007 a 14-inch
diameter collection pan was placed under four Coco Plum plants per treatment
per block prior to a 25-minute irrigation event. Water collected in pans (leachate
plus irrigation) was filtered (Whatman #1) and frozen for subsequent total
phosphorus determination by EPA Method 200.7 at the University of Florida
Analytical Research Laboratory (3). On April 20, leachates were collected from
four Coco Plum plants per fertilizer treatment from each block using the pourthrough technique (5). Samples were processed and total phosphorus
determined as described above. On March 16, two uppermost mature leaves
were removed from each of the 12 plants per treatment per block. Leaves were
dried in a forced air oven at 158ºF, ground, and total phosphorus determined
(Peters Analytical Laboratory, Allentown, PA). The height, widest width, and
width perpendicular to the widest width were recorded for four plants of Croton
and Coco Plum per treatment for each block on November 8, December 20,
March 14, and May 10. Plants were grown in full sun and irrigated overhead as
needed with about 0.2 inch per 25-minute irrigation event. Total phosphorus of
the irrigation water was 48 ppb.
Results and Discussion: Growth indices for Croton were not different each time
plants were measured if plants were fertilized with 18-1-12, 18-3-12, or 18-6-12.
Plants that were not fertilized with phosphorus had smaller growth indices in
December 2006 and March 2007, but not in November 2006 and May 2007
(Table 1). Coco Plum growth indices were not different each time plants were
measured (Table 1). Croton and Coco Plum were determined to be Florida Fancy
grade (1) in May 2007, 7.5 months after potting.
Pour-through leachate concentrations of ortho-phosphate 6.5 months (April 20)
after application of 18-0-12, 18-1-12, 18-3-12, and 18-6-12 were 0.1, 0.3, 0.3,
and 0.7 ppm, respectively. Total phosphorus of the runoff ranged from a high of
18 ppm for the 18-3-12 fertilizer treatment sampled on February 9, to a low of 0.5
ppm for the 18-0-12 fertilizer treatment sampled on April 10. Our results indicate
that 18-1-12 resulted in similar Croton and Coco Plum growth to plants fertilized
with 18-3-12 or 18-6-12. Our data concur with previous findings of Midcap (2) in
that the application of controlled-release fertilizer with phosphorus content
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greater than that equivalent to 2% P2O5 did not result in additional growth. In our
study, Croton grown without phosphorus fertilizer tended to exhibit less growth
than plants fertilized with phosphorus and Coco Plum grown without phosphorus
fertilization had the lowest tissue phosphorus concentration (0.11%). Yeager and
Wright (4) had similar findings with Ilex crenata ‘Helleri’ as did Midcap (2) with
Hydrangea macrophylla. Thus, nursery operators should consider using
controlled-release fertilizer with low phosphorus content (1% P2O5). Plant
response to phosphorus might be species specific, so nursery operators should
test as many species as possible before committing to an across-the-board
reduction in phosphorus use.
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Hort. Sci. 107: 558-562.
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Amer. Soc. Hort. Sci. 108: 112-114.
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Table 1. Croton ‘Mammy’ (CM) and Coco Plum (CP) in #1 containers (trade 1gallon) were planted October 4 and 5, respectively, 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. Container substrate was amended with 47 g of one of four
controlled-release fertilizers with varying percentages of P2O5. Data are growth
indices (average of two widths + height) for 16 plants grown from November
2006 to May 2007.
Fertilizer
47 g/container
November

z

Growth index
(inches)
December
March

May

CM

CP

CM

CP

CM

CP

CM

CP

18-0-12

22az

16a

23a

23a

27a

34a

34a

44a

18-1-12

22a

16a

24b

22a

29ab

34a

35a

45a

18-3-12

23a

17a

25b

23a

30b

34a

36a

45a

18-6-12

23a

16a

26b

22a

30b

34a

36a

44a

Means followed by the same letter within columns are not different (Duncan’s
Multiple Range Test P≤ 0.05).
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Vermicompost: Reducing Fertilizer Inputs and Improving
Growth of Hibiscus moscheutos
Michelle S. McGinnis, Stuart L. Warren, and Ted E. Bilderback
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7906
msmcginnis@earthlink.net
Index Words: Worm castings, pine bark, controlled release fertilizer, container
production
Significance to Industry: Pine bark (PB) amended with vermicompost (VC)
produced from hog manure provided sufficient plant available phosphorus (P),
calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), manganese (Mn), zinc (Zn),
copper (Cu), and boron (B) for Hibiscus moscheutos L ‘Luna Blush’ (hibiscus)
production. However, VC may not provide sufficient available potassium (K) for
all containerized nursery crops. Total plant dry weight was 40% greater for
plants grown in a VC amended PB substrate with an additional source of N
compared to hibiscus grown in a non-VC amended PB substrate with all nutrients
provided. Thus, the use of VC as a PB amendment can result in fewer fertilizer
nutrient inputs and shorten crop production time.
Nature of Work: One of the benefits of using VC as a containerized crop
substrate amendment is the availability of plant nutrients. Therefore, nutrients
provided by VC could replace nutrients commonly provided by fertilizer and lime.
Handreck (1) investigated available nutrients provided by eight sources of VC for
production of Matthiola incana L. (stock) for 59 days. The author concluded that
all eight sources of VC amended to a PB substrate at 30% (by vol.) supplied a
sufficient quantity of P, Fe, Mn, Zn, Cu, B, and Mo, thereby eliminating the need
for providing these nutrients from another source. However, the amount of K and
S supplied was dependent on the VC source. In addition, in all VC sources, N
was not sufficient for plant growth. McGinnis et al. (2) also reported VC did not
provide adequate N for plant growth.
Growers can also benefit from amending substrates with VC as plant growth can
increase even when crops are fertigated with a complete nutrient solution. For
example, 10-week-old Dendranthema x grandiflora (Ramat.) Kitam. ‘Miramar’
(chrysanthemum) and 3-week-old Lycopersicon esculentum Mill. (tomato)
seedlings were larger when grown in VC amended peat based substrates
compared to a peat based control (0% VC), even when a complete liquid fertilizer
was applied to all treatments at 300 mg·L-1 N and 200 mg·L-1 N, respectively (3,
4). Based on these data, we hypothesized that VC amended substrates can
provide nutrients, with the exception of N and K, for nursery crop growth. To test
this hypothesis, a study was conducted to determine if sufficient plant available
nutrients (excluding N) can be supplied by pine bark amended VC for hibiscus
production.
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The experiment was a randomized complete block design with two treatments,
four blocks, and seven plants per block. The two treatments were milled PB [<
0.5 in (<1.25 cm), aged 1 year] amended with 20% VC (by vol.) (derived from
hog manure, NatureWorks Organics, Advance, NC) (hereafter referred to as
20VC) in combination with N only fertilizer (17-0-0, 3 to 4 month); and PB
amended with 11% sand (by vol.) (hereafter referred to as PBS), 1.8 kg·m-3 (3
lbs/yd3) dolomitic limestone, and 0.9 kg·m-3 (1.5 lbs/yd3) Micromax® (Scotts,
Marysville, OH) in combination with complete NPK fertilizer (17-6-12, 3 to 4
month). The controlled release fertilizers (CRF) were formulated by Harrell’s
Fertilizer Inc. (Lakeland, FL).
Hibiscus plants were obtained as seed-propagated plugs from Ball Seed Co.
(Chicago, IL). Plants were potted into 3.8-L (#1) containers on May 22, 2006,
placed on 16 separate plots on a gravel pad at the Horticulture Field Lab at North
Carolina State Univ., Raleigh, and topdressed with 5 g N per container [24.9 g
fertilizer (1.0 oz) per container] of the appropriate CRF. Irrigation was applied in
a cyclic manner via pressure compensated spray stakes (Acu-Spray Stick; Wade
Mfg. Co., Fresno, CA; 200 ml·min-1) with the daily total volume divided into three
applications (1200, 1500, and 1800 HR). Leaching fractions (LF = volume
leached ÷ volume applied) were measured daily for each plot and adjusted to
maintain a 0.2 LF.
Two plants per plot were harvested at 56 days after potting and partitioned into
roots, stems, leaves, and buds. Plants were dried to a constant dry weight at
65°C (5 days) prior to obtaining dry weights. Dried plant tissues were ground
separately to pass a ≤ 0.5 mm (≤0.02 inch) screen and submitted to North
Carolina Agronomic Division (NCDA), Agronomic Division, Raleigh for nutrient
analysis. Total nutrient content absorbed by the plant was calculated as the sum
of each plant tissue dry weight x nutrient concentration. All data were subjected
to analysis of variance and Fisher’s protected LSD, P=0.05 in SAS version 9.01
(SAS Inst. Inc., Cary, NC).
Results and Discussion: Total P, Ca, Mg, S, Zn, and B content of hibiscus
grown in 20VC+17-0-0 were greater than PBS+17-6-12, whereas total Fe, Mn,
and Cu content of hibiscus grown in 20VC+17-0-0 were equivalent to PBS+17-612 (Tables 1 and 2). These results indicate that VC amended PB (20%) provided
plant available nutrients at levels equivalent or greater than nutrients provided by
industry standard growing practices. In contrast, total K content of hibiscus
grown in 20VC+17-0-0 was less than PBS+17-6-12. Thus, this source of VC did
not provide similar K levels as the 17-6-12. However, the K content of hibiscus
grown in 20VC+17-0-0 did not appear to impact growth as plants grown in
20VC+17-0-0 (mean = 50.1 g ± 1.8, n=4) had 40% greater dry weight compared
to hibiscus grown in PBS+17-6-12 (mean = 28.9 g ± 5.5, n=4). Even though the
decreased available K in 20VC did not reduce hibiscus total dry weight, some
crops may be more sensitive to lower K concentration, thus an addition source of
K should be provided.
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Table 1. Macronutrient uptake by Hibiscus moscheutos L. ‘Luna Blush’
grown in vermicompost (VC) amended pine bark (PB) and industry
standard (PBS) with different fertilizer nutrient inputs.
P
K
Ca
Mg
S
Treatmentz
Plant mineral nutrient content (mg)
20VC+
1105 a ±
272 a ±
17-0-0
190 ay ± 10 196 b ± 13
69
09
80 a ± 4
PBS+1
0341 b ±
160 b ±
7-6-12
043 b ± 02 673 a ± 30
11
10
51 b ± 3
z
20VC = 20% vermicompost amended PB (by vol.); PBS = 8 PB : 1 sand
(by vol.) with 1.8 kg·m-3 (3 lbs/yd3 ) dolomitic lime and 0.9 kg·m-3 (1.5
lbs/yd3) Micromax®.
y
Each mean ± standard error is based on 4 observations. Means within
columns followed by the same letter are not significantly different as
determined by Fisher's protected LSD, P = 0.05.
Table 2. Micronutrient uptake by Hibiscus moscheutos L. ‘Luna Blush’
grown in vermicompost (VC) amended pine bark (PB) and industry
standard (PBS) with different fertilizer nutrient inputs.
Fe
Mn
Zn
Cu
B
z
Treatment
Plant mineral nutrient content (µg)
20VC+
0 3.4 ay ±
7.5 a ±
4.5 a ±
0.6 a ±
17-0-0
0.1
0.4
0.1
0.04
1.1 a ± 0.05
PBS+
7.6 a ±
3.4 b ±
0.6 a ±
17-6-12
0 5.2 a ± 1.1
0.4
0.2
0.02
0.9 b ± 0.03
z
20VC = 20% vermicompost amended PB (by volume); PBS = 8 PB : 1
sand (by vol.) with 1.8
kg·m-3 (3 lbs/yd3 ) dolomitic lime and 0.9 kg·m-3 (1.5 lbs/yd3) Micromax®.
y
Each mean ± standard error is based on 4 observations. Means within
columns followed by the same letter are not significantly different as
determined by Fisher's protected LSD, P = 0.05.
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Continuous Columns for Determining Moisture Characteristic
Curves of Soilless Substrates
Marta Mielcarek1, James Owen, Jr. 1, James Altland2, and Magdalena Zazirska1
1
North Willamette Res. Ext. Ctr., Oregon State Univ., Aurora, OR 97002-9543
2
USDA-ARS, Application Technology Research Unit, Wooster, OH 44691
marta.mielcarek@oregonstate.edu

Index Words: Douglas fir bark, pumice, peat, available water, water buffering
capacity
Significance to the Industry: A new system employing continuous columns
was developed to measure moisture characteristic curves for soilless substrates.
Data from columns can be used to calculate the amount of available water for a
given substrate in any container size. Continuous columns were successfully
used to determine moisture characteristic curves within one week using easily
attainable, inexpensive materials. This method provided consistent results over
time and was sensitive enough to differentiate water distribution between
substrates.
Nature of Work: Sound water management is essential for effectively producing
nursery crops. Understanding substrate water availability is a critical component
to managing irrigation properly. Conventional methods employed to measure
water relations of soilless substrates are based on container capacity of a static
system, and less often to measure moisture characteristic curves over a wide
range of tensions. Substrate water holding capacity determined by the NCSU
porometer method provides useful information to growers, but an understanding
of the complete moisture characteristic curve can provide more detailed
information about the hydrology of a given substrate, such as easily available
water and water buffering capacity (1,2). However, conventional methods to
determine moisture characteristic curves are expensive and time-consuming.
The objective of this paper is to report a method for generating moisture
characteristic curves of soilless substrate that is quick, inexpensive, and offers
greater precision at low tensions.
Douglas fir (Pseudotsuga menziesii) bark (DFB) [screened to 0.9 cm (0.4 in)] was
collected from stockpiles intended for nursery container production (Marr Bros.
Monmouth, OR). Unscreened pumice (<0.95 cm (0.38 in), Pro-Gro, Sherwood,
OR) and Canadian sphagnum peat (Sun Gro Horticulture Canada Ltd., LAVAL,
Quebec) were used to make three substrates including: 1) 70:30-DFB:pumice (by
vol.); 2) 70:30 DFB:peat (by vol.); and 3) DFB (not amended). Substrates were
adjusted to 1.5 g·g-1 mass wetness. The DFB substrate was used to generate
moisture characteristic curves over multiple dates to ensure the procedure was
reliably repeatable. The 70:30-DFB:pumice and 70:30-DFB:peat substrates
were used to determine if our method was able to differentiate between
substrates of presumably different water holding capacities.

Container Grown Plant Section
538

SNA Research Conference Vol. 52 2007
Columns [112 cm (44.1 in) tall by 7.6 (3.0 in) cm i.d.] were cut from schedule 40
polyvinyl chloride (PVC) rigid pipe. Columns were extended for packing by
adding 30 cm (11.8 in) long sections of schedule 40 PVC rigid pipe using clear
packing tape. Columns were hand packed. Substrate was constantly settled
while packing by tapping on the column wall at 100 taps per minute with a
schedule 40 PVC rigid pipe [61 cm (24 in) long by 1.3 cm (0.5 in)]. One 30 cm
(12 in) PVC pipe extension was removed. A base was placed on column using a
rubber coupling [8.6 cm (3.4 in) i.d.] and fastened with hose clamps (Fernco, Inc.
Davison, MI). The based contained rigid mesh screen to ensure the substrate
remained stable in the column. To ensure uniform bulk density columns were
inverted and the length of the column was again tapped. The second 30 cm (12
in) long extension was removed after tapping the inverted column. A 9.5 cm (3.7
in) wide petri dish was used to cover the top of the column to minimize
evaporation. Columns were bottom saturated with water for ≥ 4 hr, remained
saturated for ≥ 8 hr, and then allowed to drain to ≈ 6 cm (2.4 in) above the base
of the column (Zo) for ≥ 4 hr. Columns were placed in a freezer at -21°C (-6°F)
for ≥ 2 d. Frozen cores were cut into ten section [≈10 cm (3.9 in) tall] starting ≈ 6
cm (2.4 in) above the base of the column at Zo. Columns were cut using a Ridgid
compound miter saw (Ridgid Tool, Elyria, Ohio) equipped with a 0.2 cm (0.1 in)
thick, 25 cm (10 in) diameter saw blade with 200 teeth (Oldham Co., Brooklyn,
N.Y.) or a ¾ HP Jet Horizontal Bandsaw (Jet, Rockford, IL) with a 0.9 mm (0.03
in) thick 2 cm (0.8 in) wide saw blade . Actual height of cut strata was
determined by measuring the height at four points along the circumference of
each cut section; volume was calculated for each strata separately using its
averaged height. Each cut section was weighed, oven dried at 60°C (140°F) for
3 d and weighed again to determine container capacity.
Responses between water content (θ = volume of water / total volume) and
column height (tension = cm of water) were fit with sigmoid curves using the
NLIN procedure in SAS version 9.01 (SAS Inst. Inc., Cary, NC). Models were fit
as a four parameter curve with the following equation: f(x) = c + (d – c)/(1+(x/i)b),
where the solved parameter for c represents residual water content or the point
where the curve plateaus at minima, d represents the water content at complete
saturation (or total porosity), i represents the inflection point in the sigmoid curve,
and b represents the slope of the line at the inflection point. Lines for each
substrate were compared using the Lack of Fit test (3).
Results and Discussion: Moisture characteristic curves for DFB (not amended)
were estimated on three dates. The lack of fit test indicated that lines were
similar, demonstrating this procedure provides consistent results over time when
analyzing a similar substrate (Fig. 1). The procedure took one week each time it
was performed (including: saturating, draining, freezing, and drying). This is a
much shorter period of time than is required for other procedures that use some
sort of applied pressure apparatus (4 to 6 weeks).
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Pumice amended substrate (70:30-DFB:pumice) resulted in moisture
characteristic curves similar to DFB. The moisture characteristic curve for 70:30DFB:peat differed from the other two, in that it had higher i and b resulting in a
gentler curve (Fig. 2). This indicates greater available water across the tension
range of 0 to 30 cm (0 to 2.9 KPa). Using criteria set forth by Handreck.and
Black (2002) we find that 70:30-DFB:peat has twice the amount of readily
available water when compared to DFB (not amended) which equated into ≈ 300
mL (10 ounces) of more available water per 1 gallon container (Table 1). This is
a result of the redistribution of available water due to individual characteristics of
peat. The addition of peat increased the amount in easily available water from
just 2% up to 16% and decreased water buffering capacity from 6% to 2% when
compared to DFB substrate. With pumice (70:30-DFB:pumice), easily available
water increased from 2% to 5% while water buffering capacity dropped from 6%
to 1% when compared to non-amended DFB substrate (Table 1).
The procedure described herein is sensitive enough to differentiate between
substrates of different water holding capacity. The data show the most critical
range of tension for distinguishing moisture characteristic curve of different
substrates is between 0 and 30 cm (12 in) of tension. We measured water
availability in 10 cm (4 in) sections starting at 5 cm (2 in); however, it would be
possible to measure water availability in as little as 2.5 cm (1 in) sections to
improve precision at lower tensions [0 to 30 cm (1 to 12 in)]. Data from these
curves can be used to determine easily available water and water buffering
capacity, thus providing a broad understanding of the soilless substrate
hydrology.
Literature Cited:
1. DeBoodt, M. and O. Verdonck. 1972. The physical properties of the
substrates in horticulture. Acta Hort. 26:37-44.
2. Handreck, K. and N. Black. 2002. Growing media for ornamental plants and
turf. 3rd ed. UNSW Press, Sydney, Australia.
3. Schabenberger, O. and F.J. Pierce. 2002. Contemporary Statistical Models
for the Plant and Soil Sciences. CRC Press LLC, Boca Raton, FL.
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Table 1. Readily available water (RAW; 10 to 100 cm tension), easily
available water (EAW; 10 to 50 cm tension), and water buffering capacity
(WBC; 50 to 100 cm tension) for three Douglas fir bark (DFB) based
substrates expressed as percent volume and water capacity of 1 gallon
container.
Soilless Substrate
DFB (not amended)
70:30-DFB:peat
70:30-DFB:pumice
DFB (not amended)
70:30-DFB:peat
70:30-DFB:pumice
z
30 mL = 1 oz

RAWtotal

EAW10-50
WBC50-100
Percent volume
8z
2
6
18
16
2
6
5
1
Capacity (mL) of 1 gal. (4 L) container
309
79
230
733
643
89
227
210
17
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Figure 1. (A) Uniformity of Douglas fir bark moisture
characteristic curve over thee dates. (B) Substrate moisture
characteristics of three soilless substrates commonly used in
the US Pacific Northwest.
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Relationships Between EC and Nutrient Concentrations
in Pour-through Extracts and Runoff
Jeff Million and Tom Yeager
Univ. of Florida, Dept. of Environmental Horticulture, IFAS
Gainesville, FL 32611-0670
jmillion@ufl.edu
Index words: Container production, controlled-release fertilizer, electrical
conductivity, nitrogen, phosphorus, potassium
Significance to the industry: High costs for nutrient analyses of runoff, pourthrough, and other water samples collected in the nursery compel many growers
to rely on electrical conductivity (EC) measurements as indicators of nutrient
element concentrations. In this paper we have presented simple relationships
which use EC measurements to estimate N, P, and K concentrations in water
samples. Results verify the use of pour-through EC testing by growers to gauge
the nutrient status of container substrates and provide information that may help
growers better quantify nutrient movement within and out of the nursery.
Nature of work: Weekly runoff water samples and tri-weekly substrate pourthrough extracts were collected during four production cycles of #1 sweet
viburnum [Viburnum odoratissimum (L.) Ker-Gawl.] (Table 1). The substrate was
a 2:1:1 pine bark:sphagnum peatmoss:coarse sand (by volume) substrate.
Controlled-release fertilizer Osmocote 18-6-12 (8-9 month longevity at 70F) was
incorporated at 10 to 30 g/container (1.3 to 4 lb N per cu yd) (Table 1).
Overhead irrigation water was applied at either a constant rate of 0.4 or 0.8
inch/day (1 or 2 cm/day) or at a variable rate based upon daily water loss in
containers (ET-based) (Table 1). Plants were grown for 17 to 20 weeks on runoff
platforms designed to collect runoff continuously during production (1). Pourthrough extracts were obtained by applying enough de-ionized water (usually 200
to 300 mL) to collect 120 to 140 mL of substrate solution. Pour-through and
runoff samples were filtered before EC measurements were taken. All samples
were stored frozen until analyzed for total Kjeldahl N (TKN), NO3-N, NH4-N,
ortho-P, total P, and K by Univ. of Florida’s Analytical Research Laboratory in
Gainesville (http://arl.ifas.ufl.edu).
Data from all four production cycles were combined into one data set for this
analysis. PROC GLM procedure of the Statistical Analysis System (SAS
Institute, Cary, NC, Ver. 8.0) was used to determine linear relationships between
EC and nutrient element concentrations in both runoff and pour-through samples.
Results and Discussion: The fertilizer and irrigation regimes resulted in a wide
range of EC and nutrient values (Table 2). Linear relationships between EC and
nutrient concentrations in runoff and pour-through samples were all highly
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significant (Table 3). EC was not as good an indicator of NH4-N as it was of NO3N. Under our growing conditions with relatively warm temperatures, high levels of
NH4-N are normally observed during early stages of production when nitrification
rates may be low and high rates of nutrient release often occur. Nitrate-N
typically becomes the dominant N form as the season progresses (2). Because
of variability in the NO3-N to NH4-N ratio, the relationship between EC and
combined NO3-N+NH4-N was stronger than relationships between EC and either
N form alone. The relationship between EC and combined NO3-N+NH4-N would
be recommended in cases where the distinction between the two plant available
forms of N is not needed. Shiflett et al. (3) using similar fertilizers found the
relationship between EC and NO3-N+NH4-N in pour-through extracts to be:
y = -27.8 + 126.8x. At an EC=1.0 dS/m, this equation estimates a 36% (99 vs.
73 mg/L) higher concentration of NO3-N+NH4-N than our equation (Table 3).
Ruter (2) found the relationship between EC and NO3-N in pour-through solutions
during production of #1 ‘Nellie R. Stevens’ holly to be: y = -11.4 + 425x. This
predicts considerably more NO3-N at a given EC than our equation.
Relationships between EC and concentrations of P and K were not as strong as
those between EC and N forms (Table 3). This is likely due in part to a lower
solubility of P and to a lesser degree K sources in the controlled-release fertilizer.
The relationships between EC and nutrient concentrations were similar for both
runoff and pour-through samples (Table 3). When runoff and pour-through data
were combined, the relationships between EC and NO3-N+NH4-N, total-P and K
concentrations did not change greatly (Fig. 1, Fig. 2, and Fig. 3). This indicates
that EC-nutrient relationships are probably useful regardless of the sample type.
This is not surprising considering that collecting runoff from daily irrigation is
similar in some ways to performing a pour-through test every day. The
N:P2O5:K2O ratio in this fertilizer was 3:1:2 which is common for short-term
woody ornamental nursery crops. Relationships between EC and nutrient
concentrations for fertilizers with different nutrient ratios will likely be different
than those presented here. If so, additional testing would be needed to develop
relationships between EC and nutrient concentrations for these fertilizers.
Monitoring nutrient levels in container substrates by periodically measuring EC of
pour-through extracts is a best management practice (BMP) (4). Pour-through
EC values between 0.5 and 1.0 dS/m (1 dS/m = 1 mmho/cm) are considered
desirable for growing container ornamentals (4). Based on relationships in Table
3, EC sufficiency values of 0.5 to 1.0 dS/m correspond to NO3-N concentrations
of 16 to 55 mg/L, ortho-P concentrations of 2 to 6 mg/L and K concentrations of
16 to 43 mg/L. Desirable concentrations of NO3-N, ortho-P and K in pourthrough extracts according to BMPs (4) are 15 to 25 mg/L, 5 to 10 mg/L and 10
to 20 mg/L, respectively. Based on this comparison, results reported in this
paper support the BMP of EC testing to indicate nutrient sufficiency in container
substrates. EC-nutrient relationships may also be used by growers to monitor
nutrient levels in runoff and containment basin water.
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Table 1. Experimental treatments and number of runoff and pour-through (PT)
samples collected during four production cycles of #1 sweet viburnum.
Planting date

Weeks
grown

Osmocote
18-6-12
(g/container)

Irrigation treatments

No. of
runoff
samples

No. of PT
samples

August 24,
2003

20

15

0.4 inch/day

320

560

March 23, 2004

20

15 or 30

0.4 or 0.8 inch/day

320

112

August 20,
2004

17

15 or 30

256

96

March 9, 2005

17

10 or 15

272

0

0.4 inch/day or ETbased
0.4 inch/day or ETbased
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Table 2. Mean and range of values for EC and nutrient concentrations in runoff
and pour-through samples.

Analysis

Z

Runoff samples

Z

Pour-through
samples
Mean
Range

Mean

Range

EC (dS/m)

0.67

0.18 - 2.80

0.50

0.18 -2.57

TKN (mg/L)

6.9

0.1-100

9.1

0.23 - 93.6

NO3-N (mg/L)

25.3

0.1 - 261

20.4

0.5 - 228

NH4-N (mg/L)
NO3-N + NH4-N
(mg/L)
Ortho-P (mg/L)

6.2

0.0 - 123

6.8

0.0 - 84.1

31.5

0.2 - 331

27.2

0.5 - 293

2.22

0.06 - 23.2

2.72

0.18 - 22.9

Total-P (mg/L)

3.41

0.00 - 27.3

3.00

0.09 - 25.7

K (mg/L)

23.7

0.0 - 173

19.2

0.5 - 146

1 dS/m = 1 mmho/cm; 1 mg/L = 1 ppm

Table 3. Linear relationships between EC and nutrient concentrations in runoff
and pour-through samples.
Nutrient

Runoff samples

Pour-through samples

Equationz

R2

Equationz

R2

TKN

y = -5.9 + 17.6x

0.67

y = -5.1 + 25.5x

0.62

NO3-N

y = -28.1 + 80.0x

0.89

y = -23.4 + 78.6x

0.86

NH4-N

y = -9.6 + 24.0x

0.63

y = -7.0 + 24.7x

0.63

NO3-N + NH4-N

y = -37.7 + 103.6x

0.90

y = -30.3 + 103.3x

0.88

Ortho-P

y = -2.29 + 8.52x

0.79

y = -1. 38 + 7.36x

0.73

Total-P

y = -1.31 + 6.08x

0.62

y = -1.63 + 8.35x

0.76

K

y = -17.8 + 54.2x

0.86

y = -11.0 + 54.2x

0.73

Z

x = EC (dS/m = mmhos/cm) and y = nutrient concentration (mg/L or ppm)
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Fig. 1. Relationship between EC and NO3-N + NH4-N for all runoff and pourthrough samples combined.

Fig. 2. Relationship between EC and total-P for all runoff and pour-through
samples combined.

Fig. 3. Relationship between EC and K for all runoff and pour-through samples
combined.
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Use of River Dredge, Biosolids, and Decomposed Chipper Waste
Media Components for Nursery Container Production
John W. Olive, Jeff L. Sibley, Richard A. Price, and James C. Stephenson
Auburn University Ornamental Horticulture Research Center
Mobile AL 36608
olivejw@auburn.edu
Index Words: substrate, sewage sludge, municipal wastes, manufactured soil
Significance to Industry: When combined with pine bark, river dredge,
biosolids, and chipper waste used as media amendments for container nursery
production produced container growing mixes that were capable of growing
quality plants in this evaluation. River dredge and biosolids are potential media
components that are regionally available at little or no cost. The main
component of container media for the nursery industry in the southeast United
States is ground pine bark and growers often have trouble obtaining quality pine
bark (2), therefore a media component that would reduce the need for bark is
highly desirable.
Nature of Work: The U.S. Army Corps of Engineers dredges approximately 400
million cubic meters of sediment from the Nation’s waterways annually (1). This
sediment is stored in confined placement facilities (CPFs). Mobile AL has
several CPFs with accumulated sediment from Mobile Bay. Municipalities have
increasing need to divert yard and chipper wastes from landfills. When
composted, these ‘green’ materials have been shown to be a beneficial substrate
component when blended with pine bark (3). The purpose of this work was to
evaluate container media manufactured from river dredge, class A biosolids,
cellulose, and ground pine bark. River dredge was collected from 3 U. S. Army
Corps of Engineers confined placement facilities (CPFs) in Mobile AL. The
cellulose was from aged and decomposed, screened chipper waste and the class
A biosolids were from the Mobile Area Water and Sewer System. Holly, Ilex
creneta ‘Compacta’; azalea, Rhododendron x ‘Chinzan’; and Japanese anise,
Illicium anisatum liners were potted in trade gallon containers in April 2004 using
10 manufactured soils and 2 standard nursery mixes described in Table 1. All
media were topdressed with 0.84 oz (24 g) of 12-14 month Polyon 17-5-11 plus
minors. All plants were grown under overhead impact sprinkler irrigation. Hollies
and azaleas were grown in full sun and anise were grown under 48% shade.
Growth indices, root ratings, and foliar color ratings were taken in April 2005, one
year after potting. Growth parameters were analyzed using SAS and Duncan’s
Multiple Range to separate mean differences.
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Results and Discussion: All three species grown in the manufactured soils
amended with river dredge, biosolids, and cellulose had growth indices equal to
or larger than those grown in the two standard nursery mixes (Table 2). All of the
soil mixes produced similar sized azalea plants after one year. Only the North
Blakely 3 with 50% bark (Treatment 8) produced hollies that were similar to the
standard mixes. All other manufactured soil mixes produced hollies larger than
the standard nursery media. The standard nursery mix 1 with pine bark and peat
(Treatment 11) produced anise plants that were similar to the South Blakely 4
mix with 75% bark (Treatment 3) but were smaller than all other manufactured
mixes and the standard nursery mix with pine bark, peat, and sand (Treatment
12) produced the smallest anise plants. Although there were differences in foliar
color of the anise and holly plants, all soil mixes produced plants that were rated
as medium or dark green (Table 3). The darkest green azaleas observed were in
the Standard nursery mixes, or in the mixes with 75% pine bark (Treatments 1, 5,
7, 9, 11, 12). The fine fibrous roots of azalea grow better in a lighter, more
porous media and this may explain the better color of the azaleas in the mixes
with a greater percentage of pine bark. The North Blakely 3 with 75% pine bark
(Treatment 7) had the best root coverage and root rating in all three species
evaluated (Table 4). All of the mixes produced hollies with 75-100% root
coverage of the outside media ball. Only South Blakely 4, North Blakely 1, and
Mud Lake 7-2 (Treatments 4, 5, 10) produced azaleas with root ratings below 4
or less than 75% coverage.
This experiment indicates that artificial media manufactured from pine bark
amended with river dredge, class A biosolids, and screened decomposed chipper
waste can be utilized for container production of a range of woody ornamental
plant species. Overall, plant growth in the manufactured soil mixes amended with
river dredge, biosolids, and cellulose were equal or superior to the 2 standard
nursery media. The increased weight of river dredge and biosolids and weed
contamination (data not presented) in media amended with river dredge creates
a challenge that must be addressed if these amendments are to be utilized for
container nursery production.
Literature Cited:
1. Sturgis, T. C., C. R. Lee, H. C. Banks Jr., K. Johnson, J. P. Langan. S. I.
Rees, and C. Dyess. 2002. Evaluation of manufactured soil using dredged
material from confined placement facilities in Mobile, Alabama. Phase 1:
Greenhouse Bench-Scale Test. ERDC/EL TR-02-12 U.S. Army Corps of
Engineers.
2. Lu, W., J.L. Sibley, C.H. Gilliam, J.S. Bannon, and Y. Zhang. 2006.
Estimation of U.S. bark generation and implications for horticultural industries.
J. Environ. Hort. 24:29-34.
3. Spiers, T.M. and G. Fietje. 2000. Green waste compost as a component in
soilless growing media. Compost Sci. and Util. 8:19-23.
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Table 1. Components and percentages of 10 river dredge manufactured soil
mixes and 2 standard nursery mixes.
River
Dredge Cellulose Biosolids Bark
%
%
%
%
Trt.1,2 Dredge Source
1.
South Blakely 2
2.5
20
2.5
75
2.
South Blakely 2
5
35
10
50
3.
South Blakely 4
2.5
20
2.5
75
4.
South Blakely 4
5
35
10
50
5.
North Blakely 1
2.5
20
2.5
75
6.
North Blakely 1
5
35
10
50
7.
North Blakely 3
2.5
20
2.5
75
8.
North Blakely 3
5
35
10
50
9.
Mud Lake 7-2
2.5
20
2.5
75
10. Mud Lake 7-2
5
35
10
50
11. Pine bark:peat, 3:1 Mix
---75
12. Pine bark:peat:sand, 5:2:1 Mix
---62.5
1
Treatments 1-10 amended with 1.6 lbs ammonium sulfate and 0.3 lbs of lime per
cubic yard to offset cellulose.
2
Standard Nursery Mixes 11, 12 amended with 6 lbs limestone and 2 lbs
gypsum per cubic yard.
Table 2. The effect of manufactured soils and ground pine bark on growth of
container grown ‘Chinzan’ azalea, ‘Compacta’ holly, and Japanese anise.
Growth Index1,2
Treatment No.
Azalea
Holly
Anise
1. South Blakely 2
26.07 a
35.80 ab
45.67 a
2. South Blakely 2
25.07 a
35.43 ab
43.19 a
3. South Blakely 4
26.07 a
35.90 a
40.82 ab
4. South Blakely 4
25.07 a
35.10 ab
45.67 a
5. North Blakely 1
25.07 a
36.60 a
44.33 a
6. North Blakely 1
24.97 a
36.57 a.
43.15 a
7. North Blakely 3
26.27 a
35.50 ab
43.04 a
8. North Blakely 3
25.70 a
32.63 bc
42.67 a
9. Mud Lake 7-2
25.90 a
38.07 a
43.54 a
10. Mud Lake 7-2
25.63 a
35.67 ab
43.08 a
11. Std. Nursery Mix 1
26.60 a
31.77 c
37.26 b
12. Std. Nursery Mix 2
26.67 a
31.67 c
32.22 c
1
Growth index (cm) is height + width 1 + width 2 (perpendicular to
width 1) /3.
2
Means within columns followed by the same letter are not significantly different
according to Duncan’s Multiple Range test (P = 0.05).
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Table 3. The effect of manufactured soils and ground pine bark on foliar color of
container grown ‘Chinzan’ azalea, ‘Compacta’ holly, and Japanese anise.
Foliar Color Rating1,2
Treatment No.
Azalea
Holly
Anise
1. South Blakely 2
3.95 b
4.90 b
4.94 c
2. South Blakely 2
3.75 d
4.90 b
4.89 d
3. South Blakely 4
3.80 c
5.00 a
5.00 a
4. South Blakely 4
3.75 d
5.00 a
4.89 d
5. North Blakely 1
3.95 b
5.00 a
4.94 c
6. North Blakely 1
3.80 c
4.90 b
4.95 b
7. North Blakely 3
4.00 a
5.00 a
4.39 g
8. North Blakely 3
3.65 f
4.90 b
4.44 f
9. Mud Lake 7-2
3.95 b
5.00 a
4.44 f
10. Mud Lake 7-2
3.70 e
5.00 a
4.44 f
11. Std. Nursery Mix 1
4.00 a
4.80 b
4.94 c
12. Std. Nursery Mix 2
4.00 a
5.00 a
4.78 e
1
Foliar Color Rating is based on 1 – 5 scale: 1 = white, 2 = yellow, 3 = light
green, 4 = med green, 5 = dark green.
2
Means within columns followed by the same letter are not significantly different
according to Duncan’s Multiple Range test (P = 0.05).
Table 4. The effect of manufactured soils and ground pine bark on root growth
of ‘Chinzan’ azalea, ‘Compacta’ holly, and Japanese anise.
Root Rating1,2
Azalea
Holly
Anise
Treatment No.
1. South Blakely 2
4.00 b
4.65 c
3.06 j
2. South Blakely 2
4.00 g
4.50 d
3.56 h
3. South Blakely 4
4.10 e
4.70 b
3.50 i
4. South Blakely 4
3.70 j
4.50 d
3.78 g
5. North Blakely 1
3.80 i
4.70 b
3.88 e
6. North Blakely 1
4.05 f
4.70 b
3.89 d
7. North Blakely 3
4.50 a
4.80 a
4.19 a
8. North Blakely 3
4.05 f
4.45 e
4.00 c
9. Mud Lake 7-2
4.25 d
4.70 b
4.06 b
10. Mud Lake 7-2
3.85 h
4.40 f
3.81 f
11. Std. Nursery Mix 1
4.30 c
4.15 g
3.78 g
12. Std. Nursery Mix 2
4.05 f
4.05 h
3.06 j
1
Root Rating is based on percent root coverage of the outside of the root ball
with 1 = no visible roots, 2 = 25% root coverage, 3 = 50% root coverage, 4 = 75%
root coverage and 5 = 100% root coverage.
2
Means within columns followed by the same letter are not significantly different
according to Duncan’s Multiple Range test (P = 0.05).
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Nutrient Management BMPs for South Florida Nurseries
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Significance to Industry: Best management practices (BMPs) developed with
research-based information can be useful in assisting individuals, organizations
and entire industries with meeting a stated goal or mandate. In Florida, BMPs are
increasingly being viewed as a preferred method for state regulatory agencies to
address environmental problems such as water quality issues related to
agricultural operations.
In South Florida, the nursery industry’s routine use of phosphorus has come
under scrutiny as it is believed to be degrading the quality of the Everglades
ecosystem. To help tackle this problem, researchers and extension agents at the
University of Florida-IFAS have been working with the state officials and the
nursery industry to develop and teach BMPs that growers can voluntarily adopt to
meet stated water quality goals. Growers, who do so, are eligible for cost-share
monies and receive immunity from future environmental liability associated with
ground and surface water.
Nature of Work: Legislation passed in 1994 authorized the Florida Department
of Agriculture and Consumer Services (FDACS) to work with the agricultural
industry to develop and implement BMPs to address water quality issues. As a
result, BMPs were developed through collaborative efforts involving the industry,
academia and state regulators and summarized in a publication entitled Florida
Container Nursery BMP Guide (2). Because of their credibility and legislative
provisions, the implementation of BMPs provides growers with a presumption of
compliance with state water quality standards. To encourage grower
participation, the legislature authorized funding for cost-shared BMPs available to
growers through a competitive process. To date, approximately $766,437 has
been allocated to Broward and Palm Beach counties to fund drainage
improvements, micro-irrigation systems, covered potting substrate storage areas
and other BMPs.
Understanding individual BMP practices is a prerequisite to adoption and begins
with education. Through a series of informational “roll out” meetings conducted
across the state during the spring of 2006, the Nursery BMP Guide was
introduced to growers. Such meetings were often held in conjunction with
classroom workshops, on-site demonstrations and individual consultations
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conducted by Cooperative Extension Service, NRCS and other agency
personnel. Through such trainings, growers familiarized themselves with the
wide array of practices they could adopt and decided which practices were best
suited to their operations. Growers interested in participating must contact their
local Soil and Water Conservation District office (or designated representative)
and sign a “Notice of Intent” (NOI) to enroll in the BMP program.
In Broward County, University Cooperative Extension-sponsored education and
outreach has focused largely on conducting on-site research and demonstrations
of eligible BMP practices. Examples include phosphorus rate reduction trials with
specific ornamental crops (e.g. Viburnum (Viburnum suspensum), Coco Plum
(Chrysobalanus icaco), Croton ‘Mammy’(Codiaeum variegatum), Yaupon holly
(Ilex vomitoria) and Cat palm (Chamaedor cataractarum), drainage
improvements (grass filter strips between production areas and water bodies,
construction of retention structures (Figure 1), rebuilding and sodding eroded
canal banks, etc.), construction of covered potting substrate storage areas
(Figure 2), and conversion of overhead irrigation system to micro- or low-volume
irrigation. Such practices have been showcased with bus tours (Figure 3) where
growers visited production operations and saw for themselves how their peers
were implementing BMPs. Outreach has also been conducted through
presentations at grower organization meetings, agency work group meetings and
conferences.
Results and Discussion: University Cooperative Extension outreach has been
well received with over 500 clientele contacts recorded in Broward County during
the past twelve months. To date, approximately 245 nurseries in south Florida
have enrolled in the BMP program (Personal Communication, FDACS). These
nurseries represent about 4,575 acres (Personal Communication FDACS) of
ornamental crops. The value of south Florida ornamental crops is approximately
$1.2 billion (1).
Over ninety percent of the projects funded to date in Broward and Palm Beach
counties feature construction of covered potting substrate storage areas or
conversion from overhead irrigation to micro-irrigation systems. A limited number
of drainage improvement projects have also been funded. As such projects are
completed, participating growers will be able to validate the benefits BMPs can
provide. Cooperative Extension staff and other agency partners plan to work
collaboratively with these early adopters to document and showcase
environmental and economic benefits associated with the BMPs. Such
information can then be used to further promote the program and encourage
additional participation.
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Figure 1. Retention structure for retaining runoff
containing phosphorus.

Figure 2. Substrate storage area with cover (roof)
above substrate.

Figure 3. BMP bus tour participants view
phosphorus fertilizer rate reduction trials.
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Back to the Basics: Using gravimetric Water Content to Control Irrigation
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Significance to Industry: When Cotoneaster dammeri ‘Skogholm’ was irrigated
based on gravimetric water content, top dry weight increased from 64% to 141%
compared to the control (cyclic early morning irrigation). Presumably, plants
experienced less water stress when they were irrigated prior to reaching water
deficits which resulted in increased growth.
Nature of Work: Water management should be the core of container nursery
production as it is linked directly to both water and nutrient use efficiency and
ultimately environmental impact. Current ‘Best Management Practices’
recommend maintaining ≈0.2 leaching fraction (LF = water leached ÷ water
applied) to ensure proper rewetting of the substrate (2). However, growers will
often over-apply water, exceeding a 0.2 LF, to make sure the substrate has been
rehydrated. To minimize over-application, growers need a straightforward and
dependable system to determine when and how much to irrigate. This system
needs to be flexible in order to work with the diverse number of container
production systems (variations in container type and size, substrate, crop, etc)
used in an individual nursery. What is this simple, flexible, and dependable
method? Weight. Weight-controlled irrigation is based on weight loss from the
container system and is equivalent to water loss via evapotranspiration.
This age-old, proven method is referred to as the gravimetric technique. The
gravimetric technique is ideal because it requires no calibration, minimum
maintenance, and no special skills to set up or operate. In addition, it directly
measures the quantity of water lost, thus requiring no data interpretation. Simply
stated, weight loss is equivalent to water lost. All systems of monitoring water in
the substrate (dielectric moisture sensors, tensiometers, TDR) are calibrated
using the gravimetric technique. Our objective was to determine the feasibility of
an irrigation controller that relies on real-time monitoring of substrate weight to
determine irrigation volume and time of water application, i.e., implementing a
weight-controlled irrigation system.
The experiment, a 2 (substrate) x 2 (irrigation) factorial in a randomized complete
block design with four blocks and four plants per block, was conducted on a
gravel pad at the Horticulture Field Laboratory, N.C. State Univ., Raleigh. The
main factors were aged (1 year) pine bark substrates amended with a mineral

Container Grown Plant Section
555

SNA Research Conference Vol. 52 2007
aggregate (clay) (PBC) or coarse, washed builder’s sand (PBS) at 11% (by vol.);
and two irrigation treatments which included irrigating to return the substrate to
98% container capacity (CC) as determined by weight at 1200, 1500, and 1800
HR EDT (referred to as PM replacement) or irrigating to return the substrate to
98% CC when it reached 94% CC [a loss of ≈400 mL (13.5 oz)] as determined by
weight regardless of time. Two irrigation treatments were also included to
represent current "Best Management Practices": irrigation volume required to
maintain a targeted 0.2 LF divided equally and applied at 0100, 0400, and 0700
HR EDT (referred to as AM application) or applied at 1200, 1500, and 1800 HR
(referred to as PM application). Rooted stem cuttings of Cotoneaster dammeri
‘Skogholm’ were potted in 14 L (#5) containers filled with one of the two
substrates amended with limestone and fertilizer. Within each treatment and
block, one plant was positioned on a load cell (total of 24). Real time monitoring
of container weight was performed using a load cell (Model RL 1042, TedeaHuntleigh Inc, Covina, Calif.) connected to a CR23X micrologger® (Campbell
Sci., Logan, Utah). Weight was recorded every 10 minutes except when the
irrigation was running then weight was monitored every 10 seconds. Container
capacity was determined by saturating the containers located on the load cells
approximately every 3 weeks. Saturation was achieved by placing the container
into a 20 L (5 gal.) bucket which was filled with water at sunset. When the
substrate was fully saturated (≈2 hr) (as evidenced by a glossy sheen of water at
the substrate surface), the container was returned to the load cell and allowed to
drain until 0400 HR the following morning. At 0400 HR the computer recorded
weights for each of the 24 containers, and this was deemed CC. Influent and
effluent from each treatment and block were measured weekly from irrigation
water that was applied via pressure compensated spray stakes [Acu-Spray Stick;
Wade Mfg. Co., Fresno, Calif., 200 mL·min-1 (6.8 oz·min-1)]. After 15 weeks,
roots were washed free of substrate and each plant separated into tops and
roots. Dry weights were obtained following drying at 70°C (158°F) until plant
weight remained unchanged (96 h). Data were subjected to analysis of variance
and means were separated via Fisher's Protected LSD, P=0.05.
Results and Discussion: There were large differences in top growth among
substrates and irrigation treatments, whereas differences in root growth were
smaller, as is often the case (Table 1). Growth of cotoneaster irrigated via
weight-controlled (load cell) or PM replacement increased 141% and 108% or
64% and 59% for PBC or PBS, respectively, compared to cotoneaster grown in
PBS with AM irrigation (Table 1). Likewise, cotoneaster grown in PBC and
irrigated via weight-controlled (load cell) or PM replacement were significantly
larger than those grown in PBS with PM irrigation. Plants grown in PBS and
irrigated via weight-controlled (load cell) or PM replacement were not significantly
different from cotoneaster grown in PBS with PM irrigation. Similar to earlier
research, plants grown with 0.2 LF PM irrigation were larger than those grown
with 0.2 LF AM irrigation (1).
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The irrigation treatments based on weight were activated up to ten times daily
during the hottest parts of summer regardless of substrate, indicating a plant’s
need for water far exceeds that of the typical 2 to 3 irrigation events present in
cyclic irrigation regimes (Figs. 1A and B). Leaching fractions for load cell (PBS)
and PM replacement (PBS) which were not controlled during the study were
similar to the 0.2 LF PM (Table 1). Attempting to return CC to 98% probably
resulted in increased channeling which increased LF, particularly in PBC (load
cell) and PBC with PM replacement (Table 1). The LF for weight-controlled (load
cell) and PM replacement could almost certainly be reduced significantly by
reducing the target shutoff from 98%. However, it is not known how low CC can
be maintained without reducing growth. Data herein demonstrated that by using
weight as an indicator of irrigation volume and timing a grower could produce
increased or similar growth in conjunction with ≤ 0.2LF without the constant
monitoring current systems require.
Acknowledgements: We would like to thank William Reece and Greg Kraus for
technical assistance, USDA-ARS Floriculture and Nursery Initiatives for funding,
Harrels, Inc. for fertilizer, Pacific Mulch for pine bark, and Nursery Suppliers, Inc.
for containers.
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Table 1: Effect of substrate and irrigation management on
leaching fraction (LF) and growth of Cotoneaster dammeri
'Skogholm'.
Treatments
Top dry wt (g) Root dry wt (g)
Load cell
359 ay
41 ab
(clay)
Load cell
245 b
32 bc
(sand)
PM Rep
310 a
43 a
(clay)
PM Rep
237 b
35 abc
(sand)
PM 0.2 LF
202 b
33 bc
(sand)
AM 0.2 LF
149 c
31 c
(sand)
z
LF = water leached ÷ water applied.

LFz
0.28 bc
0.20 cd
0.41 a
0.17 d
0.15 d
0.34 ab

y

Means within columns followed by the same letter or letters are not
significantly different as determined by Fisher's protected LSD,
P=0.05
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Figure 1. Water gain and evapotranspiration of cotoneaster grown over 24 hours
with two substrates and four irrigation regimes on August 8, 2006.
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Significance to the Industry: The economic impact of manganese (Mn) toxicity
can be substantial for a nursery. Presently, there are few if any documented
procedures to alleviate the problem. Once plants have acquired the symptoms,
there is little information for nursery growers to use. Correspondence with one
large container nursery indicated that leaching and a lime treatment to all
containers is the present procedure. Economic loses related to Mn toxicity can
be up to $28K or more (John, Rausch, Conard-Pyle Co., personal
communication). In light of this, there is need to find and develop protocols for
the use of silicon (Si) to ameliorate Mn toxicity. Present research on silicon
amelioration of Mn toxicity in nursery crops show several areas that need further
study, in particular, use on woody ornamentals in organic substrate culture. The
present focus of this study is to investigate the potential for Si to be a curative for
Mn toxicity in woody ornamentals.
Nature of Work: The research that has been undertaken to study the
physiological action and effectiveness of Si during Mn toxicity deals only with
herbaceous species and food crops grown in hydroponic systems (2,5,8,10).
Information gleaned from this literature and citations therein show two areas that
need further investigation; (a) research evaluating Si use for ornamental crops,
and (b) in situ studies that utilized soilless substrate potting media. Presently,
there are few documented procedures to alleviate the problem of Mn toxicity.
Liming is uneconomical and impractical for nurseries specializing in container
plants (8) and may upset nutrient availability. Leaching would potentially
increase nutrient runoff. Neither procedure would be as affective or economical
as an application of soluble Si through the irrigation system.
In May of 2006, 50 Azalea ‘Karen’ liners were purchased and placed in 2 gallon
containers filled with a soiless substrate consisting if 5 parts pine bark and 1 part
peat. Approximately 17 grams of controlled release fertilizer (Nutricote 17-7-8)
was applied as a top dress to each azalea. The study was carried out in two
phases; a toxification phase (Phase I) in which azaleas were placed into Mn
toxicity, and a treatment phase (Phase II) where various treatments where
applied to azaleas. Five plants were used as no-treatment controls for the study.
Ten plants were harvested for baseline data prior to start of study. All harvests
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included separation of leaves, stems, and roots for dry mass and tissue nutrient
concentration. Dry mass values for leaves and stems were combined for shoot
dry mass data presentation. Tissue preparation for analysis included drying at
60o C for 48 hours, milling and analyzing for Mn, total nitrogen (N), total
phosphorus (P) and other micronutrients. At the onset of the study, 30 plants
were given a treatment of 9 mM Mn in the from of manganese sulfate (adjusted
to a pH of 4.5 with sulfuric acid) twice a week to initiate Mn toxicity. Five plants
were given a combination of 9 mM Mn + 2.0 mM Si in the form of potassium
silicate (AgSil 25, PQ Corporation, Valley Forge, PA) in a single solution adjusted
to a pH of 4.5. Treatments were delivered in solution two times a week at a
volume of 400 mls. The Phase I treatments were maintained until full toxicity
developed in early September. Of the 30 plants given the 9 mM Mn solution, 10
were harvested as an initial harvest before treatments were initiated. All of the
plants given the Si/Mn combination treatment were harvested.
In Phase II, the 20 remaining plants were randomly selected to receive one of
four treatment levels; 6.0 mM Mn, 5.0 mM Si, 6.0 mM Mn + 5.0 mM Si, and a
reverse osmosis water (ROW) treatment. All treatments were now adjusted to a
pH of 6.5 and were delivered to each plant as in Phase 1. At the terminus of the
study on November 20, 2006, plants from each treatment were harvested (n=5).
Three non-treated control plants were harvested for comparison of tissue nutrient
concentrations.The experiment was set up as a completely randomized design
(CRD) using ANOVA to determine if differences exist between treatments.
Significant differences were reported as those equal to or less than a significance
level 5%.
Results and Discussion: The results of this pilot study were determined by
comparing shoot dry weight between treatment groups. At the end of Phase I,
after azaleas fully exhibited Mn toxicity, the initial harvest revealed no significant
difference (P=0.05) in shoot dry mass between the 9 mM Mn treatment (n=10)
and the 9 mM + 5 mM Si combination treatment (n=5) (Figure 1). Manganese
concentrations in azalea given the 9 mM Mn treatment averaged 202 (± 9.5 SE)
ppm in leaves, 275 (± 14.4 SE) ppm in stems and 546 (± 55.3 SE) ppm in roots.
There were no significant differences in Mn concentration between the Mn
treatment and combination treatment groups (data not shown). Comparison of
leaf Mn concentration in control azalea harvested at the end of the study
averaged 72 ppm. In stems, Mn averaged 108 ppm and roots averaged 129
ppm, values which may represent normal or sufficient Mn concentrations in this
cultivar of azalea. These results suggest that the concentration of Si used in the
combined treatment (Mn+Si) cannot counteract the toxicity affects of the
concentration of Mn used to place azaleas into toxicity. Concentrations of Mn in
azaleas given the Mn+Si combined treatment were not lower compared to the Mn
toxicity treatment as reported in some grain species (1,4,6). However, research
has shown in some leguminous species, that Si, while not affecting tissue Mn
concentrations, plays a role in increased tolerance of Mn toxicity (7).
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At the end of the study, average shoot dry mass (n=5) of each of the treatments
(Figure 2) were not significantly different (P≤0. 05). At the final harvest, a few
significant differences in tissue nutrient concentrations particularly iron, were
found between treatments. The significance of these differences has yet to be
determined, but it can probably be attributed to both high Mn concentrations and
low pH, disrupting nutrient availability.
Other environmental factors are involved in Mn toxicity including substrate pH,
oxygen availability temperature, and light intensity (7) and should be considered
to prevent toxicity. Some sources of fresh bark have been documented to have
excessive levels of Mn (9). Manganese availability and toxicity is exacerbated by
anoxic substrate conditions which tend to decrease pH and increase Mn
availability (Jonathan Lynch, personal communication). Being mindful of
substrate age and particle size or the use of a porous substrates may prevent Mn
toxicity, however, in this case, irrigation management becomes critical.
During Phase 1, both Mn and Mn+Si treatments were adjusted to a pH of 4.5. A
5 mM Si solution of AgSil 25 has a pH of approximately 9.5. Is the mode of
action of potassium silicate rendered ineffective with low pH? Research also
shows many modes of action of Si in different plant species. In some, Si reduces
the uptake of Mn and in others, increases the tolerance of Mn without decreasing
uptake (10). There are known to be those plants that are high accumulators of Si
(primarily monocots in the family Poaceae, and those species in Cyperaceae)
with rice being the highest (11). Dicotyledonous plants have the lowest
concentrations (3). Of those species that are not high-accumulators, does silicon
play an important role for Mn tolerance? Azalea, an ericaceous plant requiring
low pH soils, tolerates high Mn tissue concentrations. Is the ability of silicon to
ameliorate Mn toxicity species dependent, only effective with plants to have low
tolerance of Mn? Further studies to answer these questions are being
performed.
The authors would like to thank P.Q. Corporation, Valley Forge, PA, for their
generous support for this project.
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Figure 1 Average shoot dry mass of azalea after 90 days of application of (A) 9
mM Mn (n=10) or (B) 9 mM + 2 mM Si (n=5). There are no significant differences
in shoot dry mass between the treatments. Error bars represent 1 SE.
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Figure 2 Average shoot dry mass of azalea (n=7) after 60 days of application of
(A) R.O. Water, (B) 5mM Si, (C) 6 mM Mn, (D) 6 mM + 5 mM Si. There are no
significant differences in shoot dry mass between the treatments. Error bars
represent 1 SE.
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Significance to Industry: Nickel (Ni) has been shown to cure mouse ear
disorder on river birch grown in containers. Since Ni is known to influence
nitrogen metabolism, applications of Ni may reduce N requirements in the
nursery. Based on this research, river birch can be grown with lower rates of N,
but there was no short-term benefit of applying Ni on N requirements. Further
work is being conducted on other species which transport nitrogen as ureides
such as river birch.
Nature of Work: Recent research in Georgia has shown that mouse ear on river
birch can be cured with applications of nickel (5,6). Not much is known about the
physiological requirements of nickel. It is required by certain monocots to
complete their life cycle and is required by the urease enzyme to convert urea to
ammonia. Nickel is common in low concentrations in mineral soils but a majority
of the literature deals with Ni toxicity in the environment, with fewer papers
discussing the positive effects of Ni as a beneficial plant nutrient.
Marginal necrosis associated with mouse ear is believed to be due to toxic
concentrations of urea or organic acids which build up on the margins of the leaf
(1,2). Nickel is an essential co-factor for the urease enzyme in plants. The urea
cycle is tied into storage and transportation of nitrogen in woody plants. It may be
possible to increase the nitrogen use efficiency (NUE) of river birch (and other
woody plants) by supplying adequate concentrations of nickel. If nickel increases
NUE, then it may be possible to use lower rates of nitrogen to grow nursery
stock. This would be an economic benefit for the grower and the environment.
A study was initiated at the University of Georgia Tifton Campus on 16, February,
2006. Uniform bare-root seedlings of Betula nigra were shifted into 14.2 liter (#5)
containers. The substrate was an 8:1 pine bark:sand mix amended with 2.0 lbs of
dolomitic limestone and 1.0 lbs of Micromax (The Scotts Company, Marysville,
OH) per cubic yard. Fertilizer (Polyon NPK+, 15-6-12, 8-9 month formulation)
was top dressed at the base rate of 2.0 lbs. N/cu. yd. on 7 April, 2006. Additional
nitrogen was top dressed using Polyon Coated Urea (41-0-0, 6-7 month
formulation) to bring total N application rates to 2.5 and 3.0 lbs. N/cu. yd. Half of
the plants received nickel, while the other half were not treated. Nickel was
applied as a foliar spray of Advance Ni (NIPAN, LLC, Valdosta, GA) at the rate of
1 qt/100 gal (9.8 ml/3.8 liter) using a hand-held pressure sprayer at the rate of
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~100 gal/A on 25 May, 2006. Conditions at the time of nickel application (10:00
AM) were 85ºF, clear and sunny with a slight breeze. Plants were spaced 2’ on
center on black ground cloth and received 0.33” of irrigation daily using solid-set
overhead sprinklers. Plants were arranged utilizing a completely randomized
design with eight single plant replicates.
Plants were harvested on 10 July, 2006 after the pots were blown over and
fertilizer was lost from the individual containers. Final height and stem diameter
was measured. Foliage samples were collected from new growth and were sent
to QAL (Panama City, FL) for nutrient analysis. Shoot and root dry mass were
determined after drying at 150ºF for several days in a forced-air dryer. Biomass
was calculated as the sum of shoot and root dry mass. Ratings for the presence
of mouse ear disorder were recorded at the end of the study. Data was subjected
to analysis of variance using SAS and mean separations were conducted using
Dunnett’s t-test to compare N rates to the base rate and LSD to compare nickel
treatments.
Results and Discussion: Rate of nitrogen application had no influence on final
plant height 90 days after treatment. Final stem diameter was 11% greater for
plants receiving the medium rate of N (2.5 lbs N) compared with the control (2.0
lbs N). Shoot dry mass was not influenced by N rate, but root dry mass
decreased 29% at the highest rate of N application (3.0 lbs. N) compared to the
base rate. Total biomass was not influenced by rate of N. Previous research with
river birch showed that increasing nitrogen rates in container production had no
influence on final growth indices, root dry mass or total biomass (4). Nickel had
no influence on final height, stem diameter, shoot dry mass or total biomass.
Application of nickel resulted in a 15% increase in root dry mass.
Rate of nitrogen application influenced foliar concentrations of N, P, K, Ca, Mg,
Cu, Fe, Mn, Ni, Zn, B, and Mo. In general, foliar nutrient concentrations
decreased as rate of nitrogen increased. Application of nickel reduced foliar
nutrient levels for the following elements: P, K, Mg, S, Cu, Fe, Mn, and Mo.
Application of nickel increased foliar Ni from 0.49 mg/kg in non-treated plants to
3.7 mg/kg in treated plants. Treatment with nickel had no influence on final N
concentrations in the foliage. Mean foliar nutrient values for the study were N
(2.1%), P (0.15%), K (0.95%), Ca (0.51%), Mg (0.19%), S (0.07%), Cu (3.1
mg/kg), Fe (167 mg/kg), Mn (1110 mg/kg), Ni (2.1 mg/kg), Zn (120 mg/kg), B (23
mg/kg), and Mo (0.34 mg/kg). Previous research on river birch showed that B,
Fe, and Zn in the foliage decreased when nickel was applied as a foliar treatment
(5). Foliar P, Ca, Mg, S, and Cu were all below published survey ranges for
healthy, field-grown river birch, while high foliar Mn concentrations have been
noted (3). All plants had good color. Only four of the 48 plants in the test
displayed signs of mouse ear in mid-July. It is not uncommon for field-grown
bare-root liners not to show symptoms of mouse ear during the first year of
production (J. Ruter, unpublished data) due to having sufficient quantities of Ni in
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the plant to grow normally during the first growing season. Based on the results
of this study, the lowest rate of nitrogen (2.0 lbs N/cu. yd) was sufficient for good
growth. There was no improvement of growth when Ni was applied, however the
curative effects are well documented (5,6). Studies conducted for a longer period
of time are needed to determine the long range benefits of nickel application on
nitrogen use efficiency of woody plants.
Literature Cited:
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Bai, C., C.C. Reilly and B.W. Wood. 2006. Nickel deficiency disrupts
metabolism of ureides, amino acids, and organic acids of young pecan
foliage. Plant Physiol. 140:433-443.
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Eskew, D.L., R.M. Welch, and E.E. Cary. 1983. Nickel: an essential
micronutrient of legumes and possibly all higher plants. Science
222:621-624.
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growth of Heritage river birch. J. Environ. Hort. 16:135-138.
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Ruter, J.M. 2004. Response of river birch (Betula nigra) to foliar and
drench applications of nickel. Proc. S.N.A. Res. Conf. 49:25-26.
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ear disorder on river birch. J. Env. Hort. 23:17-20.
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Effect of Nitrogen Rate on Growth of Helleborus sp.
Cherrie M. Tchir, Helen T. Kraus, Stuart L. Warren, and Adam W. Lowder
NC State University, Dept. of Horticultural Science, Raleigh, NC 27695-7609
helen_kraus@ncsu.edu
Index Words: Lenten rose, nutrition, container production
Significance to Industry: Nitrogen (N) rates of 177 and 125 mg·liter-1 (ppm)
with phosphorus (P) and potassium (K) balanced in a 4 N : 1 P : 2 K ratio
maximized top dry weight of H. x hybridus and H. foetidus, respectively. Limiting
fertilizer inputs to the lowest nutrient concentrations consistent with maximum growth will
reduce production costs and can significantly reduce levels of mineral nutrient runoff
from nurseries.

Nature of Work: The use of herbaceous perennials in landscape plantings that
fit specialty gardening niches such as butterfly and shade gardening has
increased tremendously. As such the production of herbaceous perennial plants
has also increased. The genus Helleborus includes many exciting species and
selections that offer winter to early spring flowers for southeastern United States
shade gardens (1). A review of the literature turned up a confusing picture of
nutrient recommendations for the production of herbaceous perennials ranging
from 100 to 200 mg·liter-1 (ppm) N applied with every irrigation to 100 to 150
mg·liter-1 N applied once weekly (6). In 2006, Kraus and Warren (5) published
the first pH and N recommendations for container production of Hellebores x
hybridus (lenten rose). Top dry weight increased linearly with increasing nitrogen
application rate (NAR) with maximum top dry weight occurring with N at 160
mg·liter-1. Since 160 mg·liter-1 N was the highest NAR applied, it was not
possible to determine the NAR that maximized growth. Therefore, an experiment
was conducted to determine the NAR which would maximize growth of
Helleborus x hybridus and Helleborus foetidus.
The experiment was an 8 x 2 complete factorial in a randomized complete block
design with six replications. The main factors were eight NARs (0, 30, 60, 120,
180, 240, 300 and 360 mg·liter-1) and two species of hellebores: Helleborus x
hybridus and Helleborus foetidus. On Aug. 16, 2006, one-year-old seedlings of
both species were potted into 4 L (#1) containers with a pine bark substrate that
was amended with 1.8 kg·m-3 (3 lb/yd3). Containers were placed in a greenhouse
under natural photoperiod and 50% shade with day/night temperatures of 24 ±
3C (75 ± 5F)/18 ± 3C (65 ± 5F).
At potting, dry weights of top and roots for H. x hybridus averaged 0.71 g and
1.20 g, respectively resulting in a root:top ratio (R:T = root dry weight ÷ top dry
weight) of 1.7 while dry weight of top and roots of H. foetidus averaged 1.62 g
and 0.37 g, respectively resulting in a R:T ratio of 0.23. To deliver the eight
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N:P:K solutions and micronutrients, two proportional injectors (Dosatron 16I,
Dosatron Inc., Clearwater, Fla.) were connected in series with one injector used
for the N:P:K solutions and the other for micronutrients. All fertilizer solutions
were premixed in containers, the injectors adjusted for a 1:64 dilution ratio, and
the solutions applied every other day to maintain an ≥ 0.25 leaching fraction
(volume leached ÷ volume applied) using pressure compensated spray stakes
(Acu-Stick, Wade Mfg. Co., Fresno Calif.) at a rate of 200 ml/min (0.3 in/min). No
other irrigation was required. Substrate solution was collected every three weeks
using the pour through technique (7) to monitor electrical conductivity (EC) and
pH. As the N rate increased in the nutrient solution from 30 through 360 mg·liter1
N, the P and K rates were also increased to maintain a 4:1:2 N:P:K ratio. Rates
of P and K for 0 mg·liter-1 N were 2.5 mg·liter-1 and 5.0 mg·liter-1, respectively.
Ammonium nitrate, potassium phosphate, and potassium sulfate supplied the N,
P, and K and a modified Hoagland's solution supplied the micronutrients in the
nutrient solutions. No additional Ca or Mg were applied other than that supplied
by the dolomitic limestone.
After 17 weeks, roots were washed free of substrate and each plant separated
into tops and roots. Dry weights were obtained following drying at 70°C (158°F)
until plant weight remained unchanged (96 h). Top and root dry weights were
determined and used for growth comparisons and calculations of R:T ratios.
Data were subjected to regression and segmented linear regression (quadratic
plateau) in SAS version 8.01 (SAS Inst. Inc., Cary, NC). Simple linear or
polynomial curves were fitted to the data when significant trends were identified
in regression analyses (P < 0.05). The maximum of the polynomial curve was
calculated as a first order derivative of the independent variable where the
dependent variable equaled zero.
Results and Discussion: Top dry weight of H. x hybridus was maximized at a
calculated 177 mg·liter-1 N (Fig. 1). Similarly, Dubois et al. (2) reported 150
mg·liter-1 N applied three times a week maximized growth of Anemone x hybrida.
For H. foetidus, the quadratic equation predicted maximum top dry weight (24.8
g) at 224 mg·L-1, whereas the quadratic plateau model predicted maximum top
dry weight (21.7 g) with N at 125 mg·L-1. Even though only 3.1 g separated the
predicted top dry weights of the two models, the quadratic plateau indicated
maximum top dry weight was reached at a NAR 44% less than predicted by the
quadratic model. A nutrient regime that produces maximum growth with a
minimum amount of fertilizer is desirable. This reduction in applied N would
reduce fertilizer costs while minimizing potential environmental pollution of
excessive N.
Root dry weight of both H. x hybridus and H. foetidus decreased linearly with
increasing NARs (Fig. 1). Decreasing root growth with increasing NARs is often
reported as plants direct more carbohydrates to the top at the expense of roots
(3). The contrasting growth responses of top and roots to increasing NARs
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resulted in a decreasing R:T ratio as NARs increased (data not presented). At
maximum top dry weight, the R:T ratio of H. x hybridus and H. foetidus was 0.38
and 0.21, respectively.
Substrate solution EC increased linearly with increasing NARs with maximum top
growth occurring at 1.46 dS·m-1 and 1.06 dS·m-1 for H. x hybridus and H.
foetidus, respectively (data not presented). Similarly, Kang and van Iersel (4)
reported maximum growth of Salvia splendens occurred between 1.0 and 2.0
dS·m-1. Conversely substrate solution pH decreased linearly with increasing
NARs with a pH of 5.1 and 5.3 at 177 and 125 mg·L-1 N (data not presented).
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Timber Press, Inc. Portland, OR.
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containerized Anemone x hybrida. J. Environ. Hort. 18:145-148.
3. Friend, A.L., M.D. Coleman, and J.G. Isebrands. 1994. Carbon allocation to
root and shoot systems of woody plants. p. 245-273. In: T.D. Davis and B.E.
Haissig (eds.). Biology of Adventitious Root Formation. Plenum Press, NY.
4. Kang, J.-G. and M.W. van Iersel. 2004. Nutrient solution concentration affects
shoot:root ratio, leaf area ratio, and growth of subirrigated salvia (Salvia
splendens). HortScience 39:49-54.
5. Kraus, H.T. and S.L. Warren. 2006. Nursery production of Helleborus x
hybridus: Management of nitrogen and pH. J. Environ. Hort. 24:91-96.
6. Nau, J. 1996. Ball Perennial Manual: Propagation and Production. Ball
Publishing, Batavia, IL.
7. Wright, R.D. 1986. The pour-through nutrient technique extraction procedure.
HortScience 21:223-225.
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Fig. 1. Effects of nitrogen application rate on growth of two Hellebores species.
Symbols are means of six observations with vertical bars = ± 1SE and curves
show significant linear, quadratic, or quadratic plateau effects. H. x hybridus:
Top dry weight = 2.80+0.073x-0.0002x2, R2=0.93; Root dry weight = 4.72-0.006x,
R2=0.80. H. foetidus: Quadratic plateau, If x ≤ 125, then top dry weight =
7.21+0.145x-0.0003x2, R2=0.91, if x ≥ 125, then top dry weight = 21.7; Quadratic
equation, top dry weight = 7.2+0.14x-0.0003x2, R2=0.93; Root dry weight =
5.31+0.007x, R2=0.86.
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Effects of Low Temperature Storage Treatment on Plant
Development and Flowering of Herbaceous Peony
Daike Tian, Ken M. Tilt, Jeff L. Sibley, Floyd M. Woods and Fenny Dane
Department of Horticulture, Auburn University
101 Funchess Hall, Auburn, Alabama 36849
Index Words: Paeonia lactiflora, chilling temperature, container size, cut flower
Significance to Industry: Herbaceous peony can bloom successfully in warm
southern regions of the United States. However, the higher temperature in the
late April and early May causes abortion of flower buds, especially for medium
and late season cultivars. A low temperature cooler can be used to treat stock
peony plants for hastening sprouting and blooming thus flower availability may be
extended in the market. Low chilling temperature increased plant height, stalk
length and flower size which are important for cut flowers. Large walk-in coolers
may benefit commercialization of peony cut flower production in warm southern
regions.
Nature of Work: Herbaceous peony, Paeonia lactiflora, is one of the choicest cut
flowers in the world. However, cut peony flowers are usually available only for a
short period in the late spring and early summer. It is reported the treatment of
chilling alone or with combination of GA3 is very effective to force early blooming
and make cut flowers available in the early market (1,2,3,4). Herbaceous peony
can bloom successfully in warmer areas. However, higher temperatures can
cause flower bud abortion. Artificial chilling may provide a good choice for
hastening peony blooming and improving quality of flowers.
In this experiment, an early season cultivar of herbaceous peony, ‘Da Fu Gui’
(Great Prosperity), was used to investigate effect of cooler storage time,
container size, and time of cutting off stems and leaves on plant development
and flowering. Peony stocks with 3-5 eyes were bought from China and potted in
3 and 4 gallon containers with 4:1 by volume of pine bark : sand medium in 2004.
Plants were placed on the container production pad with automatic irrigation at
Patterson Greenhouse Complex, Department of Horticulture at Auburn
University. After two years of stabilization, about 30% of plants bloomed in the
second year. In Sept of 2006, the healthy plants with more than 4 stems were
selected and then randomly assigned to the different treatments (Table 1).
Besides the control, a walk-in cooler set at 5 and 85% of humility was used for
lower temperature treatment under the dark conditions.
Data collected included sprouting time, stem number, plant height, height of stem
with flower, total flower number per plant, main flower size (diameter), and
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blooming time for the first flower. All flowers were used for calculation of size and
flower number. Data were analyzed by ANOVA using SAS software (SAS 9.1).
Mean differences were separated by Tukey test at α=0.05 level of significance.
Results and Discussion: Peony stock began to sprout after 110 days of storage
in a low temperature cooler (5 ) for treatments #A, #D, #F, #G, and #H which
were moved into the cooler on 10-1-2007, and 100 days of storage for treatments
#X, #Y and #Z which were moved into the cooler on 11-1-2007 (Table 2). No
plants sprouted in the cooler for treatments B, and C. After moving out of the
cooler, stems of plants in treatments #A, #D, #F, and #G grew homogenously.
There was no difference in sprouting time between 40 and 80 days of cooler
treatments (#C and #B), and the treatments without cooler chilling (#O, #M and
#N). Plants in the treatments of #A, #D, #F, and #G bloomed earliest on April 5,
2007 which was three weeks earlier than plants of the control (#O and #H). For
the shorter time of cooler treatments #B (80 d) and #C (40 d), plants did not
bloom until the middle of April which was just one week ahead of control treated
plants. Blooming time in treatment #Y could be extended to late May after 180
days of cooler storage from Nov. 11, 2006. However there were no flowers for
treatment #Z which had been stored in the cooler for 240 days (8 months). It was
unclear if the higher temperature outside was the main cause for flower bud
abortion.
For stem number, with an exception of treatment #D, there was no significant
difference for all other treatments (Table 2). However, the stem number in 4
gallon containers (#A and #G) was higher than that of in 3 gallons containers (#D
and #F) under the same treatment. Plant height was significantly increased by
low temperature treatment in the cooler compared with the non-cooler treated
plants although a period of cold temperature weather occurred in Auburn area
which played a chilling role on the latter. There were no differences in plant
height for all the non-cooler treated plants no matter if they were placed under
40% shade cover or not. Plant crown was generally larger in cooler treated plants
than that of the control. For the length of stem with flowers, the longest stems
were found in the treatments #A, #D, #F, #G, and #X and all non-cooler treated
plants had the lowest stem length.
Flower number was significantly different between treatments #O, #M, #Y and
#Z, and other treatments. The highest flower number was found in treatments
#X, #A, #H and #B which included both cooler treated groups and control groups.
It suggested there was no significant difference in flower number between 40 to
120 days of treatments and the control. However, when compared with 4, 6 and
8 months of cooler treatments (X#, #Y and #Z), flower number was significantly
decreased from 11.1, 2.7 to zero flowers, respectively. On the other hand, the
lower flower number was found in the control groups #O and #M. It is possibly
explained by fertilizer effects for these two groups because the higher flower
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number was found in non-cooler treatment #H which had fertilizer applied after
shoots elongated. Flowers were larger in cooler treated plants than in the control
and the smallest mean flower size was observed in plants of non-cooler
treatment #H. A 6 month cooler treatment (#Y) yielded plants with the largest
flowers.
When plant parts above the soil were cut off earlier in treatment #M compared
with treatment #C, the height of stem with flowers was significantly decreased
and flower number is also decreased. However, fertilizer burning occurred in
treatment #M made it difficult to rely on this conclusion.
In summary, all stems developed visible flower buds no matter when peony
plants were placed outside or treated in a low temperature cooler. Lower
temperature cooler treatment had significant effect on earlier sprouting and
blooming of peony ‘Da Fu Gui’, and increased plant height by stem elongation. It
also increased flower size. However, low temperature cooler treatment had no
effect on plant stem number and flower number. When the treatment time lasted
for more than 6 months, the flower number significantly decreased. Flower buds
did not grow and finally aborted. Although high temperatures may contribute to
abortion of buds and flowers, especially at later stages of flower development
(Kamenetsky et al. 2003), it is unclear if the aging of flower buds during a long
period of storage in the cooler is also partially responsible for flower abortion.
There is no difference in any mean comparisons between the plants if they
bloomed or not in the previous year. Topping application at the listed rate of
controlled release fertilizer may cause the shoots damage during sprouting.

Literature Cited:
1. Aoki, N., Y. Sakata, H. Nishikouri and S. Tsunematsu. 1995. Forcing ability of
tree peony bred and selected in Shimane prefecture. Acta Horticulturae
397:85-93.
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Table 1. Treatments for two year stabilized herbaceous peony ‘Da Fu Gui’
Treatment Sample Bloomed Treatment Description
Size
Last Year
O
8
+
Container I, remained outside
A
8
+
Container I, moved into the cooler on 10-1-06, moved outside
on 2-1-07 (120 d of chilling)
B
8
+
Container I, moved into the cooler on 11-11-06, moved outside
on 2-1-07 (80 d of chilling)
C
8
+
Container I, moved into the cooler on 12-21-06, moved outside
on 2-1-07 (40 d of chilling)
D
8
+
Container II, moved into the cooler on 10-1-06, moved outside
on 2-1-07 (120 d of chilling)
F
8
_
Container II, moved into the cooler on 10-1-06, moved outside
on 2-1-07 (120 d of chilling)
G
8
_
Container I, moved into the cooler on 10-1-06, moved outside
on 2-1-07 (120 d of chilling)
H
5
+
Container I, remained outside
M
8
_
Container II, remained outside with 40% shade
N
8
_
Container II, cut off stems and leaves after the plant part above
soil died, remained outside with 40% shade
X
8
_
Container I (4) + II (4), moved into the cooler on 11-1-06,
moved outside with 40% shade on 3-1-07 (120 d of chilling)
Y
8
_
Container I (4) + II (4), moved into the cooler on 11-1-06,
moved outside with 40% shade on 5-1-07 (180 d of chilling)
Z
8
_
Container I (4) + II (4), moved into the cooler on 11-1-06,
moved outside with 40% shade on 7-1-07 (240 d of chilling)
Note: Container I: 4 gallon (height*width = 30×16 cm), II: 3 gallon (26×24 cm). All
stems and leaves were cut off on 9-28-06 when 50% of leaves remained green
except treatment #N. Fertilizer was applied once with 30 g/pot of controlled
release fertilizer (Polyon 19-6-12) after one week transfer of the plants from the
cooler to the outside. For the treatments remained outside fertilizer was applied
at the same time of the treatments in cooler but fertilizer is applied after shoots
sprouted and stem elongated for treatment #H.
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Table 2. The effect of treatments on plant development and flowering of peony
‘Da Fu Gui’
Stem
Main
st
Height Crown
Length
Total
Flower
Sprouting
1 Blooming Stem
Treat Time (2007) Time (2007) Number (cm) (cm)
(cm)
Flower/Pot Size (cm)
O*
3-2
4-25
15.8 a 38.8 c 61 cd
44.9 d
3.4 cd
10.8 abc
A
≤1-20
4-5
14.4 a 60 a
73 a
68.3 a
9.4 ab
10.8 abc
B*
2-24
4-17
16.3 a 47.9 b 66.5 abc 55.8 c
8.1 abc
10.3 cd
C*
3-2
4-20
15.7 a 48 b
66 abc
52.8 c
7 abc
10.3 cd
D
≤1-20
4-5
9.0 bc 60.9 a 71.4 ab 69.1 a
6.9 abc
11.0 abc
F
≤1-20
4-5
11.1 ab 62.1 a 69.1 abc 70.1 a
7.4 abc
11.2 ab
G
≤1-20
4-6
14.4 a 59.9 a 77 a
66.2 ab
6.5 abc
11.0 abc
H
3-10
4-22
13.9 ab 37.2 c 62 bcd
41 d
8.7 abc
9.7 d
M*
3-10
4-26
15.4 a 32.1 c 55.3 d
35.5 e
4.3 bcd
10.6 bc
N
3-2
4-21
13.3 ab 36.6 c 61.4 bcd 44 d
7.3 abc
10.7 abc
X
2-10
4-19
12.3 ab 55.9 b 72.3 ab 62.3 bc
10.9 a
11.2 ab
Y
2-10
5-25
11.8 ab 50.6 b 70.3 ab 57.7 c
2.9 cd
11.8 a
Z
2-10
NA
12.6 ab 60.3 a 71.2 abc NA
0d
NA
Note: The treatments #O, #B, #C and #M with star indicated partial shoots in
these groups were burnt by fertilizer at some degree during sprouting because of
quick increased temperature therefore the results in these treatments would be
influenced. Means were separated by Tukey test at α = 0.05 significance level.
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Optimum Nitrogen Fertilization for Production of Containerized
Raphiolepis x delacourii ‘Snow White’
Amy L. Tillman, Stuart L. Warren, and Frank A. Blazich
North Carolina State University, Department of Horticultural Science
Raleigh, NC 27695-7609
stu_warren @ ncsu.edu
Index Words: Mineral nutrition, nursery production, woody plant, leaf area ratio,
Rosaceae
Significance to Industry: Although ‘Snow White raphiolepis has become a
popular cultivar, specific nutritional guidelines for containerized culture of this
cultivar are unavailable. Results of this study will allow development of a more
efficient means of production where growth can be optimized with less mineral
nutrient application. This would not only reduce fertilizer costs, but help prevent
long-term environmental damage from nutrient runoff. Increasing fertilizer
concentrations of nitrogen (N) beyond 145 mg/liter (ppm) neither improved top
growth nor proved detrimental to root growth. Under these conditions, N at 145
mg/liter (ppm) with a corresponding electrical conductivity (EC) of 1.28 dS/m was
considered optimal for growth of ‘Snow White’ raphiolepis.
Nature of Work: Raphiolepis x delacourii André is a common hybrid between R.
umbellata C.K. Schneider (yeddo raphiolepis) and R. indica (indian hawthorn)
(4). Although the individual species, R. umbellata and R. indica, are used to
some extent in the landscape, most cultivars tend to be of hybrid origin,
combining characteristics of both parents. In years past, Raphiolepis x delacourii
was seldom used due to lack of cold hardiness and poor resistance to diseases
(1) including entomosporium leaf spot (Entomosporium maculatum Lév.) which
infects and discolors the foliage and causes leaf drop in shady locations (2).
Recent development of disease and cold resistant cultivars, such as the cultivar,
‘Snow White’, which has excellent resistance to entomosporium leaf spot (3), has
led to renewed interest in raphiolepis (1).
Even though ‘Snow White’ raphiolepis is a popular cultivar due to its dwarf,
spreading form, with pure white flowers from early spring through summer, and
purplish black fruit from fall into winter, no research has been reported on mineral
nutrition during containerized production of this plant. Determining a fertilization
regime, particularly with respect to N nutrition, to maximize plant growth with
minimum mineral nutrient inputs is essential to increase nursery profits while
reducing nutrient leaching and thus potential environmental pollution. Therefore,
the objective of this study was to determine the optimal N application rate (NAR)
for growth and mineral nutrient status of containerized ‘Snow White’ raphiolepis.
Rooted stem cuttings of ‘Snow White’ raphiolepis were grown in 3.8 liter (#1)
black plastic containers containing an 8 pine bark : 1 sand (by vol.) substrate.
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Plants were fertilized at every irrigation, for 17 weeks, with a 4:1:2
N:phosphorous (P):potassium (K) nutrient solution containing N at 20, 60, 100,
140, 180, 220, or 240 mg/liter (ppm) supplied as ammonium nitrate (NH4NO3).
After 17 weeks the study was terminated and various data recorded.
Results and Discussion: Maximum top and root dry weights were calculated to
occur with N at 145 mg/liter (ppm). Substrate solution EC increased linearly with
increasing NAR with maximum growth occurring at 1.28 dS/m, whereas substrate
solution pH decreased linearly with increasing NAR with a pH of 5.3 at 145
mg/liter (ppm). Increasing the N rate beyond 145 mg/liter (ppm) had minimal
effect on top or root dry weight. Leaf area peaked at a NAR of 171 mg/L (ppm)
with a plateau at 524 cm2 (81 in2). Leaf area increased 275% as the NAR
increased from 20 to 171 mg/liter (ppm). Specific leaf area increased linearly
with increasing NARs. Carbon allocation between tops and roots was unaffected
by NARs from 60 to 280 mg/liter (ppm). Root:top ratio decreased 56% between
the pooled NARs [60 to 240 mg/liter (ppm)] and N at 20 mg/liter (ppm). Leaf area
increased linearly with increasing NAR. Foliar mineral nutrient concentrations of
N, P, and sulfur increased linearly with increasing NAR, whereas concentrations
of K, calcium, magnesium, and copper responded quadratically to increasing
NARs. Top growth increased from inadequate at a NAR of 60 mg/liter (ppm) to
optimum at 145 mg/liter (ppm), whereas root growth was relatively similar over
the same rate. At 145 mg/liter (ppm) mineral nutrient concentrations of the top
are well within or exceed the accepted levels reported, and growers can expect
rapid growth of rooted cuttings.
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David & Charles, Newton Abbot, Devon, United Kingdom.
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Growth and Flowering of Ornamental Bedding Plants Under
High-Night Temperatures
Brian W. Trader and MengMeng Gu
Mississippi State University, Dept. of Plant and Soil Sciences
Mississippi State, MS 39762
btrader@pss.msstate.edu
Index words: Annuals; Temperature stress; Diascia; Helichrysum; Heliotropium;
Nemesia; Matthiola; Zinnia
Significance to Industry: Flowering and growth of ornamentals may be
reduced or eliminated during periods of prolonged high temperatures. Growing
summer annuals in regions such as the South and Gulf Coast under elevated
humidity, is difficult because greenhouse production systems can not be
sufficiently cooled. Because of moisture in the air, night temperatures will not
decrease significantly. In order to investigate the effect of elevated night
temperatures on plant growth, we evaluated the growth and development of six
species of popular annuals under four different temperature regimes.
Nature of Work: Use of summer annuals that are generally heat-tolerant may
increase ornamental performance in the summer growing season. Heat-tolerance
of a plant taxon is influenced by many factors other than average daily
temperature. Influences such as humidity, soil moisture, biotic, and abiotic
elements will influence the heat-tolerance of plants. One important component of
heat-tolerance is night temperature.
High temperatures have been shown to negatively impact flower induction,
development, and size (1). This arrest of growth and development has been
reported for a number of ornamental crops: snapdragon, calendula, impatiens,
and torenia (2), however, little research has focused on the effects of high-night
temperatures. In Chrysanthemum (3) and tomato (4), high-night temperatures
decreased flowering and bud set. When night temperatures are high, plants may
actively respire and are unable to accumulate enough sugars necessary for
prolonged growth and development. The objectives of this research were to
investigate the impact of prolonged high-night temperature on growth and
flowering of six bedding plant species and determine the heat tolerance of these
species based on growth and physiological patterns during crop development.
In January of 2007, plugs of Diascia ‘Diamonte Apricot’; Helichrysum ‘Silver Mist’;
Heliotropium ‘Blue Wonder’; Nemesia ‘Poetry Lavender Pink’; Matthiola ‘Vintage
Mix’; and Zinnia ‘Dreamland Yellow’ were potted into 4- by 4-inch square pots
filled with a commercial peat-based soil-less medium. The plants were grown in
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the greenhouse for two weeks at constant 77ºF before initiation of treatments.
Plants of each species were transferred and grown under one of four constant
temperature regimes: Day/Night (82º/68ºF, 90º/68ºF, 90º/77ºF, and 95º/86ºF).
Throughout the duration of the study, plants were fertilized with constant liquid
feed (150 ppm N). The experiment was conducted in four separate greenhouses
(one per temperature regime) and was arranged in a complete block statistical
design, with ten plants per species (six species) in each of two blocks within each
greenhouse. Data was collected on plant width, plant height, and first flower date,
every other week for six weeks. Plants were harvested at the end of the study for
dry weight determinations.
In a second experiment, conducted simultaneously as the first (identical growing
conditions and temperatures), 10 plants of each species were harvested two
weeks after transplanting prior to initiation of temperature treatments (day 0). On
day 0, 30 plants of each species were transferred to each of the four
greenhouses. Plants in each greenhouse (temperature regime) were divided into
two blocks (15 plants per species per block). 15, 30, and 45 days after the
experiment initiation, five plants per block, per temperature treatment, per
species were harvested for dry mass determination and to determine plant
growth rate. Data were analyzed using ANOVA and means were separated using
Fisher’s protected LSD at P = 0.05.
Results and Discussion: Growth and development of each plant species was
affected by the temperature treatments. Zinnia ‘Dreamland Yellow’ continued to
grow and develop under high temperature treatments 95º/86ºF, whereas other
species grown under the same temperature regimes had arrested growth (Tables
1 and 2). Flowering initiation was earlier in species receiving higher night and day
temperatures, however flower senescence was accelerated and flowering period
was shortened in these temperature treatments (Data not shown). Some plants
exhibited symptoms of heat stress and possible photosynthesis disruption.
Helichrysum ‘Silver Mist’ plants growing under the 95º/86ºF temperature
treatments developed bleached and whitened leaves as well as smaller less
developed foliage twenty days after treatment initiation. Dry weights of
Helichrysum ‘Silver Mist’, Heliotropium ‘Blue Wonder’, Nemesia ‘Poetry Lavender
Pink’, and Matthiola ‘Vintage Mix’ were highest from treatments with cooler
day/night temperatures (Table 3). From these experiments we have shown how
six popular annual species develop and grow under a variety of temperature
regimes. We have determined that under elevated night temperatures during the
growing period species such as Helichrysum, Heliotropium, Nemesia, and
Matthiola will have reduced landscape performance. In future studies, we would
like to measure physiological responses and investigate the cause of whitening
of tissues in some species.
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Table 1. Growth increments in height (GH) and width (GW) in centimeters taken for three annual species 14, 28, and 42 days after
initiation of temperature treatments.
Diascia ‘Diamonte Apricot’
Temperature

GH1
A

Helichrysum ‘Silver Mist’

Heliotropium ‘Blue Wonder’

GW1

GH2

GW2

GH3

GW3

GH1

GW1

GH2

GW2

GH3

GW3

GH1

GW1

GH2

GW2

GH3

GW3

82º/68ºF

2.7 B

4.0 B

5.8 B

1.8 B

1.0 A

3.8 A

2.4 A

4.0 A

5.9 B

8.3 A

0.0 A

6.6 A

3.0 B

2.1 B

6.1 A

1.1 A

2.8 AB

0.8 A

32º/20ºC

5.3 A

5.7 A

8.0 A

4.9 A

0.0 B

6.5 A

2.1 A

3.4 AB

8.3 A

7.2 A

0.0 A

7.0 A

4.2 A

2.3 A

5.7 A

1.6 A

1.1 B

0.2 A

32º/25ºC

5.2 A

2.3 C

4.3 B

3.9 A

0.2 AB

0.6 B

2.4 A

2.8 B

6.4 B

8.6 A

0.0 A

5.5 A

1.6 C

0.4 B

5.7 A

1.9 A

3.4 A

1.3 A

35º/30ºC
4.4 A
2.7 C
5.4 B 4.0 A 0.1 AB
0.8 B
1.8 A 1.2 C
3.1 C
A
Means separated within growth increments by Fisher’s Protected LSD at P= 0.05.

2.7 B

0.0 A

0.0 B

3.0 B

0.1 B

3.7 B

1.9 A

1.1 B

0.5 A

Table 2. Growth increments in height (GH) and width (GW) in centimeters taken for three annual species 14, 28, and 42 days after
initiation of temperature treatments.

Temperature

82º/68ºF
32º/20ºC
32º/25ºC
35º/30ºC
A

Nemesia ‘Poetry Lavender Pink’
GW1
GH2
GW2
GH3

GW3

GH1

GW1

4.6 B

2.0 A

4.3 AB

1.8 C

2.4 AB

5.5 A

1.2 B

2.5 A

8.7 A

2.0 C

8.3 A

2.5 A

5.2 A

3.4 A

0.5 B

2.2 B

2.5 A

1.5 B

9.0 A

4.4 B

1.0 B

3.2 B

2.1 BC

2.7 A

3.6 AB

0.8 B

0.4 C

GH1
A

Matthiola ‘Vintage Mix’
GH2
GW2
GH3

8.2 A
0.8 B
3.7 AB 3.1 AB 1.0 AB 2.2 B
0.6 B 0.9 BC
Means separated within growth increments by Fisher’s Protected LSD at P= 0.05.

GW3

GH1

Zinnia ‘Dreamland Yellow’
GW1
GH2
GW2
GH3

GW3

7.1 AB

0.4 A

4.2 B

4.2 A

1.4 A

2.4 AB

0.1 B

0.2 A

3.5 A

8.9 A

0.1 A

4.2 B

4.0 A

1.1 A

1.3 B

0.2 B

0.1 A

8.8 A

2.5 BC

8.8 A

0.1 A

4.1 B

2.8 A

1.1 A

2.5 AB

0.1 B

0.5 A

5.0 B

3.2 AB

5.0 B

0.2 A

6.2 A

4.1 A

1.8 A

2.9 A

3.0 A

0.4 A
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Table 3. Dry weight of six annual species grown under four separate temperature
treatments for 45 days.
Diascia

Helichrysum

Matthiola

Zinnia

1.6 B

2.8 A

3.5 A

2.5 A

3.5 A

0.9 A

2.6 A

2.5 A

3.2 A

2.3 A

3.0 A

1.0 A

0.9 B

2.3 A

2.6 AB

1.6 B

2.1 B

0.8 A

1.6 B

1.0 B

2.2 B

1.8 B

1.8 B

1.1 A

Temperature

82º/68ºF
32º/20ºC
32º/25ºC
35º/30ºC

Heliotropium
Nemesia
Dry weight (g)
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Effect of Container Size, Fertilizer Application Method and
Fertilizer Rate on the Growth of Two Palm Species
Gary L. Wade
Department of Horticulture, University of Georgia, Athens, GA 30602
gwade@uga.edu
Index Words: Container size, Osmocote, Trachycarpus fortunei, Windmill Palm,
Sabal minor var. ‘Louisiana’, Louisiana Palmetto
Significance to Industry: Transplanting seedlings of Windmill Palm
(Trachycarpus fortunei) and Louisiana Palmetto (Sabal minor var. ‘Louisiana’)
into 3-gallon size containers resulted in significantly larger plants after 17 months
than when they were planted into 1-gallon size containers. Planting directly into
larger containers will streamline production practices by eliminating the step-up
transplanting from 1-gallon to 3-gallon size containers that is often done in the
industry. Planting into tree pots with a greater rooting depth than standard-size
containers did not significantly increase growth of either palm species.
Nature of Work: Interest in cold-hardy palms adapted to USDA hardiness zone
7 is increasing, and a growing number of landscape architects are specifying
palms for landscapes in Atlanta, Chattanooga, Asheville and other inland cities of
the Southeast. Palms are no longer just for coastal regions. There are between
50 and 100 palm species known to tolerate winter temperatures below 20oF with
minimal damage, and a few are known to survive temperatures as low as -15oF
(1, 2).
At meetings of the Southeastern Palm Society, palm growers often debate
fertilizer application methods and rates for container production of palms. The
effect of container size and shape on root growth is also debated. It is a common
observation of palm growers that the roots of containerized palms grow
downward quickly after transplanting. Therefore, it is theorized that a greater
rooting depth might lead to a larger root system and larger plant more quickly.
In this study, uniform seedlings of two palm species, Windmill palm
(Trachycarpus fortunei), and Louisiana Palmetto (Sabal minor var. ‘Louisiana’),
were transplanted into four container sizes: TPOT4 tree pot, Tall One tree pot,
standard 1-gallon (#3005), and standard 3-gallon (#1200) (Figure 1). Growing
media was 6:1 bark/sand + dolomite lime at 4 lb·yd-3 (2.4 kg·m-3) + Talstar at 2
lb·yd-3 (1.2 kg·m-3). Osmocote 15-9-12 (5-6 mo.) was applied using two
application methods, incorporated or topdressed, at two application rates,
medium, 8 lb·yd3(4.8 kg·m3) or high, 12 lb·yd-3 (7.1 kg·m-3). Osmocote was reapplied to all containers at 6 months via top-dressing at the initial application rate
Container Grown Plant Section
586

SNA Research Conference Vol. 52 2007

per container. There were four replicates of each treatment. Plants were
maintained in full sun and irrigated via overhead irrigation according to normal
production schedules at the Center for Applied Nursery Research in Dearing,
GA. Dry weight of both shoot and root were measured after 17 months.
Results and Discussion: Container size had a significant effect on root and
shoot growth of both palm species (Tables 1 and 2). Root and shoot dry weights
were significantly larger in the TPOT4 tree pot and the 3-gallon standard pot than
in the Tall One tree pot and the 1-gallon standard pot. This suggests that a
larger rooting volume results in a larger plant. Root and shoot dry weights of
both palms in the 1-gallon container were not significantly different from those in
the Tall One tree pot, while root and shoot dry weight of both palms in the TPOT4
tree pot were not significantly different from those in the 3-gallon standard pot.
This suggests that depth of the container had little effect on plant growth.
Fertilizer application method had no significant effect on the growth of either palm
species. Fertilizer application rate had no significant effect on root or shoot
growth of Windmill Palm. The high application rate significantly decreased root
dry weight of the Louisiana Palmetto, but it had no significant effect on the shoot
growth (Table 3).
Literature Cited:
1. The Palm Reader: A Manual for Growing Palms in the Southeast. Webbased publication of the Southeastern Palm Society.
http://pubs.caes.uga.edu/caespubs/horticulture/Palmreader.html
2. Hardy Palms of the Southeast: A Guide to Growing Palms Outdoors North of
Florida, by Tom McClendon, Will Roberds and Joe LeVert., 2007.
Southeastern Palm Society.
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Figure 1: Specifications of the four pot sizes used

One Gallon

Three Gallon

Tall One

TPOT4

Standard Pot

Standard Pot

Tree Pot

Tree Pot

6.5 in high X 6
in. wide

10 in. high X 10 in. wide

14 in. high X 4 in.
wide

18 in. high X 7.75 in.
wide

Vol.= 173 in3

Vol. = 588 in3.

Vol. = 693 in

Vol.= 153 in3

3

Table 1. Effect of pot size on average shoot and root dry weight of Windmill
Palm 17 months after treatment.
Shoot Dry Wt. (gms.)z

Pot Size

Root Dry Wt. (gms.)

TPOT4 Tree Pot

151.8 a

46.94 a

Three Gallon Standard

149.27 a

42.18 a

Tall One Tree Pot

73.6 b

25.73 b

One Gallon Standard

61.91 b

19.23 b

z

Analysis of variance done with Proc GLM, p value = .0005. Mean separation
using Duncan’s Multiple Range Test
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Table 2. Effect of pot size on average shoot and root dry weight of Louisiana
Palmetto 17 months after treatment.
Shoot Dry Wt. (gms.)z

Pot Size

Root Dry Wt. (gms.)

TPOT4 Tree Pot

35.32 a

68.61a

Three Gallon Standard

38.53 a

68.68 a

Tall One Tree Pot

18.15 b

31.22 b

One Gallon Standard

16.64 b

35.55 b

z

Analysis of variance done with Proc GLM, p value = .0001. Mean separation
using Duncan’s Multiple Range Test

Table 3. Effect of fertilizer application rate on root and shoot dry weight of
Louisiana Palmetto 17 months after treatment.
Ratey

Shoot Dry Wt. (gms.)z

Root Dry Wt. (gms.)

Medium

29.90 a

60.32 a

High

23.88 a

40.21 b

y

Medium rate = 8 lb·yd-3 (4.8kg·m-3); High = 12 lb·yd-3 (7.1 kg·m-3).
Analysis of variance done with Proc GLM, p value = .0001. Mean separation
using Duncan’s Multiple Range Test
z
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Investigation of Rabbit Tracks: A Foliar Disorder of Crapemyrtle
Matthew S. Wilson, Jeff L. Sibley, D. Joseph Eakes, and John M. Ruter
Auburn University, Dept. of Horticulture, Auburn, AL 36849
wilsoms@auburn.edu
Index Words: Lagerstroemia (indica x fauriei), crapemyrtle leaf disorders
Significance to Industry: Rabbit tracking is a temporary leaf disorder affecting
Lagerstroemia indica x Lagerstroemia fauriei crosses, resulting in aesthetically
undesirable plants. This disorder causes the plant to have the appearance of
poor health to retailers and customers causing decreased sales for growers and
retailers of this crop. Although plants grow out of the problem, further research is
necessary to find its causal agent and provide solutions to prevent this leaf
disorder from occurring.
Nature of Work: Since the mid 1980’s growers have observed a perplexing leaf
disorder occurring only on cultivars of the Lagerstroemia (indica x fauriei) cross.
The problem seems most prevalent on cvs. Muskogee, Tuskegee, Miami, and
Natchez (1) as has been routinely identified in container production and
landscapes, with a few reports in field production. The problem is casually
referred to as rabbit tracking and typically occurs on the second flush of foliage in
the spring with bronze elliptical spots on both sides of the mid-vein leaving a
series of translucent spots visible from upper and lower leaf surfaces and
distortion of new growth when severe (Figure 1).
First work on the rabbit tracks leaf disorder in crapemyrtle started in 1993 and
1994 by collecting tissue samples from affected and non-affected ‘Natchez’
crapemyrtles in the landscape. Eight plants were included in this analysis with
four affected and four non-affected plants. 50 leaves and soil samples from each
specimen were analyzed to check for interactions between specific nutrient
concentrations and occurrence of disorder. Data suggested investigation of
several nutrients as potential causes for the disorder for which the following
experiments were conducted. While pH and nutrient concentrations have been
our main approach to diagnosing this disorder, we have also briefly looked at
other potential causal agents such as viruses.
Experiments were conducted in 1995 to evaluate the effects of three manganese
and zinc concentrations (0, 1x, and 2x) in a Hoagland Nutrient Solution on two
cultivars of Lagerstroemia (‘Tuskegee’ and ‘Natchez’). Fifteen plants per cultivar
were used, five to each of the three treatments for each nutrient (60 plants total)
and were grown in 100% coarse sand in #1 containers. Plants were grown in a
controlled environment greenhouse and examined for presence of rabbit tracks
disorder.

Container Grown Plant Section
590

SNA Research Conference Vol. 52 2007
In 1997, an experiment was conducted using 54 ‘Natchez’ crapemyrtle four inch
liners, rooted in 6:1 pine bark to sand (PB:S) substrate without amendments,
potted up to #3 containers with four different rates of dolomitic limestone (0, 5,
10, and 15 lbs/yd3) in 6:1 PB:S with 16.5 lbs 18-6-12 fertilizer and 1.5 lbs
Micromax per cubic yard. Plants were grown outside on a container pad under
overhead irrigation. Differing lime rates were used to evaluate the effect of pH on
the presence of rabbit tracks. Also in 1997, an ELISA test was conducted to see
if any viruses were present in the affected leaf tissue that could be transferred to
young tobacco plants. Not all plant viruses are easily transferable to other plants
and not all crops are susceptible to other plant species’ viruses however, tobacco
was used due to its susceptibility to many known plant viruses.
In 1999, an experiment looking at phosphorus was conducted using four
treatments of a Hoagland Nutrient Solution with 3 concentrations of H3PO4 (0x,
1x, 2x, and 3x). Plants were from bare root liners and grown using 100% sand in
#1 containers inside a controlled environment greenhouse. Phosphorus was
studied because of its relationship with mycorhiza in the soil that makes many
necessary nutrients available for plant uptake and use.
The latest experiment was conducted in 2003 and 2004 to examine the role of
nickel in the occurrence of rabbit tracks with a foliar spray and drench study. This
experiment was conducted using three Lagerstroemia cvs. 'Miami', 'Muskogee',
and 'Natchez'. One year old plants in #3 containers were potted up to #7
containers in 6:1 PB:S amended with 16.5 lbs 18-6-12 fertilizer, 1.5 lbs
Micromax, and 5 lbs dolomitic lime per cubic yard. Treatments consisted of a
foliar spray using urea at 2 lbs/100 gal with surfactant at 4.0 ml/gal, along with
8.6 grams/gal nickel sulfate applied at 100 gal/acre and a drench treatment with
6.0 grams/5000 ml nickel sulfate applied at 500 ml per container. Treatments
were applied once in the fall and spring during leaf expansion. Plants were grown
outdoors on a container pad under overhead irrigation.
Results and Discussion: In examining the results of the experiments
performed, no definite conclusion to rabbit tracks’ causal agent has been
determined. In reviewing the ELISA test for the presence of plant viruses, no
transferable virus was found. However, another potentially susceptible crop to act
as the viral recipient may be necessary to extract the potential disorder-causing
virus if a viral agent not transferable to tobacco is the causal agent. Electron
microscopy is scheduled for the summer of 2007 to rule out viral agents as the
cause for rabbit tracking in crapemyrtle.
Examination of the nutrient oriented approaches studied likewise, is somewhat
inconclusive. Conclusions of both the manganese and zinc studies suggest
further investigation of other nutrients is warranted because both cultivars
exemplified the disorder in all treatments. However, the occurrence of the
disorder at the concentrations to which the two nutrients were applied leaves
opportunity to look to the effect of higher concentrations than applied in the
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aforementioned experiments. Review of the pH study suggests that pH of the
substrate and soil solution does not have a significant effect on the occurrence of
rabbit tracks in crapemyrtle because all treatments showed the disorder,
signifying that nutrient availability due to pH is not likely a causal agent of the
rabbit tracks leaf disorder. All of the plants in the phosphorus experiment again,
like the others displayed the disorder in all treatments, suggesting that the
amounts of phosphorus in the substrate were either not the limiting concern or
were not high enough in concentration to prevent rabbit tracking from occurring.
Lastly, the nickel study proved inadequate to explain the cause of the leaf
disorder in Lagerstroemia (indica x fauriei) crosses because all the plants
showed the disorder, suggesting another nutrient is responsible for the disorder
or concentrations of the nickel were not high enough to prevent occurrence of
disorder.
The experiments aforementioned serve as the building blocks by which a solution
for this disorder will be made. Awareness of this disorder and current research
allows growers and researchers to work towards recognizing potential agents by
which this problem occurs leading to development of measures to prevent and
treat this leaf disorder in crapemyrtle. Through continued work in this area
solutions will arise to help growers and retailers provide customers with plants of
quality and assured health.
Literature Cited:
1. Cabrera, R. I., R. E. Lopez. 2004. A leaf interveinal chlorosis-necrosis disorder
in crape myrtle. SNA Research Conference 49:90-93.
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Figure 1. Foliar disorder (rabbit tracks) in Lagerstroemia (indica x fauriei)
‘Tuskegee’
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Comparison of Two Methods of Plant Tissue Preparation for
Nitrogen Analysis
Andrew G. Ristvey1 and Cari Peters2
University of Maryland Cooperative Extension
Wye Research and Education Center, Queenstown, MD 21658
2
J.R. Peters Laboratory, Allentown, PA 18106
1

aristvey@umd.edu
Index Words: azalea, freeze dry, lyophilize, nitrogen.
Significance to the Industry: The Horticultural industry relies on plant tissue
analysis to determine plant status of macro and micronutrients and to
troubleshoot potential problems with fertility. Total leaf nitrogen is one of the
most common analyses and gives an approximation of N status in the plant.
Preparation of leaf tissue prior to nutrient analysis requires tissue to be dried and
milled. Present laboratory drying procedures call for tissue to be in an oven for
approximately 48 hours at 60o C. However, this method of tissue preparation
before analyzing may be questionable. Labile nitrogen-containing compounds
may volatilize at these temperatures, giving erroneous results, which may then
lower the actual nitrogen concentration of the leaves. With assays targeting
specific nitrogen-rich compounds, lyophilization is a standard procedure for
tissue preparation, analysis or storage.
Nature of Work: Lyophilization is a process of dehydration, whereby a material
is, first frozen, then exposed to low partial pressure of water vapor. This allows
the water in the material to sublimate, or move directly from the solid phase to
gas (Jennings, 1999). Lyophilization is a useful drying procedure that minimizes
the damage of internal structures of certain cells, the loss of labile compounds,
and prevents the conversion of nitrogen compounds from one form to another.
This study investigates two forms of tissue preparation, oven-drying versus
lyophilization, to determine if any differences in total nitrogen recovery exist
between treatments.
Leaves of nine azalea var. ‘Karen’ plants, of equal fertility status, were harvested
for this study. The leaves were all newly matured from spring growth which
occurred one month previous to the harvest. From each plant, between 30 and
40 grams of leaf tissue was harvested, and was then separated into four equal
groups or sub-samples. The first sub-sample from each plant was placed in
liquid nitrogen, and then placed on a Labconco Lyophilizer (Kansas City, MO).
Another sub-sample was placed directly on the lyophilizer. The lyophilized
samples were then freeze-dried for 72 hours. The other two sub-samples were
placed in a drying oven after harvest, one for 24 hours, and one for 96 hours.
After the leaf sub-samples from each treatment were dry, they were milled in a
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Foss Tecator Mill (Höganäs, Sweden) with a screen size of 100 µm. After milling
the sub-samples were then sent to J.R. Peters Horticultural Laboratory in
Allentown Pa., for nitrogen analysis using a Carlo-Elba Total Nitrogen Analyzer
(Lakewood, N.J.). Total N results were then statistically analyzed as a
Completely Randomized Block Design with one replicate per block using the
Proc Mixed Procedure (SAS Institute Inc., Cary, N.C.). Each plant was
considered a block and each sub-sample was a single replicate within that block.
Results and Discussion: Proc Mixed procedure indicated that the block
treatment was affective. Figure 1 shows, by treatment, average total N
concentration (n=9) for the leaves in each sub-sample. Overall, no significant
treatment differences (P ≤ 0.05) were noted. A multiple means comparison also
did not indicate any differences between treatments. However, at P = 0.087, the
lyophilized-only sub-samples had averaged more total N than sub-samples dried
for 96 hours at 60oC. This suggests that more than 90% of the time, these
results would be due to something other than chance, implying that there may be
loss of N in leaf tissue if samples stay in drying oven for periods between 48 and
96 hours or greater. Oddly, differences are not seen with samples treated with
liquid nitrogen before lyophilization. Treatment variances were not different and
no outlying data was noted. From these results, tissue drying for nitrogen
analysis should be no longer than 48 hours at 60oC. Additionally, for researchers
preparing tissue analysis for specific protein or other molecular analysis, sample
preparation and drying should be carried out using the lyophilization process so
that nitrogen containing compounds such as proteins, amino acids and nucleic
acids within the tissue are not lost or transformed.
Literature Cited
Jennings, T. A. 1999. Lyophilization: Introduction and Basic Principles. CRC
Press: Boca Raton. p. 664.
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Figure 1. Average total nitrogen by percent dry weight (n=9) recovered from
each of the treatments. O24 is oven-dry at 60oC for 48 hours. O96 is oven-dry at
60oC for 96 hours. L is lyophilization. L+N is liquid nitrogen treatment before
lyophilization. No significant differences between treatments at P ≤ 0.05.
Treatment difference exists between L and O96 at P = 0.087. Error bars
represent 1 SE.
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